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FOREWORD
The World Meteorological Organization (WMO) attaches a
high priority to the advancement of scientific and technical
methods and practices to support the provision of
meteorological service for international air navigation. WMO
and the International Civil Aviation Organization (ICAO)
have a long and productive history of coordination and
cooperation dating back more than 60 years which
addresses both the aeronautical requirements and the
capabilities necessary to fulfil the requirements.
Today, a majority of the national meteorological and
hydrological services of WMO Member States and
Territories provide public sector aeronautical meteorological
services. And, in recent years, there has been an
emergence of private sector enterprise in such service
provision. Collectively, these providers are forming a global
weather enterprise with responsibility to supply aviation users operating around the
world (and around the clock) with a range of meteorological products and services, data
and information conforming to the high standards set by ICAO and WMO.
Almost 50 years have elapsed since WMO last convened an international conference
dedicated to the scientific and technological advancement of meteorology in support of
the evolving needs and expectations of aviation. Much has changed over the course of
those 50 years, not only in the context of the scientific and technological advances but
also in the context of how aviation has grown and evolved into an increasingly and
inherently safe and efficient interconnected global system (a system of systems) where
more than 100,000 commercial flights carrying more than 10 million passengers are
taking to the sky each day. These already remarkable figures are expected to double
over the next 15 years to meet our demand for air travel.
This conference therefore comes at an opportune moment, perhaps even a watershed
moment in the history of both WMO and ICAO. The meteorological methods and
practices of the past 50 years – scientific and technical – need to rapidly evolve to
support the needs and expectations of aviation users over the next 15 and event 50
years. The drive to make aviation safer, more efficient and more environmentally
responsible in the face of the foreseen air traffic growth and the challenges posed by a
changing climate mean that the time to respond is now.
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And so it is that WMO, through the activities of several of its technical commissions and
a number of its programmes, is already closely engaged in collaboration with ICAO in the
determination of fit-for-purpose meteorological solutions that will serve the needs of
aviation uses going forwards and will be sufficiently agile to respond to future scientific
and technological advances which may, as yet, be unimagined. This will be a community
effort involving eminent experts from world-leading scientific research institutes,
universities and other academia, public and private sector meteorological service
providers, aviation users and industry.
I wish to take this opportunity to sincerely thank the members of the organizing and
scientific committee, the chairs, moderators, panellists, participants and all others who
assisted in the conducting of this scientific conference for their valuable contribution.
Finally, I would like to express my sincere thanks to the host country, France, and in
particular the representatives of Météo-France, as well as my appreciation to the other
co-sponsoring organizations (Airbus, Selex ES and Thales) for providing supplementary
support.
I am sure that these conference proceedings will serve as a useful resource and
inspiration for how meteorological science and technology can and will respond to the
evolving needs of aviation over the next 15 years and beyond.

P. Taalas
Secretary-General

___________
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EXECUTIVE SUMMARY
The World Meteorological Organization (WMO) Aeronautical Meteorology Scientific
Conference of 2017 (AeroMetSci-2017) was held at the Centre International de
Conférences of Météo-France in Toulouse, France from 6 to 10 November 2017. The
conference was attended by more than 200 participants represented by all six WMO
regions.
The objective of the conference was to provide a forum for representatives of the
scientific research community (including research institutes, universities and other
academia), aeronautical meteorological service providers (public and private sector),
aviation users and industry to discuss the need for and strategic direction of
meteorological scientific and technological advancement in support of current and future
air transport needs. This was the first such international conference convened by WMO
dedicated to aeronautical meteorology science and technology since March 19681.
AeroMetSci-2017 provided an overview on the current state-of-the-art and the foreseen
advances in meteorological science and technology, and the expectations for faster
transfer of these advances into operations in the form of fit-for-purpose services for
aviation end-users. The conference was a blend of keynote presentations, oral and
poster technical presentations and panel discussions addressing the following leading
topics:
•

•

•

Science underpinning meteorological observations, forecasts, advisories
and warnings comprising ice crystal icing and airframe icing research,
turbulence research, significant convection research, wake vortex detection and
prediction research, fog and low visibility research, space weather research,
atmospheric aerosols and volcanic ash research as well as advances in observing
methods and the use of observations, seamless nowcast and numerical weather
prediction, probabilistic forecast and statistical methods;
Integration, use cases, fitness for purpose and service delivery comprising
in-cockpit and on-board meteorological capabilities, terminal area and impactbased forecast, collaborative decision-making, air traffic flow management,
network management, trajectory-based operations, flight planning and userpreferred routing; and
Impacts of climate change and variability on aviation operations and
associated science requirements comprising jet stream position, intensity and
related phenomena, extreme weather events at airports and changes to
established scenarios, and the re-evaluation of airframe/avionics resilience
standards and certification.

At the conclusion of the conference a set of recommendations and a statement were
formulated to better inform the planning of meteorological scientific research activities
over the next 15 years consistent with aviation users’ needs and expectations. These
recommendations and statement are contained in these proceedings.
___________
1

The proceedings of the WMO Scientific and Technical Conference on Aeronautical Meteorology of March 1968,
London, United Kingdom. is published as WMO-No. 227
(https://library.wmo.int/opac/doc_num.php?explnum_id=1779).
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ADDRESSES GIVEN DURING THE OPENING CEREMONY
OF THE CONFERENCE
Address by M. Jean-Marc Lacave, Chief Executive, MétéoFrance
Ladies and gentlemen, it is my great pleasure to open this
conference. Météo-France, the French national weather and
climate service, is proud and particularly happy to welcome you
all in Toulouse for this important event. Such an event has not
taken place for 50 years.
It is the opportunity to gather representatives of the research
community, service providers and users of aeronautical
meteorological services to discuss the needs for science and
research for the future.
The success of the call for papers and presentations and the quality of the contributions
received shows that this event has drawn the attention at a high level worldwide.
We know the importance of aviation as one of the main customers of meteorological
services, both historically and nowadays. Meteorological support to aviation is primarily a
question of safety, but also an economic issue. Growth of air traffic worldwide will
continue. And meteorological service is a key factor in making this growth sustainable.
This event is major because we know the importance of innovation, the pace of
modernization of science and technologies is very rapid; we know the importance of
research to feed innovation; and we know that we are stronger thanks to our
international cooperation. The work of other national meteorological services and the
World Meteorological Organization (WMO) may particularly refine our complementarities.
Climate change is bringing new challenges to aviation, meteorological and climate
services. Such an event is intended to raise the awareness of the potential impacts of
climate change and variability on aviation operations now and into the future. Météo
France is particularly engaged in this challenge.
Now it is my pleasure to give our colleagues of WMO and ICAO the floor. Thank you for
your support and presence. I also address our gratitude to sponsoring companies
(Airbus, Thalès and Selex).
I wish you again a fruitful week in Toulouse.
M. Jean-Marc Lacave
Chief Executive, Météo-France
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Address by Mr Chi Ming Shun, Director, Hong Kong
Observatory and
President, Commission for Aeronautical Meteorology,
World Meteorological Organization
Monsieur Lacave, Dr Tang, Mr Wang, distinguished colleagues,
aviation partners and guests, ladies and gentleman, it is my
great honour and privilege to say a few words today at the
opening of the Aeronautical Meteorology Scientific Conference.
This Conference is only the second such event dedicated to
aeronautical meteorology in the history of WMO. The first
WMO Scientific and Technical Conference was held in London,
United Kingdom in March 1968. The Commission for Aeronautical Meteorology did
organize regular short technical conferences in association with the CAeM session, but
the current event is indeed only the second full scale scientific conference covering one
of the major WMO application areas, namely the services to aviation transport sector.
The idea of AeroMetSci-2017 is to promote broad participation of research, operations
and user communities, with the objective to identify needs and plan the research
activities during the Aviation System Block Upgrade Block 1 and Block 2 from 2018 to
2028. Given the large number of participants, which I understand to be over 200, from
the NMHSs, service providers, research communities, aviation stakeholders and
partners, and the large number of papers submitted, which I have counted to be 124, I
would suggest that the first part of this objective has already been achieved. What
remains ahead of us in the next several days is to facilitate active participation,
discussions and formulation of recommendations that will guide the future development
of aeronautical meteorological services, informed by science.
As I browse through the papers, en-route hazardous weather and MET/ATM data
integration and service delivery stand out as the hottest topics in this Conference,
followed by aerodrome weather, forecasting techniques, and climate. This is very
interesting. I am particularly pleased with the number of papers related to climate
change, climate variability and their impact on aviation, highlighting that aviation has
started to feel the heat, for example, the impact of extreme high temperatures on
airport capacity.
There are also presentations on the impact of forecast uncertainty and multiple weather
hazards on flight operations which are indeed very timely given the recent trends and
events, such as the expectation of “faultless forecasts” in both the aviation and public
domains, as well as the surprises brought recently by the Atlantic Hurricane Ophelia
leading to flight disruption in the UK due to smell of smoke. All the above topics will put
flesh on the bones – the GANP/ASBU framework laid down by the Conjoint WMO CAeM
and ICAO MET Divisional Meeting in 2014 – which will certainly lead to substantial
paradigm changes in the global, regional, sub-regional and national provision of
meteorological services for aviation in the years to come. With the presence of
practically all the aviation user, provider and research communities in this Conference,
covering both “what the users want” and “what could be offered” perspectives, I have
high expectation that the Conference outcomes will be able to help us craft our upgrade
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plans, not just for WMO and ICAO, but also for all Member States, NMHSs and service
providers alike.
Ladies and Gentlemen, I still remember a dialogue with an IFALPA pilot more than five
years ago – at the time when we were trying to develop weather uplink services to the
cockpit but could only manage to conduct one rather limited trial with one airline.
Reasons for little interest were many, including the limitation of datalink bandwidth, pilot
workload issues, certification issues, you name it. But my pilot friend was very positive
and said, “Be patient, the day will come, but when it comes, it will come very quickly, so
you better be prepared to grasp the opportunity”. And indeed this day has come, and I
am pleased to announce that my organization will launch the Electronic Flight Bag
weather app on Cathay Pacific aircraft fairly soon. And today I would like to add to what
my pilot friend has said: “The day has come for us to upgrade our services for aviation,
and things are happening very quickly. We need to embrace science and research,
utilizing all available data, research and innovative technologies to be ahead of the
game. Otherwise, we will become irrelevant sooner than we expect”.
Mr Chi Ming Shun
Director, Hong Kong Observatory and
President, Commission for Aeronautical Meteorology, WMO
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Address by Dr Øystein Hov, Director of Research,
Norwegian Meteorological Institute and
President, Commission for Atmospheric Sciences, World
Meteorological Organization
It is an honour on behalf of WMO’s Commission for
Atmospheric Sciences (CAS) to wish you all welcome to this
conference on “Aviation, weather and climate: Scientific
research and development for future aeronautical
meteorological services in a changing atmospheric
environment”.
The travel by air, road, rail and vessels at sea is strongly weather dependent. To
manage risks and expenditures, the support of accurate and relevant weather services in
the form needed by its users and where they are, is vital. The ‘Weather Enterprise’ that
delivers such services, is developing fast due to the integration of research and
development (R&D), technologies and user interaction, and in close dialogue with
political and regulatory authorities.
This conference will take stock of this development and point to the direction to go from
here.
It is with pride and gratitude to my colleagues in the Commission of Aeronautical
Meteorology and the Commission for Basic Systems in WMO that CAS, CAeM and CBS
together organize this workshop hosted by the French government through MétéoFrance in Toulouse. The ambition of WMO is to improve the scope and quality of weather
dependent societal services, and aviation meteorology is a very important part of this.
The three commissions work together to further advance the value chain in aviation
meteorology. The structure is to foster an adequate observational capability, R&D, and
to move mature science results to operations, in a framework with close user
consultations. This model for working together is not linear, it is rather interactive and
from the research side in CAS it is important to focus on the R&D needs and
opportunities in the weakest links of the value chain. The involvement of the R&D
capabilities in NMHSs and other public-sector R&D institutions, academia and the private
sector is very important to speed up progress.
We like to see ourselves working in the continuum “discovery – translation –
applications” together with CAeM and CBS.
The research goal we have set for ourselves is to evolve the seamless prediction
capability quickly in an earth system model framework which cuts across the earth
system elements and spans the short to long time scales as well spatial scales.
A practical example here is the co-designed research in the Aviation Research
Demonstration Project (AvRDP) involving the three commissions and which focuses on
research in nowcasting and mesoscale modelling at a number of international airports
located in Northern and Southern Hemisphere to support the development of the next
generation aviation initiative, the Aviation System Block Upgrade (ASBU) under the new
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Global Aviation Navigation Plan (GANP) of International Civil Aviation Organization
(ICAO).
The work in the project is at the interface of science/technology and users. A few
airports have collected Air Traffic Management (ATM) datasets (aircraft data, AMDAR
data, airport air traffic data, etc.) and started to translate MET information into ATM
parameters like airport capacity, airport arrival/departure rate, airspace sector capacity,
and optimized flight route under significant weather. Establishment of this kind of
collaboration is strongly recommended.
Translational science is a methodological approach that is growing fast in many
disciplines, like in biomedical research. It aims to expedite the discovery of new
diagnostic tools and treatments by using a multi-disciplinary, collaborative, "bench-tobedside" approach. Atmospheric science can have a similar “Translational Atmospheric
Sciences” approach, and we want to build confidence today that atmospheric science
need to be part of the end-to-end solutions: We need to close the gap between research
and operations; the researcher needs to be bedside with the user/patient.
From this conference we hope to improve our joint understanding of the practical
contents of the continuum “discovery-translation-application”, and of its research
priorities from the forecasting of weather related parameters for the airport and terminal
areas to trajectory forecasting for optimal flight paths in terms of fuel economy and
safety, and how to hand over relevant weather services to the users when decisions
need to be made.
Good luck, and again thank you to my colleagues in the Commission for Aeronautical
Meteorology and Commission for Basic Systems, and to the organizers at Météo-France
for their efforts preparing for this meeting.
Dr Øystein Hov
Director of Research, Norwegian Meteorological Institute and
President, Commission for Atmospheric Sciences, WMO
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Address by Mr Yong Wang, Chief, Airport Operations and
Infrastructure Section,
International Civil Aviation Organization
It is a great pleasure for me to be able to provide these
opening remarks on behalf of the International Civil Aviation
Organization (ICAO). I would like to express my gratitude, and
that of ICAO, to the World Meteorological Organization (WMO)
and to our hosts at Météo-France for inviting ICAO to be
involved. In view of all of the hard work and energy that have
been put into the preparation of this important event, I am
confident that it will be a genuine success.
Many of you will be aware of the close relationship between WMO and ICAO that exists
since the establishment of the two organizations more than sixty years ago. That
relationship is guided by a document called the Working Arrangements between the
International Civil Aviation Organization and the World Meteorological Organization (Doc
7475) which has underpinned the development of global standards for aeronautical
meteorology, in response to the constantly evolving requirements of international air
navigation. No doubt, the continuous dialogue between the two organizations has also
had positive influence on the strategic direction and objectives of research activities in
the field of aeronautical meteorology. The fundamental principle contained in the
Working Arrangements effectively states that ICAO will be responsible for defining the
global requirements for meteorological service for international air navigation while WMO
will be responsible for determining the ways and means how to meet those
requirements. The cornerstone of this relationship is cooperation: both organizations will
continue to carry out their responsibilities in close coordination with each other.
Air transport plays a major role in driving sustainable economic and social development.
The rapid growth of air traffic, despite the recessionary cycles, requires the
modernization and interoperability of the global air navigation system. Using a “topdown” approach ICAO has worked extensively at the strategic level with States, industry
representatives, International Organizations and other relevant organizations to produce
a global planning document, the Global Air Navigation Plan, known as the GANP.
This document will be explained in some detail during the deliberations but in essence
the GANP provides a strategic global direction for the aviation industry, and at its core is
an Aviation System Block Upgrades (ASBU) methodology. ICAO has recently endorsed
its new edition of the GANP through the 39th session of the Assembly, covering a rolling
15-year plan of 2016 to 2030. In its next edition, it will look ahead as far as 2040 and
all of the timescales in between. The current version of the GANP is undergoing a major
review as we speak which will be presented to the next ICAO Assembly in September
2019 for adoption. A number of participants to this conference have been involved, and
will continue to be involved, in the development of this new edition of the GANP and in
particular how it relates to aeronautical meteorology. Meteorological information will
doubtless be needed to support almost every new initiative in aviation and as such,
meteorology is considered as a key enabling function in the GANP. As envisaged in the
ASBU modules on aeronautical meteorology, meteorological information will be fully
integrated with the future advanced air navigation decision support tools, supporting
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stakeholders in planning for the most efficient routes possible, and enhancing situational
awareness of meteorological conditions, including the greater use of aircraft-based
capabilities for meteorological awareness and avoidance. Clearly, there is a tremendous
amount of work needed to understand the underpinning information that will be required
to support these initiatives, such as trajectory-based operations. Further challenges lie
ahead in the service delivery area with the introduction of the new System Wide
Information Management (SWIM).
This “top-down” approach will lead to continuously updated tasks being set for the ICAO
MET programme, which is being assisted by the ICAO Meteorology Panel (METP). The
METP will be guided by this strategic direction when elaborating a plan for the
development of specific requirements. Such requirements will have to be implemented in
coordination with other ICAO panels that lead the way with the various initiatives
throughout the industry as a whole. WMO is a vital component of this process, through
its active participation in the work of the METP.
I have taken the opportunity to study the proceedings of this event and am pleased to
note the wide scope of the presentations that will be laid before us. Of course, ICAO
tends to concentrate on the contributions related to needs that apply either globally or at
least regionally; however, it is recognized that many of those future requirements will
start off as national or local solutions. Such local solutions often are validated at national
level before being put forward as potential regional or global requirements. Even before
we reach the level of a local solution, there is a need for basic research and development
which is a prerequisite for any future application to reach an operational status and a
more strategic level. Case studies and research projects are valuable approaches; they
could be regarded as the “bottom-up” approach, different from the work typically
undertaken by ICAO. Events such as this therefore provide an excellent avenue of
presenting results from scientific aeronautical meteorological research in view of their
potential future use as part of the strategic development.
These two approaches, “top-down” and “bottom-up”, are complementary, not
contradictory; the challenge remains to ensure that ICAO and WMO continue to actively
cooperate and provide assistance to each other in their respective remits. ICAO cannot
define all of the future requirements in isolation and neither can WMO identify service
delivery and methodology without significant input from the aeronautical regulators and
aviation community itself.
I am sure that the information and ideas to be presented over the next few days will
enlighten, stimulate and encourage all of us. I am convinced that I will be able to take
away many new ideas that can be brought into the ICAO environment for further
thought and discussion. Equally, I hope that WMO will be in a similar position to be able
to guide and foster the approaches to be taken by the meteorological community as a
whole. I wish you success in all the presentations and discussions of the week ahead.
Mr Yong Wang
Chief, Airport Operations and Infrastructure, ICAO
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Address by Dr Xu Tang, Director, Weather and Disaster
Risk Reduction Services Department,
World Meteorological Organization
Monsieur Lacave, Mr Shun, Mr Wang, distinguished guests,
co-sponsoring organizations, ladies and gentleman, it is my
honour and privilege, on behalf of the WMO SecretaryGeneral, Professor Taalas, to say a few remarks at the
opening of this Scientific Conference here in Toulouse.
In 2013, when ICAO issued the fourth edition of its Global Air
Navigation Plan, there was a clear and renewed recognition
that meteorological services will play an instrumental role in
enabling aviation to improve its capacity and efficiency, improve its economy and reduce
its impact on the environment. All these should be achieved while maintaining or even
improving levels of aviation safety over the coming years towards 2030 and beyond. The
meteorology modules included in the ICAO Aviation System Block Upgrades
methodology, which underpins the GANP, provide a clear evidence that enhanced
meteorological information and services, fully integrated in the decision-making
processes, will be a key enabler in the foreseen aviation industry transformation from
now through to the 2030s.
WMO at its 17th Congress in 2015, in the spirit of its tradition of long and productive
coordination, collaboration and cooperation with ICAO, stated its full commitment and
support to the realization of the vision for a globally harmonized, interoperable air traffic
management system. It was realized that the implementation of the performance
improvements envisaged in ASBU will imply significant institutional, technological and
operational changes in the provision of aeronautical meteorological service by Members.
Moreover, Resolution 66 of the 17th Congress put special focus on the need to support
the underpinning science and research in aeronautical meteorology. Congress recognized
that the success of the meteorological components of ASBU will be strongly dependent
on an accelerated transfer of scientific and technological achievements that have
demonstrated value to aviation stakeholders into operational practice.
With this understanding of the role of science in mind, WMO initiated the Aviation
Research Demonstration Project (AvRDP), as a collaborative effort of the Commission for
Aeronautical Meteorology, Commission for Atmospheric Sciences and the Commission for
Basic Systems. The project has been supported by several of our Members working
together on the advancement of innovative approach to high-impact weather events in
the vicinity of airports. We highly appreciate the contribution of the participating NMHSs
in the AvRDP, including the leadership provided by the Hong Kong Observatory. One
important target of this project is to demonstrate the feasibility of accelerated migration
from research to operations – a requirement that our users wish to see happening more
and more in the future, to enable them to benefit from the innovation and scientific
breakthroughs.
The WMO Executive Council session in 2016, while appreciating the work done in the
framework of the AvRDP, felt that such research activities in support of the ICAO GANP
and ASBU implementation should be further expanded by engaging both the
meteorological community and the aviation stakeholders. In this regard, the Council
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decided on a set of guiding principles for streamlining and prioritizing future research
activities. Among the recommendations given was a call for WMO to organize dedicated
scientific events. These events would demonstrate the importance of coordinated
research and development for the enhancement of the MET information and services to
aviation that would bring the desired benefits to the aviation safety, efficiency and
regularity, and address the related environmental issues. Furthermore, Executive Council
recommended a dedicated scientific WMO event to be organized in coordination with
relevant partners, preferably in 2017, to ensure the appropriate WMO positioning in the
global research activities related to aeronautical meteorology during the time period of
ASBU Block 1 and Block 2 (2019-2028).
As a follow-up of these directions given by the WMO executive bodies, the Aeronautical
Meteorology Scientific Conference this week will demonstrate how the engagement of
scientists, researchers, aviation users and others is key to unlocking the potential during
these times of significant advancement in science and technology, as aviation growth
continues, and as the impacts of climate change and variability become ever more
apparent in our day-to-day lives.
The rich conference programme will cover, from a meteorological perspective, some of
the current state-of-the-art and foreseen advances in science and technology considered
necessary or desirable to underpin the changing global aviation industry. From the
service delivery perspective, you will hear about how the relay of meteorological
information from the providers to the users is changing, how technological advances are
already shaping the users access to and interaction with meteorological information –
both on the ground and in the air – and how meteorological information is being
integrated with many other information domains to provide much improved situational
awareness and decision support at the pre-flight and in-flight stages.
The growing issue of understanding the climate change impacts on aviation will also be
discussed. Changing characteristics of our atmosphere due to climate change – such as
trends in the polar front jet stream and the increased frequency of extreme weather
events – will likely affect aviation operations on the ground and in the air now and into
the future.
The blend of oral presentations, poster presentations and panel discussions delivered
during this conference will offer a unique insight of what is already being done now and
what needs to be done in the future to enable meteorological services to deliver high
quality information to aviation users worldwide. The outcomes of the conference will
enable WMO Programmes – particularly those handled by the CAeM, CAS and CBS – to
be reviewed and refined to ensure that WMO Members are best placed to respond to the
evolving users’ needs and expectations expressed through ICAO and other partner
organizations.
We are very pleased of the great interest in this Conference, seen by the number of
participants – more than 200 – representing all relevant communities of expertise and
practice. The organization of this event was not an easy task for us, and as I come to
the end of these opening remarks, I should like to conclude by expressing my particular
gratitude to Météo-France for the excellent facilities and services laid on for this event,
to the co-sponsoring organizations – Airbus, Thales and Selex – for their dedicated
support, and also to the members of the organizing committee and scientific committee
who have been working tirelessly over many months to bring the programme for this
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event together. And, of course, I should like to express my appreciation to you, your
organizations and your governments for enabling you to attend this important event.
I feel sure that everyone will find this conference thoroughly informative and I
encourage you all to actively participate.
And so, with these concluding remarks, it is my pleasure to announce that the 2017
Aeronautical Meteorology Scientific Conference is now officially open.
Dr Xu Tang
Director, Weather and Disaster Risk Reduction Services Department, WMO
___________
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CONFERENCE PROGRAMME
Opening ceremony
1. Science underpinning meteorological observations, forecasts, advisories and
warnings
1.1. En-route phenomena
1.1.1. Ice crystal icing and airframe icing research
1.1.2. Turbulence research
1.2. Wider terminal area
1.2.1. Significant convection research
1.3. Aerodrome throughput
1.3.1. Wake vortex detection and prediction
1.3.2. Fog/low visibility research
1.4. Space weather research
1.5. Atmospheric aerosols, volcanic ash research
1.6. Observation, nowcast and forecast of future needs
1.6.1. Advances in observing methods and use of observations
1.6.2. Seamless nowcast and numerical weather prediction, probabilistic forecast
and statistical methods
2. Integration, use cases, fitness for purpose and service delivery
2.1. In-cockpit and on-board meteorological capabilities
2.2. Terminal area and impact-based forecast
2.3. Collaborative decision-making, air traffic flow management, network
management
2.4. Trajectory-based operations, flight planning and user-preferred routing
3. Impacts of climate change and variability on aviation operations and
associated science requirements
3.1. Jet stream position and intensity and related phenomena
3.2. Extreme weather events at airports, changes to established scenarios
3.3. Re-evaluation of airframe/avionics resilience standards and certification
Closing ceremony
___________
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SUMMARY OF PANEL DISCUSSIONS
SUMMARY OF SESSION 1 PANEL 1

Moderator:
Panellists:

C.M. Shun
B. Brown, R. Potts, M. Steiner and M. Steinheimer

Pictured (left to right): R. Potts, B. Brown, C.M. Shun,
M. Steinheimer and M. Steiner
Summary of the main points arising from the first panel discussion of Session 1:
•

Interaction through close contact between researchers, service providers and users is
essential to ensure that scientific developments are optimised and take account of
the users’ needs and expectations. This interaction can, however, be challenging to
achieve at times due to the many, often varied stakeholders involved in the
consultation process. Building and sustaining relationships can take time but such
collaboration is absolutely essential for all concerned.

•

There is a need to move beyond traditional verification schemes – such as those
based on the use of root mean square error (RMSE) of meteorological parameters –
and to transition towards verification schemes that are more user-relevant and userfriendly and that consider impacts on the users. The transition from scientific
research into operations (“R2O”) can take a long time, sometimes too long, due to
the processes involved in necessarily validating, verifying and calibrating the
underpinning science. The R2O transition process will need to be accelerated and
well-communicated.

•

There is an evident and important need for observations of meteorological and other
atmospheric parameters, especially those pertaining to aviation hazards, to be
available to validate forecast guidance. However, often there are important
observational datasets which are not available or accessible to the scientific research
community due to intellectual property or other such data protection rights.
Examples include aircraft-derived atmospheric turbulence (e.g. eddy dissipation rate,
EDR) datasets and high-altitude ice crystal icing datasets. In this era of ‘Big Data’
there is a need to consider more open data policies that enable meteorological and
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other data derived from on-board aircraft sensors to be accessible to scientific
researchers, say, thereby helping to improve the underpinning science efforts. WMO,
ICAO, IATA and other relevant organizations are expected to play leading roles in
facilitating such data sharing.
•

There is a need to determine how the aviation user community will make the most
effective use of forecasts that possess inherent uncertainty. Typically, many aviation
stakeholders have been used to receiving a deterministic forecast rather than a
probabilistic one. The use of ensembles will better convey to the users the inherent
uncertainty in a forecast; but, how will the users’ decision-making processes need to
adapt to accommodate a transition from deterministic to probabilistic forecast
information? There is a need, therefore, for closer collaboration between the
scientists and the users, so that bridges in communication are built that help ensure
full understanding, on both sides.

SUMMARY OF SESSION 1 PANEL 2
Moderator:
Panellists:

I. Lisk
B. Brown, R. Potts, J. Ryuzaki, R. Sharman, M. Steiner and
M. Steinheimer

Pictured (left to right): R. Potts, B. Brown, M. Steinheimer, J. Ryuzaki, M.
Steiner and R. Sharman. Not pictured: I. Lisk
(Photograph courtesy: Christophe Cais, Météo-France)
Summary of the main points arising from the second panel discussion of Session 1:
•

There are many new and foreseen capabilities on the part of the scientific
research community, the meteorological service providers and the aviation users.
Fostering cross-sector partnerships and strengthening communication helps build
trust and a mutual understanding of the needs versus the capabilities.
Partnerships can help accelerate the transition from research into operations.

•

The implementation of upgrades to numerical weather prediction (NWP) models
has consequences on post-processing of operational NWP forecasts. Sometimes
the frequency of NWP upgrades is so rapid that the consequential post-processing
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adjustments are always in a state of playing ‘catch-up’, occasionally delaying the
release of improvements to front-end services. There is a need to ensure,
therefore, that there is an understanding and appreciation of downstream
consequences through appropriate configuration/change management practices.
•

As part of any changes to NWP models and post-processing, an abiding principle
should be to ensure that the consumer (end-user) is ultimately getting what they
need (i.e. more accurate and useful forecast data) and that the data they receive
is able to be ingested and integrated in a timely manner with their systems (i.e.
is accessible and useful). Also, the transition from largely deterministically-based
forecasts to probabilistically-based predictions needs to be achieved as
consistently as possible by the scientific research community and accompanied by
the necessary levels of explanatory guidance.

•

Blending meteorological parameters through ensemble approaches that yield a
higher quality, more accurate forecast should be further pursued but with an
acknowledgement of the potential masking of extremes. Machine-learning could
also be pursued to optimize meteorological support to air traffic management
(ATM) in the era of ‘Big Data’.

•

Design of systems for delivering harmonized meteorological information to pilots
and other stakeholders should further consider the need for standardization.

•

An increasingly automated ATM operating environment will require supporting
meteorological educational programmes for end-users, e.g. pilots.

•

Occasionally scientific research activities are trying to solve one problem within
one institute as a one-off solution. But, there needs to be consideration of how
there can be a wider, more common approach across the scientific research
community that harnesses and encourages unified, harmonized best practices.

•

The aeronautical meteorological service provider community is today represented
by both public sector and private sector enterprise, effectively forming a so-called
‘global weather enterprise’. Barriers which currently hamper access by the
scientific research community to both public sector and private sector enterprise
datasets need to be overcome through dialogue and the consideration of more
open data policies. For example, the enhanced availability of and access to in-situ
turbulence and water vapour measurements taken by aircraft, particularly in data
sparse areas such as oceanic airspace and some large continental airspaces, will
complement scientific research efforts to improve, for example, the prediction of
turbulence and convection in NWP models.
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SUMMARY OF SESSION 2 PANEL
Moderator:
Panellists:

J. Ryuzaki
N. Halsey, D. Lalla, G. Rennie, K. Sievers, C.M. Shun and A. Weipert

Pictured (left to right): K. Sievers, G. Rennie, D. Lalla, A. Weipert, C.M. Shun
and N. Halsey. Not pictured: J. Ryuzaki
(Photograph courtesy: Christophe Cais, Météo-France)
Summary of the main points arising from the panel discussion of Session 2:
•

Aviation is in a state of transition where improvements are necessary in many areas.
Current and projected air traffic growth – doubling once every 15 years – is
demanding a reduction in aircraft separation standards to increase throughput on the
ground and in the air. Aircraft operators and air navigation service providers are
determining how to operate in this new, performance-based environment given the
weather and many other factors relevant to safe and efficient flight operations.

•

Many of the meteorological products and services that currently appear in ICAO
Annex 3/WMO-No. 49, Technical Regulations, Volume II – Meteorological Service for
International Air Navigation are already no longer fit-for-purpose or will not be fitfor-purpose in the next 5, 10 or 15 years. Today there is a need for the
meteorological service provider and aviation user communities to work together,
through organizations such as ICAO and WMO, to identify and implement the fit-forpurpose solutions of tomorrow. Some solutions will be globally applicable while
others will be region-specific, depending on users’ identified needs at the global and
regional level.

•

There is room for improvement in respect of the collaborative sharing and fusion of
meteorological and other air traffic management (ATM)-relevant information in
support of common situational awareness and collaborative decision-making amongst
the various stakeholders. For example, the fusion of present and future weather
conditions information with arrival and departure rates and aircraft sequencing
information can have a positive effect on runway throughput, particularly at a
capacity constrained airport.
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•

Discussions on how the meteorological community can support the advance towards
the next generation of ATM system are now happening on many levels, which was
perhaps not the case 10 or 20 years ago. Similarly, over the past several decades,
while scientific and technological advancement has been tremendous there remains
however a number of key areas where further improvements are needed, particularly
with respect to those meteorological and other phenomena which are hazardous to
flight and are the most challenging to observe and forecast. There are many
determining factors in the pace of current and future scientific and technological
advancement, including the cost-benefit of investments.

•

The growth and breadth of available meteorological data that is accessible to pilots
and the physical means of handling and interacting with the data – for example via
electronic flight bag (EFB) applications where data can be updated on the flight deck
in real-time or near-real-time – is presenting new challenges for pilots relative to
past practices, and is resulting in a need to adapt how pilots are educated and
trained in meteorology.

•

Advances in technology are leading to an adaptation in the methods of service
delivery. Face-to-face interactions of the past are being replaced by machine-tomachine interactions in many instances, occasionally but not always with a human in
the loop or over the loop. Careful consideration is being given to the establishment of
functional and performance requirements fulfilled through technical specifications as
acceptable means of compliance.

•

There is a dichotomy perhaps between the past practice of having too little or not
enough real-time or near-real-time information and the present and future practice
of having voluminous and perhaps too much information. The application of machinelearning and artificial intelligence should assist in the handling of ‘Big Data’ – both
from the perspective of the providers and the consumers of the information.

•

Barriers within and across sectors can often decelerate or otherwise inhibit
innovation and creativity. Data and information sharing across the sectors will better
enable all stakeholders to work in a more collaborative, more agile way and should
help to direct and accelerate the pull-through from research into operations.
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SUMMARY OF SESSION 3 PANEL
Moderator:
Panellists:

H. Pümpel
R. Burbidge, S. Matthes, G. Rennie, F. Rigal, M. Strahan, J. Tenenbaum
and Y. Wang

Pictured (left to right): H. Pümpel, F. Rigal, R. Burbidge, S. Matthes, Y. Wang,
M. Strahan, J. Tenenbaum and G. Rennie.
(Photograph courtesy: Christophe Cais, Météo-France)
Summary of the main points arising from the panel discussion of Session 3:
•

The Panellists agreed on the need for a more structured and managed approach to
research efforts on expected climate change impacts on aviation. So far, some
stakeholders have already taken a pragmatic approach, starting out with high-level
awareness campaigns based on emerging information rather than waiting for the
publication of detailed and complex scientific papers on the subject. Information
provided as a basis for adaptation and risk management needs to be evidence-based
and well founded. Issues and areas of concern need to be highlighted, thereby
enabling informed decisions to be made. Both ICAO and WMO can play a key role in
facilitating the outreach and engagement across the communities concerned.

•

The scientific research community can and should play a proactive role in
communicating to the aviation user community what analyses based on recent
observations and climate model simulations are indicating about the variability and
long-term trends of the climate. Given the emerging evidence for strongly
regionalized and complex changes, global scale information requires downscaling to
the regional, national or local scale where feasible. The remaining uncertainty, which
is considerable given the complex processes involved in aviation impact parameters
must be conveyed to the consumers (the aviation users) in a way that it will be well
understood. The potentially large economic impacts impose that any advice provided
must neither be open to misinterpretation nor be tainted by alarmism.
Communication and education are key components.

•

Observational data that is being gathered today – such as aircraft-based
observations of atmospheric turbulence – needs to be appropriately collected,
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archived and made available so that it can be used for the identification of early
trend and climate reanalysis efforts tomorrow. As evidenced in the previous panel
discussions, the scientific research community’s efforts gain to access to such
datasets can often be inhibited by the existence of intellectual property or other such
data protection rights. Such inhibitors need to be addressed and overcome in the
best interest of all stakeholders.
•

Both the meteorological and the aviation communities are really just entering the
‘Big Data’ era, searching for effective and verifiable ways of optimizing data use in
this emerging new data world. Data, even where and when it is available, often is not
yet used in the best way with a coherent and convincing strategy. Data analytics,
which is an emerging field, will play an increasingly prominent role in how data
(including meteorological and climatological data) is interrogated by the users and
/or their expert advisers, thereby helping them to make better, more informed
decisions.

•

Climate variability in the form of extreme weather events will require a high degree
of flexibility, and rapid response capability particularly on the aviation users’ side.
Some extreme weather events, for example a significant snowfall event, may be
short-lived in terms of the event itself but may nevertheless possess a high-impact
on operations lasting days or weeks. Other extreme events, for example a heat
wave, may be comparatively longer-lived in terms of the event itself and may also
possess a high-impact on operations lasting days or weeks. Mitigation and adaptation
to a changing climate scenario will be key considerations.

•

Over all the perceived issues and problems, the aviation community must also
communicate clearly to the wider public and decision makers that, in many current
and future emergencies caused by extreme weather and climate, aviation will remain
the first and most effective means of providing support, relief and rescue to the
stricken communities. This includes the obligation to harden aviation infrastructure to
enable it to remain operative under critical environmental conditions.

___________
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RECOMMENDATIONS AND STATEMENT OF THE
CONFERENCE
RECOMMENDATION 1
In the context of science underpinning aeronautical meteorological (MET)
observations, forecasts, advisories and warnings, the conference recommended
that:
― Research activities demand improved access to data, especially aircraft-based
observations to support validation, verification and calibration as part of a
continuous improvement drive;
― Research efforts should be conducted in collaboration with users to ensure their
needs are addressed;
― The transition from research to operations following validation should be
accelerated and well communicated;
― Conveying uncertainty is required to inform risk management, but remains a
challenge that needs further research and guidance; and
― MET hazards and their impacts on aviation should be more clearly defined and
articulated.

RECOMMENDATION 2
In the context of integration, use cases, fitness for purpose and service delivery,
the conference recommended that:
― Close collaboration within and across MET and air traffic management (ATM)
communities should be actively encouraged as a prerequisite of impact
assessment and an enabler to future global interoperability and harmonization;
― Establishing ATM users’ requirements should be a prerequisite for tailored, fit-forpurpose MET solutions;
― MET information must be translatable into ATM impacts to enable full integration
in the strategic planning, pre-tactical and tactical decision-making phases;
― Probabilistic methodologies with proper verification and calibration should be
applied to better convey to users where and to what extent inherent forecast
uncertainties exist;
― Blending MET parameters through ensemble approaches that yield a higher
quality, more usable forecast should be further pursued but with an
acknowledgement of the potential masking of extremes;
― Machine-learning such as artificial intelligence could be pursued to optimize MET
support to ATM in the era of ‘Big Data’;
― Design of systems for delivering harmonized MET information to pilots and other
stakeholders should further consider the need for standardization and
collaborative decision-making (CDM);
― An increasingly automated ATM operating environment will require supporting
MET educational programmes for end-users; and
― The research-to-operations process for prioritized MET products and services
reaching maturity should be expedited.
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RECOMMENDATION 3
In the context of climate change and variability on aviation and associated
science requirements, the conference recommended that:
― The potential impacts of climate change and variability on aviation operations on
the ground and in the air, downscaled to the local level, must be well researched
and communicated;
― The mitigation of extreme weather events and the adaptation to a changing
climate demands a multidisciplinary effort involving both the physical and the
social sciences. Furthermore, all stakeholders in meteorology and aviation must
work together, including through WMO and ICAO, to build consensus on robust,
sustainable global solutions;
― Responding to climate variability will require a high degree of flexibility on the
aviation users’ side. While the incidence of high-impact extreme weather events
are expected to increase, they will be infrequent relative to the norm. The
foreseen continued growth of aviation worldwide in a changing climate scenario
may present new challenges as demand for airspace capacity increases;
― Improved availability of and access to high-quality in-situ observations of
meteorological parameters, including water vapour, is a key enabler to improving
climate prediction model capabilities. The preservation of such data is essential
for validating and calibrating climate predictions; and
― A changing climate scenario may render some of today’s aerodrome, airspace and
airframe design and operation standards inadequate in the years or decades to
come. Using past climatological records alone as an indicator of future climate at
an airport, say, may be insufficient given the (current) rate at which the world’s
climate is changing (warming).

STATEMENT
The conference stated that:
― There is a tremendous amount of ongoing cross-disciplinary research in the field
of aeronautical meteorology (MET). This collaborative scientific excellence should
be leveraged to enable the future global air traffic management (ATM) system;
― The role of MET as a key enabler to aviation’s vision for a globally interoperable,
harmonized ATM system of the future that is safer, more efficient and more
environmentally responsible will only be realized through the accelerated
transition of scientific research and technological advancement into operations
based on aviation users’ needs, new and improved community partnerships,
trust, transparency and openness; and
― As the potential impacts of climate change and variability on aviation operations
become better understood, the research community should continue to advance
relevant science and communicate in a style that is well understood by the user.

___________
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APPENDIX
LIST OF PARTICIPANTS
* denotes remote participation
Last name

First name

Institute

Country

Email address

ACETHORP

Paula

MetService NZ

New Zealand

paula.acethorp@metservice.com

ANDRO

Loïc

Air France

France

loandro@airfrance.fr

ARBOGAST

Philippe

Météo-France

France

philippe.arbogast@meteo.fr

AUGROS

Clotilde

Météo-France

France

clotilde.augros@meteo.fr

AUTONES

Frédéric

Météo-France

France

frederic.autones@meteo.fr

AZAD

Roohollah

Met No

Norway

roohollaha@met.no

BACCOU

Philippe

Airbus

France

philippe.baccou@airbus.com

BACHMANN

Julia

DWD

Germany

Julia.Bachmann@dwd.de

BANSE

Dorothea

DWD

Germany

dorothea.banse@dwd.de

BARANOV

Nikolay

Computer Science and
Control of Russian
Academy of Sciences

Russian
Federation

baranov@ccas.ru

BARI

Driss

DMN

Morocco

bari.driss@gmail.com

BARTHOLOMEW

Claire

Met Office

United
Kingdom

claire.bartholomew@metoffice.gov.
uk

BAZLOVA

Tatiana

IRAM

Russian
Federation

t.bazlova@iram.ru

BECKER

Erik

South African Weather
Service

South Africa

erik.becker@weathersa.co.za

BERECHREE

Michael

BoM

Australia

m.berechree@bom.gov.au

BERGOT

Thierry

Météo-France

France

thierry.bergot@meteo.fr

BERTHELÉ

Christophe

DGAC/DSNA/DTI

France

christophe.berthele@aviationcivile.gouv.fr

BESSON

Florence

Météo-France

France

florence.besson@meteo.fr

BILLOT

Angeline

ESSP

France

angeline.billot@essp-sas.eu

BIRLING

Florent

GTD

Spain

florent.birling@gtd.es

BLANCO SEQUEIROS

Alberto

Finnish Meteorological
Institute

Finland

alberto.blanco@fmi.fi

BOCHARNIKOV

Nikolay

IRAM

Russian
Federation

sas@iram.ru

BOILLEAUT

Christophe
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France

christophe.boilleaut@airbus.com
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S.A.S.
BOISSY-ROQUES

Thaïs
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France

BOUTTIER

Clément

Airbus

France

clement.bouttier@airbus.com

BOUYSSEL

François

Météo-France

France

francois.bouyssel@meteo.fr

BRAININ

Evgeny
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Service

Israel
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Martina

Institute of
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Martina.Bramberger@dlr.de
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Greg
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BROJBOIU

Laurentiu
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BROWN

Barbara
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BUCHER

Kaspar

MeteoSwiss

Switzerland

kaspar.bucher@meteoswiss.ch

BURBIDGE

Rachel

EUROCONTROL

―
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BUROV
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Russian
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Viktoria
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Russia

Russian
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Kathy-Ann
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Alice

AIRBUS

France
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CARUHEL

Camille
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France

camille.caruhel@airbus.com

CASSAS

Marie
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France
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France
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Fabien
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Belgium
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Kwok Wah
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Pierre
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France
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DABAS

Alain
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Cory
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Eric
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KEYNOTE 1.1: THE EMERGING METETEOROLOGICAL CAPABILITY TO MEET THE
FUTURE AVIATION NEEDS
By C.M. Shun
(Presented by C.M. Shun)
Presentation

Keynote address
Recent flights conducted during the passing of Super Typhoon
Hato in the vicinity of Hong Kong, China in August 2017 and
Hurricane Irma in the Caribbean just two weeks later illustrate
that reliable, accurate meteorological information to aviation is
essential. It enabled airlines, air traffic and airport
management to better plan their flight operations in advance
of, during and following the disruptive weather events. In
particular, the effective recovery of airport and airline
operations after the passage of Hato was duly recognized by
the aviation user community.
There are many drivers for change within the industry at
present. Safety is and will remain aviation’s number one priority. The projected doubling
of commercial air transport over the next 15 years will exert tremendous pressure not
only on the industry’s essential need to ensure safety but also on its capacity, efficiency
and environmental aspirations. The effects of climate change and variability, such as the
increased incidence of extreme weather events such as turbulence and extreme heat at
airports, will influence how aviation evolves to accommodate the foreseen growth in
traffic.
Last year, based on figures released by the International Air Transport Association which
represents many of the world’s airlines, meteorology was the second highest threat to
aviation, second only to aircraft malfunction. An IATA forecast for the year 2036 reveals
that almost 8 billion people will be flying. This is a staggering number and more than the
entire population of the world today!
Aviation is evolving quickly, especially from a technological perspective. Electronicenabled (or “e-Enabled”) cockpits that have direct and near instantaneous access to
real-time or near-real-time weather information are rolling out across the newer
generation of aircraft. The traditional paper-based approach and tele-type messaging to
communicate the prevailing and forecast weather conditions on the chosen route are
being replaced by portable electronic devices such as hand-held tablets with built in
weather and other applications to form the electronic flight bag (or EFB). Inflight Wi-Fi is
also now available on many new generation aircraft meaning that those of us seated in
the cabin to the rear of the cockpit can enjoy direct access to the world-wide web,
including access to the latest weather conditions! These technological advancements will
also open up a new weather service for aircraft-in-flight – nowcasting.
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Many airlines, meteorological service providers, hardware and software manufacturers
are collaborating to make optimal use of the technological evolution (or revolution) that
is already here.
In recent years there has been growing interest, amongst aviation and meteorology
communities, in high-altitude engine icing events caused by flight through high ice-water
content clouds, such as deep tropical towering cumulus and cumulonimbus clouds. Many
detection and nowcasting solutions based on satellite and NWP data are being developed
by meteorological service providers in response to airlines’ concerns over the threat
posed by such conditions on safe and efficient flight operations.
Despite these advances however, weather or meteorological conditions is and will always
be a threat to aviation. The predictability of high-impact weather events, such as the
intensity of a tropical cyclone, is and for the foreseeable future will remain a challenge,
particularly at the longer lead times. The assimilation into numerical weather prediction
models of rapid-refresh, high-resolution satellite imagery and other observational
information, including aircraft-based observations, is helping to narrow the uncertainty
and improve the confidence in the nowcast and forecast.
Traditional approaches to meteorological service provision are already being challenged.
For example, the provision of information on hazardous enroute weather phenomena via
SIGMET based on flight information regions (or FIRs) is not sustainable in today’s global
aviation business. The users, particularly the airlines, demand far greater continuity and
consistency in the provision of SIGMET as they traverse one FIR to the next. Efforts are
already underway in many regions to improve SIGMET provision, such as through
bilateral or multilateral coordination activities amongst neighbouring meteorological
watch offices. The International Civil Aviation Organization (ICAO), in consultation with
WMO, is already investigating a regional hazardous weather advisory scheme, with a
phenomenon-based approach rather than FIR-based approach, to address long-standing
deficiencies and overcome other impediments in the provision of SIGMET. The weather,
of course, does not respect political or other artificial boundaries.
There is a growing involvement of the private sector in the provision of meteorological
service for international air navigation which is also challenging the norm. A multitude of
commercial products and services already exist in the marketplace. Some of these are
complementing existing offerings from, for example, the public sector national
meteorological and hydrological services (NMHSs), while others are competing with
existing offerings. Many private companies are offering data and alerting systems to the
aviation industry at a cost, but these are often operated independently and offered in a
commercial or even proprietary manner, and independent from NMHS offerings and
other commercial offerings – which could inhibit aviation’s vision for a globally
interoperable, harmonized air traffic management system of the future. The
unavailability of commercially-provided turbulence reports to the wider meteorological
and aviation communities is a highlighted issue that needs attention by WMO, ICAO and
IATA to achieve a “win-win” outcome benefiting all stakeholders concerned, which
perhaps could be a good demonstration of public-private-partnership.
The era of “Big Data” is already here, even though we are really just at its dawn. The
tremendous growth in the volume of data that we have witnessed recently, for example
through the introduction of higher spatial and temporal resolution observing and
forecasting systems, was considered inconceivable to some of us just a few short years
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ago. The trend in data, more data, and more-and-more data is here to stay. So, we need
to determine how we can capitalize on this big data. What needs to be kept and used,
what doesn’t? What level of quality is ‘good enough’? What methods and techniques can
be invoked to better enable us to handle the growing volume of data, such as machinelearning and artificial intelligence? The Big Data era presents both a challenge and an
opportunity, for everyone.
During the course of this conference we will consider weather impacts at aerodromes, in
the terminal area and in en route airspace. The users are demanding an improved
understanding of how weather events translate into impacts on the air traffic
management system, which is also a focus of the ongoing WMO CAeM/CAS Aviation
Research Demonstration Project (AvRDP). Many public and private aeronautical
meteorological service providers are already collaborating with industry to deliver the
next generation of fit-for-purpose solutions, tailored to an operator’s business rules and
operational constraints. For example, a surface wind probabilistic forecast can enable an
operator to have an improved understanding of the most probable surface wind to affect
an aerodrome during the period of the forecast, thereby improving the operator’s
situational awareness and (hopefully!) decision-making. Graphical depictions of such
information far exceed what can be shown, say, in an aerodrome forecast in TAF code
form.
Advances in meteorological infrastructure at airports – such as long-range LIDAR for
wind shear detection, short-range LIDAR for wake vortex detection and lightning
detection equipment – complemented by sub-kilometre scale numerical model
simulations are leading to improved nowcasting capabilities which is helping airports
maximize their available serviceable time and enhance aviation safety.
The application of deep-learning (as part of a broader family of machine learning
methods) and artificial intelligence are allowing forecast performance to improve, with
false alarm rates coming down and probabilities of detection going up.
ICAO’s Global Air Navigation Plan, which was mentioned in some the opening addresses
of the conference, gives a strategic insight into ATM-users’ needs and expectations into
the next decade and beyond. The integration of meteorological and ATM information to
support collaborative decision-making, the availability of runway visual range (RVR)
forecast information to optimize airport access (before synthetic vision technologies
become mature!), the improvement of wind and thunderstorm forecasts to optimize the
sequencing of arrivals and departures as well as airport ground movements, the
availability of wake turbulence and wind forecast information to increase runway
throughput, and the improvement of en route significant weather information to optimize
ATS routing are just some of the many needs and expectations already expressed.
Fulfilling these needs and expectations, and others that will emerge over the years to
come, demands a concerted, collaborative scientific research effort on the part of the
meteorological community.
In conclusion, we are already experiencing a paradigm shift in how aeronautical
meteorological services are provided at a global, regional, sub-regional and national
level. The growth of the private sector in the supply of meteorological services to
aviation is creating a highly competitive marketplace. The meteorological service ‘edge’
demands research efforts informed by state-of-the-art science and authoritative data.
Since the weather will always possess a degree of uncertainty, communicating this
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uncertainty to the users in a way that can be easily understood will be crucial. Finally, it
is advocated that only close and collaborative engagement of the meteorological
community (researchers and providers) with the aviation users as partners will be the
key to future success of aeronautical meteorological service providers who must deliver
the best to stay ahead of the game.
___________
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KEYNOTE 1.2: FUTURE AERONAUTICAL METEOROLOGY RESEARCH AND
DEVELOPMENT
By M. Steiner
(Presented by M. Steiner)
Presentation

Keynote address
It’s claimed that Greek philosopher Heraclitus, in
approximately 500 B.C., coined the line: The only thing that is
constant is change. Well, the world around us is certainty in a
constant state of change. It is changing due to scientific and
technological advancement; it is changing due to the different
stakeholders with whom we interact; it is changing due to the
demand for new and improved operational procedures; and it
is changing due to our ever-improving understanding of our
planet’s weather and climate.
Aviation has some major growth areas, with double-digit
percentage growth in commercial air traffic in regions such as Asia-Pacific and the Middle
East. Alongside the traditional commercial and business fleets there are now new and
emerging entrants including unmanned aerial vehicles, commercial space transportation
and the potential re-entry into service of commercial supersonic aircraft. With the
traditional forms of air transportation and these new/emerging forms, it begs a question
as to how to provide the appropriate levels of meteorological service given the variety of
aviation users.
Taking into account the International Civil Aviation Organization’s (ICAO) vision for a
globally interoperable, harmonized air traffic management (ATM) system of the future,
as conveyed in the organization’s Global Air Navigation Plan (GANP), regional ATM
modernization programmes such as NextGen in the United States of America, Single
European Sky ATM Research Joint Undertaking (SESAR JU) in Europe and Collaborative
Actions for Renovation of Air Traffic Systems (CARATS) in Asia are helping to define and
ultimately realize tomorrow’s ATM system. The World Meteorological Organization
(WMO) is playing an active and collaborative role with ICAO and with other aviation
stakeholders to keep the vision on track through advances in the ‘weather roadmap’.
Scientific advancement often goes hand-in-hand with technological advancement. This is
certainty true in the weather sector. Technology is advancing with gusto, with
exponential growth in supercomputing power and the introduction of cloud computing
and data analytics to name but three. In the aviation sector technological advancement
is also key to progress. Advances in propulsion systems, avionics and communication
systems, amongst others, are allowing aircraft to fly for longer and with less impact on
the environment that has previously been the case. But, there are emerging questions
as to whether the latest generation of high-bypass jet engine, which are more fuel
efficient than their predecessor, are more susceptible to engine stall or surge in the
presence of high-altitude ice crystals/high ice-water content clouds.
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Advances in ground-based and space-based communications infrastructure, such as
terrestrial radar systems and the global navigation satellite system (GNSS), are enabling
airspace users and air navigation service providers to connect like never before with a
view to making the aviation system safer and more efficient. But, with these advances
and the increased reliance on information and communications technologies (ICT) comes
an ever-present threat of cyber-attack or other such ‘denial of service’ security risks for
which ever more sophisticated ICT security countermeasures are required.
From a procedural perspective, the transition from the use of conventional navigation
aids (NAVAIDS) with limited design flexibility to the use of area navigation (RNAV) and
required navigation performance (RNP) are increasing airspace efficiency and optimizing
the use of the available airspace. Procedural improvements in performance-based
navigation (PBN) together with others such as trajectory-based operations (TBO), timebased management (TBM) and collaborative decision-making (CDM) are resulting in
‘greener skies’ at the aerodrome, in the terminal area and in en-route airspace.
Moreover, traffic management initiatives such as airspace flow programmes, ground
delay programmes, ground stops, miles/minutes in trail, traffic management advisor
functions and many others are rendering safer and more efficient use of the available
airspace.
As the public demand for aviation continues to grow – projected to double over the next
15 years – the increasing number of aircraft in the sky and the corresponding demand to
reduce the separation minima between aircraft will increase the likelihood of wake vortex
encounters and incidents unless appropriate mitigations and safeguards are put in place.
The effective use of weather information to help determine conditions and locations
favourable for wake vortex shedding and dissipation will be key to maintaining flight
safety.
In respect of advances in weather and climate, a raft of new observing technologies has
recently entered the market with the prospect of more to come. For example, new
geostationary satellite systems such as GOES-16 and Himawari-8 are a step-change in
terms of their spatial and temporal resolution and their multispectral capabilities
compared with the previous generation. More sophisticated radar and lightning detection
systems as well as the increased availability of in-situ measurements of basic
meteorological parameters (wind, temperature, etc.) and derived parameters (e.g.
turbulence) from ground-based and airborne systems are complementing the growing
observational dataset. Collectively these play an essential role in our improved
understanding of atmospheric processes and in supporting numerical weather prediction
model initialization, validation, verification and calibration.
Increasing spatial resolution of numerical weather prediction systems is yielding an
improved representation of atmospheric processes and the use of ensemble forecasting
techniques is enabling the meteorological community to supply aviation users with
information on forecast uncertainty and event probability.
There is a continuing need to reduce the impact of aviation on the environment – for
example, by reducing carbon dioxide emissions and noise pollution through the
introduction of more fuel efficient and quieter aircraft. There is also a need to better
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understand and mitigate the impact of climate change and variability – including the
increased incidence of extreme weather events – on aviation operations.
Concepts and tools are already available and are continuing to emerge intended to
enable information on weather conditions to be translated (translatable) into operational
constraints within the aviation system. For example, some research institutes are
collaborating with industry to design probabilistic capacity estimation for runways and
airspaces. Having a better understanding of the constraints in an operational context is
allowing aviation stakeholders – airlines, air traffic flow managers, airport managements
and others – to implement mitigations that maintain safety and optimize capacity and
efficiency at all stages of flight. It’s always worthwhile remembering that an extreme
weather event in a sparsely populated airspace will have minimal impact while the same
extreme event in a densely populated airspace will have a major impact unless
appropriate mitigations are put in place. Weather avoidance routing, through initiatives
such as TBO, means that routes can be dynamically modified based on the weather
hazard, its intensity and forecast evolution.
The growing ability for meteorological information to be available in the cockpit in realtime or near-real-time is enhancing a shared situational awareness amongst the flight
dispatcher and the flight crew. Electronic flight bags (EFBs) in the form of hand-held
tablets or other portable electronic devices mean that flight-safety critical information,
including information on hazardous meteorological conditions, is available to the flight
crew at the touch of a button or at the sound of user-defined alert.
To better understand the impacts of weather on aviation operations on the ground and in
the air, and to better understand the decisions that flight dispatchers, flight crews, air
traffic controllers and others make based on the meteorological information available to
them, smart decision support tools (DSTs) are emerging. These smart DST take records
of past weather, air traffic and other data, identify similar events in the past, and then
replay scenarios using different traffic management initiatives in order to simulate how
the aviation system might respond should a similar event occur in the future. This form
of ‘what if’ scenario planning is proving beneficial for personnel training and for real-time
decision support.
In conclusion, the world is changing. The speed of change varies by sector (e.g.
computing, aircraft design, climate/weather) and effective change management will
require foresight, planning and appropriate lead time. Significant growth in air traffic
(e.g. Asia/Pacific, Middle East) and emerging new airspace users will demand a focus on
trajectory-based operations, flexible routing and reduced separation minima enabled by
satellite-based navigation, increased connectivity and shared data, etc.
Increased resolution in numerical weather prediction will better resolve atmospheric
processes and the use of ensembles will capture forecast uncertainty and probabilistic
predictions. Improved observations and an increased number of observations (both insitu and remote) complemented by enhanced algorithms will result in a more accurate
forecast. The characterization of weather impacts (translation) at airports and in
airspaces will be demanded by users.
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Providing enhanced and shared situational awareness, where data sharing is key, will
enable consistent flight/flow planning and execution through increased predictability. The
examination of ‘what if’ scenarios in real time will yield smarter decisions supported by
large amounts of data and data analytics. Building trust in technology will require
training. After all, technology is only as good as the trust we put in it.
___________
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A HIGH ICE WATER CONTENT (HIWC) NOWCASTING TRIAL EXERCISE FOR
ENHANCED SITUATIONAL AWARENESS AND DECISION-MAKING SUPPORT
By J. Haggerty and R. Potts
(Presented by J. Haggerty)
Presentation
Introduction
Ingestion of large amounts of ice particles by jet engines,
known as ice crystal icing (ICI), appears to be the culprit in
over 200 engine power-loss and damage events during the
past two decades. Typically, these events have occurred at
high altitudes near large convective systems in tropical air
masses (Mason et al., 2006). In recent years there have been
substantial international efforts by scientists, engineers,
aviation regulators and airlines to better understand the
physical processes, solve critical engineering questions,
develop new certification standards and develop mitigation
strategies for the aviation industry. One area of research has
been the investigation of nowcasting techniques to identify
potential areas of high ice water content (HIWC) and enable
the provision of associated alerts to the aviation industry. Such information is needed
because new engine certification standards may largely mitigate the risks associated
with ICI for aircraft in the future but there is a large current fleet which will be operating
for many years. There is a recognised need for nowcasting guidance products to support
flight planning and management of the tactical response for these aircraft.
HIWC nowcasting methods
Efforts by several research teams are underway to develop techniques for detecting
HIWC based on principles gleaned from analysis of in-service ICI events and dedicated
field campaigns (Strapp et al., 2016). One such method is the Algorithm for Prediction of
HIWC Areas (ALPHA), developed by the US National Centre for Atmospheric Research
(NCAR) with sponsorship from the United States Federal Aviation Administration (FAA).
ALPHA is a diagnostic tool that uses operationally available satellite data, numerical
weather prediction (NWP) model data, and ground-based radar data (where available) as
input. These input data are blended via a set of fuzzy logic membership functions that
maximize the strengths of each data set (Haggerty et al., 2012). Figure 1 shows a
simplified view of ALPHA processing. The output from ALPHA is a 3-dimensional gridded
field of the potential for HIWC conditions (Figure 2). HIWC Potential is a non-dimensional
parameter that varies from 0 to 1; it can be thought of as an uncalibrated probability of
HIWC conditions.
A machine learning technique was applied to select the input variables, optimize the
membership functions, and determine weighting factors for blending the various data.
In-situ observations of ice water content (IWC) from research aircraft during a series of
field experiments were partitioned into a training data set and an independent
verification data set (Rugg et al., 2017). Figure 3 compares ALPHA HIWC Potential to
IWC measurements from three field experiments. Probability of detection is calculated
assuming an IWC threshold of 0.5 g/m3 and an HIWC Potential threshold of 0.4 are
indicators of HIWC conditions. Results indicate a high probability of detection, but with a
significant false alarm rate. Work to further improve the ALPHA algorithm is ongoing.
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Figure 1. Overview of data input and processing in ALPHA. The output is a field,
designated “HIWC Interest” or “HIWC Potential”, giving the likelihood of HIWC
conditions at a given location.

Figure 2. Example of ALPHA product in the north of Australia for FL330, 2245
UTC, 23 Jan 2014, with overlaid total water content (g/m3) measured by
research aircraft.
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Figure 3. HIWC Potential (Interest) from ALPHA vs. measured Ice Water
Content for a verification data set derived from three HIWC field experiments.
Blue lines show IWC threshold and HIWC Potential threshold that indicate
HIWC conditions. Black line shows best fit to data points. PoD is the probability
of detection; false alarm rate = 1-PoDn.
Nowcasting trial exercise
A joint 2-year effort by the Australian Bureau of Meteorology (BOM) and NCAR, with
support from the FAA, provides an opportunity for evaluating ALPHA in an operational
setting. This project explores the means by which HIWC nowcasting tools could support
airline operations and promote development of an international capability for HIWC
detection and forecasting. Under this effort an experimental version of ALPHA will be
implemented at the BOM over a region across the north of Australia where there is
frequent deep tropical mesoscale convection and a high incidence of ICI events (Figure
4). The experimental ALPHA-BOM is currently being configured to ingest data from
HIMAWARI-8, the BOM Australian Community Climate and Earth System Simulator
(ACCESS) model (Puri et al, 2013), and BOM radar composite products (Potts et al.,
1999). Implementation and testing on a BOM server will begin soon.
An initial trial of ALPHA is planned for the Australian summer monsoon period of January
– March 2018. Aviation industry stakeholders in the region, including BOM forecasters
and airlines, will be provided with digital and graphical products. Standardized feedback
from users of the experimental products will be provided to ALPHA developers. A second
trial period is planned for the monsoon season of 2019.
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Figure 4. Geographic domain shown in orange. Area with BOM radar coverage is
shown in light grey.
Expected outcome and future plans
It is expected that findings from this exercise will provide insight on skill of ALPHA
methods as well as an enhanced understanding of user requirements for HIWC products.
Additionally, the exercise will provide aviation industry stakeholders in the region,
including Bureau of Meteorology forecasters and airlines, with experimental HIWC
nowcasting products for evaluation. NCAR and FAA will obtain feedback on ALPHA
performance in a region with frequent convection and ICI events, enabling further
improvements to the ALPHA scientific algorithms. Results are expected to inform a
decision on provision of a fully operational HIWC nowcasting product and progress the
development on an international capability for HIWC detection and forecasting that may
be required by ICAO in the future.
Disclaimer: This research is in response to requirements and funding by the Federal
Aviation Administration (FAA). The views expressed are those of the authors and do not
necessarily represent the official policy or position of the FAA.
References
Haggerty, J., F. McDonough, J. Black, G. Cunning, G. McCabe, M. Politovich, C. Wolff,
2012: A System for Nowcasting Atmospheric Conditions Associated with Jet
Engine Power Loss and Damage Due to Ingestion of Ice Particles. AIAA
Atmosphere and Space Environment Conference, New Orleans, USA, June 2012.
Mason, J.G., J.W. Strapp, and P. Chow, 2006: The ice particle threat to engines in flight,
44th AIAA Aerospace Sciences Meeting. Reno, Nevada, 9-12 January 2006,
AIAA-2006-206.
Potts, R.J., T.D. Keenan, and P.T. May 1999: Radar characteristics of storms in the
Sydney area. BMRC Research Rep. 72, 1999, 25pp.

P1-14

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
Puri, K., and Co-authors, 2013: Implementation of the initial ACCESS numerical weather
prediction system. Aust. Meteorol. Oceanogr. J., 63, 265–284.
Rugg, A., J. Haggerty, G. McCabe, R. Palikondra, and R. Potts, 2017: High ice water
content conditions around Darwin: Frequency of occurrence and duration as
estimated by a nowcasting model. AIAA Atmosphere and Space Environment
Conference, Denver, USA, June 2017.
Strapp, J. W., and Co-authors, 2016: The High Ice Water Content (HIWC) study of deep
convective clouds: Report on science and technical plan. FAA Rep. DOT/FAA/TC14/31, 105 pp. [Available online at www.tc.faa.gov/its/worldpac/techrpt/tc1431.pdf]
___________

P1-15

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
THE USE OF RAPIDLY DEVELOPING THUNDERSTORM (RDT) IN THE
HIGH ALTITUDE ICE-CRYSTALS (HAIC) PROJECT
By J-M. Moisselin, C. Le Bot, P. Rieu, A. Gounou, E. Defer and J. De Laat
(Presented by J-M. Moisselin)
Presentation

Introduction
The European FP7 (Seventh Framework Program) HAIC (High
Altitude Ice Crystals) 2012-2017 project aims at characterizing
specific environmental conditions in the vicinity of convective
clouds that can lead to aeronautical events linked to highaltitude mixed phase and glaciated icing.
RDT (Rapidly Developing Thunderstorm) is a software
developed by Météo-France in the framework of NWCSAF
(Satellite Application Facility for Nowcasting). RDT detects,
tracks and characterizes convective systems. High IWC (Ice
Water Content) is often associated with deep convection and
especially strong updrafts that inject important quantities of
water into the upper troposphere.
The paper will describe the different uses of RDT in the framework of HAIC. During the
HAIC campaigns RDT operated by Météo-France has been used by research aircraft
pilots to target the convective cells. After the campaign the performances of RDT
regarding the high IWC hazard have been assessed.
The RDT tool
Figure 1 explains the various input data of RDT: geostationary satellite Brightness
Temperature (BT), large scale NWP (Numerical Weather Product), lightning data, other
NWCSAF products. Only the BT of the channel 10.8µm (or equivalent) is mandatory.

Figure 1. RDT diagram
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For the first HAIC campaign (2014) located at Darwin (Australia), RDT was adapted to
use the observations of MTSAT-1R imager, at a frequency of 10 minutes [Moisselin et al,
2014]. The version v2012 [Autonès, 2012] was adapted and used the channels 6.7 and
10.8 µm. Some missing input data sets had an impact on the RDT behaviour and
performances.
During the Cayenne 2015 campaign, RDT was adapted to be operated with MSG-SEVIRI
imager on the campaign domain, with five channels. By using MSG-SEVIRI imager,
parallax effects are much larger because the Cayenne campaign domain is located at the
border of the SEVIRI coverage. Despite this problem, the choice to base RDT on SEVIRI
data has been made because of the lower resolution time of the imager of GOES
satellite, and the lack of some wavelength channels. SEVIRI data were available every
15 minutes instead of 30 minutes for GOES imager. The RDT version v2013 [Autonès et
al, 2013] has been used for this campaign and the followings.
After a first attempt in Indonesia, Darwin was chosen to be the location of the last HAIC
field campaign for the beginning of 2016. RDT has been adapted to handle the imager
data from the satellite HIMAWARI-8. A lookup table of channels from Himawari-8 imager
to channels from MSG-SEVIRI imager has been used. However, at Darwin, at this time of
the year, favourable convective conditions were not present most of the time. It was
then decided to move the field campaign to La Réunion. So, the campaign moved to La
Réunion, where Meteosat7-based RDT was used. It gave the opportunity to cross cells
with very high ice crystals concentrations. However, as Meteosat7 is an older satellite,
RDT only uses one satellite channel (channel 11.5 µm).
To sum-up one can say that RDT has been operated in the most valuable conditions
during the Cayenne 2015 campaign.
RDT used for supporting the flight campaigns
One of the objectives of RDT was to target the convective areas for the research
aircrafts.
RDT was successfully tested during the first HAIC/HIWC field campaign in Darwin in
2014 on best effort, the output has been adapted to make the uplink faster for the small
bandwidth of IRIDIUM Short Burst Data satellite communication.
RDT was used by forecasters of each campaign for the meteorological ground-support
for example through a dedicated website or though the Synergie Météo-France
forecasters’ workstation during Cayenne 2015 campaign. Other kinds of meteorological
information were available |Moisselin et al, 2016]: radar data, lightning data, NWP data,
etc.
The field campaigns gave the opportunity to uplink data on-board thanks to the
ATMOSPHERE PLANET system and it has been effective from the Cayenne-2015
campaign. A special effort has been made on operational aspects. Indeed, the main
elements of the production chain have been secured and monitored [Gounou et al,
2016].
The convective RDT outlines are completed by a series of parameters that represent
much less data to transfer than a regular satellite image. This information combined with
a reduced list of RDT attributes can be uplinked on-board in XML format and then can be
used by the pilots in real-time mode. RDT data have been sent to the PLANET system
developed by ATMOSPHERE company during the Cayenne campaign, as illustrated in
Figure 2 [Gounou et al, 2016].
This development allowed to enhance the vision of surrounding convective areas for
pilots.
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Figure 2. Description of the RDT process up to the uplink to research aircrafts.
RDT a tool for detecting high IWC
RDT has been mainly compared with two measurement or retrieval of high IWC: The
Robust Probe and the DARDAR product. The Robust probe samples the Total Water
Content during the flights. It has been placed on the Falcon aircraft during Darwin 2014,
Cayenne2015, and on the Airbus A340 during the campaigns of the year 2016. The
deliverables D13.2 [Schwarzenboeck et al, 2014] describes the data collected during the
HAIC/HIWC campaign. DARDAR (raDAR/liDAR) product is the combination of coincident
space-borne CloudSat radar (95 GHz) and CALIPSO lidar (532 & 1064 nm) A-Train Low
Earth Orbit (LEO) observations. It is sensitive to different properties of the clouds
(phase, particle size distribution). It has the capability to retrieve the vertical distribution
of IWC inside the clouds [Delanoé et al, 2010].
The time resolution of RDT data and in-situ measurements is different. For example, RDT
is available every 15 minutes for the Cayenne campaign while in-situ measurements
from the ROBUST probe are available every second. The pairing method describes which
cells will be selected for the comparison with a given one-second observation. Four
methods are proposed; they are described below (table 1) and summarized in [Moisselin
et al, 2017b].
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Table 1. Description of the pairing methods between RDT cells and
in-situ measurements.
Meth.

Convective cells
vs high IWC

Convective or
previously
convective cells
vs high IWC

Convective RDT cells from the
closest slot in time

1A

Convective RDT cells from the
closest slot in time AND the
previous one

1B

Convective RDT cells from the
closest slot in time AND the
two previous ones

1C

RDT cells from the closest
slot. Convective cells OR at
least once convective in the
past hour.

2

Comments
Minimizes the time-difference between
measurements and satellite image
-To take into account the blinking effect
of RDT (dynamic detection)
-To assess the nowcasting potential of
RDT concerning IWC risk

Compensates some too early
declassification of mature systems
(regarding IWC hazard)

Cells of contingency table on which the scores have been calculated is given in Figure 3.

Figure 3. RDT cells and in-situ measurements. The background image is a
10,8 µm enhanced image where lower BT are shaded in blue. The RDT outlines
are in red. The flight trajectory is coloured accordingly to in-situ IWC
measurement with the highest values in bright blue.

The overall PODs for the Cayenne campaign with method 1A are relatively good
(Figure 4):
•
•
•

For 11 flights out of the 16 flights of the campaign, POD is higher than 0.7 for the
IWC threshold of 1 g/m³.
For 8 flights, POD is higher than 0.8
For 4 flights, POD reaches more than 0.9.
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•

For these last 4 flights, the FAR stays below 0.66, which corresponds to a good
agreement between RDT cells and areas where IWC is above the threshold.

Figure 4. Probability of Detection (POD) for each flight of the Cayenne
campaign. Method 1A (dark blue), method 1B (cyan) and method 1C (green).
IWC threshold: 1 g/m³

Only five flights have a POD lower than 0.5 (for a threshold of 1 g/m³).
Quite naturally, in comparison with method 1, POD associated with method 1B is
increased for all flights. The impact is not the same for all flights: POD for flight 22 is
increased by more than 15% whereas POD does not improve for flight 13 (Figure 4).
The Method 1C is similar to method 1B: it considers RDT cells from the closest satellite
slot in time and the two previous ones. This way to consider the RDT cell has low or no
impact on the result, except for the flights number 11 and number 16. Again, POD has
increased compared with method 1B (flight 10 is a good example). Since we have more
cells, FAR tends to also increase with methods 1B and 1C.
The method 2 is intended to compensate some too early declassification of mature
systems regarding high IWC hazard. In fact, it is obvious, especially for flights 11 and
16, that declassified cells sometimes contain high concentrations of ice crystals. POD for
those two flights has increased by 50 % with this method. POD of some other flights has
also slightly improved. The interest of method 2 is proven for two flights (Figure 5).
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Figure 5. Probability of Detection for each flight of the Cayenne campaign for
method 1A (dark blue) and, method 2 (cyan). IWC threshold: 1 g/m³
Scores for all campaigns and DARDAR are given in [Moisselin et al, 2017b]. Results for
the Darwin 2014 campaign are better because the convective cells were large and
stationary (see Table 2), During the Cayenne campaign, the convective situation is more
complex but the POD remains at an acceptable level. For the Darwin 2016 and La
Réunion campaigns the RDT evaluation suffers of the size of the sample.

Table 2. Scores of all campaigns and for DARDAR for the closest convective
method (1A) and various IWC thresholds
POD-0.5 POD-1 POD-1.5 POD-2 FAR-0.5 FAR-1 FAR-1.5

No. of
flights

FAR-2

0.82

0.84

0.83

0.77

0.44

0.69

0.86

0.96

16

Cayenne 2015 0.68

0.71

0.72

0.68

0.56

0.72

0.83

0.92

16

Darwin 2016

0.47

0.51

0.51

0.43

0.59

0.68

0.75

0.89

2

La Réunion
2016

0.69

0.73

0.77

0.8

0.2

0.32

0.41

0.49

3

Darwin2014

DADAR2015

0.38

0.91

21 paths

Concerning the DARDAR comparison, the scores are not bad and the impression given by
the path by path analysis confirms it. It illustrates also the gap in terms of verification
sampling between a flight campaign focusing on big convective systems and a close-tohazard selection of meteorological situations, with a lot of small fast-evolving systems.
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According to both subjective approach and objective performance scores, first analysis of
the Cayenne campaign showed relatively good matches between RDT cells and in-situ
high IWC areas. However, as seen in Darwin 2014 or cayenne 2015 campaigns, RDT
appears sometimes to stop the diagnosis of convective cells too early compared to the
lifetime of high ice crystal concentration and sometimes lifetime of convection.
Conclusion and way forward
In the framework of the HAIC project, the RDT has been operated by Météo-France over
the different field campaigns on an operational basis through dedicated processing
chains. The RDT has been used for ground operation and uplinked to research aircrafts.
Qualitative and quantitative studies provided reasonably good results, especially in terms
of probability of detection of high IWC with the campaigns data. A comparison of RDT
output with LEO satellites retrieval of IWC risk has also been performed. RDT reached
the level 5 of TRL (Technology Readiness Level) procedure used in the HAIC project to
assess the degree of maturity of a technology. The TRL6 contribution of WP3.4 has
included identification and development of new RDT prototypes that will improve the
RDT performances in high IWC detection.
Considering the good performances of RDT, the last NWCSAF release of the product
(v2016) includes an attribute describing IWC risk inside each cell [Autonès et al, 2016],
inspired by the algorithm MSG-CPP High IWC mask developed by KNMI at a pixel based
during HAIC project [Meirink et al, 2016].
The RDT v2016 is now produced by Météo-France on a global scale with five
geostationary satellites: a new service for forecasters and for aviation end-users
[Moisselin et al, 2017a].
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SATELLITE DETECTION AND NOWCASTING HIGH-ALTITUDE ICE CRYSTALS
By Y-L. Ng, HF. Law, JCW. Lee, K-K. Hon, LO. Li and P-W. Li
(Presented by K-K. Hon)
Presentation

Introduction
Over the last 20 years, the aviation industry has documented
more than 100 incidents in which turbofans have lost power
during high-altitude flights, and high-altitude ice crystals are
believed to have caused most or all of these events [1]. The
phenomenon has become more common as engine
manufacturers introduce higher-bypass turbofans and airlines
fly at higher altitudes. When an aircraft flies through regions of
high ice water content (HIWC), ice crystals may damage the
blades, or they could be ingested by the turbofans and melted
on warm engine surfaces. The resulting thin film of water
attracts more ice crystals and significant icing could cause a
temporary loss of engine power.
In general, regions of HIWC are related to deep convection. Strong updraft in deep
convective clouds can carry water droplets to high altitude rapidly. These water droplets
then freeze to small crystals, which can be as small as 40 µm. As these ice crystals are
small, they cannot be detected by on-board weather radar and could possibly be a threat
to aviation.
In this study, use was made of the multi-channel satellite data to mark regions of HIWC
in areas of deep convection. We first used the brightness temperature difference
between a water vapour channel (9.6 µm) and an infrared channel (10.4 µm) to identify
overshooting tops. Then other infrared channels, which have different absorption
coefficients for ice and water, were included to locate regions with ice particles. We used
random forest analysis technique to analyse data from Himawari-8 (H-8) satellite to rank
the importance of variables in the identification of HIWC for eliminating uninformative
satellite channels.
The identification methodology was then derived from the final random forests model
using split windows with imposed cut-off criteria. The criteria were chosen with reference
to the random forest decision trees and meteorological conceptual models. The method
is very easy to implement and has comparable skill to other methods as described in [2]
but with higher resolution and efficient suitable for nowcasting and timely alerting
purposes.
Methodology
Based on the importance of channels identified through random forest analysis and the
physical properties of ice, a total of five H-8 channels were chosen: B3 (0.64 µm),
B7 (3.9 µm), B9 (6.9 µm), B12 (9.6 µm) and B13 (10.4 µm). Visible channel B3 (0.64
µm) was ranked high in its usefulness because it has a higher resolution and the solar
reflectivity of ice and water is distinctive. Split window B7 (3.9 µm) and B13 (10.4 µm)
is used to identify very cold cloud tops with strong updraft (high B7 (3.9 µm) reflectivity
by small ice particles as used by EUMETSAT Severe Storm RGB product [3]). B9 (6.9
µm) is a water vapour (WV) channel, which was commonly used with B13 (10.4 µm) to
locate overshooting tops. The ozone channel B12 (9.6 µm) could differentiate cold
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(polar) and warm (mid-level, subtropical) air masses based on ozone concentration
differences. Location of the tropopause could influence convective clouds and the height
of which the ice particles might reach.
Kwon et al. showed improvements in detecting deep convective cloud heights by using
ozone channel 9.7 µm [4]. They noted that 9.7 µm–10.8 µm can be a better indicator for
the deep convective activity than 6.3 µm–10.8 µm. With higher cloud tops, the
absorption effects by water get smaller and thus 6.3 µm–10.8 µm approaches zero.
Whereas 9.7 µm shows significantly higher values than other channels due to the
warming by stratospheric ozone, which results in the sharply increasing values 9.7 µm–
10.8 µm. The high importance of the split channel B12 (9.6 µm)–B13 (10.4 µm) from
the random forecast analysis is in accordance with this theory. The split windows
algorithm with corresponding channels and cut-off points is given in Table 1.

Table 1. Split windows (given B13 (10.4 µm) < 243 K) with
corresponding cut-off points.
Split windows

Cut-off points (K)

Properties

B3 (0.64 µm)

>0.4

Daytime

B7 (3.9 µm) –B13 (10.4 µm)

>50

Small ice particles for very cold
cloud tops during daytime

B9 (6.9 µm)–B13 (10.4 µm)

>–1.5

Deep convective activity of clouds

B12 (9.6 µm)–B13 (10.4 µm)

>6.5 and <19

Deep convective activity of high
clouds

Using the above methodology, areas of deep convective activity of high clouds are
plotted on each satellite picture, which is updated every 10 minutes, in the form of blue
polygons
(Figure 1a). If there are sufficient solar radiation, yellow polygons are also given to
further narrow down the areas of small ice particles residing in very cold cloud tops. The
split window B9 (6.9 µm)–B13 (10.4 µm) for locating deep convections has been
excluded as the icing events mainly occur at or near the Tropics and B12 (9.6 µm)–B13
(12.4 µm) is capable in giving a more confined polygon with comparable POD.
Atmospheric motion vectors are derived from two consecutive satellite pictures and they
would then be used to estimate the 1 hour forecast positions (Figure 1b). In this
example, red dot showed the location of an icing event with moderate severity reported
by pilot at 0345Z and FL250.
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Figure 1a. Deep convection for high clouds
19 > B12 (9.6 µm)–B13 (10.4 µm) > 6.5 in
blue; Small ice particles for very cold cloud
tops B7 (3.9 µm)−B13 (10.4 µm) > 50 in
yellow.
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Figure 1b. Positions estimated using
atmospheric motion vectors (red arrows)
derived from Satellite pictures on 3
September 2017 at 0330Z and 0340Z.

Longer-term forecasts are achievable by applying the algorithm to model-simulated
satellite channels, which are computed from forecast meteorological fields based on [5]
using RTTOV (a fast radiative transfer model) [6]. Simulated satellite channels have
been adjusted using histogram matching method for observed and simulated pictures at
0000Z, i.e. the distributions of the simulated channels have been transformed so that
they match the corresponding distributions of the observed channels.
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An example is shown below (Figures 2a,b and Figures 3a,b):

Figure 2a. Deep convection for high clouds
19 > B12 (9.6 µm)–B13 (10.4 µm) > 6.5 in
blue; Small ice particles for very cold cloud
tops B7 (3.9 µm)−B13 (10.4 µm) > 50 in
yellow.

Figure 2b. Model run on 7 October 2016
at 0000Z, forecast hour: +6 hours.

Figure 3a. Deep convection for high clouds
19 > B12 (9.6 µm)–B13 (10.4 µm) > 6.5 in
blue; Small ice particles for very cold cloud
tops B7 (3.9 µm)−B13 (10.4 µm) > 50 in
yellow.

Figure 3b. Model run on 7 October 2016
at 0000Z, forecast hour: +9 hours.

Table 2. CIP, SIGMA, and GDCP for AIRSII research aircraft evaluation.
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Algorithm

POD

FAR

True skill statistics

Himawari-8

0.55

0.13

0.42

CIP (NCAR)

0.76

0.33

0.43

SIGMA (Météo-France)

0.59

0.26

0.33

GDCP (NASA)

0.76

0.67

0.09

Results
The split windows algorithm described in this paper was compared with NCAR’s Current
Icing Product (CIP), Météo-France’s System of Icing Geographic identification in
Meteorology for Aviation (SIGMA) and NASA’s GOES-derived Cloud Products (GDCP) [2]
as given in Table 2. The split windows algorithm, in particular the cut-off points used,
was derived based on a total of 14 icing cases reported by pilots between April 2015 and
October 2016. Though the POD is not very high, the FAR, however, is the smallest,
resulting True Skill statistics comparable to the best scores available. Due to the small
sample size, fine tuning of the algorithm would be conducted when more cases are
available. Moreover, forecasting with simulated satellite channels had been explored and
the results seemed to be promising. Further investigation and verification will be carried
out in future studies.
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SIGNATURES OF SUPER-COOLED LIQUID WATER DROPS IN DUALPOLARIZATION OBSERVATIONS MEASURED BY GROUND-BASED RADARS
By C. Augros, M. Lecocq, S. Riette, C. Le Bot and N. Gaussiat
(Presented by C. Augros)
Presentation

Introduction
Dual-polarization observations can be particularly helpful in
diagnosing ongoing microphysical processes in precipitation, as
they provide valuable information about particle sizes, shapes,
composition, and orientations. These measurements include
reflectivity at horizontal polarization Zh (which can be linked to
the intensity of precipitations), differential reflectivity Zdr (which
is related to the hydrometeors oblateness), differential
propagation phase shift Φdp and half its range derivative specific
differential phase shift Kdp (sensitive to heavy precipitations but
also to dense oblate hydrometeors), as well as the copolar
correlation coefficient ρhv (which decreases when different
hydrometeors coexist). The focus of this study is to examine the
potential of these observations for the detection of supercooled
liquid water in clouds, which is of great interest for aircraft icing hazard monitoring.
Data and methodology
Dual-polarization observations measured by the Plabennec operational C-band
polarimetric radar were examined together with in-situ observations from an aircraft
campaign where 35 flights sampled supercooled liquid water conditions during the winter
2015-2016. The in-situ observations consisted of temperature, liquid water content
(measured by the KING probes), and droplet mean volumetric diameters (measured by
CDP and FSSP probes).
Two cases are presented here, that were characterized by widespread and relatively
homogeneous stratiform precipitation around the radar. They are referred as case 1 and
case 2 in this study. For both cases, supercooled liquid water was present during all the
flight, with liquid water contents ranging from 0.1 to 0.5 g m-3. The trajectory of the
aircraft for case 1 is shown Figure 1, overlaid on the reflectivity image from elevation
0.8° at 0850 UTC.
The analysis of the dual-polarization variables is explored using quasi-vertical profiles
(QVPs: Ryzhkov et al. 2016) of radar observations. With the QVP technique, data from a
given elevation angle scan are azimuthally averaged and the range coordinate is
converted to height. This representation of the radar observations helps analysing the
vertical distribution as well as the temporal evolution of the microphysical properties of
hydrometeors in case of stratiform and relatively homogeneous precipitation. The
temporal evolution of the radial velocity at 90° elevation is also examined as it is a proxy
for the hydrometeor fall speed, which is a good indicator of the occurrence of riming.
Unrimed crystals or aggregates rarely fall faster than 1.5 m s−1 while rimed particles
usually fall at speeds from 1.5 to 2.5 m s−1 or faster (e. g. Vogel et al, 2015).
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Figure 1. Reflectivity image (dBZ) at elevation 0.8° measured by Plabennec
radar at 0850 UTC on case 1. The aircraft trajectory from 0840 to 1105 UTC is
overlaid as a black thick line. Circles denote distances of 100, 150 and 200 km
from the radar.
Results
The quasi-vertical profiles of Zh, Kdp, Zdr and ρhv are shown Figure 2 (for case 1 from
1435 to 1650 UTC) and Figure 4 (for case 2 from 0840 to 1105 UTC) and the
corresponding radial velocity at 90° profiles are shown Figure 3 and 5.
Case 1
For this case, the aircraft remained most of the time at a constant altitude (around
3.5 km) corresponding to a temperature of about -5 to -4°C. KING and FSSP probes
recorded Liquid Water Content (LWC) values larger than 0.1 g m-3 during most of the
flight with maximum values (0.2 to 0.5 g m-3) between 70 and 125 min. The mean drop
diameters measurements were in the range from 35 to 40 µm.
In the quasi-vertical profiles of Zh, Kdp, Zdr and ρhv shown Figure 2, the transition
between liquid and ice hydrometeors around 2.9 km can be clearly identified with most
of the variables. Zh and Zdr peaks (30 dBZ and 1.75 dB), which are present just below
the isotherm 0°C correspond to the “bright band” and are due to the increase of the
dielectric constant of the melting hydrometeors in this region. The minimum of Kdp
around the isotherm 0°C is probably due to the backscattering differential phase as
shown by Trömel et al (2014). The transition between very high (about 0.99) and lower
values of ρhv around 2 km corresponds to the bottom of the melting layer. In Figure 3,
the transition between ice and liquid hydrometeors is also very clear, with fall speeds
increasing suddenly up to more than 2.5 m s-1 below the isotherm 0°C.
The analysis of the dual-polarization variables above the bright band reveals enhanced
Kdp values (0.4 to 0.5° km-1) at the altitude of the aircraft, where supercooled liquid
water is present. The layer of enhanced Kdp values is just above a layer with very low
Zdr values (0 to -0.5 dB). Such signatures have also been observed in recent studies
(Sinclair et al, 2016; Kumjian and Lombardo, 2017), where the enhancement of Kdp was
attributed to the presence of large concentrations of needles and to secondary ice
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production process (Hallet and Mossop, 1974). Between -3°C and -8°C, the growth of
needles by vapour deposition is indeed favoured in case of strong supersaturation.
Concurrently to the growth of needles, the presence of supercooled water also favours
the growth of graupel particles by riming, which tends to produce almost spherical
particles (and even prolate in some cases) leading to Zdr close to 0 (or negative). The
radial velocity at 90° elevation also infers the presence of ongoing riming as values
larger than 1.5 m s-1 are present above the melting layer. These relatively large values
are suspected to be due to the heavier graupel particles falling faster.
Case 2
In case 2, the aircraft flew at a constant altitude around 1.6 km at a temperature of
about -5°C. Supercooled liquid water was present during all the flight with LWC around
0.2 g m-3 and maximum values up to 0.5 g m-3 at 80 min. The mean diameters of
supercooled drops were around 35-40 µm.
In this case, the isotherm 0°C was around 800 m altitude (black dashed lines Figure 4
and 5) and the melting layer extended down to the ground. Like in the first case, the
melting layer is characterized by higher values of Zh (up to 30 dBZ) and Zdr (up to 2
dB), and negative values of Kdp due to backscattering differential phase effects
(Figure 4).
In the region where supercooled liquid water was detected, the signatures of dualpolarization variables are not as clear as in the first case. A Kdp enhancement is
observed between 1.4 and 2 km altitude but only between 40 and 60 min. Zdr values
are relatively low above the bright band (0 to 0.25 dB) but the minimum is not as
pronounced as in the first case. Relatively large values of reflectivity are present just
above the melting layer (Zh around 25 dBZ) that could be due to the presence of rimed
particles.
Between 40 and 60 min and 100 and 120 min, fall speeds larger than 1.5 m/s were
measured above the melting layer (Figure 5), which is also an indication of the presence
of rimed particles.

Figure 2. Temporal evolution of quasi vertical profile of Zh, Kdp, Zdr and ρ hv
obtained by averaging all azimuths from elevation 2.8° of Plabennec radar.
Case 1: 1435 to 1650 UTC. The black plan and dashed lines indicate,
respectively, the altitude of the aircraft and the 0°C isotherm.
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Figure 3. Corresponding temporal evolution of the radial velocity measured at
elevation 90° by Plabennec radar. Case 1: 1435 to 1650UTC

Figure 4. Same as Figure 2 for case 2: 0840 to 1105 UTC.
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Figure 5. Same as Figure 3 for case 2: 0840 to 1105 UTC.

Conclusions and perspectives
This study presented the preliminary results of the analysis of two stratiform cases with
in-situ observations indicating the presence of supercooled liquid water at a temperature
of about -5°C. The dual-polarization observations as well as the radial velocity measured
at vertical incidence reveal important insights into the cloud microphysical processes that
can be associated to the presence of supercooled liquid water. In both cases, a layer
with very low values of Zdr was observed just above the melting layer (but less
pronounced in the second case). These low values of Zdr are suspected to be due to the
riming of supercooled drops resulting to rather spherical graupel particles. In the first
case only, a layer with enhanced values of Kdp (up to 0.5 ° km-1) is present around 5°C, which could be due to secondary ice production and large concentrations of thin
needles. Both cases were associated to hydrometeor fall speeds higher than 1.5 m s-1
above the melting layer.
These first results suggest that the analysis of the vertical distribution of dualpolarization variables together with the vertical profile of radial velocity at 90° elevation
can give clues about the presence of supercooled liquid water and thus the potential of
aircraft icing hazard. More cases with icing and non-icing conditions will be analysed in
the future, to better assess if the icing hazard can be reliably predicted thanks to these
radar variables.
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AN OPERATIONAL GEOSTATIONARY SATELLITE DATA PRODUCT FOR
DETECTING HIGH ICE WATER CONTENT
By J. De Laat, JF. Meirink, E. Defer, J. Delanoë, F. Dezitter, A. Gounou, A. Grandin, JM. Moisselin,
F. Paril, S. Turner and C. Vanbauce
(Presented by J. De Laat)
Presentation

Short abstract
We present a newly developed high ice water content mask
(High IWC) based on measurements of the cloud physical
properties (CPP) algorithm applied to the geostationary
Meteosat Second Generation (MSG) Spinning Enhanced Visible
and Infrared Imager (SEVIRI). The High IWC mask was
developed within the European High-Altitude Ice Crystals
(HAIC) project for detection of upper atmospheric high IWC,
an important parameter associated with the occurrence of InFlight Icing, a known aviation hazard.
The High IWC Mask is provided in near-real time for the
geostationary SEVIRI satellite (latency 30-45 minutes), which
covers the Euro-African Earth Disc with a spatial resolution of
3x3 km (sub-satellite) to approximately 10x10 km at the edge
of the disc view. Evaluation of the mask against both in situ measurements and satellite
data reveals that the High IWC Mask is well capable of identifying atmospheric scenes
with high IWC (IWC values > 1 g/m3) with a Probability of Detection of 60-80 %
depending on the altitude of where the IWC is located.
A detailed analysis of one year of satellite measurements further indicates that the rate
of detection can be improved by considering the height of the High IWC content.
Combined, the Probability of Detection can be improved to better than 95%, in particular
for High IWC at or above commercial aviation cruising altitudes. Improved detection
comes at the price of more false detection, i.e. scenes identified by the High IWC mask
that do not contain IWC > 1 g/m3. However, the large majority of these detections still
contain IWC values between 0.1-1 g/m3. Considering that such scenes are not
necessarily true false detection because the IWC values are still high, the performance of
the CPP High IWC mask is excellent.
Extended abstract: Not available at time of publication
___________
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TURBULENCE FORECASTING WITH THE ICON MODEL AT DEUTSCHE
WETTERDIENST (DWD): OVERVIEW, CASES AND VERIFICATION
By T. Goecke, E. Machulskaya and M. Rashendorfer
(Presented by T. Goecke)
Presentation

Short abstract
Turbulence encounters are an important factor when it comes
to aviation safety. They cause injuries and also costs. An
objective Turbulence measure is the cubic root of the Eddy
Dissipation Rate (EDR), which we call Eddy Dissipation
Parameter (EDP). The EDR is an essential ingredient is most
turbulence parametrizations, which are part of every NWP
model and responsible for description of small scale transport
processes. We thus think it is a very consistent way to directly
root the turbulence forecast in the model physics. In order to
be able to describe turbulence at heights above the
atmospheric boundary layer up to and even above the
tropopause the turbulence scheme has to be taken beyond its
standard formulation. To this end we consider sources of
Turbulent Kinetic Energy (TKE) that emerge from nonresolved, that is parametrised, processes such as convection, sub-grid scale orography
and horizontal shear. These sources of TKE might naively be considered to be associated
with convectively induced turbulence (CIT) or near cloud turbulence (NCT), turbulence
induced by mountain waves and clear air turbulence. We will show some cases that
exemplify these source terms, and also try to give some idea how these terms
sometimes act together to yield a turbulence signal. In addition, we present some
verification results, comparing the different source terms and comparing against a
standard turbulence indicator. In addition to the aviation perspective the coupling of
different sub-grid scale parametrisation, that is, turbulence, convection and sub-grid
scale orography in our case is desirable from the model building point of view. In
general, the separation of subscale motions in different categories is artificial and not
always clean.
Extended abstract: Not available at time of publication
___________
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GLOBAL AVIATION TURBULENCE FORECASTING USING THE GRAPHICAL
TURBULENCE GUIDANCE (GTG) FOR THE WORLD AREA FORECAST SYSTEM
(WAFS) BLOCK UPGRADES
By R. Sharman, J-H. Kim, C. Bartholomew and T. Farrar
(Presented by R. Sharman)
Presentation

Short abstract
The Graphical Turbulence Guidance (GTG) is a turbulence
forecast process whereby operational NWP model output (either
deterministic or ensembles) is used to diagnose turbulence
likelihood, globally, through an ensemble of prescribed
physically-based indicators. The strategy is to compute a set of
diagnostics that identify regions of strong spatial gradients and,
using an empirical mapping technique, to convert these
indicators into an equivalent energy dissipation rate to the 1/3
power (EDR). This atmospheric turbulence metric is the
International Civil Aviation Organization (ICAO) standard for
aircraft turbulence reporting and thus provides a convenient
basis for verification. Deterministic forecasts are provided using
the ensemble mean of many computed turbulence diagnostics.
This methodology is also the basis for the current operational
(http://aviationweather.gov/turbulence/gtg) CONUS Graphical Turbulence Guidance
(GTG) algorithm.
The ICAO has requested that the two World Area Forecast Centres (WAFC Washington at
NOAA/Aviation Weather Centre, and WAFC London at the UK Meteorological Office)
provide automated and consistent grid information of en-route weather hazards, called
World Area Forecast System (WAFS) to global aviation users for strategic flight planning
(06-36 hrs ahead). The current WAFS turbulence product provides uncalibrated
turbulence potential. The WAFS Block 0 upgrade scheduled for 2018-2019 will replace
the current uncalibrated product with global GTG EDR forecasts (G-GTG), using global
NWP models provided by both WAFCs, with the final output from the two centres merged
to provide one consistent turbulence forecast to the users. Clear-air and mountain wave
turbulence sources are identified, although convective sources are more problematic due
to the difficulty of coarse-resolution models to correctly capture convection. Probabilities
may be developed from the diagnostic ensemble or from the NWP ensemble or both. It is
envisioned that this would be the basis of the WAFS Block 1 upgrade that would provide
probabilities of exceedance for selected EDR thresholds.
This talk describes the application of G-GTG in support of the WAFS requirements.
Verification results are provided based on comparisons to aircraft in situ EDR
observations and verbal pilot reports (converted to EDR) to obtain statistical
performance metrics for both the deterministic and probabilistic G-GTG output.
Disclaimer: This research is in response to requirements and funding by the Federal
Aviation Administration (FAA). The views expressed are those of the authors and do not
necessarily represent the official policy or position of the FAA.
Extended abstract: Not available at time of publication
___________
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A CLUSTERING METHOD FOR DIAGNOSING TURBULENCE FROM MADIS
DATABASE OBSERVATIONS AND DERIVED FIELDS FROM A HIGH RESOLUTION
NUMERICAL WEATHER PREDICTION (NWP) MODEL
By J. Simmaro Grande and A. De Miguel Arribas
(Presented by J. Simmaro Grande)
Presentation

Introduction
When pairing atmospheric turbulence measures from aircrafts
with numerical model fields some difficulties arise, due to the
intermittent and chaotic nature of turbulence, the lack of a
dense network of observations and the granularity of some
fields among other reasons. In this work we propose a method
to pair turbulence observations from airplanes and derived
fields values from numerical models. The method is based on
clustering the turbulence observations, which are near from
each other in an important number of cases, defining a proper
distance between them. Besides, each cluster is paired with the
values of the derived fields within the same neighbourhood as
the observational cluster. We evaluate a number of derived
fields as turbulence predictors. The NCEP MADIS database has
been used to get the observations, whereas the HARMONIE-AROME model was used to
obtain the derived fields.
MADIS database
In this research we have used information provided by the MADIS database. MADIS is a
meteorological observational database and data delivery system, supported by the
National Centres for Environmental Prediction (NCEP), that provides observations all
around the globe. In particular, the Aircraft Based Observation (ABO) dataset contains
observations from commercial aircrafts equipped with sensors that can provide real-time
weather observations via radio downlinks. ABO observations come from: many US
airlines reporting through the Aircraft Communications Addressing and Reporting System
(ACARS); Aircraft Meteorological Data Reporting (AMDAR) data from many European and
Asian carriers; Tropospheric Airborne Meteorological Data Reporting (TAMDAR) sensor
data; and Water Vapour Sensing System II (WVSS-II) data provided by South West
Airlines (SWA) and United Parcel Service (UPS).
Since we are interested in turbulence we just require a few observational variables from
all the available data. We focused on two ABO turbulence-related variables: the derived
equivalent vertical gust velocity (DEVG) and the maximum eddy dissipation rate (peak
EDR). Temperature and horizontal wind measurements were also used to check some
computational routines, by comparing observations and numerical model values.
The maximum derived equivalent vertical gust velocity (DEVG), or simply vertical gust,
is an accepted measure of turbulence that can be computed from the deviation of
aircraft normal acceleration (Sherman 1985, Gill 2014). It is defined as the
instantaneous vertical gust velocity which, superimposed on a steady horizontal wind,
would produce the measured acceleration of the aircraft. In principle, it is an aircraft
independent measure. This means that the aircraft characteristics are taken into account
when computing this magnitude, so that the turbulence measurements between different
aircrafts can be posteriorly compared.
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The eddy dissipation rate (EDR) may be defined as the rate at which the turbulent
kinetic energy (TKE) of the air flow is dissipated as internal energy. Two methods have
been developed to estimate EDR values from commercial aircraft, a vertical
accelerometer-based method and a vertical wind-based method. The first method uses
observed vertical accelerations, which acts as an input of a mathematical model of an
aircraft response function to turbulence [Cornman 1995]. The second uses an estimation
of the vertical wind component and obviates the need for obtaining an aircraft frequency
response function [Cornman 2004].

Figure 1. Geographic distribution of observation clusters. Upper left: peak EDR
cluster distribution over 700 hPa. Upper right: peak EDR cluster distribution
under 700 hPa. Lower left: DEVG cluster distribution over 700 hPa. Lower right:
DEVG cluster distribution under 700 hPa.

NWP derived fields from HARMONIE-AROME
In this section we present some of the main characteristics of the numerical weather
prediction model which has been used in this research, the HARMONIE-AROME model.
For more details on this see [Bengtsson 2017].
HARMONIE-AROME is based on the model AROME (Applications of Research to
Operations at Mesoscale) developed within the ALADIN consortium. It is a numerical
weather prediction model which is used for operational short-range forecasting in
Denmark, Estonia, Finland, Iceland, Ireland, Lithuania, the Netherlands, Norway, Spain,
and Sweden. This model is developed, maintained, and validated through the ALADINHIRLAM system by a collaboration of 26 countries in Europe and northern Africa.
HARMONIE-AROME is one of a new generation of non-hydrostatic models that can
resolve convection. There exists the possibility of choosing among different physics
configurations. The most used configuration is based on the AROME physics package,
which is intended for spatial scales where physics of convection is resolved by the model.
HARMONIE-AROME dynamics is based on the fully compressible Euler equations, whose
evolution is discretized in time and space using a semi-Lagrangian advection scheme on
an Arakawa A-grid and a semi-implicit two-time level scheme, with spectral
representation of most prognostic variables using a double Fourier decomposition. The
Euler equations are formulated in a terrain-following pressure-based sigma coordinate
system. The vertical resolution is based on 65 levels, using first order derivatives in the
vertical dimension, with model top at circa 10 hPa and the lowest level at 12 m. The
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horizontal resolution is 2.5 km and the model time step is 75 s. Lateral boundary
conditions are routinely used from the ECMWF model.
Of special interest for us is the treatment of turbulence, the HARATU scheme based on
RAMCO [Bengtsson 2017, Van Meijgaard 2012]. It uses a framework with a prognostic
equation for the turbulent kinetic energy (TKE) combined with a diagnostic length scale.
As usual, the TKE equation includes the following source terms: wind shear, buoyancy,
transport and TKE dissipation. The implementation of HARATU has considerably reduced
the cloud cover and resulted in an increase in clouds base height compared to the
previous scheme. In addition, HARATU also improves notably the wind climatology of the
model, and the standard and absolute error of the wind forecast.
The TKE prognostic variable is a direct model output that has a strong relationship to
turbulence. Possibly in the future TKE will be enough for forecasting turbulence.
However, nowadays it is far from being a perfect predictor, and therefore other physical
fields related to turbulence are still used nowadays.
We have selected some of the most used derived fields [Sharman 2006] trying to include
the different possible mechanisms of turbulence generation. The fields considered are:
Richardson Number (RN), vertical wind shear (VWS), Ellrod Index (ETI1), specific
humidity (SH), horizontal temperature gradient (HTG), potential temperature rate (PTR),
frontogenesis (FG), deformation (DEF), horizontal wind shear (HWS), turbulent kinetic
energy (TKE), absolute vorticity (AV), potential vorticity (PV) and helicity density (HD).
Pairing observations and NWP fields
Nowadays high resolution numerical models, like HARMONIE-AROME, can simulate
convection with some accuracy, but are not capable of forecasting the position and time
span of individual storms. These errors can be relatively big, compared to the resolution
of the model. Similar features are found for other phenomena related to turbulence, like
TKE, cloudiness, and mountain waves. Therefore, when pairing observations and
forecasts, one should increase the space and time scales in order to get more realistic
comparisons.
To avoid these circumstances, we have decided to group the observational data from
airplanes in clusters of observations. Clustering methods have been used, for instance,
in verification of precipitation [Marzban 2006]. Up to our knowledge, it has not been
applied to turbulence studies.
We explored different sizes of clusters, that is, different time and spatial limit criteria to
construct the clusters, and we finally opted to work with clusters of dx = 40 km of
maximum horizontal distance, dp = 30 hPa of maximum pressure separation and dt =
3600 s of maximum time interval between observations. We think these dimensions are
appropriate regarding typical airplane speeds, the heterogeneity and scales of the
turbulent phenomena, and the skill of the NWP model for simulating phenomena related
to turbulence. However, other cluster dimensions may be valid as well.
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Figure 2. MADIS-HARMONIE data pairing scheme. Two sample clusters are
drawn (red and blue). Observation values (red and blue dots) are paired with
field values (red and blue crosses) within an hour interval relative to two
contiguous HARMONIE-AROME forecasts (coloured zone). In both clusters, the
pairing consists in choosing the maximum observed intensity (big dots) and the
most favourable field value (big crosses). Clusters are cylinders of 40 km
(diameter) and 30 hPa (height).
Given a cluster (DEVG or peak EDR), the pairing process consists in a procedure which
ends up with two representative values: one for the observation and another for the
NWP model field. Figure 2 is drawn as a help to the explanation.
First, the representative value in each cluster is chosen as the maximum value of the
turbulence observations included in it, because we are interested in the forecast of high
intensity turbulence events. As we mention previously, atmospheric turbulence has a
random and intermittent nature, and therefore, even if there were conditions for
triggering turbulence, it might appear or not, or appear temporarily, until the energy
which drives turbulence is dissipated. The maximum expected turbulence intensity can
be estimated by the maximum value of those realizations.
Secondly, a method must be set for selecting a representative value of the NWP model
field. What we do is to select the most favourable value for triggering turbulence in a
spatial and temporal window around the cluster. For all the fields used, the most
favourable value is the maximum except for the Richardson Number and the potential
temperature rate, for which is the minimum. Respect to time, we consider two GRIB
files, corresponding to the initial and final times of each cluster set. That is, if the cluster
were constructed using the observations from t and t + 1 hours, we chose the GRIB files
which correspond to these two instants.
Results
Now, we proceed with a resume of the AUC (area under ROC curve) scores for all fields.
The results in this table are found with the cut-off value that distinguishes between null
or light and moderate or severe turbulence (10.0 m/s for DEVG and 0.2 m2/3s-1 for
peak EDR). The best AUC scores for the DEVG pairs are found for the Richardson
Number (RN), vertical wind shear (VWS), specific humidity (SH) and the Ellrod Index
(ETI1), with 0.923, 0.915, 0.899 and 0.898, respectively. On the other hand, the best
AUC scores for the peak EDR pairs are for the TKE, ETI1, VWS and RN, with 0.899,
0.892, 0.889 and 0.878, respectively. In figure 3 their respective ROC curves are shown.
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Future work should address the influence of the cluster size and the resolution of the
NWP fields. In addition to this, we should consider a more extended period of
observations and check if factors like seasonality could affect the index performances.

Figure 3. Individual index performance. ROC curves for all levels. Left, fields
tested against DEVG with cut-off value 10 m/s). Right, fields tested against
peak EDR (cut-off value 0.2 m2/3s-1). Fields are Richardson Number (RN),
vertical wind shear (VWS), Ellrod Index (ETI1), specific humidity (SH),
horizontal temperature gradient (HTG), potential temperature rate (PTR),
frontogenesis (FG), deformation (DEF), horizontal wind shear (HWS), turbulent
kinetic energy (TKE), absolute vorticity (AV), potential vorticity (PV) and
helicity density (HD).
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Presentation

Short abstract
Due to the increasing demand of the aviation meteorological
service in the short-time forecasting and nowcasting of the
disastrous weather, especially the severe convective weather,
China's National Meteorological Centre (NMC) has developed
short-time forecasting and nowcasting techniques which can be
applied to aviation meteorological services. These techniques
are introduced in this article. They include probability-matching
calibration method, neighbourhood approach, multi-model
integration method for precipitation and radar echo, time-lag
precipitation correction method, precipitation forecasting
method based on Titan and auto-station data etc.
Probability-matching calibration method is employed to correct
model bias for precipitation fields based on a comparison of the frequency distributions
of observed and forecast precipitation amounts. Hourly precipitation data are calculated
for the observation and model prediction, respectively. Then, the model prediction
values corresponding to the observation thresholds (20 or 50 mm) would be found; the
model prediction values are used as the threshold to compute the probability forecast
product of short-duration heavy rain. Neighbourhood approach means that when post
processing the model forecast at a given location (x0, y0) of the model grid and for a
given forecast lead time T0, a ‘neighbourhood’ around this grid point is defined. It
extends into both space (x, y) and time T. While talking about the multi-model
integration method, we assign different weights to different model and integrate the
simulation results of multiple models into one result for precipitation. We draw different
results on a graph for radar echo. The time-lag precipitation correction method and
precipitation forecasting method based on TITAN and auto-station data are used in our
precipitation forecasting.
These methods have been used for short-time forecasting and nowcasting of
thunderstorm, short duration heavy rain, thunderstorm wind and hail. These techniques
have improved and promoted the short-time forecasting and nowcasting of the severe
convective weather to some extent. The application of these technologies to aviation
meteorological service will meet the urgent need of aviation weather for the short-time
forecasting and nowcasting of the severe convective weather. The application of the
above method shows good results to some extent. These technologies have a significant
role to play in decision-making, whether for the weather forecasters at the airport or for
the airport's controllers. It also improves the level and accuracy of the short-time
forecasting and nowcasting for severe convective weather to a certain extent.
Extended abstract: Not available at time of publication
___________
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Presentation

Introduction
Thunderstorms are one of the most hazardous conditions for
air navigation and aeronautical operations. Indeed, those
meteorological systems can produce severe turbulence, low
level wind shear and downbursts, icing, low ceilings and poor
visibilities, hail and lightning.

paths.

In addition to forecasters assistance, Météo-France’s
nowcasting department is developing automatic tools for
thunderstorm detection and forecast over the first hours.
Those products are designed for aeronautical uses and aim at
giving relevant information to pilots or air-traffic controllers in
order to anticipate and circumvent such phenomena, to keep
the flight safety at a high level and to optimise their flight

We will first describe the satellite-based and radar-based products. Then the French
model dedicated to nowcasting and the data fusion between different methods of
nowcasting are described.
RDT: a satellite-based product for the convection at global scale
RDT (Rapidly Developing Thunderstorm) software is developed in the framework of
Eumetsat’s Satellite Application Facility for Nowcasting (NWCSAF). RDT uses brightness
temperatures of geostationary satellites and optional data as NWP (Numerical Weather
Prediction) products or lightning data. RDT detects, tracks and extrapolates
thunderstorms cells. RDT also characterizes observed systems with different attributes
such as cooling rate, top of thunderstorm, horizontal extension, etc.
Since the version v2016, RDT also provides a 1 hour extrapolations of convective cells.
MSG data are used both in FDSS (Full Disk Scan Service) and RSS (Rapid Scan Service)
[WMO, 2016]. NWP data can be used to elaborate instability masks, improving the
detection of warm systems by RDT. Lightning data are used if available to guide the
Yes/No convection diagnosis. In order to cover aviation’s needs, RDT is now produced
globally by Météo-France using five satellites (Figure 1).

P1-45

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

Figure 1. The RDT production at Météo-France with five geostationary satellites
(GOES-W, GOES-E, MSG3, MSG1 and Himawari-8). Parallel production on
24 sub-domains. Overlapping areas are handled. In order to take into account
the various measurement frequency of satellites and the availability delay,
parts of the global image are diagnosis and other are short term forecast.

Some specific attributes have been developed for aviation needs: the overshooting tops
presence that is a proxy for strong updrafts and the lightning activity. RDT has been
used in European FP7 project HAIC (High Altitude Ice Crystals) [Moisselin et al, 2017].
An attribute that summarizes the high IWC (Ice Water Content) risk for each RDT cell
has been implemented for the last delivery of RDT [Autonès et al, 2016]. The RDT on a
global scale is one of the inputs of eWAS solution developed by GTD company for
aviation end-users.
A new product has been developed in the framework of NWCSAF, called CI (Convection
Initiation) that provides for each pixel the probability to develop into a thunderstorm.
Radar-based products
ANCO (Aeronautical Nowcasting Convection Object) combines radar and satellite data to
detect, track and extrapolate convective cells. This product is dedicated to air-traffic
controllers over France and Overseas territories. ANCO contains some descriptors
adapted for aeronautical activities: cloud top altitude expressed in Flight Level, its trend,
four reflectivity outlines to represent severity of convection. In ANCO the Top Pressure is
given by fusion with a satellite product developed by CMS (Centre de Météorologie
Spatiale, Météo-France) [Brenguier et al, 2015]. Special output files are also developed
to facilitate the uplink. Some of these activities have been developed in the framework of
SESAR project’s framework. The work is now pursued in the SESAR Deployment
project’s framework; one of the objectives is to provide a unified product for nowcasting
of convection over Europe.
The ASPOC (Application de suivi et prévision des orages pour le contrôle aérien)
application for thundestorm warning is already provided to air-traffic controller (forecast
of +30 minutes) [Autonès et al, 1999]. A new version, ASPOC3D (Figure 2), which
provides an estimated top altitude of each convective cloud as supplementary
information, has been developed by Météo-France [Moisselin et al, 2016] and is
currently under implementation at French en-route and approach air traffic control
centres.
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Figure 2. Convection risk from radar measurement. Coloured outlines
corresponds to various levels of severity (32, 36, 40 and 48 dBZ). From
[Brenguier et al, 2015]
AROME-NWC, the dedicated version of AROME model for nowcasting
Most traditional nowcasting tools are based on extrapolation techniques of observations,
using radar or satellite. Those techniques are currently used to forecast smallest scale
phenomena’s locations for a short range into the future up to the point until they
become unpredictable. Extrapolation techniques can't create non-observed systems nor
change their intensity or motion and have difficulties to take into account the orography.
Therefore, their predictions are less reliable when exceeding 1 hour. NWP models now
start entering the nowcasting domain. Indeed, new non-hydrostatic and high-resolution
models are now able to simulate short time and spatial scales. Recent works on spin-up
and data assimilation make them relevant for nowcasting issues. Moreover, the
increasing capacity of the computing centres allows a real-time operation of these
models. AROME-NWC, the nowcasting NWP model, has been in operation since March
2016. It has been designed for the forecasters’ daily task and also as way of improving
existing nowcasting products. AROME-NWC is built around a configuration of the existing
mesoscale and limited area model AROME-France. Both models share the same
characteristics such as domain, physics and dynamics, 3DVar data assimilation system,
grid mesh, ARPEGE coupling model, etc.
However, nowcasting issues drive new contradictory challenges: forecast fields must be
frequently refreshed, to take into account the latest observations while the outputs must
be delivered as soon as possible. These constraints lead to a compromise between the
observation update and computational time. Thus, the observation time window of
AROME-NWC is narrower, hence assimilates fewer observations, than AROME-France’s
one.
AROME-NWC is mainly designed for surface condition forecasting (rainfall, snow, fog,
gusts, humidity and cloudiness). Its main characteristics are: high frequency of forecast
(hourly refreshed), (1.3 km) mesh and for a given run forecast ranges are sampled
every 15 minutes, maximum forecast range of 6 hours, forecast available 30 minutes
after the forecast basis.
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AROME-NWC 3D-var assimilation system starts with an analysis from the last available
AROME-France forecast valid at analysis time (the guess) and observations taken from a
window defined by 10’ before and 10’ after analysis time.
An assessment of AROME-NWC’s forecasts vs AROME-France forecasts available at the
same time confirms the contribution of an adjustment every hour with the last available
observations up to 2-3 hours range although it assimilates less observations [Auger et
al. 2015]. More recent scores of the current operational versions of these two models
show similar conclusions. In the Figure 3 one can draw following conclusions:
- 15 UTC AROME-France run is better than 15 UTC AROME-NWC run since more
observations are assimilated and guess is more recent.
- AROME-NWC run is better than the last AROME-France run available at the same time.
-The last AROME-NWC run is better than the previous one.
ARO 15
NWC 15
ARO 12
NWC 16
NWC 17
NWC 18

Figure 3. HSS (Heidke Skill Score) for 1h accumulated precipitations (2 mm/h
threshold). From [Brousseau, 2016].
More than 800 new AROME-NWC fields are produced each hour (direct output or
elaborated diagnosis for example for fog or convection). This very high rate of
production makes a systematic use of the outputs difficult. Therefore, a dashboard on a
web site helps the forecasters: for a selection of parameters, it shows different colours
corresponding to different levels of warning and helps to look at the forecasts only when
useful. For a given date, several forecasts started from different initial dates are
available. Then the forecaster has the possibility to look at different solutions given by
the model for this given date, which can be seen as a "poor man ensemble forecast".
This website was tailored to meet forecasters’ needs and expectations during an
experiment in 2015.
The ability of such models to properly handle convective cells, both in a frequent
assimilation cycle and during the very first hours of model integration, remains an
important research challenge. The new needs of air traffic control management and
optimization provide the initial incentive for this research, but there are others such as
improving weather crisis management at local scale.
Data Fusion
AROME-NWC data are added to the conventional ones retrieved from the extrapolation of
observations. Thus, the extrapolation of observations and observed situations get closer
after the first hours of forecast. AROME-NWC fields can remedy known defects of the
extrapolation of observations (relief areas, no occurrence or disappearance of cells,
etc.). Blending these very different data is an important line of action for the future of
nowcasting. The aim is to take the best of each method to have the most relevant
information without break during the 0-3h forecasts.
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Several approaches have been investigated. The first method, based on predicted and
extrapolated matching cells, was in the end discarded as highly intricate. The method,
developed since June 2016, rests on a so-called “sequential aggregation of predictors”
method, see for example [Auer et al, 2002]. This method aims to blend two predictors
(in our case extrapolation and AROME-NWC) so as to get a compound close or better
than the best of any of them, the end product being a weighted sum of numerical
prediction fields and of extrapolations. The weights given to each predictor are adjusted
in real time according to their recent behaviour in regard to observation, and the method
may give priority to one system or equilibrate the contribution [Moisselin et al, 2016],
see Figure 4 for an illustration.

Figure 4. Weight associated to the data fusion between extrapolation and
AROME-NWC for precipitations during 8 days. X-axis: date (a fusion process
every 5’). Y-axis forecast range (0-36h, step of 5’). In magenta (resp. blue) the
high value of the weight that corresponds to the domination of extrapolationbased method (resp. AROME-NWC) in the fusion.
A first version of merging between extrapolation and numerical prediction of rainfall
parameter (time step 5’) has been produced since December 2016. It will be tested and
improved during 2017. A fusion of reflectivities will be implemented in 2018 following
the same method. It will improve the product portfolio delivered by MET provider to
aviation. The use of such fields to feed thunderstorm’s nowcasting products is a way to
deliver nowcasting information beyond the first hour of forecast and to smooth the
transition between extrapolation and NWP forecast.
Conclusion and way forward
Convection products such as ANCO or RDT are fairly old in their definition even if they
are constantly improving. The ANCOs have a high accuracy due to radar input data and
the RDT has global coverage outside the radar coverage areas.
Nowcasting is gradually emancipating itself from the exclusive use of the observing
systems that have made it emerge: radars and satellites. Thanks to progress in
numerical prediction usable forecasts with shorter deadlines are now usable with a
description of the phenomena closest to the latest available observations. This
recognition leads to construct methods of fusion between extrapolation and numerical
prediction.
In the future, immediate prediction will always take advantage from advances in the
large observation systems it uses. The MTG (Meteosat Third Generation) satellite,
operational from 2021 to 2042, will bring with the FCI (Flexible Combined Imager) a
better spectral, horizontal and temporal resolution. With the LI (Lightning Imager)
detector on-board MTG we will have new information which, for convection products in
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particular, will be used in the phases of adjustments, real-time processing and
verification (as well as for the GLM Global Lightning Imager already on-board the
satellite GOES-R). With respect to radar, advances are expected in new parameters that
exploit the full radar measurement on the vertical, double polarization, and other
improvements.
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TRACKING AND PREDICTION OF CONVECTIVE CELLS BASED ON A LIGHTNING
DATA
By S. Pedeboy and P. Barneoud
(Presented by S. Pedeboy)
Presentation

Introduction
Météorage, the French National Lightning Locating System
(LLS) operator, has developed the “Severe Thunderstorm
Observation and Reporting Method” (STORM) aiming at
detecting active thunderstorms and preventing severe weather
based on VLF/LF total lightning data made of Cloud-To-Ground
(CG) flashes and Cloud-To-Cloud discharges (CC).
In this study, the capability of STORM to first, identify and track
lightning cells and second, to predict severe weather is
estimated based on hail ground truth data collected in 2014
across France by the ANELFA [Dessens et al 2006].
The STORM algorithm
The STORM algorithm relies on two main functions which are the identification of the
lightning core cells and the monitoring of lightning jumps in near real time.
A. Lightning cells identification
Lightning cells identification based on lightning data consists of grouping lightning
flashes detected by the LLS in an area representing the electrical active core of a
thunderstorm. Because, most of lightning flashes occur close to the updraft region in the
thunderstorm it is possible to group them in consistent groups representing the
convective core. This can be achieved thanks to data clustering methods.
Out of all the existing clustering methods (DENCLUE, CLIQUE, MAFIA, BIRCH, CURE,
GBC, Chamelon...) Météorage has chosen the Density-Based Spatial Clustering of
Applications with Noise (DBSCAN) algorithm (see figure 1) because it is simple to use
and is also robust to outliers. It relies on the “Nearby Neighbours Search” technique to
group points together according to their separation distance and a given local density of
points [Ester et al. 1996].
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Figure 1. Example of seven clusters determined
with the DBSCAN algorithm (in grey are outliners)
A DBSCAN analysis is periodically run on the most recent minutes (5 minutes in this
study but might be more frequent) of lightning data to identify active cores. Results from
the current run are then correlated to those obtained from prior runs to either create a
new lightning cell or update the status of already existing ones. Then, every individual
living cell is tracked and its characteristics (e.g. position of the barycentre, direction of
propagation, speed, area and number of flashes per minute) are monitored and stored in
a dedicated database all long the lifecycle of the cell.
B. Cells severity assessment
The potential severity of every living lightning cell is monitored during every run based
on the evolution of their individual lightning rate (see figure 2). The goal is to detect the
onset of the lightning jump as soon as it occurs to issue warning messages with the
bigger lead time possible. Here again, several algorithms have been developed by
different researchers to monitor lightning rate trends and detect the onset of the
lightning jump exclusively, according to our knowledge, based on VFH lightning data
[Goodman 2005; Gatlin 2006]. Out of these algorithms, the “2σ configuration” has been
statically validated on various thunderstorm types and is likely to be the most effective
to use for operational early warning usage [Schultz et al. 2009].
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Figure 2. Lightning rate as the number of flashes (IC + CG) per minute.
The black curve shows the total lightning dataset, the green only the CG
flashes. The red and blue lines indicate the beginning and the end of a severe
event alert.
Data used for the validation of STORM
A. The lightning dataset
The French National LLS is made of 20 LS7002 sensors by Vaisala dispatched across
France to which are added about 60 foreign sensors belonging to neighbouring national
LLS partners. Such a system detects the electromagnetic signals generated by the large
and intense vertical current discharges occurring either in the cloud or between the cloud
and the ground. When several sensors measure the same event, the central computer
can locate it using direction finding or difference of time of arrival techniques.
A recent quality control based on high speed video camera records collected during 2015
has shown Météorage’s LLS detection efficiency (DE) is 97% for flashes and 94% for
strokes. These results are in perfect agreement with those obtained in South-East France
and more generally in Europe after similar studies based on the EUropean Cooperation
LIghtning Detection (EUCLID) network which uses Météorage’s data [Schulz et al, 2014;
2015]. The location accuracy is estimated around 110m based on video analysis of
flashes exhibiting multi-strokes ground strike points. The Cloud-to-Cloud detection
efficiency (DECC) is estimated to be in a range of 30 to 50% [Pédeboy et al, 2014]
depending on the type of thunderstorm (Isolated storm, multi-cellular or supercell).
B. Hail ground truth dataset
The ANELFA is a French association dedicated to the hail risk prevention. It has deployed
several tens of passive hail pads that are disseminated across fifteen departments in
France (see figure 3) to track and report hailfalls.

P1-53

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
Begin date and time of hailfalls are manually determined by local volunteer from the
association who send knocked hail pads to the ANELFA scientific research centre who
determines from the marks on the sensitive plate the number, the maximum diameter,
the cumulative mass and the kinematic energy of hailstones [Farnell et al, 2009].
The total initial hail dataset consists of a total of 248 reports registered during 2014.
However, as the goal of this study is to validate the lightning cell identification, tracking
and prediction of severity, only the hail reports that are positively correlated with
lightning data are selected. This allows also to filter out inaccurate hail observations.

Figure 3. Distribution of hail reports in 2014
Results and comments
A total of 82 different lightning cells were correlated with 145-validated hail reports out
of which 19 (22%) exhibit more than one single hail observation. Interesting to note the
time correlation between cells and hail reports fit very well as 86% of the observation
dataset is correlated within -/+5 minutes and nearly 70% hail and cell dating match
perfectly with no time difference.
In addition, the median separation distance between cells barycentre and hail pad
locations is about 10 km that is in the order of magnitude of a typical storm cell.
As an example, figure 4 shows an example of two lightning cells identified by STORM on
the 9th of June 2014 at night in the South-West France. Both cells are moving in parallel
at a similar speed and at distance of 40 km. The total path length corresponding to 3
hours of observation is about 300 km. One can see the very nice match between cell
data and hail falls recorded by the ANELFA. Interesting to note that STORM can detect
the moment when the northern cell splits from its mother cell between Niort and Poitiers
and track different individual cells from that time.

P1-54

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

Figure 4. Two cells with lightning in June 2014
Out of the 82 hail correlated cells, 19 exhibit no lightning jump so it is impossible to
determine the efficiency of the cell severity prediction with these cases. This is
consistent with observations that reported some thunderstorms exhibited no lightning
jump despite severe events produced [Schultz et al. 2009].
Finally, this is an overall dataset of 63 severe cells associated with 120 hail reports that
is available to assess performance of the severe weather prediction algorithm. Assuming,
that all 145 hail reports are related to a severe cell that should have produced a
lightning jump, STORM reaches a Probability of Detection (POD) is 82%. Interesting to
note, the same parameter increases to 89% and 100% for cells exhibiting hailstones
respectively larger than 20 mm and 25 mm in diameter. Note this computation is done
on a reduced dataset that do not consider cases where STORM failed to identify a
lightning cell with hail reports. If these cases are considered, and again the assumption
that all 248 hail reports should have led to the identification of a cell, then the POD
drops down to 48%, then 60% and 80% respectively for cells producing hailstones
larger than 20mm and 25mm.
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Figure 5. Distribution of the notice period
The warning lead time is defined as the period between the time an alarm is triggered by
the lightning jump algorithm and the time of hail observation. Figure 5 shows a quite
large distribution of warning lead times ranging from 0 to 60 min. This results from the
wide varieties of thunderstorm types being considered in this study occurring in different
seasons and terrain conditions. Nevertheless, the mean lead time computed is about 15
min increasing to 18 min when only cells producing hailstones of a diameter greater or
equal to 25 mm are considered.
Assuming a 10-min delay is enough to deliver an efficient severe weather warning for
most of operational applications, and then STORM is successful to release relevant
warning messages in 63% of all cases.
Discussion
This study has demonstrated the capability of STORM to reproduce realistic active core
cells as they produce in nature and predict the production of severe weather, in this case
hail falls. Surprisingly, the results in terms of POD and warning lead time are consistent
with those that can be found in literature [Schultz et al, 2014] and that are based on a
high-resolution Lightning Mapping Array lightning data. Indeed, these authors who have
extensively studied several lightning jump algorithms claim the POD for a “2σ
configuration” is 89% and the mean lead time is 20 minutes to be respectively compared
to our 80% and 15 minutes. Thus, the first result obtained in this study demonstrates
the relevancy of using VLF/LF lightning in lightning cell identification and lightning jump
detection.
The capability of STORM to detect severe weather is not only depending on the lightning
jump algorithm settings but relies also on the lightning cell identification. Of course,
thunderstorms producing few lightning are not likely to be detected that is somehow not
a limitation of STORM but clearly a physical characteristic of thunderstorms. However,
putting apart these special cases, the tuning of the clustering algorithm is crucial, and a
special attention shall be applied to the settings in order it do not to split or merge a real
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storm preventing either the detection of a lightning jump or issue false alarms. It must
be noted, the False Alarm Rate (FAR) parameter has not been assessed in this study but
it remains an objective in a future work.
The good performances of STORM are interesting since this opens doors for new
applications needing to monitor in real time the lightning activity over large areas. Out of
them, applications related to air traffic control, ground operation and on-board
information for pilots. The usage of reconstructed lightning cell data based on individual
lightning flash location provides a synthetic way to represent thunderstorms, giving a
clear view to end users even during complex episodes. As a result, the decision-making
process can be very fast and efficient because pilots or air traffic controllers relies on a
simple representation of the contours of active cells associated with the past and the
future trajectories. They immediately know where the convective systems are and they
can check in advance their route is not in conflict with the progression of a
thunderstorm, and eventually modify their short-term flight plan. On another hand, the
information regarding the potential severity of a cell can be interesting for take-off,
landing and ground operations since lightning jump signature are not only related to hail
fall but to all dangerous event like strong winds and heavy precipitations that may
disturb the approach phase of an aircraft.
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TOWARDS QUANTITATIVE LIGHTNING FORECASTS WITH CONVECTIVE-SCALE
NUMERICAL WEATHER PREDICTION SYSTEMS
By O. Caumont, É. Defer, J-P. Pinty, C. Bovalo, C. Barthe, S. Coquillat and D. Lambert
(Submitted by: O. Caumont)
Presentation

Introduction
Thunderstorms pose a major threat to aviation
because of the hazardous phenomena that they
produce such as hail, heavy precipitation, icing,
turbulence, wind shear, and lightning (e.g., FAA
2017). In particular, lightning may seriously damage
aircraft or injure personal at ground. Thunderstorms
thus need to be detected and predicted for air traffic
control purposes. Besides its hazardous nature,
lightning is also an indicator of thunderstorm activity
and could be used to improve thunderstorm forecasts.
Since a few decades, an increasing number of National Weather Services use Numerical
Weather Prediction (NWP) systems operating at the convective scale (i.e., with a
horizontal resolution on the order of 1-3 kilometres) for short-term (up to 1-2 days
ahead) weather forecasts. For instance, in the United States, the National Centers for
Environmental Prediction employ WRF in support of the National Weather Service in a
number of systems (Powers et al. 2017), the Met Office (United Kingdom) uses the UKV
(Tang et al. 2013), the DWD (Germany) uses COSMO-DE (Baldauf et al. 2011), and
Météo-France uses AROME (Brousseau et al. 2016). These models are able to forecast
severe weather with increasing realism and accuracy. However, such models usually do
not operationally predict lightning directly although quantitative lightning forecasts could
be useful for end users like aviation and could also be used to assess the quality of the
NWP forecasts.
Furthermore, lightning observations are potentially useful to improve the initial states of
convective-scale NWP systems (and hopefully subsequent forecasts) through a process
known as ‘data assimilation’. This is all the more relevant since other severe-weather
observations are scarce in areas such as seas and mountains, whilst the coverage and
accuracy of lightning detection instruments keep improving. For example, optical sensors
can now be mounted on geostationary platforms such as the Geostationary Lightning
Imager (GLI) aboard FengYun-4 (FY-4; Yang et al. 2017), the Geostationary Lightning
Mapper (GLM; Goodman et al. 2013) aboard GOES-R, and the Lightning Imager (LI),
which will be launched aboard Meteosat Third Generation (MTG; Stuhlmann et al. 2005)
from 2021.
Discussion
All these applications need tools that are referred to as ‘observation operators’, which
enable the simulation of observations from NWP systems. A major obstacle to designing
lightning observation operators lies in the complex relationship between the physics of
lightning discharge and the meteorological quantities that are usually predicted by NWP
models. Although some explicit lightning representations exist (e.g., Mansell et al. 2002;
Barthe et al. 2012; Fierro et al. 2013), they are still deemed too expensive for real-time
applications. For operational purposes, proxies, i.e., combinations of model prognostic
variables, appear appealing choices but need to be calibrated and evaluated.
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Numerous proxies have been proposed in the literature, and some of them even
compared to each other (e.g., Barthe et al. 2010). However, their calibration and
evaluation pose specific difficulties. First, the distribution of simulated flash rate should
ideally match that of the observations. Second, the evaluation of proxies is impaired by
the so-called double-penalty issue. This issue, which is well-known in the verification of
precipitation forecasts (Davis et al. 2006), arises from erroneous locations in predicted
convective systems: with classical point-to-point metrics, a proxy predicting non-zero
flash rate near the actual location of the observed thunderstorm receives a lower score
than a proxy which predicts zero flash.
Here, we propose a method to calibrate and evaluate a representative set of flash rate
proxies through a two-step statistical method that circumvents double-penalty issues. To
illustrate this method, we have used AROME-WMED forecasts (Fourrié et al. 2015) and
lightning observations measured by the HyLMA (Defer et al. 2015), a Lightning Mapping
Array (LMA; Rison et al. 1999) deployed in south-eastern France during the first
HYdrological cycle in the Mediterranean EXperiment (HyMeX) programme special
observing period (SOP1). HyMeX is a 10-y (2010-2020) international endeavour to
enhance our knowledge of the hydrological cycle and related processes in the
Mediterranean, with emphasis on high-impact weather events, inter-annual to decadal
variability of the Mediterranean coupled system, and associated trends in the context of
global change (Drobinski et al. 2014). SOP1 took place in the western Mediterranean
area from 5 September to 6 November 2012 (Ducrocq et al. 2014). The choice of this
location was motivated by the regular occurrence of thunderstorms at this period of the
year. HyLMA data have thus been recorded for more than two months in the autumn of
2012. The area covered by the HyLMA maximum range is visible in Figure 1. The original
VHF sources measured by the LMA were converted into flash extent rate and projected
on the model’s horizontal grid (2.5-km resolution) with various integration times (from
30 s to 3 h).

Figure1. Maximum range of HyLMA (black circle) and Arome-WMed domain
(thick black line). Colour shades indicate the topography.
For the same period of time, the AROME-WMED model has been run at a horizontal
resolution of 2.5 km. The AROME-WMED model is based on AROME (Seity et al. 2011),
in the version that was operational in 2012 for the ‘France’ domain. Among other
physical parametrizations, its microphysical scheme predicts the contents of water
vapour and five hydrometeor species (cloud water, rain water, pristine ice, snow, and
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graupel). The main difference between AROME-WMED and AROME-France is the domain.
The domain of AROME-WMED is slightly shifted to the south and enlarged so as to
encompass the western Mediterranean area (Figure 1).
Several proxies, based on hydrometeor contents, vertical velocity, etc., have been
selected from the literature with a view of representing the current state of the art.
These include the Vertically-integrated Ice Mass (VIM; McCaul et al., 2009), the coldcloud depth (Yoshida et al. 2009), the updraft volume in the charging zone (Deierling
and Petersen 2008), and the maximum updraft intensity (Price and Rind 1992, 1994),
among others.
The distribution of the proxy is matched to that of flash rate observations through a
linear regression performed over the whole period of interest. The resulting relationship
is then evaluated through a spatial verification metrics based on the procedure of Theis
et al. (2005), i.e., that compares observed and simulated event occurrence frequencies
in a neighbourhood.
To illustrate the method, Figure 2 shows a comparison between the observed flash rate
averaged over 2 min by the HyLMA (left panel), and the AROME-WMED counterpart
simulated from the VIM (right panel). Although some differences are visible because of
forecast errors, the distributions of flash rate values are similar (including comparable
maximum values) and the locations of non-zero flash rate values are in close agreement.

(a)

(b)

Figure 2. HyLMA flash rate on 24 September 2012 at 06 UTC (a) observation
averaged over 2 min and (b) simulated from AROME-WMED 3-h forecast VIM.
In conclusion, the proposed methodology allows to define optimal lightning observation
operators for a given NWP convective-scale system. The observation operators can then
be used as a forward model to assimilate lightning observations and as diagnostic to
predict the occurrence and intensity of lightning from convective-scale NWP forecasts.
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Introduction
Rapid advances in high-performance computing technology and
meteorological modelling capability have made within reach
numerical weather prediction (NWP) at unprecedented spatial
resolutions even under real-time, operational settings. Indeed,
aviation-specific initiatives in fine-resolution NWP have been
reported in a number of major airports around the world [1-2],
with applications tailored towards respective local service needs.
For the Hong Kong International Airport (HKIA) – one of the
busiest in the world – the surrounding terrain as well as complex
land-sea distribution presents additional challenges in the form
of low-level wind shear and turbulence, which are known
aviation safety hazards [3].

Figure 1. Configuration (left; terrain in coloured contours) of the outer 600-m
(“AVM-PRD”) and inner 200-m (“AVM-xHKA”) resolution domains of HKO’s
Aviation Model. Zoom-in image on the right highlights the complex geography
surrounding HKIA.
To support short-term, fine-scale meteorological forecasts for HKIA, the Hong Kong
Observatory (HKO) has commenced operation of the Aviation Model (AVM) [4] since late
2014. The AVM is a sub-kilometric NWP suite based on the Weather Research and
Forecast (WRF) model [5] and provides detailed hourly-updated forecasts for the
immediate vicinity of HKIA at a horizontal resolution of up to 200 m (Figure 1). In
addition to the conventional elements of winds, temperature and pressure, the AVM also
produces specialised forecast guidance for occurrence potential of low-level wind shear
and turbulence, in the form of simulated LIDAR headwind profiles and eddy dissipation
rate (EDR) respectively (Figure 2).
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Figure 2. Sample low-level wind shear forecast guidance based on simulated
LIDAR return using the 200 m resolution inner domain of the AVM. Potential
areas of wind shear occurrence along arrival/departure glide paths are
highlighted in red. During the 1-hour interval covered by the above forecast,
4 aircraft reported encountering significant low-level wind shear (actual pilot
reports shown in inset; aircraft call signs masked).
Meanwhile, evolving ATM needs (e.g. under the Aviation System Block Upgrade, or
ASBU, methodology) have led to new requirements for specialised meteorological
forecasts for the terminal area and beyond (e.g. under the concept of Meteorological
Services for the Terminal Area, or MSTA) [6]. This places additional challenges on the
provision of weather data and/or products – including aviation-specific NWP – in support
of Air Traffic Management (ATM) at the Nowcast and Short-term Forecast timeframes.
One of the areas where the contribution of NWP might not be immediately obvious would
be aircraft wake turbulence (or wake vortex) mitigation. With a view to enhancing air
traffic efficiency by increased runway throughput, a number of airports in both Europe
and the US have taken forward RECAT, or re-categorisation of wake turbulence
separation minima, initiatives. At HKIA, the first series of wake turbulence
measurements (covering both arrival and departure corridors) have been conducted by
HKO between 2014 and 2016 [7] (Figure 3).
An eventual goal of the ASBU work package on Advanced Wake Turbulence Separation
includes a proposed move towards full dynamic Weather Dependent Separation (WDS)
[8]. In WDS, the wake turbulence separation minima, one of the major factors governing
airport arrival rate, would be determined dynamically with explicit consideration of
current and anticipated meteorological conditions. This requires, in addition to
establishing validated wake turbulence risk models and the corresponding time-based
pairwise separation matrix, reliable frequent-updating short-term forecasts of key
meteorological parameters governing the decay and transport of aircraft wake vortices
(e.g. crosswind and low-level turbulence intensity evolution at minute intervals or so)
[9]. For airports which are susceptible to spatial and temporal flow inhomogeneity at the
meso-/micro-scales, such as HKIA, conventional limited-area NWP models, with typical
spatial resolution of a few kilometres and output frequency in terms of hours, are clearly
incapable of meeting such technical demands.
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Figure 3. A unit of short-range LIDAR (SRL) overlooking corridor 25RA (i.e.
arriving from the east using the North Runway) of HKIA during the first series
of wake turbulence measurements conducted by HKO in 2014 (top panel).
Sample sequence of observed wake vortex evolution (coloured pixels
representing radial velocities) shown in the bottom panel.
Here the capability of HKO’s AVM in reproducing detailed wind variations along the
arrival/departure glide paths, as well as near-surface turbulence intensity in terms of the
eddy dissipation rate (EDR) [10], would be examined through comparison with HKIA
LIDAR measurements at up to 1-minute frequencies (Figure 4). Additionally, the fineresolution lower-tropospheric wind profile nowcasts near the terminal area would be
capable of providing meteorological support to continuous climb/descent operations
(CCO/CDO) and performance-based navigation (PBN) for improved flexibility and fuel
efficiency, contributing to seamless 4-D trajectory-based forecasts in a SWIM (SystemWide Information Management) environment.
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Figure 4. Complex wind variations along the landing glide path of HKIA as
revealed by LIDAR and predicted using AVM (left). On the right, LIDAR-derived
EDR distribution (top) around HKIA is compared against the concurrent
forecast by AVM (bottom).
It is expected that rapidly-cycled sub-kilometric NWP models with high data output
frequency would be essential in supporting and integrating with the next-generation air
navigation systems in fulfilment of ASBU and beyond.
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Introduction
Wake vortices, generated by aircraft en-route, naturally
descend towards lower flight levels. Due to the minimum
vertical spacing the possibility for an aircraft at lower flight
level to encounter wake turbulence seems small at first glance.
However, 73 wake-turbulence incidents have been reported at
upper flight levels between 2009 and 2012. Furthermore, in
January a Challenger business jet experienced a severe wake
encounter with several passengers injured and the aircraft
being forced to perform an emergency landing. To reduce the
risk of wake vortex encounters in-flight on-board wake vortex
forecasts can predict the position and strength of vortices
generated by nearby aircraft.
In this work the accuracy of wake-vortex predictions of DLR’s wake encounter avoidance
and advisory system (WEAA) is analysed by means of data gathered from a flight test
campaign in April 2014 [1]. The system is based on airborne data exchange between
aircraft and allows pilots to avoid potentially dangerous wake-vortex encounters. As the
vortex evolution is strongly controlled by atmospheric parameters, the acquisition of
meteorological data is crucial for WEAA. The accuracy of the wake-vortex predictions is
investigated, employing first the current automatic dependent surveillance (ADS-B)
standard, which is then extended by additional meteorological data transmitted via
telemetry, or data from numerical weather predictions (NWP) [1].
Methodology
The wake vortex predictions are based on the airborne version of P2P [2], the real-time
capable probabilistic-two-phase wake vortex model of DLR. It is based on an analytical
solution of the Navier-Stokes equation for the decay of a potential vortex and has been
adapted to the results gained from LES. P2P predicts the vortex position and strength in
various planes perpendicular to the flight direction for given probability levels. Its
forecasts are firstly based on both aircraft and meteorological parameters such as
aircraft mass, heading, true airspeed, position and wingspan. Secondly, the ambient
conditions, namely wind speed and direction, eddy dissipation rate, static air pressure,
shear and temperature gradient, are taken into account. To estimate the accuracy of the
forecast the input values are given both as mean values and standard deviations [1].
From the probabilistic bounds in lateral and vertical direction ellipses are computed at
each prediction gate with a time horizon of 120 s along the intended flight track [1].
Various ways to derive the required input data exist [1]. The easiest way is to utilize the
meteorological data measured by the own aircraft and the aircraft data received via
ADS-B by the wake generating aircraft (A0). A more sophisticated method is to extend
the ADS-B protocol (ADS-B+) by the temperature and wind speed captured by the wake
generating aircraft (A1) [1]. The third approach employs the am+-fusion algorithm
developed by DLR under subcontract of Airbus to perform a best guess of the
meteorological input, using both the own and wake generating aircraft as source (A2)
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[1]. The last approach is based on numerical weather predictions only and thus differs
strongly from the previous ones. In this study the weather predictions were derived from
operational runs of the COSMO-DE of the Deutscher Wetterdienst (DWD) with an update
rate of 3 h with 21 h forecasts, with the most recent one being used (A3) [1].
Encounter Flight in April 2014
To validate the performance of the on-board wake predictions, the A320 of DLR (ATRA)
has been equipped with the WEAA system and deliberately tried to hit the vortices
generated by the DLR falcon. The ADS-B connection was simulated with a telemetry link
as the Falcon was not equipped with an ADS-B transmitter at that time [1]. This also
gave the opportunity to transfer additional data such as wind and temperature
information [1]. To derive the meteorological input the am+-fusion algorithm was
employed. The WEAA predictions were displayed on a temporarily installed monitor in
the cockpit of the ATRA. During the campaign different manoeuvres were performed to
hit the wake vortices intentionally at various distances behind the Falcon and at different
angles [1]. Therefore, the contrails were used as visible markers, although their position
must not necessarily coincide with the position of the wake vortices as contrails may
considerably extend in vertical direction due their secondary wake [1]. Figure 1
illustrates an example of an encounter during the campaign.

Figure 1. WEAA forecast during the campaign in April 2014. The left panel
shows the spatiotemporal plot of the horizontal position and the right panel of
the vertical position against time [1]. The flight tracks are depicted by the red
(Falcon) and black (ATRA) lines. Additional to the reported (black plus sign)
encounter position the position closest wake volume is marked (dark blue
diamond). This wake has been generated by the Falcon on its track earlier
(light blue) and drifted eastwards.
Results
Although only the am+-fusion algorithm (A2) has been employed to derive the
meteorological input during the campaign, this study also regards the methods A0 (ADSB only), A1 (ADS-B+) and A3 (NWP) described earlier. Figure 2 displays 11 encounter
events for the 11th of April 2014 for all 4 approaches. From these figures hit rates can be
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derived, which are defined as ratio between well predicted (encounter within bounds)
and total number of encounters.

Figure 2. Distribution of normalized horizontal deviations dy and vertical
deviations dz for algorithms A0 (a), A1 (b), A2 (c), and A3 (d) [1].
Overall it was found that for A0 65% of the reported encounters have been correctly
predicted by the probabilistic forecast. By design the hit-rate of the WEAA system should
be 99% [1]. The lower value in this study might be referred to inadequately chosen
uncertainties of the input parameters. Further error sources might be non-Gaussian error
distributions, errors in the actual vortex predictions or in the reported vortex positions
[1].
Although one would expect that the meteorological data measured by the vortex
generating aircraft enhances the performance, the hit-rate with A1 decreases to 40%
[1]. This can be explained by a bias in the Falcon wind measurements. If the bias is
removed the hit-rate increases drastically and 90% of the encounters are well detected
[1]. This emphasizes the value of the extended ADS-B+ data format.
By fusing the meteorological input from both aircraft by am+-fusion (A2) achieves a hitrate of 72.5% with small uncertainty envelopes, even if the bias is left uncorrected. By
correcting the bias A2 is even capable of outperforming A1.
Finally, the numerical weather predictions (A3) from the COSMO-DE model also show
very good performance with 85% of the encounters being well predicted [1].
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Introduction
Radiation fog is the most frequent cause of surface visibility
below 1 km and is one of the most common and persistent
weather hazards encountered in aviation and to nearly all forms
of surface transport. When this occurs at busy airports air
traffic can be significantly disrupted because low visibility at the
ground makes it unsafe to take off and land.
Current numerical weather prediction forecasts are able to
predict general conditions favourable for fog formation, but not
exact time or location of fog occurrence (Roman-Cascon et al.
2015). Such models lack the vertical and spatial resolution and
representation of boundary layer and microphysical processes
to accurately represent actual near-surface cooling rates,
turbulent mixing, and their vertical structure in the surface layer. They typically do not
represent accurately the activation processes of fog droplets that depend on the
chemical nature of the aerosols, on their size distributions, and on typically very low
supersaturation conditions. The automatic LIDAR-ceilometer primarily designed for cloud
base height detection has greatly improved over the last years and now offers the
opportunity to analyse in near real-time the backscatter signal in the boundary layer that
potentially contains major information to predict radiation fog formation or not. During
the preliminary stage of fog formation, the backscatter profile may be influenced by
atmospheric humidity due to the presence in the atmosphere of hygroscopic aerosols
that see their size increase with their moisture content inducing an increase of the
backscatter magnitude. The hygroscopic growth process can occur at the surface or
aloft. Hence it is important to be able to track this process over a sufficiently deep
vertical profile to capture activation where it occurs first.
Discussion
In the framework of TOPROF (COST-ACTION, http://www.toprof.imaa.cnr.it/) activities,
collaboration was initiated between Royal Meteorological Institute of Belgium (RMI) and
the Site Instrumental de Recherche par Télédétection Atmosphérique (SIRTA, Institut
Pierre Simon Laplace) to develop a forward stepwise screening algorithm (PARAFOG) to
help prediction of radiation fog formation. PARAFOG uses the attenuated backscatter
(βatt) measured by ALCs that provides information about the aerosol-particle hygroscopic
growth process. The monitoring of this hygroscopic growth process can provide
information on the dynamics of pre-fog aerosol activation processes in the atmosphere
from the ground and up in the mixing layer.
PARAFOG identifies when conditions are favourable and not favourable for pre-fog alerts
and is only activated in conditions that are potentially favourable for radiation fog
formation. Two atmospheric parameters are used to activate PARAFOG: relative humidity
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(RH) that drives the hydroscopic growth of aerosol-particles and sky conditions that
drive the infrared radiative cooling of the surface layer.
When the atmospheric conditions are favourable for fog formation, PARAFOG estimates
the hygroscopic growth function for each altitude (z) from 0 to 400 m (above ground
level) at time t following this equation:
fβatt(t,z)= βatt (t,z)/βatt (tref,z)|ref
where βatt (tref,z)|ref is the reference attenuated backscatter signal measured in the
previous hours of t when RH is minimum expecting no hydroscopic growth.
PARAFOG use the temporal gradient of fβatt as a proxy to monitor the hygroscopic growth
dynamics and to determine when low-, moderate- and severe-level alerts are reached by
using thresholds that define these level alerts. PARAFOG uses also a threshold on βatt to
determine when the fog-level alert is reached. The altitude where the temporal gradient
of fβatt is maximum is used to monitor the level where the hygroscopic growth of aerosolparticles is fastest. A detailed description of PARAFOG can be found in Haeffelin et al.
2016.
Based on measurements carried out at 6 stations (4 of them are airport stations) in
urban and semi-urban environments, we found that pre-fog alert occurrences and
durations depend on the cooling processes leading to supersaturated conditions. The
urban site is subject to higher turbulence near the surface due to surface
heterogeneities. The 3-D structure of the urban canopy generates small-scale turbulence
that tends to mix the air in the shallow surface layer. It slows down the cooling of this
layer and makes it more difficult to reach supersaturated conditions at the surface.
Upward vertical motions can lead to cooling of rising moist plumes, enabling
supersaturated conditions to be reached a few tens or hundreds of meters above the
ground.
A selection of several radiation fog events detected by PARAFOG on these stations will be
showed to illustrate its efficiency and its usefulness to help the forecasters in their
decision making with user friendly criteria.
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Introduction
Fog is a high-impact phenomenon affecting human activity,
including aviation, transport, and health. Delays due to poor
visibility can be extensive and costly. The costs to an airline of a
single day of heavy fog at a single airport was estimated about
$92,000. The prediction of the fog is a longstanding issue for
weather forecast models. The success of a forecast depends on
complex interactions among various meteorological and
topographical parameters and small changes in some of these
can determine the difference between good visibility, thin fog
which dissipates easily or persistent thick fog. Uncertainties
remain regarding the mechanisms and subtle interactions
responsible for fog formation, growth, and development. For
example, the relative importance of in-situ development versus
non-local advective development, and the conditions which
might favour either of these, is not clear yet.
LANFEX
The LANFEX campaign (Local And Non-local Fog Experiment) deployed a large range of
instrumentation in the United Kingdom for 18 months, from September 2014 to March
2016, to address some of the outstanding questions relating to the formation,
development, and dissipation of radiation fog, in both an observational and modelling
context. The campaign was a collaboration among the Met Office, Météo-France, and the
Universities of East Anglia, Leeds, Manchester and Hertfordshire.
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The experiment field trial was deployed over two areas.
The first at eastern England, at the historical site of Cardington used for Met Office fog
measurements, located in a 10 km wide valley with valleys sides of approximately 40 m
and characterized by a patchwork of mostly arable fields. The rationale of using this site
was that it represents a reasonably homogeneous landscape, representative of the
region with relatively shallow orography, and it offers the opportunity to study fog which
may be dominated by in-situ development rather than advection.
The second area was situated at western England, over the hilly area of Shropshire,
chosen for its network of valleys and small hills. These hills range in valley-to-hilltop
heights of approximately 100-150 m and valley widths of 1-4 km. The rationale of
choosing this area was to use the valley network as a natural laboratory. During
overnight stable boundary layer conditions, each valley was expected to experience
subtly different meteorological conditions which may have induced formation of fog at
certain locations but not others. Most of the measurements sites were located in valley
bottoms, as radiation fog often forms in stable boundary layers that can develop there
on calm, clear evenings. These sites were instrumented with remote sensing equipment,
microwave radiometer, ceilometers and Doppler LIDAR. Two types of sites were
deployed. Main sites with instrumented flux towers, to give an information on the
vertical and on the surface energy balance, and the “fogmonitor” sites, which consisted
in smaller weather stations based around a single 2.5m mast. Some radiosondes were
launched during intense observation periods.
Some new instruments were deployed during LANFEX, including dewmeters and infrared
cameras. Dewmeters measured the total mass of water collected by an artificial canopy,
as a result of dew formation, water turbulent deposition and gravitational settling of fog
droplets. These processes can affect the timing and the life cycle of the fog by removal
of water from atmosphere to the ground. Infrared cameras were used to observe the
stable boundary layer within valleys during the early evening and fog layers which could
form in it. It allows to create overnight video sequences of fog evolution. In this way, the
evolution of the surface boundary layer and dynamics of the fog become very apparent,
with gravity waves and “sloshing” of the air within the valleys. Importantly, it is possible
in some instances to see clearly whether fog forms and develops in-situ or whether
advective effects dominate.
Over the whole field experiment, 27 fog cases were observed, and half of them
developed into deep, optically thick fog. The other half remained shallow, optically thin,
and often inhomogeneous. The lifetimes of these two types of fog were also quite
distinct. While optically thin fog was found to be short lived and often dissipate during
the morning, deeper, optically thick fog was found to be more persistent and could last
24 hours or more, with the potential to cause greater disruption. Therefore, it is an
important goal to distinguish fog that is likely to remain shallow from fog that is likely to
become deep is an important forecasting goal. The Jay Barns site, situated in the widest
and most open valley, was the foggiest site with densest fog conditions. A preliminary
analysis of temperature indicates that the temperature in the narrower valleys
sometimes falls more quickly than the wider valleys during clear, calm evenings. One
conclusion is that despite this faster cooling, the narrow valleys sites were overall less
foggy than Jay Barns.
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Initial observational results indicate new quantitative insight into the very subtle
conditions required for the formation of radiation fog within a stable boundary layer,
such as turbulent threshold above which fog will not form. Sometimes fog forms with a
rapid increase in turbulence, which corresponds to a temperature profile which becomes
quickly adiabatic and thick fog conditions. This may be an indication that the fog has not
developed in-situ but was of non-local origin and advected over the site. The analysis of
observations indicates that these advected adiabatic fog events were rare in the
Shropshire region but were more common at the narrowest valley site of Pentre than
elsewhere.
Simulations with a single-column model, derived from the Unified Model of the Met
Office, were performed on the IOP 1 of LANFEX, around the Cardington site to evaluate
the ability of the model to correctly predict the transition from a shallow to a deep fog
layer during the night of 24th-25th November 2014. This case is characterized by a long,
thermally stable fog during 10 hours over the night, before a quick growing and
deepening of the fog layer early in the morning. The numerical study shows a better
timing of this transition with a finer vertical resolution, and very small changes on the
relative humidity and wind profile just above the stable boundary layer lead to important
differences on the timing of this transition and on the thermodynamic and microphysical
properties of the fog layer.
Hectometric simulations were performed with the Meso-NH model (see
http://mesonh.aero.obs-mip.fr) for the IOP 12 case, over the Shropshire area, to
understand the impact of the topography on the dynamics and microphysics of the fog
layer. The particularity of this fog case is that stratocumulus passed over the area during
the night, which led to the dissipation of the fog because of the increase of downward
longwave radiations at the surface. The fog formed again after the stratocumulus were
advected to the west. The model is in fairly good agreement with the observations.
Despite a delay of about 2 hours, the cloud interlude is well represented, as is the
occurrence of the fog before and after. In addition, the model reproduces quite correctly
the small-scale local circulations induced by the topography. As it was observed, the fog
conditions are crucially different between the valleys in the simulations. A first analysis
shows an influence of drainage flows on the fog development and on the occurrence of
the fog in the narrow valleys. In the largest valley, there is no visible impact of the
surrounding topography and the fog is well developed. However, we can note that 100 m
resolution isn’t sufficient to reproduce correctly the important in-situ cooling in the
bottom of narrower valleys. Simulations at finer resolution will be required.
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These preliminary works offer the possibility to study in detail the processes which
governs the formation of fog and its subsequent evolution. Some advective effects
seems to play an important role by changing local thermodynamic conditions and the
amount of liquid water present in the near-surface atmospheric layer. Some future
works using 3-dimensional models will help to better understand and characterize the
processes involved in the transition from thermally stable to adiabatic fog. Large-Eddy
Simulations at metric scales with a 2-moment microphysical scheme over the Shropshire
area will be helpful to understand the impact of topography on the dynamics and
microphysics of the fog layer.
___________
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TOWARDS A THREE-DIMENSIONAL PREDICTION OF FOG ON AIRPORTS WITH
THE MÉTÉO-FRANCE OPERATIONAL FORECAST MODEL AROME
By A. Dabas, T. Bergot, C. Lac, F. Burnet, P. Martinet, Y. Bouteloup and F. Bouyssel
(Presented by A. Dabas)
Presentation

Introduction
Fog is a common weather phenomenon. Reducing the visibility
to short distances, it has an adverse impact on human
activities, in particular in aviation, marine or land
transportation. Fog can be a source of fatal accidents as it was
the case in 1977 when two commercial aircrafts collided on the
Tenerife airport 0. To avoid such accidents, the air traffic
control (ATC) define a low visibility procedure (LVP) when the
horizontal visibility or the cloud ceiling is too low. During LVP
conditions, the capacity of the airport, that is, the number of
take-offs or landings per unit time, is substantially reduced
(50% at Paris Charles-de-Gaulle CDG airport). Many flights are
cancelled or delayed. Flights already en-route are stacked in
waiting volumes that may saturate. Diversion to other airports
are then necessary. Many passengers miss their connections. In December 2006, London
Heathrow airport was drowned in a dense fog for 5 consecutive days. More than 1000
flights and 800000 passengers were affected, and the cost for British Airways was
estimated at more than £40 million 0.
The provision of accurate prediction of fog formation or dissipation from 1 to 24 hours in
advance would greatly help airport authorities mitigate the costly consequences of the
phenomenon. Such accurate predictions are beyond the reach of current numerical
weather prediction systems. The reasons are multiple. Fog has a very fine vertical
extension (400m or 500m in worst cases) and involves many highly non-linear processes
such as visible or infrared radiation, the formation and evolution of water drops, the
turbulence, the deposition of water at the surface… Fine vertical resolution models are
thus necessary, which until recently could not run in real time on high-power computers
unless restricted to the single vertical coordinate. An example of such a 1D column
model is COBEL which was run operationally at CDG airport for several years 0. These
models suffer some limitations by nature. They cannot for instance simulate properly the
advection of humidity on a cold surface or the impact of surface heterogeneities. In
addition, they must be initialized with vertical profiles of the various parameters that
characterize the state of the atmospheric layer concerned by the fog. Some of them can
be extracted from larger-scale operational models, although with a coarse vertical
resolution that may not be sufficient. Others can be measured on site with specific
instruments (surface temperature and humidity for instance), but adequate operational
measurement systems lack for several parameters like the concentration and size
distribution of aerosol particles before fog formation or water drops when the fog is
formed.
Discussion
The difficulty to fully characterize the state of the fog layer also explains why our
knowledge of several key processes is limited and why their representation in the model
needs to be improved. Scientific studies are needed to:
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•

assess the impact of surface heterogeneities (hills, vegetation types and water
bodies) on the fog life cycle via their influence on local wind circulations,
turbulent fluxes and liquid water deposition processes,

•

quantify more precisely the impact of aerosol on radiative cooling and heating,
and their effect on optical thickening pointed out by Boutle et al. ,2017 0,

•

quantify the entrainment and turbulent mixing of clear air at the top of the fog
layer and evaluate the impact of free troposphere properties on the fog life cycle,

•

quantify the weak and sporadic turbulence in stable layers and its contribution to
the energy budget.

•

make progress in our understanding of processes and conditions leading to
stratus cloud-to-fog transitions as stratus lowering cases are less well predicted
(Philips et al., 2016) 0.

Research activities have been recently conducted in order to advance our understanding
on these subjects. A common approach is to take advantage of the growing capacity of
high-power computers and run large-eddy-simulation (LES) models. With a horizontal
and vertical resolution of the order of a meter, these models can be used to assess the
relative importance of the various processes at stake in the different stage of the fog life
cycle and point out which processes shall be improved in order to reduce the major
differences with observations made during real fog cases. A first example can be found
in Bergot et al., 2015 0. There, the impact of the terminal buildings of the airport on the
formation of fog on the platform is studied. The simulations show the buildings have a
blocking effect and induce thickness heterogeneities during the fog formation phase (see
Figure ), but has no significant impact of the fog layer characteristics once the fog has
reached a mature stage. Then, the fog evolution is mostly governed by the processors at
its top. Another more recent example Mazoyer et al. 2017 0, where an LES study on
radiation fog is conducted for the time with microphysical parametrization scheme while
considering the effect of heterogeneities such as forests on the fog dynamics. The article
shows that the deposition of the water at the surface exerts the most significant impact
on fog prediction as it not only erodes the fog near the surface but also modifies the fog
life cycle and induces vertical heterogeneities.

Figure 1. Three-dimensional view of a LES simulation of a fog episode at CDG
airport. The blocking effect of the buildings is visible. From Bergot et al., 2015
0.
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On the observation side, several systems have been developed that significantly extend
our capacity to characterize fog. Microwave radiometers provide fine temporal resolution
profiles of the temperature 0. W-band radars 0 are now available that are enough
sensitive to detect the water drops that form the fog (see Figure ). They open the
possibility to measure the liquid water content in real time at fine spatial and temporal
resolutions. Low-level Doppler lidars can characterize the level of turbulence in the first
hundreds of metres just before the formation of the fog. Miniaturized sensors can be
deployed with tethered balloons and characterize the concentration and size distribution
of water drops throughout the fog life cycle. At last, Unattended Aerial Vehicles (UAV)
equipped with miniaturized sensors (see Figure ) can explore the three-dimensional
structure of a fog layer and characterize its heterogeneity. Not only these systems
provide useful information for scientific research, but most of them could become
operational and feed numerical models for improved forecasts of fog through an
assimilation process.

Figure 2. Reflectivity (top-left) and vertical velocity (bottom-left) measured by
the W-band radar BASTA (top-right) during a fog event on the 5th to the 7th of
January, 2015. From Delanoë et al., 2016 0.
The possibility to simulate fog with an operational, limited-area, fine resolution model
has recently been tested by Philip et al., 2017 0. The model is a specific version of the
French forecast model AROME 0. Operational forecasts of fogs with such a model now
seem to be within reach. The capacity of the next generation of high-power computers
should be able to run a 500m or better horizontal resolution of the model with a fine
enough vertical resolution and improved parametrizations of surface exchanges and
microphysics. Météo-France has launched a research program aimed at assessing its
performance. During the winter of 2019-2020, the model will be run on a site located in
the south-western part of France prone to fog formation (fogs were reported on more
than 800 days at Mont-de-Marsan in the last 10 years) while a reach instrumental set-up
will be deployed. The purpose is to evaluate the capacity of the model to simulate
correctly the various fog processors, the impact of surface heterogeneities, and provide
accurate forecasts.
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Figure 3. UAV flying in fog.
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SPACE WEATHER OBSERVATIONS, ANALYSES AND GENERATION OUTPUT
DATA MESSAGES FOR AVIATION IN RUSSIA
By V. Burov, IM. Aleshin and Y. Ochelkov
(Presented by V. Burov)
Presentation

Introduction
Logic of the air service evolution brings ICAO to include
information about space weather into the Annex 3 —
Meteorological Service for International Air Navigation. At the
fourth session of ICTSW (November 2013) the ICAO
representative invited the ICTSW to provide advice on the
draft SARPs and the establishment of regional centres for
space weather, the provision of space weather information
services by designated centres with a focus on the impacts of
space weather events on: 1) HF communications; 2) satellite
navigation, communication, and surveillance; and, 3) radiation
exposure. Now, four year later, 18 states received official
letter from ICAO with invitation to tender for the selection
Space Weather centres for aviation. And Russia (Institute of
Applied Geophysics) will take part in this tender. I would like
to give an account of Space weather observations, analyses and generation output data
messages for aviation in the Institute of Applied Geophysics.
Discussion
Institute of Applied Geophysics (Moscow) – the forecasting centre – unites activities of
the National Heliogeophysics Service of Russia and the Regional Warning Centre of ISES.
Nowadays the centre operates and fulfils numerous functions such as space weather
monitoring, collecting, working and handing out the data to both Russian and foreign
customers, compiling and spreading various kinds of the space weather conditions
forecasts. The first regular space weather forecast is known to have been issued on June
07, 1974. Since then this kind of activity has been processed and issued permanently 7
days a week. We issue the short-term forecasts for parameters of ionosphere, for radio
wave propagation, for characteristics of the magnetic activities, and we produce the
information concerning the time of the beginning and the end of the space weather
disturbances. Totally, there have been issued over 20 000 daily informative materials
per year, for more than one hundred organizations.
The data received by the activities are sent out in the form of the textual issues, as
coded telegrams, alerts, circulated messages and by the open access for real time space
weather information via the bilingual site: www.space-weather.ru, and
www.ipg.geospace.ru.
Our observational tools include:
•
•
•
•
•
•

low-orbital satellites («Meteor»)
high-orbital (GEO) satellites (“Electro”)
low orbital radio tomography net
high orbital radio tomography net (GPS/GLONASS receiving stations)
network of the ground ionospheric stations (see Figure 1)
network of magnetic observatories
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•
•

network of riometers
network of solar observatories

Ground observation net)
Сеть позволит выполнить непрерывный
России, включая мерцания ионосферы.

- пункты, где в н.в. возможно проведение
мониторинга ионосферных мерцаний

мониторинг состояния ионосферы над территорией

- пункты, где целесообразно проведение
мониторинга ионосферных мерцаний

Figure 1. Ground observation net
Our magnetic observatories: Sant Petersburg (33603), Amderma (36701), Dikson
(38701), Tiksi (43701), Murmansk (33702), Novosibirsk (3805), Khabarovsk (4305),
Moskow (34503) and Moscow (34504) allow for notification that geomagnetic storm
conditions have been measured at ground level.
We have identical space weather monitoring complex (GGAK) on board of the GEO
“Electro” and LEO “Meteor” (see Figure 2). Low orbital radio tomography net on the base
of the LEO satellites “Cosmos” provided with 3D chart of the ionosphere in the west and
east part of Russia. (see Figure 3) We provide 3D tomography with the help of a network
of GLONASS/GPS/Galileo receivers.
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ONBOARD COMPLEX GGAK on GEO
«ELECTRO»

Figure 2. On-board space weather monitoring complex GGAK

Figure 3. Low orbital radio tomography net
The main parameters to be measured are:
•
•
•
•
•
•

Critical frequency of ionosphere foF2 F-layer;
F-layer’s maximum height of ionosphere HmF2;
Parameter M3000;
Maximally used frequency MUF;
TEC (see Figures 4 and 5)
Vertical profile of electrons’ concentration on heights from 80 km. up to
10,000 km;
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•
•
•

Latitude and longitude of the electrons’ concentration;
Distribution of irregularity of the ionosphere;
Global maps of all the parameters mentioned above.

Figure 4. TEC, Total Electron Content

Figure 5. Relative TEC hourly variation
We use our original model for the calculations ionosphere parameters (IRI type) – SIMP,
and its modification - SIMP-2 (System of Ionosphere Monitoring and Prediction – see
Figure 6). The program has been designed for evaluating ionosphere’s current status and
short-term forecasts of the ionosphere and radio wave propagation. This technique is
based on the ground and space board data and the correcting ionosphere models.
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Figure 6. Model for the calculations ionosphere parameters SIMP-2 (System of
Ionosphere Monitoring and Prediction)
We use our original technique of the nowcast appearance of the geo-effective proton
fluxes in near-Earth space (see Figure 7). In this technique we mean the appearance in
near-Earth space the solar proton fluxes with energy greater than 10 MeV and intensities
sufficiently greater than phone ones. The technique proposed is based on the permanent
control in real time of the solar X-ray radiation combined with localization of the solar
proton injection source.

Figure 7. Nowcast of Geoeffective Proton Fluxes Appearance
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Besides, we produce our real-time, global, physics-based model used to assess radiation
exposure to aircrews and passengers (CRAT – see Figure 8). The model predicts the
radiation dosage in the atmosphere caused by cosmic radiation. In this technique are
used: particle trajectory geomagnetic cut-off rigidity code for calculating cosmic ray
particles GCR and SEP which are transported through the magnetosphere, the Russian
standard of the atmosphere model for calculating the atmosphere density, the original
procedure (developed in the IAG) for calculating the secondary particles’ fluxes and the
radiation dose rate.
The comparison of our calculation results with the results of EPCARD technique
(Germany) and NAIRAS technique (USA) shows that there are no significant variations
among them.

Figure 8. Global, physics-based model used to assess radiation exposure to
aircrews and passengers (CRAT).
Our tools and products in real time mode you can see on the site: www.spaceweather.ru or http://www.space-weather.ru/index.php?page=home-en (see Figure 9),
and in graph form: (Perturbation level Earth's magnetic field (Kp-Index), The level of
danger from the fluxes of energetic protons from solar flares (Density of the protons
flux), X-ray flux from the Sun, Space weather perturbations in the last 24 hours,
Nowcast of Geoeffective Proton Fluxes Appearance, State of the ionosphere by SIMP
model) on: http://www.space-weather.ru/grafana/dashboard/db/space-weather (see
Figure 10) and http://www.space-weather.ru/index.php?page=home-en. And site:
www.ipg.geospace.ru (in Russian).
Besides, review of the previous day space weather conditions and two-day forecast
(updated every day) you can see on the site: www.ipg.geospace.ru (in Russian):
http://ipg.geospace.ru/space-weather-forecast.html
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Figure 9. Homepage www.space-weather.ru

Figure 10. Graph form (grafana) real-time data.
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Procedures of analyses and output data messages generation for aviation consist of
several components based on a redundant data-driven multi-agent system (see
Figures 11 to 13). We used two kinds of agents: brokers (Hortbroker, Fluxbroker, Xraybroker, Dosagebroker, Reporter, Reportdealer) and public (foreign exchange)
distribution agents. We utilize JSON as our primary data format alongside with RESTful
HTTP as exchange protocol.
It is assumed that the output data format is fixed, regardless of the possible changes in
the in the input data format from external sources. To solve this problem, broker can
receive data from one or multiple sources, convert, temporarily store, and transmit on
demand from another broker or generator.
Hortbroker: The Broker ensures the distribution of total electron content over the
territory of the Russian Federation, calculated by the method of high orbit tomography.
The calculations are made every five minutes, and sectional image of ionosphere and its
integral convolution in height are placed into database. Having access to the
corresponding data base fields, the broker receives actual data via local IAG network
(IAG – Institute of Applied Geophysics) according to HTTP protocol. As a result, the TEC
allocation becomes available in JSON format.
Fluxbroker: The broker provides data on the particle counters received from GOES and
Electro-L No.2 satellites, as well as the GOES X-ray detector. GOES data is uploaded via
internet from two independent sources to provide hardware fault tolerance. Electro-L
No.2 data gets placed on IAG ftp-server, where it is received directly from the satellite.
The Broker performs data caching and delivery according to HTTP protocol. Data is
provided in JSON format. The broker's status can be monitored using a diagnostic page
or in automatic mode via the HTTP API).
X-Ray Broker: This broker provides data on fixed x-ray flares based on data received
from Fluxbroker. Flare detection is based on a specific pattern in detector readings,
showing sharp increase in high energy X-rays. Then, the corresponding peak in the soft
x-ray is searched, the maximum flux and the rise time are determined. Based on these
parameters, the flash proton strength is evaluated, and the flash class is estimated.
Information on recorded flares is presented on weekly basis in JSON format via HTTP
API. Monitoring of the broker's status can be carried out using a diagnostic page, which
displays an x-ray chart for the last two days with registered flares and a table containing
a list of flashes with their parameters for the last week. Also monitoring is possible in
automatic mode (via HTTP API).
Dosagebroker: The broker calculates the dose of radiation received at a given altitude,
taking into account the coordinates, altitude, season and K parameter. This broker
stores in memory and regularly updates the radiation dose map with a spatial resolution
of 1 degree and 1 kilometre in height, and also provides HTTP API to provide information
for dose inquiries in certain areas. The Broker’s status can be monitored using a
diagnostics page that displays the current dose maps for different altitudes or in an
automatic mode (via HTTP API).
Reporter: This module acts as a report generator and contains rules for the generation
of ICAO reports, such as frequency, threshold for monitored values, report templates,
etc. In accordance with the given rules, it receives data from the system brokers,
generates reports in NOTAM and SWx formats, and stores them in the database. Also,
this module utilizes database of generated report to avoid duplication of events
announcements and distribution of information about cessation of certain disturbances.
ReportDealer: This module acts as a report distributor and contains all the logic
associated with the technical side of the process of delivering reports to consumers. In
particular: sending notifications via e-mail, SMS messages, downloading to publicly
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available databases, etc. The data source for this module is the report database
generated by the report generator.
Report Generator: It performs the key task – creation of telegrams. The Generator
receives data from single or multiple brokers, analyses it, and if the criteria is met,
generates telegrams in requested format. The telegram should be generated in
accordance with NOTAM messaging system (Abbreviation of NOTice to AirMen –
operational information about changes in the aeronautical environment when performing
flights), or in SWx format. Messages should contain information about the temporal and
spatial parameters of disturbances, characterizing space weather. Typically, messages
are generated if current value exceeds specified threshold values and a short-term
disturbance evolution prognosis.
Report Distributer: A role that conveys generated reports to end users. In the simplest
case this component can be implemented as a mail server, distributing e-mails in
accordance with the set schedule. In reality, implementation can be complicated because
of requirements to reliability to critical components of the system, which leads, in
particular, to the need for duplication of notification mechanisms. Therefore, e-mail
distribution using standard communication channels can be supplemented by means
based on SMS messages.
The system architecture provides for fault tolerance of all components in the data supply
chain, as well as directly generating and distributing reports. Applications that implement
this or that functionality are executed in environments isolated from other applications,
which reduces the probability of failure of several parts of the system at once. The
applications themselves are tolerant to crashes and arbitrary restarts and have the
ability to return to normal operation after a failure automatically. Project reliability
index: The data centre should provide 99.9% availability on time; any scheduled
maintenance must be performed without disabling the computational load. All the
infrastructure components required to support IT equipment can undergo scheduled
maintenance without any impact on the computing systems. All critical components of
the infrastructure must be provided with a reserve according to the N + 1 scheme.
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Figure 11. General scheme of the Report Generator (ICAO)

Figure 12. Diagnostic page of Fluxbroker module.
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Figure 13. X-ray fluxes and recorded events for September 7-8, 2017.
___________
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SPACE WEATHER SERVICES FOR AVIATION – CURRENT CAPABILITIES AND
FUTURE NEEDS
By R. Rutledge
(Presented by R. Rutledge)
Presentation

Introduction
Space weather originates on the sun and drives changes in the
near-Earth environment. Space weather has been present since
the Earth existed as it does today, but the dependence on and
application of technologies affected by space weather has
increased many fold in recent decades. Many of these
technologies underpin aviation in how we navigate and how we
communicate. Space weather can impact radio
communications, satellite-based navigation, and even lead to
increased radiation exposure for passengers and crew on rare
occasion. Solar radio bursts can also affect satellite-based
navigation as well as air traffic control radar. All of these have
the potential to significantly impact aviation operations,
particularly during the rare but extreme.
Space weather is a broad term used to characterize several distinct, but often related
phenomena. Some space weather impacts are restricted to the daylight side of Earth,
while other effects are focused in regions dictated only by latitude, such as polar or
equatorial regions. Additionally, the different phenomena that comprise space weather
have very different times scales, both with respect to ability to warn before onset and
duration. Furthermore, space weather is characterized by physical parameters many are
unfamiliar with. Unlike rain, sleet, snow, temperature, or wind, space weather cannot be
felt or seen (visibility or the aurora excluded). These intangible qualities make it difficult
to easily understand and interpret space weather information, the importance of the
magnitude of a space weather event, or the likely effect. For this reason, the challenge
for both space weather service providers and users alike is to translate this
environmental information into likely impacts. This is challenging for many reasons,
including the difficulty of predicting the underlying phenomena itself, to the difficulty in
anticipating the impacts to systems given the wide variety of systems with the same
intended function, but widely varying performance parameters and configurations.
To take the first steps in mapping space weather to likely impacts on commercial
aviation, space weather services are progressing within ICAO, with a commencement of
services likely in November 2018. The initial space weather services will provide this
increased, impact-based situational awareness to the aviation community. While
valuable, these services are still maturing and will not fully meet user requirements with
respect to desired lead time, skill, and specificity. And while there are a number of
existing space weather service providers, even some with fairly mature aviation
capabilities, implementing a globally-harmonized service presents many challenges.
Space weather and its impact on aviation
Space weather happens continuously, in some form or another, but truly significant
space weather activity is fairly infrequent. Some elements of space weather trend with
the roughly 11-year solar cycle, rising and falling with the overall appearance and
disappearance of sunspots. These sunspots are the source of significant activity, and
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while these sunspots generally follow this 11-year overarching trend, significant activity
can occur at any phase of the solar cycle and independent of solar cycle size.
The first observable of a space weather event is the enhancement in X-rays, the solar
flare. These X-rays further ionize the D-layer of the ionosphere on the sunlit sit of Earth,
the ionized part of Earth’s upper atmosphere, affecting High Frequency (HF)
communication for minutes to hours. Although the lowest HF frequencies are affected
most strongly, significant flares can “black out” use of all of HF. These HF blackouts can
result in difficulty in reaching oceanic aircraft, although the use of satellite
communications as a primary means of communication is commonplace and largely
robust. Although not well-correlated with the intensity of the X-ray enhancement, these
flares can also have associated radio bursts, or increases in the solar radio noise at
certain frequencies. On rare occasion, these radio bursts can affect Global Navigation
Satellite System (GNSS) performance and air traffic control radar systems. Both of these
phenomena are difficult to forecast with any skill and are largely considered no-notice
events; this is unlikely to change for the foreseeable future.
Additionally, increases in the energetic radiation near Earth can result from a solar
eruption, dominantly created by the acceleration of a coronal mass ejection (CME). The
sun’s outer atmosphere is called the corona, and as part of the eruptive sequence of
events, part of the corona can be explosively blown into space. These radiation
enhancements significantly increase the radiation impinging on Earth’s atmosphere and
can result in HF blackouts in the Polar Regions (for this effect, ~60 degrees magnetic
latitude and poleward) as well as increases in radiation exposure for passengers and
crew in the same geographic footprint. These enhancements can persist for hours to
days, although the most intense periods of radiation are generally at event onset and
short-lived. It should also be noted that significant events rarely occur in isolation, with
the more typical sequence of events being comprised of several significant eruptions
over a period of a week or more.
These CMEs transit the 150 million kilometres between sun and Earth, and little to no
information about the particulars of the CME is obtained between initial observation at
the sun and arrival at the L1 Lagrange point, roughly 1.5 million kilometres upstream of
Earth on the sun-Earth line. At this point, the magnetic field strength and orientation,
velocity, and density can be measured in situ by satellite. This information can then be
used to drive short-term empirical and physics-based forecasting models, as well as
automated or human-in-the-loop warnings of geomagnetic storm intensities. CMEs have
been observed to affect Earth in as little as ~15 hours after eruption, but more typical
transit times for significant events range from ~18-30 hours. The CME then interacts
with Earth’s magnetosphere, the region of space affected by Earth’s own magnetic field,
resulting in a geomagnetic storm.
From an aviation impacts perspective, geomagnetic storms disturb the ionosphere,
affecting GNSS performance, HF radio propagation, and satellite communication
performance. Strong geomagnetic storms can also cause the areas affected by the
aforementioned radiation enhancement to expand equatorward on the order of 10
degrees in latitude or more.
Scientific challenges and development needs
Models to describe the radiation environment at aviation altitudes are available, both to
describe the background radiation environment from the ever-present Galactic Cosmic
Ray (GCR) background as well as the solar event-driven enhancements. It is important
to consider both, as significant solar activity can suppress the background radiation (a
Forbush decrease). There are fairly extensive measurements during quiet times (GCRonly) to validate these models, but measurements during event-driven enhancements
are limited. One example of the much-needed verification and validation data is shown
in Figure 1, below, radiation exposure measurements taken regularly on a Munich to
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Chicago route (Beck, et al., 2005). These measurements show the fairly steady
background rates as well as an enhancement during the intense space weather activity
of late October 2003 (top panel). These measurements show the increase in radiation
during the event as well as evidence of suppression of the background term; both must
be accounted for to give an accurate assessment of the change in exposure related to an
event. As significant events are fairly rare, extensive verification and validation data is
generally lacking, and the field could benefit from continued and targeted measurement
campaigns.
In general, there are many uncertainties associated with the modelling of the radiation
environment at aviation altitudes, particularly during times of event-driven, elevated
exposures. These models could benefit by better characterization of the radiation
environment at the top of the atmosphere both by direct satellite measurement and
inference of the impinging radiation field through the interpretation of globallydistributed neutron monitor measurements. These models could also benefit from
improvements in and better application of radiation transport codes to describe the
changes in this mixed-field radiation environment as it penetrates and cascades to flight
level altitudes within the atmosphere.
Nowcasting of the radiation environment, while still fraught with uncertainty, is mature
enough to add value to aviation operations. The ability to differentiate a quiet
environment from an enhanced one is sufficient to support the first generation of space
weather services within ICAO. However, skill in the multi-hour or pre-event forecasting
domain remains challenging. As the driving eruptions at the sun themselves cannot be
predicted with any skill prior to their occurrence, longer-term forecasting with a high
level of skill will remain out of reach for the foreseeable future. Significant advancements
in understanding the sun and its eruptive nature are needed to affect change in this
domain. That said, there is some skill in predicting the decay of an event once in
progress, barring subsequent eruptions.

Figure 1. Aviation radiation exposure as measured between Munich and
Chicago in the top panel, measurement of the space radiation environment
below that, measurement of the neutron environment following that, and lastly,
geosynchronous magnetic field measurements. - Beck, et al. (2005)
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Ionospheric modelling underpins describing the impacts to HF communications and
GNSS performance. Many HF needs are served today by empirical models that can
describe the impacts of space weather on HF propagation (i.e. solar flare-driven HF
blackout and radiation-driven absorption in the polar cap). More sophisticated empirical
or physics-based models are in early use or development today to fully describe the
dynamics of the ionosphere. The current cutting edge in the ionospheric modelling
domain is the expansion of and coupling of physics-based terrestrial weather models
with physics-based ionospheric and upper atmospheric models. Since the ionosphere is
forced both from below by tropospheric weather and from above by solar or
geomagnetic storm inputs, accounting for both is critical in fully reproducing the
behaviour of the ionosphere. It should be noted that space weather forcing from above
will dominate during significant geomagnetic storms. An example from the U.S.’s Space
Weather Prediction Centre is shown in Figure 2, below.

Figure 2. Example output from the NOAA Space Weather Prediction Centre’s
Whole Atmosphere Model – Ionosphere, Plasmasphere, Electrodynamic model,
showing variations in the ionosphere due to solar and tropospheric forcing.
www.spaceweather.gov
These models need solar wind conditions as one of their most important inputs
capturing the forcing from above, and as noted previously, those conditions are only
measured 1.5 million km upstream of Earth. Given nominal solar wind velocities of ~400
km/s, with velocities several times that during significant space weather, the predictive
timescales of these models is limited by the ballistic propagation of the solar wind from
measurement at L1 to Earth. For this reason, these models can only provide skill over
short-term predictive timescales during geomagnetic storm conditions (10’s of minutes).
Any skill in true multi-hour or multi-day forecasting under geomagnetic storm conditions
will only come with advancements in the ability to observe or predict the characteristics
of the driving solar wind, or the CME, with longer lead times. On the long-range horizon,
basic research may eventually enable greater, pre-eruption characterization of the CME,
but that remains rather unlikely for the foreseeable future.
Furthermore, even with perfect characterization of the solar wind forcing, many
elements of accurately predicting the complex physical processes of the ionosphere
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remain very much in the basic research realm. This is a focus area of many basic and
applied research programs, and ionospheric modelling should progress substantially in
the coming years. And just as terrestrial weather modelling has matured and skill has
improved with data assimilation, the same will be true in the ionospheric domain. The
improved skill, resulting from both data assimilation and model development, will lead to
a greater ability to describe the forecasted impacts on HF as well as the conditions
affecting the accuracy and availability of GNSS. Overall, when compared to terrestrial
weather modelling, ionospheric modelling remains immature, but it is progressing.
Fundamentally, while progress has been made in the short-term forecasting and
nowcasting domain, multi-hour or multi-day forecasting of space weather remains in the
hands of the space weather forecasters. Improved tools and observations, both empirical
and physics-based, can add value in improving the skill in this often chaotic, eventdriven paradigm. Forecasting at longer timescales will remain dependent on anticipating
the commencement of an event and describing the likely degradation in performance
that will result. In many cases, these will be limited to broad generalizations, not only
spatially and temporally, but also with respect to intensity in what may result.
Conclusion
While the introduction of space weather services is a positive step forward, space
weather services are still immature with respect to the specificity and skill truly needed
in this domain. Our understanding of the sun and the eruptive processes that drive space
weather are still maturing. Our understanding of how the Earth system responds to
space weather is maturing as well. As the science and modelling improves, so will space
weather services for aviation. Curiosity-driven research will always remain important,
but the targeted, applied research to transform these advances in our understanding to
actionable products for aviation users must be a focus. Clear user needs and an
understanding of the application of technologies affected by space weather will be key to
guiding and facilitating that progress.
References
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IMPROVED AEROSOL FORECASTING DURING EXTREME EVENTS BY DATA
ASSIMILATION
By L. El Amraoui, B. Sic, M. Boulhdir and M. Plu
(Presented by L. El Amraoui)
Presentation

Introduction
Aerosols play an important role in the atmospheric system of
our planet. They have an important impact on the Earth's
radiation budget by direct scattering and absorption of
sunlight and by changing cloud properties. Therefore, they
play a major role in the climate system. They also have an
influence on the photochemistry of our atmosphere.
It is then very important to well simulate the threedimensional distribution of different type of aerosols within the
chemistry and transport models (CTMs). Nevertheless,
modelling of different type of aerosols is challenging and still
subject of many uncertainties due to the complexity of their
physical/chemical transformations and the approximations in
the parameterizations of their sources/sinks. The improvements of the models can be
achieved by means of i) improvements of the physical parameterizations of the aerosols
(e.g., Sic et al., 2015, and ii) using data assimilation of aerosol products such as Aerosol
Optical Depth (AOD) (e.g., Sic et al., 2016) and lidar backscatter/extinction profiles.
Desert dust or volcanic ash are important sources of aerosols in the troposphere and
have a direct involvement in the tropospheric composition: Desert aerosols directly
influence air quality while volcanic aerosols has a great impact on civil aviation. It is
therefore important to better understand the evolution and long-range transport of these
types of aerosols in order to assess their impact in the atmospheric system as well as in
aviation safety. In this study, we assess the capacity of assimilation of different aerosol
products in terms of AOD or lidar profiles to improve the three-dimensional
concentration of aerosols during extreme events (desert aerosol transport or volcanic
eruption). We also propose to study quantitatively the shape of the plumes and their
impacts on French territory. The validation of assimilated products in terms of
concentration of aerosols and AOD will be done in comparison with independent
observations.
The assimilation system used in this study is MOCAGE- PALM (e.g. El Amraoui et al.,
2008a) developed jointly between Météo-France and CERFACS (Centre Européen de
Recherche et de Formation Avancées en Calcul Scientifique) in the framework of the
ASSET European project (Lahoz et al.,2007). MOCAGE (MOdèle de Chimie
AtMosphérique à Grande Echelle) (Peuch et al.,1999) is a 3-D-CTM which covers the
planetary boundary layer, the free troposphere, and the stratosphere. It provides a
number of optional configurations with varying domain geometries and resolutions, as
well as chemical and physical parameterization packages. It has the flexibility to use
several chemical schemes for stratospheric and tropospheric studies. MOCAGE is used
for several applications: operational chemical weather forecasting in Météo France
(Dufour et al., 2004), tropospheric as well as stratospheric research studies (e.g. Josse
et al., 2004 ; Michou et al., 2005; Ricaud et al., 2009a,b), and data assimilation
research (e.g., Semane et al., 2007 ; El Amraoui et al., 2008a,b; Semane et al., 2009).
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In this study, MOCAGE is forced dynamically by external wind and temperature fields
from the ARPEGE model analyses, the global operational weather prediction model of
Météo-France (Courtier et al., 1991).
The assimilation of aerosols is a relatively new field compared to that of the reactive
gases. Even if the number of unknowns relating to aerosol is larger than that of gases,
the assimilation of aerosols nevertheless improves their distribution in the model.
In CNRM-GAME, the assimilation of aerosols is implemented in the chemistry-transport
model MOCAGE since 2014 and allows to assimilate two types of aerosol data: 1)
integrated atmospheric column such as the Aerosol Optical Depth, 2) or aerosol profiles
from lidar measurements with different configurations (from the ground, from satellite
platforms or from aircraft measurements).
Assimilation of MODIS AOD observations
The MODIS (Moderate-resolution Imaging Spectroradiometer) instruments observe
atmospheric aerosols on board Terra (since 2000) and Aqua (since 2002) from
complementary sun-synchronous orbits. The Terra overpass time is around 10:30 local
solar time at the Equator in its descending (daytime) node, and the Aqua overpass time
is around 13:30 local solar time at the Equator in the ascending node. We use MODIS
Aerosol Optical Depth Collection C051 retrievals at 550 nm from Terra and Aqua, the
ocean product retrieved with the “best solution” and the reflectance-corrected land
product. Over bright desert areas, we use the “Deep Blue” MODIS product (Hsu et al.,
2006). For the assimilation, we only considered the best quality data, with the highest
possible quality flag. MODIS L2 resolution of 10kmx10km is approximately 2 times finer
than the model resolution of 0.2°x0.2° over the control MEDI02 domain in which the
assimilation is performed.

Figure 1. The aerosol optical depth over Europe on 29 June 2012 at 12:00 UT,
(top left) simulated in MOCAGE by the model direct run; (top right) simulated in
MOCAGE by the MODIS assimilation model run; (bottom left) observed by
MODIS (Aqua+Terra) and used for assimilation in MOCAGE (shown
observations are collected during the whole day, and not only at 12:00); and
(bottom right) observed by SEVIRI, which serves as an independent dataset.
The colours from white to red represent AOD from low to high values.
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Figure 2. Time series of aerosol optical depth at 550 nm of the AERONET data
(black line), the direct model (blue line) and the assimilation model run (red
line) for the period of the TRAQA campaign from 25 June until 13 July 2012.
The presented AERONET data are from eight stations: Malaga (ESP), Tabernas
(ESP), Avignon (FRA), Ersa (FRA), Frioul (FRA), Lampedusa (ITA), Limassol
(CYP), Palma de Mallorca (ESP).
Time series plots for eight stations are presented in Fig. 2 which are chosen to
representatively
cover the basin. The time series of the stations in the western part of the Mediterranean
basin and in Spain are marked by the strong desert dust event, which was already
discussed earlier.
Stations in Spain recorded the event before the stations in France, where it arrived a
couple of days later. The duration of the event is well simulated by both the direct model
run and the assimilation model run in all stations, but the intensity is underestimated in
the direct model run (Fig. 1). However, the assimilation model run matches the outbreak
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intensity well. The second, smaller desert dust event is only observed at southern
stations. Similarly, the assimilation model run corrects its intensity underestimated by
the direct model run. The stations in the east, like in Lampedusa and Cyprus, were not
influenced by these dust events. They are mostly influenced by sea salt aerosols, and
the data assimilation also has a positive impact here. The assimilation model run, with
only two MODIS overpasses per day, also shows improved hourly variations of AOD in
these stations.
Assimilation of CALIOP lidar observations
The assimilation of lidar profiles of CALIOP measurements on-board the CALIPSO
satellite during the summer 2012 was undertaken in terms of extinction coefficient. This
period corresponds to the airborne campaign TRAQA-2012 and coincides with a desert
dust transport event from Africa over the Mediterranean.

Figure 3. (a) The aircraft trajectory with respect to its altitude corresponding to
29 June 2012 between 10:00 and 15:00. (b) Time-series of aerosol
concentration given by the MOCAGE model, the CALIOP assimilated product and
the in-situ aircraft measurements.
Figure 3(a) shows the aircraft trajectory with respect to its altitude corresponding to 29
June 2012 between 10:00 and 15:00. Figure 3(b) shows the aerosol concentration timeseries of both model outputs and assimilated product compared to in-situ measurements
made by the aircraft. Clearly the assimilation of CALIOP observations significantly
improves the penny-underestimation of the aerosol concentration predicted by the model
especially in high altitudes.
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DEVELOPMENT OF AN ENSEMBLE-BASED VOLCANIC ASH DISPERSION MODEL
FOR OPERATIONS AT THE DARWIN VOLCANIC ASH ADVISORY CENTRE
(VAAC)
By R. Potts, R. Dare, M. Manickam, A. Wain, M. Zidikheri, C. Lucas and A. Bear-Crozier
(Presented by R. Potts)
Presentation

Introduction
Airborne volcanic ash presents a significant safety risk to
aviation. International arrangements have been developed to
mitigate this risk through the activities of the ICAO
International Airways Volcano Watch program and operations
at associated Volcanic Ash Advisory Centres (VAAC). Warnings
for volcanic ash clouds are based on reports of an eruption,
observations of the ash cloud, including satellite observations,
and forecasts of the movement of the ash based on dispersion
model guidance.
Following the Eyjafjallajökull eruption in 2010 there has been a
need for more information on the spatial variation in ash
concentration and the associated uncertainties to enable
airlines to better manage operational risk. There are significant
challenges with this objective.
The Australian Bureau of Meteorology operates the Darwin VAAC with an area of
responsibility that includes the volcanically active region of Indonesia and Papua New
Guinea. There has been ongoing development to improve available guidance for the
preparation of warnings.
The improved spatial, temporal and spectral resolution of the new Japanese Himawari-8
satellite data (Bessho, et al 2016) has greatly improved the detection and tracking of
volcanic ash. Moreover, these data are processed with the Spectrally Enhanced Cloud
Objects (SECO) algorithm developed by NOAA NESDIS to provide quantitative estimates
of cloud parameters including cloud top and the mass load (Pavolonis et al 2015a;
Pavolonis et al 2015b).
Forecast guidance is provided using the HYSPLIT dispersion model (Draxler and Hess,
1995; Stein et al, 2015) which is coupled with the Australian Community Climate and
Earth System Simulator (ACCESS) model suite (Puri et al, 2013, Dare et al, 2016b). For
operations this is generally the deterministic regional ACCESS-R model. In HYSPLIT
there has been work to better represent the particle size distribution of ash and improve
the parameterisation for the particle fall speed (Dare, 2015). It has also been shown that
wet deposition processes can have a very significant impact on the dispersion of ash in
the Maritime Continent region which is both volcanically and convectively active (Dare et
al, 2016a).
There are significant uncertainties in forecasting the dispersion of volcanic ash
associated with uncertainties in the NWP model forecast fields and the source term for
the volcanic ash. The use of dispersion model guidance based on an ensemble NWP
model can help to quantify the uncertainties associated with the meteorology as
demonstrated by Dare et al (2016b).
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Following from this work the Bureau has recently developed a Dispersion Ensemble
Prediction System (DEPS) for volcanic ash which allows for running the HYSPLIT
dispersion model coupled to the Bureau’s 24-member global ensemble model ACCESSGE and other deterministic NWP models. Work to implement this for operational use in
the VAAC is currently in progress.
In this paper we briefly describe the DEPS system and present preliminary results using
the 13 Feb 2014 Kelut eruption as a case study.
Kelut volcano eruption of 13 Feb 2014
The Kelut volcano (7.930°S, 112.308°E), is located in Java, Indonesia. It erupted for
approximately 4 hours from 1600–2000 UTC, 13 February 2014.
Available observations suggest most of the ash was ejected in a spreading plume or
umbrella with a top near the tropopause around 19 km together with an overshooting
core extending as high as 26 km (Kristiansen, et al 2015; Lucas and Majewski, 2015).
The local wind field at low altitudes (0-5 km) was a light south-westerly. This shifted to a
relatively light southeast to easterly flow at 5-10 km with a stronger easterly flow above
10 km. There was significant disruption to aircraft operations in the area and one
reported case of a commercial jet aircraft accidentally encountering ash from the volcano
(Kristiansen, et al, 2015).

Figure 1. MTSAT2 satellite IR images for 0130 UTC, 14 Feb 2014 with overlay of
(a) ash probability and (b) estimate of mass load (g/m2).
Conditions at the time of the eruption were relatively clear and most of the ash plume
was clearly evident in satellite imagery as a cold and optically thick cloud for a number
of hours as it moved to the west. Figure 1 shows the 11 µm IR image from the Japanese
geostationary satellite, MTSAT2, for 0130 UTC 14 Feb 2014, around 9 hr after the start
of the eruption. This is overlain with the ash probability (Figure 1a) and the estimated
mass load with a maximum around 50 g/m2 (Figure 1b) derived from the SECO
algorithm (Pavolonis et al 2015a,b).
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The Dispersion Ensemble Prediction System (DEPS)
The DEPS has been developed to enable forecasters to initialize an ensemble run based
on output from the Bureau’s 24-member global ensemble model (ACCESS-GE) together
with the Bureau’s deterministic models ACCESS-G (global) and ACCESS-R (regional)
along with the NOAA’s GFS model.
The system is run with defined eruption source parameters, including the height,
duration of the eruption, mass emission rate and particle size distribution. The source
can be defined as a single vertically uniform column or a simple umbrella shaped plume.
The total ash emission rate (M in kg/s) is derived, following Mastin et al (2009) and
Webster et al (2012), from the relation
M = 140.8.H4.15,
where H is the plume rise height above the vent (km). To account for the fact that a
large fraction of the ash will fall out in the near field a factor ε is applied such that M’ =
ε.M, where ε represents the fine ash fraction.
The system provides output guidance on the mass load from each of the ensemble
members at defined forecast time steps and the probability of exceeding defined
thresholds for the mass load. Default values of the ash emission rate and fine ash
fractions (Mastin et al, 2009) are provided but these can be changed manually based on
other guidance that may be available.
It is anticipated the output will enable a better assessment of the uncertainties
associated with the meteorology and facilitate the provision of improved guidance to
airlines for the safety risk assessment.
For the purposes of this study we present the model output valid at 0100 UTC, 14 Feb
2014 assuming a uniform column source and a simple umbrella source as presented in
Table 1. For the column source there is a uniform fine ash emission rate of 7.88 x106
kg.s-1 and for the umbrella source the total fine ash emission rate is also 7.88 x106 kg.s-1
but 60% of the mass is emitted in the layer 14-19 km.
Figures 2a and 2b show the dispersion model output valid for 0100 UTC 14 Feb 2014
based on the deterministic ACCESS-R NWP model with a uniform column source and the
simple umbrella source respectively. For the column source the mass load is
concentrated relatively close to the volcano with a maximum around 3.3 kg.m-2 while for
the umbrella source the mass load is distributed more widely in space with a maximum
around 2.2 kg.m-2. Both are around 2 orders of magnitude greater than the estimated
maximum in Figure 1b.
Figures 2c and 2d show the same output for one member of the ensemble ACCESS-GE.
For the column source the result is similar to that for ACCESS-R (Fig 2a) but for the
umbrella source (Figure 2d) the maximum in the mass load is well to the west of the
volcano and is more consistent with the spatial distribution in the satellite image (Figure
1b). As with Figures 2a and 2b the maximum in the mass load is around 2 orders of
magnitude greater than observed.
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Table 1. Source term parameters for initiation of HYSPLIT dispersion
model for Kelut eruption.
Column

Umbrella
Source a

Source b

Base (km)

1

1

14

Top (km)

26

26

19

Diameter (km)

10

10

100

Fine ash
fraction

0.1

0.1

0.1

M’ (kg/s)

7.88 x 106

3.94 x 106

3.94 x 106

Figure 2. Dispersion model forecast for 0100 UTC, 14 Feb 2014 for a uniform
column source (left most images) and an umbrella source (right most images).
The forecast mass load (kg/m2) for ACCESS-R is shown in (a) and (b) and
ACCESS-GE11 is shown in (c) and (d).
Based on output from all ensemble members the percentage of members (or probability)
that exceed a defined column load threshold at each grid point is calculated and output
is provided. Thresholds at 2 and 4 g.m-2 have been identified as appropriate for
management of risk by airlines. As the mass loads calculated here are much greater
than indicated by the satellite data the results have relatively little value and are not
presented. Regardless the results do show that representation of the ash plume as an
umbrella for a large eruption like Kelut provides a better representation of the dispersion
of ash compared with satellite observations.
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Conclusions and future developments
The ensemble output shows a spread of possible outcomes for dispersion of the ash and
provides guidance on the uncertainties when compared to the deterministic ACCESS-R
output with a uniform column source term.
Based on a qualitative assessment the simple umbrella source term provides an
improved representation of the dispersion of ash for a large eruption that reaches the
tropopause when compared with satellite observations.
The mass load forecast by DEPS is too high by around 2 orders of magnitude when
compared to the satellite estimate and this is largely due to uncertainties in the source
term. These uncertainties may arise from:
•

•
•

The MER based on Mastin et al (2009) for initialization of DEPS is too high for
the observed height of the eruption column. Tupper et al, (2009) has reported
this is a particular issue across the Maritime Continent where the latent
instability is high
Large uncertainties in the fine ash fraction appropriate for initialisation of
dispersion models.
Poor representation of cloud and precipitation in the tropics in NWP models
that can have a significant impact on wet deposition processes in dispersion
models.

Future development of DEPS aims to integrate satellite-based observations with the
dispersion modelling, using inverse modelling techniques to better represent the source
term (Zidikheri et al, 2017a,b). This should improve the calibration of the ensemble
model and further improve available guidance.
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MODELLING AND DATA ASSIMILATION OF HAZARDOUS VOLCANIC ASH
PLUMES IN THE CHEMICAL-TRANSPORT MODEL MOCAGE
By B. Sic, L. El Amraoui and M. Plu
(Presented by B. Sic)
Presentation

Introduction
Volcanic ash aerosols can be emitted in significant amounts by
volcanic eruptions and once airborne they pose a serious threat
to aircraft engines. Especially after the Eyjafjallajökull eruption
in 2010, important efforts have been put in the improvements
to the volcanic ash modelling. Our research deals with spatial
and temporal improvements of volcanic ash aerosols in the
chemical-transport model (CTM) MOCAGE (Modèle de Chimie
Atmosphérique à Grande Echelle), the operational air-quality
and fast-response model of Météo-France.
The chemical-transport model MOCAGE (e.g. Josse et al., 2004;
Sic et al., 2015) is a global model that has embedded nested
regional domains. In such case the lateral boundary conditions
for the smaller domain are provided by global or larger regional
domain. The nested domains are of the particular interest for the simulations of volcanic
eruptions where the region around a volcanic plume source can be modelled with high
resolution. MOCAGE simulates both gases and primary and secondary inorganic aerosols,
each aerosol type particle size distribution is divided into six bins, and in the case of
volcanic ash aerosols the bin boundaries are variable depending on the properties of
each volcanic plume and incorporate the fine-ash fraction of the total size distribution.
Discussion
The main uncertainty source in volcanic ash prediction is still the emission term: it is
necessary to describe as much accurately as possible the mass eruption rate of the
volcanic emissions and the initial vertical distribution of ash aerosols in the column. The
complex processes and scarce difficult-to-make observations of the volcanic plume
source have driven, in the first place, the development of the empirical
parameterizations, as the attempt to define the emission term in models. Such
parameterizations try to connect the height of the eruption plume (as the parameter that
can be readily be observed) and the mass of the eruption aerosols ejected into the
atmosphere. In the model MOCAGE, we use the Mastin et al. (2009) empirical relation
which is based on the Sparks et al. (1997) work. There are continuous efforts to improve
existent and to develop new parameterizations (Costa et al., 2016a). Some of downsides
of such approach is that the parameterizations do not answer on the question of the
aerosol vertical distribution in the eruption column, they do not or they include only
simplified description of the atmospheric conditions which influence the plume, and they
reflect important uncertainties of data on which they are based.
Another approach to estimate the source term in the models is to understand and model
the physical processes in the plume and their interaction with the atmosphere. The
plume rise models get increasingly sophisticated and can provide estimations of eruption
and plume source parameters. To improve the estimation of the ejected mass and the
particle vertical size distribution in MOCAGE we introduce the 1-D cross-section averaged
plume rise model FPLUME (Folch et al., 2015), which also takes into account the effects
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of meteorological conditions and of important physical processes like wet aggregation,
air and particle entrainment, particle sedimentation, etc. The FPLUME model is based on
the turbulent buoyant plume theory, it calculates the height of an eruption plume from
the eruption mass rate and the initial size distribution at the vent by solving the
governing equations, and it also outputs as a result the plume mass vertical distribution
and the height dependent particle size distribution for all levels till the top of the plume.

Figure 1. Mass vertical distribution of the initialized volcanic plume
obtained by the current and FPLUME model runs
Figure 1 shows the vertical mass distribution of the plume initialized in the CTM MOCAGE
obtained by the Mastin et al. (2009) parameterization and the presumed the uniform
vertical distribution from one side, and the distribution obtained by the FPLUME model
from the other side, for the case of 6 May 2010 eruption phase of Eyjafjallajökull. The
raw Mastin et al. (2009) relation initializes significantly more particles compared to the
plume rise model. This is also due to the fact that the estimated mass eruption rate
includes the sizes of particles that will be not a subject of the long-range transport, and
that will be sedimented rapidly after the ejection. Therefore, the initialization of the
plume mass should take this into account. In our test case, the plotted plume mass is
reduced two times compared to the original estimation. The results of plume rise models
in general show that the amount of rapidly removed particles from the plume is very
variable and it depends on the eruption type, initial size distribution, eruption phase and
external meteorological conditions and therefore, it is difficult to estimate it. On the
other hand, the FPLUME profile has initialized a significant mass only from the neutral
buoyancy level till the plume top. Also, as the FPLUME model simulates the evolution of
the size distribution, it outputs the fallout of each particle class, and it directly estimates
the mass of plume that will be initialized in the model for the dispersion in each level. A
physical process that can have a significant effect on the size distribution evolution is
wet aggregation of ash aerosols, and it is taken into account in FPLUME. It occurs in
presence of ice and liquid water and impacts the residence time and transport of the
particles inside the plume. Its influence on the relation plume height/mass eruption rate
is rather weak (Macedonio et al, 2016), but its effect on the dispersed plume mass is
important. In our test case, percentage of the mass eruption rate of the ash particles
that will be dispersed is 19% with wet aggregation, compared to 40.5% without taking
into account wet aggregation. In this case the wet aggregation is efficient as there is one
of favourable aggregation conditions satisfied (a liquid water section inside the plume
and presence of ice in upper parts of the plume). The occurrence of favourable
conditions is impossible to predict outside of the model, and a similar effect cannot be
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produced with an empirical reduction of mass eruption rate in conjunction with mass
eruption rate parameterizations, as usually done in the dispersion/CTM models.

Figure 2. Particle size distributions of the initialized volcanic plume
obtained by the current and FPLUME model runs.
Figure 2 shows the difference in the size distribution of the ash particles in the plume
that is initialized in the MOCAGE for the dispersion. On one side we have a prescribed
empirical size distribution that tries to reflect also the distribution transformation in the
plume (losing of large particles in the initial distribution due to sedimentation) and it is
estimated as a unimodal distribution. On the other side we have the FPLUME averaged
distribution (from the height dependent distribution) which is calculated to be a bimodal
distribution by the model. These final initialized distributions depend primarily on the
initial size distributions; but are also heavily modified by sedimentation and wet
aggregation. The observations show that particles can have unimodal or bimodal
distributions when are ejected from the vents, therefore we gave an important attention
also to the estimation of the initial size distribution at the vent. Instead of prescribed
distributions depending on the eruption type, we implement a semi-empirical
parameterization that estimates the distribution based on the plume height and magma
viscosity (Costa et al., 2016b) for the cases when the observed initial size distribution is
not available.
The comparison between the operational and the new configurations shows that
differences in the source term produce important differences in extent and
concentrations of the transported volcanic ash plumes. The dispersion extent is a lot
larger in the case of the uniform vertical distribution of the initialized plume compared to
the “Suzuki” shape of the plume calculated by FPLUME. But the case of the better
constrained plume shape is more sensitive to the uncertainties. The uncertainties on the
neutral buoyancy level can produce a very different transport of the ash particles. Both
approaches are readily used in models and their comparison and results confirm that
uncertainties of the volcanic ash modelling are considerable.
For that reason, for the further improvements, we explore the axis of combining models
with available Earth observation data in means of data assimilation in the framework of
the European project EUNADICS-AV. The project’s goal is the monitoring and
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assessment system for the estimation and the forecasting of the hazardous events, like
volcanic ash plumes, where the data assimilation plays an important role.
We evaluate the impact of observations on the plume characteristics by assimilating lidar
profiles (space-borne and ground-based) and satellite aerosol optical depth (AOD)
measurements in MOCAGE. The CTM MOCAGE has a data assimilation system based on
variational methods, described in details in Sic et al. (2016). Figure 3 shows the
comparison of a direct model output and the same field after data assimilation of AOD
MODIS observations. Data assimilation has an important impact on the prediction of the
volcanic ash plumes. The direct model run in our case has overestimated source term,
and data assimilation significantly influenced the extent and intensity of the plume. The
data assimilation impact is even more important when dealing with determination of
threshold values in concentrations. It is important to note the fact that when we
assimilate integrated quantities and when we talk about model uncertainties, it more
advantageous for the assimilation that the direct model makes an overestimation than
an underestimation in the terms of integrated quantity. For example, when talking about
spatial extent uncertainties, an assimilated AOD observation of the volcanic plume will
impact the whole vertical profile; if the volcanic plume is not present at all in the direct
model profile, assimilation will instead affect aerosols that are present, often at the
levels lot different than that one of the plume, and of different type. When assimilating
AOD observations, we deal with two types of integrations, the vertical one to get a
column, and the integration of all species and bins to get a total AOD.

Figure 3. The aerosol optical depth over Iceland and the Atlantic Ocean on
10 May 2010, simulated by the model direct run (left), simulated in MOCAGE by
the MODIS assimilation model run (middle), and assimilated MODIS
observations (right).
We have made modelling and assimilation efforts to improve results of the volcanic
plume predictions and our results confirm the significant uncertainties related to such
predictions. We show that the combined approach of modelling and data assimilation is a
necessary strategy in order to adequately improve the forecasts of hazards that can
impact the aviation safety.
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Introduction
Volcanic eruptions and volcanic ash clouds are still a major
obstacle of aviation (see e.g. Hufford et al. 2000, Prata and
Tupper 2009, Guffanti et al. 2013, Lechner et al. 2017 and
references therein). Although air traffic in Europe was not very
often affected by volcanism in the past 65 years, the recent
outbreaks of the Icelandic volcanoes Eyjafjallajökull and
Grimsvötn in 2010 and 2011 and following wide-spread air
space closures forced a revision of rules and a renovation of the
internationally accepted legal framework for civil aviation (ICAO
2012). In addition to that new national regulations were
established for the German airspace in 2013 and since then the
predictions and recommendations (''significant meteorological
phenomena" = SIGMETS) of Germany's national meteorological
service (Deutscher Wetterdienst, DWD) may overrule the forecasts of the Volcanic Ash
Advisory Centres (VAAC) at London and Toulouse. Air space closures over Germany are
finally issued by the German Aviation Control entity (DFS, Deutsche Flugsicherung)
based on the analyses of DWD
The crisis of 2010 also showed the need for an integrated approach which relies both on
observations and forecast capabilities. It was realized that only a combination of groundbased remote sensing instruments, in-situ measurements both at ground and in
aircrafts, satellite remote sensing and adequate modelling of ash dispersion will fulfil the
needs of aviation, in order to meet security requirements and to avoid otherwise major
economic losses of needless air space closures. Here we present the integrated system
which was developed and established during past years in Germany by DWD in
collaboration with the Karlsruhe Institute of Technology (KIT) and the Hochschule
Düsseldorf (HSD).
Policies for air traffic and air space closures
Before the volcano crisis of 2010 internationally accepted rules for civilian aviation were
as such that forecasts of volcanic ash in the atmosphere issued by the regionally
responsible VAAC were obligatory for national aviation control entities. Based on
experience a zero-tolerance policy was in place (see e.g. Campbell 1991), in order to
avoid any contact of aircrafts with volcanic ash during flights. The 2010 crisis showed
however that large areas over Europe, deemed to be ash contaminated by the forecast,
were not affected at all by volcanic emissions. As a consequence, and following
investigations of aircraft engine manufacturers, it was finally agreed that aerosol mass
concentrations larger than 4000 µgm-3 will cause ''no-go-zones'', i.e. the covered air
space is closed (EASA 2015). This means that the pure simulation and simple detection
of volcanic emissions in the atmosphere is no longer appropriate for decision makers.
Instead, the presence of volcanic ash must be confirmed by measurements and ash
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concentrations and corresponding error margins must be quantified, which is much more
challenging.
Ceilometer network and lidar observations
The measurement back-bone is DWD's ceilometer network which consists of 116
CHM15K (Lufft) instruments (as of October 2017) mostly located at synoptic stations in
Germany. The median distance between the instruments is around 40 km. Ceilometers
are laser-based active remote sensing instruments which are typically used for
''atmospheric ceiling'' i.e. the retrieval of the cloud-base height. Moreover, the cloud
coverage and the height of the planetary boundary height are routinely retrieved from
these measurements. From a technical point of view ceilometers are low-cost and low
energy lidar systems using a single wavelength (here:1064 nm) for atmospheric
profiling. The instruments are continuously operating (24/7 service) automatically. The
CHM15K recognizes clouds up to about 15 km in the atmosphere but a recent study by
Flentje et al. (2010b) showed that the instrument is also sensitive to aerosols in the
troposphere. A first application of a ceilometer-based retrieval of aerosol properties
during a volcanic ash episode is presented in Flentje et al. (2010a). The routine
operations of cloud or aerosol layer determination do not require a calibrated instrument
but the retrieval of physical aerosol quantities is only possible after calibrating the
devices. Calibration of ceilometers and the retrieval of aerosol properties needs however
access to instrumental raw data (25 MB/day). These are stored internally and
transferred in near-real-time to DWD's central facilities every five minutes.
The German network is complemented by two anchor stations equipped with a threewavelengths PollyXT Raman Lidar located at Hohenpeissenberg, Southern Germany
(Engelmann et al. 2016), and an autonomously operated backscatter UV-Lidar at 355
nm (Raymetrics LR111-D300) with a depolarization channel currently located at
Karlsruhe, South-West Germany, respectively, and AERONET sun photometers at DWD's
meteorological observatories Hohenpeissenberg and Lindenberg. The Lidar at
Hohenpeissenberg is transportable and in case of volcanic ash alerts it can be moved to
areas where volcanic ash clouds are present. Lidar-based aerosol parameters are more
precise than those from ceilometers and the depolarization information is used to
distinguish between different aerosol types, i.e. irregularly shaped aerosol particles
(dust, volcanic ash) from spherical particles. Hohenpeissenberg is an ACTRIS/EARLINET
station and applies therefore the quality control procedures and algorithms established
by EARLINET (Pappalardo et al. 2014), the European Lidar Network.
Retrieval of aerosol properties
A recent study by Heese (2010) showed that the attenuated backscatter coefficient can
be retrieved from ceilometer raw data, and especially the CHM15K, with reasonable error
margins. A more complex analysis of Wiegner et al. (2014) showed that combined
networks of ceilometers and Lidars are useful for detection and tracking of aerosol layers
and its four- dimensional structure. Retrieval of the attenuated backscatter coefficient
from instrumental raw data requires first a cloud-screening and secondly a calibrated
instrument. The uncalibrated backscatter intensities differ from instrument to instrument
due to performance, technical artefacts and retrieved aerosol parameters even from the
same atmospheric volume would therefore also be different. Ceilometers are either
calibrated according to Wiegner and Geiß (2012) or O’Connor et al. (2004). Assuming a
lidar ratio (extinction-to-backscatter) of aerosol particles allows the calculation of the
aerosol extinction and a further assumption of the extinction-to-volume ratio and the
particle density, e.g. both taken from the literature, further enables the calculation of the
aerosol mass concentration. The uncertainty of the retrieved aerosol mass concentration
will be of the order of a factor of 2 or higher.

P1-117

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
International embedment
Modernization of DWD's ceilometer network started already in 2008 and since then older
instruments with less sensitivity to aerosols are continuously replaced by the more
powerful CHM15K. DWD’s synoptic stations are further equipped with ceilometers. The
volcano crisis triggered also upgrades of ceilometer networks of other European National
Meteorological and Hydrological Services (NMHSs). In order to avoid national solo
attempts in Europe regarding especially the usage of ceilometers for aerosol profiling,
the European Meteorological Services Network (EUMETNET) took over the role of a
coordinating entity in 2013 and established the project E-PROFILE
(http://EUMETNET.eu/activities/observations-programme/current-activities/e-profile/)
lead by MeteoSwiss. The goals of this project are the harmonization of the cloud and
aerosol profiling instruments in Europe with respect to operations, the definition of a
common product data format and fostering the data exchange between the NMHSs in
Europe.
A central processing unit for instrumental raw data was recently established at the UK
Meteorological Office. A prototype system is running since 2016 which collects and
processes data from several national networks routinely and provides data and quick
looks of the attenuated backscatter. At the global scale the ceilomap web page
(www.dwd.de/ceilomap) offers access to instrumental quick looks of lidars and
ceilometers in near-real-time.

Figure 1. Combined ceilometer and lidar network in Europe (see at
www.dwd.de/ceilomap). Each symbol represents an instrument that is on-line
and offers quick looks of backscatter data in near-real-time (within 3 hours
after data acquisition).
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Aircraft measurements and satellite observations
In case of emergency, observing capabilities may be further enhanced on demand by insitu aircraft-based measurements of particles and sulphur dioxide performed by the
Hochschule Düsseldorf/Germany and enviscope GmbH, a private aviation company at
Frankfurt/Germany. Both aircrafts are equipped with aerosol instruments and sulphur
dioxide instruments, which may in case, parallel the ceilometer results and improve the
knowledge about the spatial distribution of volcanic emissions.
Satellite observations mostly based on the geostationary METEOSAT/SEVIRI but also
polar sensors (e.g. MODIS, IASI, GOME-2, TROPOMI) further complement the
observations at a larger geographical scale and especially under cloudy and foggy
conditions when ground-based remote sensing systems are limited.
Atmospheric dispersion modelling
Another major pillar of the integrated system is the prediction of volcanic ash dispersion
by ICON-ART (Rieger 2015). Among meteorological input data the model needs plume
height and source strength of a volcanic eruption as basic input for the dispersion
modelling. A global data base was established which contains basic information
(geographical coordinates, summit height above sea level, type of volcano, past
eruptions) about major volcanoes world-wide. In-situ aerosol measurements of aircrafts
may be ingested into the model, in order to improve initial information about volcanic
source strength, plume height, and particle size distribution which controls the
dispersion modelling.
The integrated approach
First-hand information and early warnings about volcanic eruptions typically stem from
respective sources e.g., dedicated web sites, reports of pilots and following issued
SIGMETs of NHMSs and VAACs, which are semi-automatically analysed. If available,
observed plume heights of ash clouds together with data about the erupted volcano from
the volcano data base are retrieved from the source material as input to ICON-ART for
initial predictions of the ash distribution in the atmosphere. Satellite retrievals are
analysed in parallel and provide first measurements of the spatial distribution of
emissions. Depending on the strength of a volcanic eruption the crisis management
group of DWD will be formally established and becomes the leading entity for all
activities related to the volcanic ash challenge. This group takes all decisions about
operations of instruments, web services, press releases and the announcement of official
statements.
Depending on available results and the geographical position of emissions the crisis team
at DWD may both authorise the Hochschule Düsseldorf and the enviscope GmbH to
perform in-situ aircraft measurements of the aerosol size distribution and sulphur
dioxide concentrations. These in-situ observations are available to DWD in near-realtime through an IRIDIUM-based satellite link. The measured size distribution and the
resulting mass concentrations are checked against the given concentration limits and
respective bulletins are issued. The aircraft data may further be applied to refine the
forecasts and to constrain the ceilometer-based mass concentration retrievals. The area
covered with volcanic ash, the shape of ash clouds and the mass concentration, the
ground speed of ash clouds, and the forecasts will trigger the decision about moving the
Hohenpeissenberg Lidar closer to approaching volcanic ash plumes.
Conclusion
The volcano crisis of 2010 has clearly shown that only a coupled system of observations
and model forecasts may provide acceptable results for aeronautics and aviation safety.
In contrast to 2010 we now may rely on a European network of profiling instruments
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over central Europe. Although uncertainties of single devices are still large, it is the high
spatio-temporal resolution of measurements that allows a much better representation of
the four-dimensional aerosol distribution. These measurements support model forecasts
and may indirectly improve input parameters to the model. Note that satellite
observations and in-situ aircraft measurements are also important for this task but are
limited in time and space (aircraft measurements) or may suffer, as well as groundbased measurements, from cloudy conditions.
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AUTOMATED AIRCRAFT OBSERVATIONS: THEIR IMPORTANCE TO FUTURE
AVIATION TRANSPORTATION OPERATIONS
By R. Petersen, B. Hoover, A-S. Daloz, L. Cronce, T. Wagner, S. Williams, R. Mamrosh,
R. Baker,
P. Pauley and N. Baker
(Presented by R. Petersen)
Presentation

Introduction
Every aspect of aviation operations, from arrival of passengers
at the airport, to flight planning and crew scheduling, to deicing decisions, to turbulence/icing avoidance and improving
fuel use, to aircraft arrival and passenger departures, can be
severely affected by weather, both locally and globally.
Numerical Weather Prediction (NWP) models will continue to
play increasing roles in improving international, national and
local aviation weather forecasts, as well as future air traffic
management and overall aviation operations. Observation of
many kinds, include those made automatically from commercial
aircraft, can play key roles in improving the consistency and
accuracy of these products. This paper reviews the impact of
past and future observations from the WMO Aircraft
Meteorological DAta Relay (AMDAR) program on operational
NWP forecasts at both regional and global scales. Examples of the use of the aircraft
observation in improving local aviation forecasts will also be included in the full
presentation.
Discussion
Tests conducted by numerous NWP centres for over 25 years have demonstrated that
high-quality and high-frequency AMDAR temperature and wind observations increase the
skill of forecasts at both regional and global scales and for both short- and mediumrange forecasts (Figure 1).

Figure 1. Left: Typical distribution of all automated wind and temperature
observations currently available over a 24-hour period from commercial aircraft
(left) and during take-off and/or landing (right) from 2014. Colours represent
altitude of reports (left) and report frequencies (right). Right: Historical
monthly average root mean square vector error (m s-1) for 24-h forecasts valid
from World Area Forecasts Centres (WAFCs) for the northern hemisphere using
the US NWS Global Forecast System (GFS) and the UK Met Office (UKMET)
global forecast model. Separate plots shown for wind speeds greater than 80
knots.
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Results show that aircraft data taken at cruise levels and during ascent/descent provide
important information for improving forecasts, both in terms of long-term average
performance and for individual events. Improvements in 3-48 hours forecast range occur
in forecast parameters that are most important to aviation (Figure 2). Additionally, they
have been largest in regions where the automated reports 1) are most numerous, 2)
cover a broad area, and 3) are available at multiple levels, e.g., made during aircraft
ascent and descent.

Figure 2. Impact of AMDAR Wind (top) and Temperature (bottom) observations
on 12, 24 36 and 48-hour forecasts at 100, 200, 300, 500 hPa and for
100-500 hPa layer average over Northern Hemisphere (left) and
North America (right).
Improvements in weather forecasts due to these data have already had major impacts
on a variety of aspects of airline operations, ranging from fuel savings from improved
wind/temperature forecasts used in flight planning to passenger comfort and safety due
to better awareness of en-route and near-terminal weather hazards.
In areas with denser data coverage aloft and abundant ascent/descent reports
(Figure 3), they have become the single most important data set for use in shorterrange, regional NWP applications. These automated aircraft observations also provide a
low-cost alternative for obtaining tropospheric profiles both in areas of diminishing
conventional observation and as a supplement to existing data sets, both in time and
space.

P1-122

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

Figure 3. Left: Impact of various data sources on 3-, 6- and 12-h RUC (fall
2006) and RAP (spring 2011) wind forecasts averaged between 850 and 150
hPa, expressed in improvement in RMSV wind error (ms-1). Right: Impact of
aircraft observations by forecast length. (Adapted from Benjamin et al. 2010,
2014).
A unique feature of AMDAR reports is that they provide both temperature and wind data
at the same locations and in profiles made during ascent/descent throughout the day,
thereby furnishing explicit 4-dimensional information needed for future NWP analysis
systems, including information about gradients of wind and temperature near highenergy jet stream regions. Most importantly, these in-situ reports can be incorporated in
the analysis systems with minimal effort, unlike many remotely sensed observations.
Tests of their impacts in other parts of the globe and as potential alternatives for “offtime” raobs will also be discussed.
Although global, ‘all-weather’ satellite microwave observations have the largest average
influence on medium-range global forecasting system (especially currently in the
Southern Hemisphere), AMDAR observations have become recognized as a critical
component of these systems around the world (Figure 4). Aircraft observations rank 3rd
in importance globally (especially in the NH) and contribute between 10-15% to 24-h
forecast skill improvement, with impacts extending to 48 hours and beyond. AMDAR data
are also the most cost effective, with benefit to cost ratios that are approximately
5 times better than any other observing system. For reference, automated aircraft
observations have an annual cost globally on the order of $6-8M (about 1/400th of the
annual cost of the total Global Observing System (GOS)).
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Figure 4. Left: Impacts of various observing systems using in UK Met Office
Global model on 24 hour forecast skill (Longest grey bars indicate greatest
importance). Right: Approximate measure of Cost Effectiveness of each
observing system calculated as Impact per unit Cost. (Longest blue bars
indicate most cost effective). [Derived from Eyre and Reid (2014). Note:
Because of large uncertainties in the costs for many of the observing systems,
readers should be careful not to draw quantitative conclusions about all
systems shown.]
Wind and temperature data, however, are not sufficient alone, since they don’t directly
improve our understanding of how smaller-scale humidity variations can affects forecasts
of humidity, clouds, precipitation and related phenomena that impact aviation. High
resolution moisture observations are now available from over 130 aircraft (primarily in
the US) using a new laser-based, Water Vapour Sensing System (WVSS) moisture
observing systems being deployed as part of the global AMDAR enhancement effort.
Evaluations of these new moisture-observing systems against operational rawinsondes
reports in the US show that WVSS observations both provide excellent quality
horizontally and vertically, even across sharp inversions (a critical factor in forecasting
the development of hazardous convection). Specific Humidity (SH) observations agree
with co-located RAOBs to within <1.0 g/kg and with minimal biases (approximately
0.15 g/kg – Figure 5a). In addition, the observations display remarkable consistency
between different aircraft (co-located SH RMS of <0.2 g/kg), indicating that WVSS
observations perform as well as, or better than, high-quality RAOBs (Figure 5b).
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Figure 5. (a): Comparison of WVSS observations to collocated US rawinsonde
observations from 2015. Vertical coordinate is scaled from earth’s surface to
200 hPa for all reports. (b): Variability (RMS, Solid) amongst pairs of nearby
WVSS observations sorted by separation distance (red) and time difference
(blue) intervals from the surface to 5km from 3 seasons of 2009-2010. Vertical
axis shows RMS differences in g/kg and horizontal axis shows 15-km distance
and 15-minute time co-location bins. Thin lines indicate linear fits to observed
differences, including projections to fits for perfect co-locations. Dashed green
line shows similar differences between WVSS and RAOB SH observations as a
function of time differences.
Forecasters have been able to readily incorporate WVSS reports (along with AMDAR
temperature and wind profiles) into their forecasting process. The value of these
observations in improving local aviation forecasts throughout the day will be shown for a
variety of short-range forecasts of a number of high-impact weather phenomena,
ranging from forecasts of fog and ceiling height to determining precipitation type and
improving severe weather outlooks.
The volume of WVSS data available over the CONUS has recently grown to a level that
can support data impact tests in NWP models. Results (Figure 6) have shown shortrange forecast impacts larger than from any other moisture observations, including
twice-daily RAOBs. Humidity forecast improvements like these are essential to enhance
prediction of both the timing and location of precipitation events, especially heavy
precipitation events that can affect airport operations. Other tests show that the impact
of WVSS reports over the US is statistically significant out to 66-hour forecasts.
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Figure 6. Relative contribution of different in-situ moisture data sources over
the CONUS in the US Navy Global Model during a 9-month period and shown as
percentage of total Forecast Sensitivity Observation Impact (FSOI) attributable
to each in-situ moisture source for a domain from 25°-50°N and 125°-60°W.
Left panel shows impacts of WVSS, RAOBs and all surface observations for full
period and two seasonal sub-periods, along with relative impact per individual
observation between WVSS ascent and descent profile reports for full period.
Right panel shows relative FSOI for 100 hPa thick layers.
Although the improvements attributable to WVSS observations have been concentrated
in areas of highest data availability, similar advancements are expected in other areas as
the spatial and temporal coverage of the reports increases globally. This will be
particularly important both in areas where the continuation of upper-air observing
programs are under budgetary threat and in forecast situations where additional
observations are needed to fill the time and space gaps between once- or twice-daily
RAOB launches.
Existing AMDAR observations are extremely cost effective, currently contributing only
about 0.25% of the expense of the global observing system (Eyre and Reid 2014), with
temperature/moisture/wind profiles typically costing less than 5% of a full RAOB launch.
Although these data do not meet all balloon-borne observing requirements (in particular,
data in and above the stratosphere are needed for both weather and climate purposes),
the availability of high-quality tropospheric profiles over land at space and time
resolutions not affordable using conventional observing systems offers a unique
opportunity for improving weather forecasts across the globe, including terminal and
weather hazard forecasts benefiting airlines. In order to assure continued improvement
in global and local NWP products essential for the full air transportations system in future
decades, programs should be supported which both increase the number of aircraft
providing humidity information and expand the AMDAR observing network into areas not
currently covered adequately.
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AND CLOUD CEILING ASSESSMENT DURING THE NIGHT USING DATA-MINING
ALGORITHMS
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(Presented by D. Bari)
Presentation

Introduction
Fog and low cloud ceiling are two meteorological phenomena
that result in reduced horizontal and vertical visibility. They
have strong impact on the safety of people as well as on
various economic (such as aviation, marine and road traffic)
and military activities.
From the observational point of view, spatial detection remains
very difficult where no local observations are available due to
the low density of synoptic meteorological stations; so
continuous data on local conditions is of a particular
importance and is an essential requirement for this purpose.
Thanks to their large coverage, high spatial resolution (3 km2)
and temporal frequency (15 min), geostationary satellite data
have been suggested as a possible source of fog and low cloud detection. Nevertheless,
derived satellite products have some limitations such as distinction between fog and low
cloud, and fog identification when it is obscured by the clouds (Cermak and Bendix,
2007).
Hence, many efforts are still needed to improve the spatial detection of these two
phenomena in order to minimize the uncertainties in terms of duration and localization.
As an alternative, supervised machine-learning techniques are used to discover patterns
in data and to develop associated classification and parameter estimation algorithms.
These data-mining methods, used in a Knowledge Discovery from Databases (KDD)
procedure, have been applied to the cloud-ceiling height assessment problem (Bankert
et al. 2004).
The main objective of this study is to evaluate the potential of Data Mining methods in
separately detecting fog and low cloud ceiling from satellite data and to estimate the
visibility and low cloud-ceiling height from ground-based standard meteorological
parameters and/or satellite data. The study domain covers the north-western part of
Morocco (Figure 1(a)). This region is a fog-prone area (Bari et al. 2016) and contains
many airports.
Methodology
To achieve the main objective of this study, hourly data from Meteosat Second
Generation (MSG) and conventional meteorological parameters, from 15 synoptic
stations, at night-time have been used (Figure 1(b)). The created database covers the
winter months (December, January and February) from January 2014 to February 2017.
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(a)

(b)

Figure 1. (a) Map showing the study domain covering the north-western part
of Morocco.
(b) Map showing the locations of the synoptic stations and their operating
schedule. Triangles refer to airports.
Satellite data consist of all infrared sensor channels at the four pixels over land that are
closest to the latitude-longitude of each synoptic station. In addition to brightness
temperature (BT) extracted from each infrared channel, the mutual differences of
temperature (BTD) between these channels have also been used. Thus, the following
derived satellite output are used: BT-IR3.9, BT-IR8.7, BT-IR10.8, BT-IR12.0, BT-IR13.4,
BTD-IR3.9-IR8.7, BTD-IR3.9-IR10.8, BTD-IR3.9-IR12.0, BTD-IR8.7-IR10.8, BTD-IR8.7IR12.0, and BTD-IR10.8-IR12.0.
The used standard meteorological parameters are temperature, dew-point temperature,
relative humidity, vapour pressure, total cloud coverage, lowest-level cloud coverage,
lowest-level cloud base height, visibility, present weather, wind direction, wind speed,
pressure, mean sea level pressure.
The KDD-produced algorithms consist of algorithms for detecting separately fog and low
cloud ceiling based on classification decision trees, and algorithms for estimating
visibility and cloud ceiling height based on regression decision trees. The classification
algorithms used satellite data only while the algorithms of estimation used a combination
of conventional meteorological parameters with satellite data. To develop the boosted
trees, XGBoost (Extreme Gradient Boosting), which is a scalable machine learning
system for tree boosting, has been used (Chen and Guestrin, 2016). In the tree
ensemble methods, we are learning functions (trees) instead of learning numerical
weights by additive training (boosting). To learn the set of functions used in the
developed model, we minimize a regularized learning objective:
Objective = Training Loss

+

Regularization

Where training loss term measures how well model fit on training data and the additional
regularization term measures complexity of the model and helps to smooth the final
learnt weights to avoid over-fitting. This approach aims to have predictive and simple
functions. In this work, XGBoost is used for supervised learning problems, where we use

x

y

the training data (with multiple features) i to predict a target variable i . The training
(75% of all data) and testing (25% of all data) sets have been created by a random split

P1-129

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
of all available data for all locations together and they verify the condition of equality
between the numbers of occurrence and no-occurrence of the studied phenomenon. This
is done to overcome the fact that the developed algorithms may converge on a solution
by which the largest class is always forecast (Fabian et al. (2007), Bari and El Khlifi
(2015)).
Regarding the detection of fog or low cloud ceiling, we constructed the target binary
attribute based on a combination of some meteorological parameters. Thus, an observed
fog is identified when visibility is below 1000 m and present weather ranges from 40 to
49 or is equal to 11 or 12. This is done to distinguish reduced visibility by fog from its
reduction by another phenomenon such as heavy rain. On the other hand, an observed
low cloud ceiling is defined as the lowest level that has at least a cloud coverage equal or
greater than 4/8 with cloud base height below 1000 m.
Results
The study domain covers the north-western part of Morocco, which contains 15 synoptic
meteorological stations (Fig. 1(a)). During night-time, only six stations, located in
airports, are operating during the whole night-time and the remaining stations operate
up to 5 hours (Fig. 1(b)). Over the studied period, the low cloud ceiling (64% of total
days, Fig. 2(b)) is more frequent than fog (21% of total days, Fig. 2(a)) over the region.
From a geographical standpoint, fog is often rare (frequency <= 5%) per each station
while low cloud ceiling frequency is greater than 20% and reached 64% for some
synoptic stations.

(a)

(b)
Figure 2. Climatology of days with (a) fog and (b) low cloud ceiling during
night-time. Frequency (%) is defined as the ratio of number of days with
phenomenon during night-time per total available days for each synoptic
station.

To evaluate the potential of the KDD-produced algorithms of classification and
estimation, the results of the data-mining experiments on the testing dataset are
presented below. Frequency bias (FBIAS) will be used to measure the reliability of the
developed models for diagnosis the two phenomena while per cent correct (PC),
probability of detection (POD) and false-alarm ratio (FAR) will be used to measure the
accuracy of the algorithms of detection. The equitable threat score (ETS) and true skill
score (TSS) are used as skill scores.
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It is seen clearly from Table 1 that classification algorithms have a frequency bias of
about 1 (the perfect score). In addition, classification of both phenomena was successful
with percent correct and probability of detection above 70% and false alarm rate below
30%. Using only satellite data, it is found that the performance of detection over the
entire study domain is slightly higher for fog (TSS=0.66 and ETS=0.49) than for low
cloud ceiling (TSS=0.41 and ETS=0.26).
Table 1. Fog and Low Cloud ceiling classification performance statistics on the
testing dataset
Phenomenon

FBIAS

PC

POD

FAR

TSS

ETS

Fog

1.01

0.83

0.83

0.17

0.66

0.49

Low cloud ceiling

1.02

0.71

0.72

0.30

0.41

0.26

To evaluate the generalization error of the developed model, the verification scores of
the unified model, applied to individual stations, have been investigated (Table 2). Four
airports are selected because they proved the high frequency of both phenomena. The
results show some limitations of the developed model in terms of localization, in
particular for low cloud ceiling detection. The worst results were obtained at Kenitra
station (WMOID: 60120, POD=0.49, FAR=0.51 and ETS=0.08). For fog detection, the
lowest probability of detection (=0.57) were observed at Sidi Slimane station (WMOID:
60136) while the worst TSS (0.3) were found for Kenitra station.
Table 2. Fog and Low Cloud ceiling classification performance statistics of the
unified model applied to individual station, on the testing dataset.
Phenomenon

Fog

Low cloud ceiling

WMO ID

POD

FAR

ETS

TSS

POD

FAR

ETS

TSS

60120

1.00

0.17

0.25

0.30

0.49

0.51

0.08

0.15

60135

0.75

0.19

0.47

0.63

0.61

0.35

0.20

0.33

60136

0.57

0.14

0.39

0.51

0.76

0.24

0.37

0.54

60156

0.79

0.14

0.27

0.45

0.84

0.25

0.21

0.32

To evaluate the performance of estimating the continuous parameter, correlation
coefficient (CC) is used to measure the relationship of the algorithm output with
observation, mean absolute error (MAE) and root-mean-square error (RMSE) are used to
measure the accuracy of the algorithms.
Table 3 summarizes the visibility and low cloud ceiling height estimation performance
statistics on the testing dataset. The lowest performance is related to estimation
algorithms using only satellite data. This shows clearly the complexity of estimating both
local meteorological parameters from remote observations. On the other hand, when
using local meteorological parameters with or without satellite data, the performance of
the developed algorithms is improved. Thus, the performance evaluation of the
continuous parameter’s estimation, on the testing set taking into account the
conventional meteorological parameters, indicates a mean absolute error of 675m (resp.
540 m) with a 0,96 (resp. 0,94) correlation and a root mean-square error of 1170m
(resp. 1070m) for visibility (resp. low cloud ceiling height).
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Table 3. Performance statistics of visibility and height of low cloud ceiling
estimation on the testing dataset
Parameter
Data source

Visibility

Cloud ceiling height

RMSE

MAE

CC

RMSE

MAE

CC

Satellite + Meteo

1167.81

676.92

0.96

1071.27

542.21

0.94

Meteo

1170.57

675.24

0.96

1120.68

596.42

0.93

Satellite

2659.25

1892.36

0.78

2448.38

1648.28

0.93

Conclusions
Motivated by aeronautical requirements for more accurate assessment of visibility and
cloud ceiling, an improved utilization of available observation data sources (local
meteorological parameters and satellite data) to detect separately fog and low cloud
ceiling and to estimate visibility and low cloud ceiling, using data mining methods, has
been developed.
The results analysis demonstrates the potential of using Data mining methods to develop
algorithms from ground-based and remote observations. The classification algorithms
well detect the fog and low cloud ceiling with a slightly higher performance for fog
detection. However, the developed model has shown some limitations in terms of
localization. The performance of estimation algorithms is higher when local
meteorological parameters are taking into account during the development procedure.
Since results have indicated that kDD-produced algorithms could be geographically
dependent, our future research will concentrate on the enhancement of the predictors
such as NWP model output and physiographic features (environmental conditions,
vicinity to ocean, etc.).
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OPERATIONAL USES OF SATELLITE OBSERVATIONS FOR AVIATION SUPPORT:
TODAY AND TOMORROW
By T. Wagner, R. Petersen and W. Feltz
(Presented by T. Wagner)
Presentation

Introduction
Satellite meteorology plays a significant role in support of
commercial aviation, with impacts on all phases of flight from
pre-flight operations to taxiing to the final gate. With many
flights operating over oceans or sparsely populated land
masses, there is a lack of conventional meteorological
observations throughout large portions of many commercial
aviation flight paths, especially along less-travelled routes. For
a significant fraction of all aircraft in the air at any given
moment, satellites remain the primary source of information
about atmospheric conditions along their routes. However, the
meteorological community is currently experiencing a
generational shift with respect to the capabilities of its
geostationary satellite platforms. With the recent launches of
Himawari-8 by Japan and GOES-16 by the United States, and
the forthcoming launch of the third generation of Meteosat by the European Space
Agency, improved temporal, spatial, and spectral resolution facilitates the development
and operational use of new algorithms that will greatly improve the ability of airlines to
plan for and react to a variety of atmospheric concerns over all parts of the globe. The
impacts of these new algorithms are further amplified by improvements in air/ground
communications, which enable greater access within the cockpit to real-time and
forecasted weather conditions than has ever been possible before.
The present work explores the ways that satellite products are currently being used for
aviation support and provides a look forward to how the new generation of data and
products may revolutionize the way that commercial aviation implements weather
information into their operations.

Figure 1. ProbSevere forecasts of the
probability of severe weather in a
developing cell in the central part of
the Florida Panhandle in the southeastern United States. This cell later
produced damaging winds and a
possible tornado
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Discussion
A key factor in operational forecasting for any weather-sensitive industry is situational
awareness. For the aviation sector, this includes recognizing the location and intensity of
hazards that can impact the safety of passengers and crew.
Severe convection is one of these major hazards. The finer spatial and temporal
resolution of the new generation of geostationary satellites enables forecasters to
monitor the evolution of convective activity in far greater detail than has even been
possible, with scans as frequently as every 30 s in certain environments. These data are
also used as inputs into products like the Cooperative Institute for Meteorological
Satellite Studies (CIMSS)-produced ProbSevere (Cintineo et al. 2014), a statistical
analysis that combines remotely sensed data with numerical weather prediction output
to predict the probability of severe weather in a given location with up to an hour of
extra lead time over conventional forecast methods. An example of a ProbSevere
analysis is shown in Figure 1. In this case, a developing storm cell has already been
identified and probabilities of the development of a tornado, damaging wind, and large
hail are shown at 14%, 77%, and 91%, with damaging winds (possibly from a tornado)
reported about 30 min later. ProbSevere is now being used regularly within the United
States National Weather Service but could also be optimized for private sector and
international use as well. Several other major operational hazards for commercial
airplanes include icing and volcanic ash, the latest satellite technology provides valuable
insight as well. Because different cloud types (including mixed phase, liquid, and
supercooled water) have different spectral responses at different infrared wavelengths,
multispectral imagers are now capable of identifying clouds with supercooled liquid water
droplets. Similar techniques are used to identify the position, height, and mass loading
of ash plumes; the results from this can be used to identify regions for aircraft to avoid,
as well as to accurately initialize dispersion models to forecast the evolution of the
plume.
Avoiding turbulence has long been an area of concern for commercial airlines due to
negative impacts on crew and passenger safety, as well as airframe durability. Clear air
turbulence has been a particularly difficult problem due to the fact that these events are
difficult to identify from visible or infrared satellite views or from the cockpit. In the past,
water vapour imagery has shown promise to indicate turbulent regions in the absence of
clouds, but the low spatial resolution of water vapour channels often made it difficult to
discern where turbulence was taking place. Today, however, the fine resolution enables
the identification of regions with standing waves and large eddies. An example of this is
shown in Figure 2. Fine-scale features present in water vapour imagery from Himawari-8
are enhanced with a high-pass filter to enhance the edges of the identified turbulent
elements, which are coincident with high eddy dispersion rates reports from an airplane
passing through the turbulent region, providing a validation of this technique. It is
important to note that this particular image was taken at night, and thus visual
inspection of clouds would be difficult to determine if turbulence is occurring. Imagery
like this can be used by flight planners and by pilots in the cockpit in order to avoid such
regions, and it can be used by pilots to allow passengers and flight crews to anticipate
imminent turbulence if it cannot be avoided.
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Figure 2. Water vapour imagery overlaid with on-board eddy dissipation rate
observations, indicating regions of high turbulence. Pink dots represent
overshooting tops.
Because of the unique environments in which commercial aircraft operate, they are
exposed to harsh operating conditions that can affect the efficiency of their operations
and the safety of their passengers and crew. These include extreme temperatures,
lightning, elevated ozone concentrations, and intense radiation. Satellite observations
can assist with the identification of all these features with low enough latency and
widespread enough coverage to be useful for aircraft operations. For example, soundings
retrieved from hyper-spectral infrared radiometers can identify and predict altitudes with
temperatures that are cold enough to affect fuel flow. New lightning products observed
from space can identify regions of intense convection far away from any land-based
network, enabling safe traverses of the ITCZ and other regions with significant
convection. The identification of tropopause folds and areas of increased ozone
concentration by satellite help planners to avoid these areas which may be hazardous to
passenger and longer-term crew health. Solar-pointing satellites identify solar flares and
assist space weather forecasters in determining if polar regions will have elevated levels
of harmful radiation.
Aviation also benefits indirectly from the assimilation of satellite observations into
forecast models. The overwhelming majority of data assimilated by models comes from
satellite, which has spatial and temporal continuity, that ground-based observation
systems lack. This is especially true over the oceans, where satellites provide nearly all
of the available information about atmospheric conditions. Numerous observation impact
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studies across many different domains and time scales have indicated that satellite data
outpace other observation systems in terms of forecast impact. For example, impact
tests for both the United States Global Forecast Systems (GFS) ensemble and the
European Centre for Medium-range Weather Forecasting (ECMWF) model showed that
microwave soundings from the Advanced Microwave Sounding Unit (AMSU) mounted
aboard polar orbiting satellites have a greater impact than any other observation,
including radiosondes and surface measurements (Oto et al. 2013, Dahoui et al. 2017).
More recent work utilizing the UKMET model indicates that the assimilation of satellitederived atmospheric motion vectors is becoming increasingly important for accurate
forecasts. These model forecasts are the backbone of the forecasting process and crucial
for airline operations.
Armed with these products and imagery, airline forecasters and flight planners will be
better equipped to deal with all phases of flight operations, from when passengers
arrived at their departure airport until they arrive at their final destination. Improved
forecasts brought about by assimilation of higher quality satellite data means that
airlines will better anticipate the adverse weather conditions that induce irregular
operations, shift flight crew schedules and change aircraft to other, less impacted
locations, resulting in fewer passengers being impacted by cancellations and
misconnections a well as better fleet management. Enhanced forecasts also result in
reduced fuel use as upper-level winds are better characterized in part due to the greatly
enhanced observations of winds over the oceans. The improvements in short-term
forecasting and situational awareness facilitate flight plans that avoid significant storms,
turbulence, and other hazards to people and property, while enhanced cockpit displays
and air-to-ground communications mean that pilots will be better informed about
situations that they will encounter during flight.
Satellites will also play an important role in the far future of aviation, such as assisting
autonomous cargo aircraft. Currently, CIMSS supports high-altitude, long duration
tropical storm observations with the NASA Global Hawk airframe. CIMSS forecasters use
GOES-16 and other satellite data to identify cloud top height, overshooting tops,
lightning, and other conditions to ensure safe operation of the aircraft in a difficult
environment. As autonomous operations continue to grow, these kinds of flight decisions
will need to increasingly rely on satellites to be the proverbial “eye in the sky” without a
pilot in the air. Some work has also been done to use aircraft to select flight levels with
enhanced moisture content in order to reduce (or selectively generate) contrails in
response to climate change. Satellite soundings will often be needed to help identify
these moist layers.
Over the next several decades, the aviation industry will rely ever more heavily on
satellite-based observations for its planning and operational needs. As part of this, it is
important that there be ongoing dialogue between the industry and the satellite
meteorology community. The researchers and scientists developing the products used in
aviation support need to know how those products are being used, what changes need
to be made, and what future tools need to be developed. With continuous
communication between industry, government, and academia, the efficiency of the
airlines and the safety of the billions of airline passengers worldwide will continue to
improve.
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AVIATION PURPOSES IN SOUTH AFRICA
By E. Becker, M. Gijben, S. Landman and M-J. Bopape
(Presented by E. Becker)
Presentation

Introduction
In an effort to improve nowcasting for aviation applications,
the WMO has initiated a research and development project
which started in 2015 – called the Aviation Research
Demonstration Project (AvRDP). The aims of the project are
to evaluate and improve on nowcasting techniques and
product in and around the aerodrome of the airports as well
as how to translate these nowcasting products to impact
based nowcasts (WMO AvRDP, 2015). High density airports in
different parts of the world were selected to take part in the
initial phase where nowcasting techniques will be investigated
and tested by means of various case studies. OR Tambo
International Airport (ORTIA) in Johannesburg, South Africa,
is one of the participating airports in this project, where
convective weather dominates. Different nowcasting
techniques related to convection will be investigated at this airport. The airport is
situated at 26°S and 28°E and lies at an altitude of 1694m above mean sea level
(AMSL). The airport is mostly affected by thunderstorms in the summer, with a rainfall
maximum in December and January. Hail occurs roughly 5 days per year in the
spring/early summer time (October to December). The South African Weather Service
(SAWS) operates a radar network of 14 radars with a Doppler radar (S-Band, 10cm
wavelength) just 25km North of ORTIA at Irene that provides reflectivity and velocity
information. A lightning detection network (LDN) of 24 ground-based sensors provides a
90% efficiency and 500m location accuracy of cloud-to-ground strikes country wide. The
SAWS also makes use of Meteosat Second Generation (MSG) data and products as well
as running a regional version of the Unified Model (UM) over Southern Africa including
Madagascar with a 4km spatial resolution.
Current Nowcasting Capabilities
The AvRDP project resulted in a thorough evaluation of the current nowcasting
capabilities at the SAWS. Radar reliability and sparseness in some regions – such as
large parts of the African continent – have made satellite derived products very popular
and useful. The Nowcasting Satellite Application Facility (based in Spain) developed
various tools, which can be very useful for the nowcasting of severe weather events. The
South African Weather Service runs the 2013 version of the software with input from the
MSG satellite and also with auxiliary input from the local version of the UM as well as
lightning data from the South African LDN to further enhance the performance of the
software. Current operational products from the nowcasting software at the SAWS
include: Cloud Type, Cloud Top Temperature, Convective Rainfall Rate, and Rapidly
Developing Thunderstorms (RDT). The latest 2016 version of the software is being
installed at the SAWS which will provide amongst others forecast tracks for the RDT and
a Convection Initiation product (Gijben & de Coning, 2017). Output from the UM is
further utilised through the development of a lightning threat index (LTI). The LTI gives
the probability of lightning occurrence over southern Africa and provides 3-hourly and
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daily forecasts for day 1 and day 2 (Gijben et al., 2017). In terms of utilising radar data
for nowcasting purposes, currently only the Thunderstorm Identification Tracking and
Nowcasting (TITAN) software is operational to track and forecast the movement of
thunderstorm activity (Wiener & Dixon, 1993)

Figure 1. An example of the Nowcasting SAF RDT product over South Africa.
The product has proven useful where there is no radar coverage.
Currently in development
It became clear that the advantages of radar data and Numerical Weather Prediction
(NWP) were not fully exploited at the SAWS for nowcasting applications. Recently the
focus has shifted towards improving in these areas. In order to improve the nowcasting
capabilities of SAWS the community version of SWIRLS (Short-range Warning of Intense
Rainstorms in Localized Systems), or com-SWIRLS was obtained from the Hong Kong
Observatory (HKO). The software produces a deterministic forecast using extrapolation
techniques from radar and satellite data (Li & Lai, 2004). Currently com-SWIRLS has
been setup at SAWS to run only with Irene weather radar data on a 400x400 pixel grid,
with a 1km spatial resolution. A two-hour lead-time forecast is produced every 6 minutes
with the completion of each radar data volume scan. Four case days were used to
evaluate the performance of com-SWIRLS over the ORTIA domain. The case days
includes the 21st of December 2015, the 26th of July 2016, the 26th of October 2016 and
the 2nd of November 2016. The skill (see figure 2) of the forecast shows a quick drop in
the first 2 hours lead-time. Very little skill is observed after 2 hours and zero skill is
observed after 4 hours lead-time. This is the typical skill observed with extrapolated
forecasts. The position of the advected precipitation forecasts always lagged behind the
observed precipitation for all case days evaluated. A recalibration of the advection
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algorithm could provide a way to increase the forecast skill that may be worth
investigating.

Figure 2. The graph illustrates the skill score for the com-SWIRLS extrapolated
forecast for up to a 6-hour lead-time. The Probability of Detection (Green),
False Alarm Ratio (Red), Critical Success Index (Blue) and Heidke Skill Score
(Black) are shown for reflectivity values greater than 15 dBZ (~0.2 mm/h).
Experiments with high resolution NWP models in an attempt to increase the forecasting
lead time to beyond the 2 hour extrapolated forecasts are being conducted. A mesoscale
version of the UM is under development by the NWP research group at the SAWS. The
dynamically downscaled regional domain will have ORTIA at the centre (-26.136S,
28.241E) with a resolution of ~300m with a 300X300 pixel grid. The model will have a
vertical resolution of 70 levels (model top at 38.5km) using a tropical configuration with
additional moisture conservation. The model is planned to be initialized by the GA
(Global Atmosphere) 4 times a day at 00, 06, 12 and 18 UTC with a lead-time of 36hours. The WRF model is also being investigated to determine whether it will be suitable
for high resolution runs over the ORTIA domain. The investigation will determine
whether the model can be initialized at hourly intervals and what resources and
infrastructure would be required to do so. A lead-time to between 6 and 18 hours is
being considered. A 300x300 nested domain with a grid resolution of ~500m is currently
being defined using a 3DVAR configuration.
Nowcasting Products for ORTIA
A close working relationship between the Aviation Weather Centre (AWC) forecasters,
Research and Development scientists and Air Traffic Management (ATM) departments
has been established. From discussions held, it became clear that there is a need for a
quick and easy way of interpreting the multiple sources of information for decision
makers at the airport. Two proof-of-concept products have been developed. The first, a
lightning proximity product, plots lightning strikes detected by the LDN on a google map
display that can be accessed with any device that can support a web browser. When
lightning strikes within a defined threshold from the airport, a visible change in the
colour of the range rings within the display is made. An automatic e-mail notification is
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also send out to key ATM staff. The second product is a thunderstorm tracking product
based on TITAN storm cell tracking. Using buffer zones (4, 15, 30 and 50 kilometres)
around the airport and the identified thunderstorm cells with their forecasted tracks
(lead-time of 10, 20, 30, 45, 60, 90 and 120 minutes) a table can be constructed on
whether the thunderstorms will move over the airport. The table will display 4 colours
(red, orange, yellow and green) based on the tracked cell’s speed and direction. An
illustration of how a tracked cell is represented is shown in figure 3. All current and
forecasted tracks are evaluated to determine whether they intersect with the buffer
zones around the airport. The highest rank colour is then assigned to the corresponding
buffer zone and forecast lead-time. The table provides an easy to interpret method on
whether the airport will experience a thunderstorm for up to a 2-hour lead-time. Figure 4
illustrates the thunderstorm tables with the corresponding radar images. At 13:35 (top)
on the 2nd of November 2016 thunderstorms were approaching the airport. The orange
colour at the 4 km buffer zone and 120-minute lead-time captured this. Two hours later
at 15:35 (middle) the table has turned red due the thunderstorm moving in over the
airport and at 19h23 (bottom) the table now displays green as they are moving north
and no longer a threat to the airport. Initial feedback from AWC forecasters and ATM
departments using these proof-of-concept products are positive and encouraging.

Figure 3. An illustration of how the tracked thunderstorm cell is represented in
the thunderstorm table. The red area represents the thunderstorm track. The
size of the circular buffer zone around the storm is the 2-hour lead-time
position of the tracked cell determined by the thunderstorm’s speed. The
orange area indicated the direction of movement with a ±30° offset from the
centre of the determined direction of movement. A buffer zone (~5km) around
the storm is also included. The yellow area is constructed in a similar manner
using an offset of between ±30° and ±60° from the direction of movement.
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Figure 4. An illustration of the thunderstorm tables for the ORTIA with the
corresponding radar images for the 2nd of November 2016. The ORTIA
aerodrome is represented by the blue circle just south of the radar (centre of
the images).
Discussion
The com-SWIRLS extrapolated forecast has demonstrated the benefits of a quantitative
radar nowcasts. A 2-hour lead-time of extrapolated nowcast has been running in realtime at the SAWS since mid-September 2017. The operational implementation of comSWIRLS for use by forecasters is aimed to be in place by the end of 2017. Development
and testing of both WRF and UM high resolution models will continue into 2018. The aim
will be to implement one or both operationally. The timelines for the operational
deployment of the models is highly dependent on available resources, which are limited.
Once the initial investigation into the performance of these models is concluded a clear
picture of exactly when the models can be implemented will be available. The obvious
next step once the WRF model setup is complete is to utilise WRFDA to assimilate radar
data into the WRF model forecast. Development to translate SAWS radar data into the
required WRFDA format has already begun. The aim is to ultimately produce a seamless
0 to 6-hour forecast through blending of the extrapolated forecasts with NWP forecasts.
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The thunderstorm tables have showed that it was possible to how sufficient warning
without the need to interpreting complex radar images. Although feedback and initial
investigation into the thunderstorm tables were encouraging, data will be collected and
stored until the end of the current thunderstorm season which will come to an end by
April 2018. The stored data will be used to follow a more objective validation approach.
If the results are favourable it may be useful to also represent the RDT tracks in such a
table format. This could have the benefit of being used as a backup when the radar is
not available or in other African countries with no weather radar coverage. Similar tables
using output from com-SWIRLS are planned to be developed and validated using
reflectivity (dBZ) thresholds for the different colour representation. Additional data such
as waypoints, aerodromes, flight paths, etc. available from South Africa’s Air Traffic
Navigation Services (ATNS) will also be implemented to provide further value-added
products. Meetings has been scheduled with the different ATM departments to discuss
the way forward to further develop these proof-of-concept products into impact-based
products that talk to the specific operational needs of each department.
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Presentation

Introduction
Enhancing the short-term forecasting system for the weather
phenomena and conditions with the greatest impact on aviation
operations represents an important endeavour for improvement
of the air navigation meteorological support which contributes
to the safe, efficient and regular aircraft flights.
One way of developing nowcasting systems is to integrate the
existing observation data and mesoscale high-resolution
models for the tasks of airport forecasting to support air traffic
control during take-off/approach and airport service operations.
This report describes a nowcasting subsystem based on an
automated remote temperature sensing and nowcasting
complex using the microwave profiler (MTP-5).
The complex ensures automated remote temperature observations in the boundary layer
of the atmosphere, as well as provision and visualization of observation data up to 10
km on:
•
•
•
•
•
•

air temperature;
anomalies of the diurnal temperature range (warm or cold advection);
temperature and potential temperature at standard pressure levels;
altitudes of typical isotherms;
value of the temperature gradient in the lower atmosphere (up to 100m);
inversion presence, type and characteristics (interceptive layers);

and automatic calculations for forecasts of the current weather phenomena and
conditions at the airport, such as:
•
•
•

fog probability;
cloud ceiling;
probability of freezing precipitation and icing.

The complex has been in trial operation in Pulkovo Airport (Saint-Petersburg) since
March 2017.
An extended data provision range and temporary extrapolation of observation data are
ensured through blending the results of measuring the temperature stratification in the
surface layer with the data of numerical models.
Implementing the blending technology provides an opportunity to reliably assess the
altitudes of typical isotherms that can be effectively used to identify meteorological
phenomena in radar observations.
High-frequency temperature profile measurements ensure real-time monitoring and
prediction of formation and destruction of inversions, their quantitative characteristics
and determination of the type and dynamics of both radiation and advection inversions.
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Preliminary results of the complex operation show that the implemented indication
technology for fog-related events of variable intensity allows successfully solving the
problem of short-range fog forecasting (with a justification of up to 98%). The
technology is based on the integrated use of surface observation data (dew point deficit
and wind speed) and a continuous high-resolution stream of data from MTP-5 (gradients
0-200m, 0-50m, 0-altitude of the interceptive layer). A high degree of accuracy of
algorithms for short-term fog forecasting is supposed to be ensured by adapting the
criterial parameters of the forecast on the all-season data set.
Among the features implemented in the automated remote sensing and nowcasting
complex is the position indication for possible icing areas. Reliable data on the surface
layer stratification obtained from MTP-5 provide an accurate assessment of the
possibility of aircraft icing which directly depends on the actual temperature profile.
In addition, since abnormal icing of aircraft can be observed under conditions of freezing
precipitation, a technology for predicting the phase state of precipitation based on data
of the surface layer temperature stratification is tested within the framework of the trial
operation of the complex. In particular, the analysis of MTP-5 observations (in particular,
the freezing rain in Moscow on November 10, 2016) showed that there is a potential
possibility of predicting the fine structure of surface inversions several hours beforehand
which provides an adequate assessment of the probability of ice rains.
The use of nowcasting technologies based on the atmospheric temperature sensing
performed by MTP-5 will ensure better planning of operations of airport services in
hazardous weather conditions and increase flight safety.
Instrumentations and data source
Usually it is difficult to determine the stratification in the upper part of planetary
boundary layer (PBL) and in the lower atmospheric layer using the traditional
observational tools.
Routine aerological data can be far from airport, and data obtained from sounding twice
per day is not enough to detect a fast process in PBL. Moreover, as a rule, the vertical
resolution of these data is insufficient to measure the inversion in the upper part of PBL.
At the same time, meteorological masts with the height of 200–500m are too unique and
cannot be installed at any place where the need in PBL monitoring arises. The new
generation of high-resolution (1km) weather forecast models now operating throughout
Europe promises to revolutionize predictions of severe weather and poor air quality, but
these data are still not accurate enough, especially in PBL fast dynamics.
Under these conditions, the remote sensing with the enhanced version of MTP-5
meteorological temperature profiler [1-3] allows solving the problem of the temperature
profile monitoring up to the height of 1000 m with high spatial and temporal resolution
(Table 1).
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Table 1. Meteorological Temperature Profiler (MTP-5) Specification
Parameter

Value

Radiometer frequency

56.6 GHz

Altitude range

1000 m

Displayed height interval

25-50 m

Measurement interval, minimum

5 minutes

Accuracy of temperature profile RMS error T[C] for
0÷1000 m (depends on the temperature profile type)

less than 0.25÷1.2

Error in determination of the height

25%

Calibration

self-calibrating

Figure 1. Example of the temperature field up to 10 km (with a part up to 1 km)
resulting from blending MTP-5 data and GFS data measured on April 29-30,
2017, when advection was present, and, as a result, fog has been observed.
The blending technology has been developed and implemented for aviation application
through utilizing high-resolution weather forecast models and direct measurements in
PBL by using MTP-5 data every 5 minutes.
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This technology ensures on-line temperature profiling with the data measurement height
of up to 10 km and complete monitoring of the temperature dynamics in the
troposphere. Moreover, the users have an opportunity to reliably assess the altitudes of
typical isotherms that can be effectively used to identify meteorological phenomena in
radar observations.

Figure 2. Diagram and photo of the MTP-5 installation in Pulkovo (ULLI) airport
in March 17, 2017.
The modified meteorological temperature profiler MTP-5 (produced by RPO ATTEX,
Russia, www.attex.net) was installed on the measurement site at Pulkovo (ULLI) airport
in March 17, 2017 (Figure 2). MTP-5 has a Pattern Approval Certificate of Measuring
Instruments Ru.C.32.002.A No. 45688. The profiler has been measuring temperature
profiles from the level of installation to the altitude of up to 1000 m regardless of
weather conditions. The instrument passed several international comparisons with
different alternative measurement systems: radiosondes, RASS, meteorological masts,
etc. [4-5]. Following the results of these comparisons and tests held in 2011, the
instrument has been included in the “Quality Assurance Guidance for the Collection of
Meteorological Data Using Passive Radiometers” issued by the U.S. Environmental
Protection Agency [6].
To solve task of nowcasting, numerical model data (GFS) and meteorological data from
Pulkovo meteorological station (METAR) have been applied. Data from the standard set
of sensors (air temperature, humidity, wind, and etc.) provided by НМР155D (as a part
of «KRAMS-4») have been used for calculations. The final solution for nowcasting taking
account all sets of data has been implemented through using specialized software
developed together with IANS Concern (http://www.ians.aero/)
Analysis of the results
Although numerical weather prediction models have been improved, predicting the fog
remains a difficult task due to its local nature and limited vertical and horizontal model
resolutions. The formation conditions for fog include humidity values, the atmospheric
stability indicated by the temperature gradient of the surface layer, and low wind
speeds. The FSI (Fog Stability Index), an empirical method originally developed in the
late 1970s by the US Air Force, could serve as a function combining all these indicators.
It provided better fog prediction than numerical models, according to Holtslag et al.
(2010) [7]. The empirical method for FSI calculation was applied to estimate the
possibility of fog nowcasting using the MTP-5 data. Its main advantage is that only four
variables are required, all of them available for analysis. The FSI is defined as:
FSI = 2 (T-Td) + 2 (T-T850) + W850

(1)

where T and Td are the temperature (ºC) and the dew point at 2m (ºC),
T850 and W850 are temperature (ºC) and the wind speed at 850 hPa respectively.
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The parameters included in (1) characterize:
•
•
•

humidity (T-Td)
stability (T-T850)
wind (W850)

It is generally accepted that FSI <31 indicates a high probability of the fog formation, 31
<FSI <55 implies a moderate risk and FSI> 55 assumes a low risk of the fog. The fog
formation is favoured by high humidity (T-Td), stable atmosphere with weak mixing (TT850) and low wind speed without mixing (W850 has small values).
It should be noted that the method has been developed on the basis of radiosonde data
and is used with the results of numerical simulation. In both cases, temporal highresolution and high-density data for PBL were not available. In the report the task was to
adapt the FSI principles to the advantage of the temperature profile measurement every
5 minutes with the ability to have information on characteristics of high-resolution
inversions. Thus, the objectives of this study are to:
•
•
•

Estimate FSI in local conditions of Pulkovo Airport,
Use FSI with MTP-5 and numerical models data,
Optimize FSI for Pulkovo Airport.

The adaptation of generalized FSI-type criteria to the conditions of a particular airport
allowed having a reliable solution for short-term fog forecasting. The conducted
experiments showed that the use of the FSI parameter with continuous MTP-5 data,
adaptation and optimization to local and seasonal conditions to identify fogs of varying
intensity turned out to be generally successful.
While applying the FSI parameter on this data series, the dynamics of the dew point
deficit (tend to and/or stand at a level close to 0) against the background of gradient
dynamics in the 0-200 m layer should be taken into account and the gradient of the 0-50
m layer should be considered. The analysis carried out on the available data series
showed that the short-term fog forecasting problem can be successfully solved
(justifiability of up to 98%) through the complex use of surface observation data (dew
point deficit and wind speed) and data on temperature sounding of the surface layer of
the atmosphere (0-200m, 0-50m gradients, 0 is the height of the back-up layer).
To ensure high justifiability of algorithms for the short-term fog forecasting, it is
necessary to adapt the criterion parameters on the all-season data set.
‘Ice Rain Forecasting’ report presents analysis results for temperature stratification
dynamics in the surface layer during ice rains. Ice rain is formed, when inversion layer
with positive temperature is present above the surface layer of cold air. The analysis of
data available on temperature stratification dynamics in the surface layer during ice
rains has shown that elevated warm inversions typical for this precipitation type are
quite stable which makes it possible to predict this precipitation type several hours in
advance from observations of the surface temperature field.
The work was partially supported by the Russian Foundation for Basic Research under
Project 16-07-01072.
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METEOCUBE
By T. Bazlova, N. Bochernikov and A. Solonin
(Presented by T. Bazlova)
Presentation

Introduction
Nowcasting is usually applied as a tool to generate prognostic
information with lead times of several hours for use in the
issue of time-critical weather warnings. It addresses both
severe weather phenomena and significant weather changes
at local level. Nowcasting is applicable for meteorological
providing of aviation, highways, cities, and special events of
public interest like Olympic Games. Generation of accurate
and timely nowcast products is a basis of early warning
automated system providing information about significant
weather conditions for decision-makers.
Nowcasting systems MeteoTrassa and MeteoExpert have been
developed at IRAM (Institute of Radar Meteorology) and
implemented with the aim to support road authorities for
decision making in winter weather situations (Bazlova et al. 2014), to provide
information for forecasters and decision-makers of the Olympic Game (Kiktev et al.
2017, Bazlova 2014), and to enhance airdrome situational awareness for aviation
forecasters, airdrome maintenance service and decision-makers (Bazlova et al. 2016).
The MeteoTrassa system has been operational since 2011 at the Ring Highway around
St. Petersburg, and since 2016 at the Western High-Speed Diameter in Saint-Petersburg.
Road weather forecasts are extremely important and helpful for those responsible for
managing the highways to optimize their winter maintenance activities to keep road
users safe. It is vital for road maintenance decision-makers to have warnings of hazards
like ice beforehand, so they can apply precautionary treatment. The MeteoTrassa
transmits all required meteorological data including 4-h forecasts of surface state to the
Intelligent Transport Systems (ITS) to ensure optimal traffic management.
The MeteoExpert was one of the six nowcasting systems of the FROST-2014, which was
approved WMO WWRP project. The system was operational at the Main Operations
Centre of Sochi-2014 Olympic Games. It generated pointwise time series of
meteorological variables for five Olympic venues in mountain cluster with 4-h lead time.
Nowcasts have been verified against actual observations at the sites where automatic
weather stations (AWS) exist with a particular emphasis on low visibility, most critical for
open-air competitions and relevant for helicopter landing and take-off (Bazlova and
Bocharnikov 2017).
Nowcasting systems give relevant information support to aviation forecasters, airdrome
maintenance service and decision-makers at airports with high traffic and/or many cases
of high impact weather events. The nowcasting systems of IRAM operate 24/7 within
three years in two airports at Russian Federation (Irkutsk and Pulkovo) and provide
location-specific forecasts with an update cycle of 10 min and lead time of 4-6 h. The
systems performance is presented in this paper.
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Methodology
A methodology of nowcasting is based on local observations, an adaptive assimilation
scheme, and numerical atmospheric boundary layer (ABL) model. All available data
sources can be used including the following: aviation weather observation station
(AWOS), AWS, weather radar, AMDAR, temperature profiler, road weather station
(RWS), and satellite. Weather radar is one of the most important data sources in
nowcasting. Radar data mosaics is useful source of information about the location and
extent of convective weather. Fuzzy logic is applied to recognize convection and
associated phenomena. A real-time radar–based algorithm has been developed to
nowcast precipitation including its rate and type at spatial resolution of 1 km and
temporal resolution of 10 min. A combination of three methods is employed to estimate
precipitation movement: a cross - correlation tracking method, averaged Doppler
velocity, and prognostic wind at a level of 700 hPa.
For a model to be applicable for operational use it must be reasonably accurate,
relatively simple to implement, economical to run, and lead to stable calculations. The
1D ABL model is designed to represent the evolution of vertical proﬁles in the lower
atmosphere induced by the land-atmosphere coupling and associated exchanges of
energy and momentum taking place along the vertical axis. Under horizontally
homogeneous conditions, and assuming incompressibility, the momentum, water
conservation and thermodynamic equations in terms of potential temperature, specific
humidity and wind components are written. The k-ɛ turbulence closure scheme is used
which is based on the prognostic equations for turbulent kinetic energy and eddy
dissipation rate. It enables reasonable predictions for turbulent flows. The surface
temperature is modelled with a force-restore equation, where the soil flux at the surface
is given by the surface energy balance. The net radiation flux at ground level is
parameterized in a simple way including the incoming solar radiation flux on the inclined
surface, the incoming long-wave radiation in terms of effective air temperature and
cloud cover, and the outgoing long-wave radiation from the surface in accordance with
Stephan-Boltzmann law. The differences between the surface temperature and humidity
and their values at the roughness level are taken into consideration using the
parameterization in terms of the Reynolds number and flux scales.
The lower boundary conditions are formulated with the aid of the Monin-Obukhov
similarity theory for the atmospheric surface layer and its advanced version for the
stably stratiﬁed ABL (Zilitinkevich and Esau 2007). The upper boundary conditions are
set in accordance with GRIB-coded data from NWP model. Measurement data are used
to set as initial conditions. The model run for each point where AWOS or AWS is installed
and provide fast and stable calculations. Forecasts are generated with an update cycle of
10 min and lead time of 4-6 h.
Surface temperature and vertical profiles of the following meteorological parameters are
simulated: air temperature, wind speed and direction, dew point, turbulence kinetic
energy, and eddy dissipation rate. The cloud base height (ceiling) forecast is based on
air temperature and humidity forecasts and the latest observational data. It is defined as
the lowest level at which the humidity exceeds critical value. Visibility declining is caused
by radiation extinction connected with the presence of aerosol, fog and precipitation.
Visibility range is in inverse proportion with the extinction coefficient of atmosphere. In
the absence of precipitation, it is in the exponential dependence on relative humidity.
Visibility parameterization has been developed in terms of temperature, relative
humidity, precipitation rate and type.
The systems
Operations at Irkutsk airport are significantly impacted by low visibility caused by fog.
The nowcasting system MeteoExpert has been implemented at the airport since August
2014 to provide the Aviation Meteorological Centre (AMC) with 0-6 h forecasts of
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weather conditions including low visibility. Data input is used from AWOS (every 1 min)
and three additional AWSs (every 10 min). Additional stations have been installed at
fogging sites in the vicinity of the airdrome (radius of ~5 km) for anticipating advection
fog and estimating the onset of fog at the airdrome terminal area more accurately.
Forecasts for four locations and common forecast for the airdrome are provided.
At Pulkovo airport more detail information is required in order to ensure the effective
maintenance in winter and to improve the airport capacity. The nowcasting system
MeteoTrassa has been installed in 2014 to provide the airdrome service with a vital data
for runways and taxiways maintenance. Particular emphasis is placed on the information
on icing at the surface and precipitation onset. This information helps airdrome service
to react to hazardous weather in time and to initiate preventive works. Measurements
(including runway surface parameters) together with 4-h forecasts of icing at the surface
and precipitation are provided by the system.
Next installation of the nowcasting system MeteoExpert is started at Pulkovo in
November 2017 and is planned to be operational since 2018 to provide the AMC with 4-h
forecasts of visibility and ceiling as most critical parameters for the airport operation.
The 4-D MeteoCube
Measurements and forecasts are visualized on screens of workstations and the
MeteoCube website. The 4-D MeteoCube was designed at IRAM in accordance with the
ASBU concept of the 4-D database of MET information as the best choice to ensure that
accurate and timely weather data would be integrated into operational decision making.
The MeteoCube contains continuously updated weather observations (standard and nonstandard data, ex. data from RWS), high resolution forecast information (conventional
data from NWP models), and observations and forecasts of parameters relevant to
aviation (convection, visibility, ceiling, icing on runways). Dual polarized data are used to
derive weather radar products. The database resolution is high. Quality control
algorithms are applied to ensure the correct outputs.
Verification
Site specific forecasts produced by the systems have been verified against actual
observations at the sites. Verification involves investigation of the properties of joint
distribution of forecasts and observations for each 10 min. Data from AWSs are
employed as a reference. Thresholds are chosen that are directly relevant to the
customers. Criteria of accuracy correspond to operationally desirable accuracy of
forecasts (Annex 3 ICAO).
Results of visibility forecast verification (under the threshold of 1000 m) over three years
for the Irkutsk airport are presented in Fig. 1 in terms of Proportion Correct (PC), Hit
rate (H), Miss frequency (Miss), Extremal Dependency Index (EDI), and Symmetrical
Extremal Dependency Index (SEDI) (Jolliffe and Stephenson 2003, Ferro and
Stephenson 2011). Onset time accuracy for hi-impact events is also estimated. Fog
onset time forecast accuracy for nine months of 2017 has been calculated: standard
deviation is equal to 26 min, and mean error is of 2 min. The system contributes to
Terminal Aerodrome Forecast (TAF) quality improvement. According to official TAF
verification, Percentage Correct of visibility forecast at the AMC Irkutsk has increased
4.2% per first year of the system operation.
Accuracy of precipitation onset 2-h forecasts at Pulkovo has been calculated for summer
2017: standard deviation is equal to 12 min, and mean error is of -3 min. Percentage
Correct of 4-h forecasts of icing at the surface is of 92%.
Objective verification facilitates improvements. To improve the quality and the usage of
the forecasts, the data processing algorithms (from the input data up to the output
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products) is constantly under development based on the verification. Fig. 1 shows the
reasonable accuracy of the forecasts and the gradual increase of forecast accuracy for
the operation period.

Figure 1. Visibility forecast verification
Conclusion
The nowcasting system is a subject of a piecework production and is specifically tailored
to the airport needs. Impact weather events are to be taken into account which are most
critical for the airport. Based on the verification results it can be concluded that the
nowcasting systems give real support to aviation forecasters, airdrome maintenance
service and decision-makers at the airports. Development of the systems is the process
of making algorithms gradually better, and technical equipment of airports more diverse
and advanced.
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Presentation

Short abstract
The next generation of global aviation weather hazard
forecast guidance will be probabilistic in nature and based on
merging ensemble forecasts from multiple global weather
prediction centres. This will satisfy the requirements set forth
by ICAO and WMO in their Aviation Systems Block Upgrades
(ASBUs).
A methodology was developed for calibrating and merging
ensemble forecasts from multiple sources to create a
globally-harmonized, gridded, probabilistic weather hazard
forecast guidance for strategic use in planning of
transoceanic flights. At present, the methodology is exercised
in a real-time prototype using a North-American combination of ensemble forecasts
produced by the United States (GEFS) and Canada (CMCE) with a focus on convective
storm hazards, although the approach is applicable to other aviation weather hazards as
well. The assessment is based on a global precipitation product (CMORPH). The
presentation will discuss the methodology and results from offline studies that evaluated
various aspects of the merging and calibration, including trade-offs between
combinations of ensemble forecasts from the United States, Canada, United Kingdom,
and the European Centre for Medium-Range Weather Forecasts.
Looking ahead, the ever-increasing spatial and temporal resolution in numerical weather
forecasts will benefit future prediction of global aviation weather hazards, as the relevant
atmospheric processes get better resolved and the operational models evolve towards
mesoscale ensemble forecast systems covering the globe. Remaining challenges include
the difficulty of defining an aviation weather hazard truth (what should be avoided for a
variety of reasons) and collection of relevant data for forecast assessment and
calibration; trade-offs between forecast reliability, resolution and sharpness; ensemble
size and scalability; and issues with bandwidth for distribution of data.
Disclaimer: This research is in response to requirements and funding by the Federal
Aviation Administration (FAA). The views expressed are those of the authors and do not
necessarily represent the official policy or position of the FAA.
Extended abstract: Not available at time of publication
___________
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APPLYING STATISTICAL TOOL CLIPER FOR FORECASTING VISIBILITY AT
AIRPORTS
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Presentation

Introduction
One of the biggest challenges in meteorology is predicting fog.
The theoretical background of processes in fog formation,
maintenance and dissipation is well understood and the
availability of measured data at airports is very extensive.
Aviation meteorology has a special interest in visibility forecasts
at airports since low visibility and low ceiling can cause
significant problems to air traffic. Locally on airport, the
operations can be severely limited or even completely
prevented due to fog lasting from one hour to even several
days. It can also be an excluding factor to all planned flights in
visual flight conditions when visual contact to ground is
required. Although advanced technology used in aviation can
bypass the majority of problems caused by fog, conditions in
which air traffic is limited are still not rare. Additionally, when compared to other
significant weather phenomena, such as thunderstorms or windstorms, fog occurs more
frequently and usually lasts longer. Standard airport forecast products that are used for
air traffic planning are: Terminal aerodrome forecast (TAF) for 9, 24 or 36 hours in
advance and TREND forecast for conditions in the following two hours.
The forecasting of low visibility and ceiling is easier for larger mesoscale area in products
like the significant weather chart for low levels. On the other hand, forecasting fog at
airports is very demanding due to several reasons. First, forecasting fog for a single
point is very hard because of its meso- and micro-scale nature. Conditions leading to low
visibility and ceiling are also changing in time, especially in nonhomogeneous surface,
terrain, or turbulent mixing conditions. Second, TAF forecast time range is usually 24
hours, with hourly time steps. Related to this is significant interest of users for the
punctual forecast of fog onset and dissipation, which is very challenging. Third, the
criteria used for the inclusion of change groups forecasted in TAF and TREND forecasts
are very demanding. The visibility thresholds of 150, 350, 600, 800, 1500, 3000, 5000
m and the ceiling thresholds 100, 200, 500, 1000 and 1500 ft are very hard to meet,
especially in the TREND forecast. At the end, operationally desirable accuracy of
forecasts stated in ICAO Annex 3 Attachment B are also rather strict with, e.g. allowed
forecast visibility deviation less than 200 m in 90 % of cases for visibility up to 800 m.
All of mentioned properties reveal significant challenges regarding forecasting fog
conditions for the aviation.
Discussion
Several approaches are used to operationally forecast reduced horizontal visibility due to
fog. Usage of models, post processing and statistical tools (or combination of them) are
the most common ones. In Croatia Control we implemented CLIPER - a simple statistical
model for probabilistic short-range forecasting (nowcasting), which was proposed by
Juras and Pasarić in 2006. In the process of visibility forecast evaluation, climatology,
persistence or some random forecast are usually used as a reference forecast. Following
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Gringorten (1972) and Murphy (1992), Juras and Pasarić suggest that this method, as a
combination of climatology (CLI) and persistence (PER), could be applied as a reference
forecast for visibility forecast evaluation.
Present visibility is related to climatological visibility distribution for the present hour and
month. The corresponding percentile of visibility, in its equivalent normal distribution, is
slightly moved from starting percentile to the median during the following hours,
depending on strength of the correlation coefficient between the hours. CLIPER forecast
of visibility is given for the following 9 hours. Additionally, the probabilistic CLIPER
forecast values are made by interpreting percentile ranges.
Together with the information of persistence (PER) forecast of visibility (which is
basically forecasting the same percentile in equivalent normal distribution), this method
should be a helpful tool to operational forecasters, especially in conditions of low
visibility. The method is rather easy to apply to all airports with METAR (routine
meteorological reports) databases.
In Croatia Control, operational forecasters use the so called ‘Fog Panel’, which is an
extended graphical representation of the basic method. It consists of several graphs
which show present and recent observed visibility and climatological distribution. In
addition to the median forecast of visibility, 50 % and 80 % confidence intervals are
shown as well to provide a measure of the forecast uncertainty. An example of a ‘Fog
Panel’ is shown in Figure 1.
The results of subjective verification of forecast for the last fog season at Zagreb Airport
show very good results, considering the known limitations. The best results are obtained
in all situations which show rather usual behaviour of weather, such as fog in
anticyclonic situation. The dissipation of fog is well forecasted, especially in situations
when clear radiation from the sun is expected after sunrise (in period from February to
October). On the other hand, the onset of fog is very challenging due to the method’s
limitations - the forecasted visibility always tends to regress to the median value.
However, forecasting the fog onset with persistence (PER) shows better results,
especially when starting visibility is in range from 1000 - 5000 m, meaning that the
process of fog formation has already started. This method has limitations in recognizing
changes of visibility for fog that was formed from stratus (lowering base), and fog that
was advected.
Together with observations and NWP models, this statistical method complements the
visibility nowcasting methods. Using the critical judgement of each weather situation and
knowing the (dis)advantages of each forecasting material, the forecaster provides added
value in forecasting low visibility at airports.
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Figure 1. Fog panel for Zagreb airport for 4th of November 2016, at 0500 UTC.
Upper left figure shows the CLIPER forecast in the following nine hours, starting from the
actual visibility of 100 m. Bold red line is CLIPER forecast together with confidence
intervals (yellow and green area bounds 50% and 80% confidence intervals,
respectively). Cyan line shows forecast following persistence (PER), visibility values
which follows same percentile in equivalent normal distribution.
Upper right figure is the visibility nomogram, which clearly relates observed values to
the climatological distribution. X-axis depicts time during day (00:00-23:30) and Y-axis
is equivalent normal deviate from visibility. On the right axis, derived frequency is
shown. Lines represent cumulative frequency of visibility. Red dots represent measured
visibility from previous three hours. The extremes of the sunrise and sunset in present
month are depicted with yellow dots.
Lower left figure shows the variability of CLIPER and PER forecast from last five visibility
values. Spread in the results is a measure of confidence of methods due to variations in
equivalent normal deviate.
In previous three figures, black dots show verified measured values during time of
CLIPER forecast.
Lower right figure shows the comparison of some basic meteorological variables during
recent 30 hours. Thick lines show the values of visibility (red), temperature (blue) and
dew point (green) during the last six hours. Dotted lines show the same, but for previous
24 hours.
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POTENTIAL OF POLARIMETRIC RADAR OBSERVATIONS FOR AIRCRAFT ICING
DETECTION?
By C. Augros, M. Lecocq and N. Gaussait
(Presented by C. Augros)
Poster

Short abstract
Polarimetric ground radars have become more and
more popular in the past 10 years and are now
deployed operationally in many developed countries
(USA, UK, Germany, Japan, France, …). The
particularity of these radars is to emit
electromagnetic waves at both horizontal and vertical
polarizations, which enable them to better
characterize the properties of hydrometeors.
At Météo France, the use of polarimetric observations
was proven to be very useful so far to discriminate
non-meteorological echoes, to correct for attenuation,
to better estimate rain rate and to identify
hydrometeor types. However, using differential
reflectivity (Zdr) or specific differential phase shift
(Kdp) to characterize cold micro-physical processes is
still a challenge. These variables have generally low
values above the melting level, and the accuracy of the operational measurements is too
poor for localised estimations of Zdr and Kdp.
Nevertheless, previous studies have examined the polarimetric signatures of different
cold microphysical processes. In particular, the polarimetric signatures encountered in
the presence of supercooled liquid water (SLW) were investigated and led to the
development of an icing hazard algorithm at NCAR (Serke et al, 2015). This algorithm
includes several modules permitting the detection of freezing drizzle (Ikeda et al, 2009),
SLW (Plummer et al, 2010), or mixed phase (Williams et al, 2011). In the SLW module,
the icing hazard is higher when Kdp and Zdr have very low values, following the
conclusions of Plummer et al (2010) who found that the mean values of Kdp and Zdr
were slightly greater in regions of ice-only compared to mixed-phase (supercooled liquid
and ice particles). However, Williams et al (2011) suggest that the coexistence of SLW
and ice particles can also be characterized by relatively large Kdp and Zdr values, if the
crystals grow as dendrites. This is consistent with the study of Grazioli et al (2015), who
explained that the presence of SLW layers (and riming) could be characterized by an
enhancement of Zdr above the layer and by an increase of Kdp in this layer, due to the
riming of supercooled drops on oblate crystals.
In that context, the objective of our study is to evaluate the potential of polarimetric
observations for aircraft icing detection, and to develop our own icing detection
algorithm adjusted to our radar observations. For that purpose, we have used a large
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data base of icing in-situ observations from two airlines to calculate distributions of Zdr,
Zhh, Kdp and other associated parameters (spatial textures, standard deviations) for
icing versus non-icing cases. Our first results show that Zdr values are lower in average
in icing regions compared to non-icing ones, which is coherent with the findings from
Plummer et al (2010). It is more difficult to use Kdp for icing hazard detection as Kdp
distributions for icing and non-icing conditions tend to overlap.
The global statistical analysis of the polarimetric parameters will be shown and a case
study with strong SLW will also be presented. Eventually, the performances of our icing
detection algorithm will be presented.

___________
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ICE RAIN FORECASTING BASED ON MEASUREMENT DATA FROM MTP-5
TEMPERATURE PROFILER
By N. Baranov and E. Miller
(Presented by E. Millar)
Poster – Not available at time of publication

Short abstract
Winter weather phenomena remain one of the essential factors for both flight safety and
economic efficiency of the air transport system. Among these phenomena ice rain stands
out as this weather condition results in abnormal icing of the airliner hull due to the
presence of large supercooled drops in the atmosphere. In addition, freezing
precipitation increases the work load for airport services preparing aircraft and airfield
for flight operations which can lead to delayed flights.
According to studies (in particular, the general report by Vaisala on the application of
aerological sensing data for identification of the precipitation type), the phase state of
precipitation is determined by the temperature profile. However, numerical modelling
does not allow obtaining sufficiently accurate data on temperature profile dynamics in
the surface layer in view of spatial resolution limitations in the models. The increase in
the forecast reliability through radio sensing data assimilation does not produce a
significant effect as well, due to longer time intervals between observation data.
At the same time, effective instruments for remote temperature profile sensing currently
exist that provide high-frequency data with spatial resolution by altitude.
The present report describes the technology of using temperature sensing data for a
short-term forecast of the precipitation type based on the actual observations using
MTP-5 temperature profiler in the Moscow region and Pulkovo airport (Saint-Petersburg).
The advantage of using the actual MTP-5 observations of the temperature stratification
in the surface layer of the atmosphere is that this device provides almost continuous
measurement of the temperature profile with high spatial resolution. Neither aerological
sensing, nor numerical modelling provides such a significant amount of data.
The report presents analysis results for temperature stratification dynamics in the
surface layer during ice rains. Ice rain is formed under condition of an inversion layer
with positive temperature present above the surface layer of cold air. The analysis of
data available on temperature stratification dynamics in the surface layer during ice
rains has shown that elevated warm inversions typical for this precipitation type are
quite stable which makes it possible to predict the precipitation type several hours in
advance from observations of the surface temperature field.
The analysis made it possible to set a technology for forecasting ice rains based on data
from remote temperature monitoring in the surface layer of the atmosphere.
The core of this technology is assessing characteristics of inversions and their time
derivatives on the basis of a continuous flow of temperature profile measurement data
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using the methods of sliding smoothing to reduce the effect of random temperature
fluctuations in the nodes of the measurement grid.
These assessments provide baseline data for short-term forecasting of the precipitation
type. The disadvantage of current assessments of the temperature stratification
dynamics is the low reliability of its extrapolation for longer time intervals. The report
shows that the forecast horizon of the phase state of precipitation can be increased
through blending data from actual remote temperature profile measurements and results
of numerical modelling.
The work was partially supported by the Russian Foundation for Basic Research under
Project 16-07-01072.

___________
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MOUNTAIN WAVES AS HAZARD FOR HIGH-FLYING AIRCRAFT? - A CASE
STUDY
By M. Bramberger, A. Dörnbrack, S. Gemsa, K. Raynor, R. D. Sharman, H. Wilms and
M. Rapp
(Presented by M. Bramberger)
Poster

Short abstract
On 12 January 2016, the High-Altitude and LongRange Research Aircraft HALO was flying above Italy
when it encountered sudden and strong horizontal
temperature variations. These variations lead to
several stall warnings, a situation that could only be
mitigated by the intervention of the pilots. We
present a detailed analysis of aircraft measurements,
forecasts of the graphical turbulence guidance
system (GTG) and European Centre for MediumRange Weather Forecasts (ECMWF) forecasts and
operational analysis to explain the chain of events for
this incident.
Strong north-westerly surface winds together with an
aligned polar front jet favoured the excitation and
propagation of strong mountain waves at and above
the Apennines (Italy) on this day. These mountain
waves contained energy fluxes of 8W/m^2 and
propagated from the troposphere to the stratosphere.
While turbulence is a well acknowledged hazard to aviation, this case study reveals that
not only breaking mountain waves and the consequent turbulence can proof to be
hazardous for air traffic in the lower stratosphere and upper troposphere. Instead, also
non-breaking, vertically propagating mountain waves can pose a hazard especially to
high-flying aircraft.
Such waves can modulate the ambient temperature field in a way that decreases the
aircraft speed towards the minimum needed stall speed.

___________
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FORECAST OF SNOWSTORMS
By V. Bychkova and K.G. Rubinstein
(Presented by V. Bychkova)
Poster

Short abstract
Low visibility often hinders, and sometimes blocks,
the aircraft flight. Limited visibility, together with low
clouds, determines the minimum of weather.
Meteorologists and synoptic always take seriously
the forecast of these elements. In the cold season,
one of the phenomena that can significantly reduce
the meteorological visibility is a blizzard.
Therefore, the study and accurate forecast of
snowstorms is extremely important for safety and
regularity of flights. Blizzards not only worsen
visibility but can also increase wind speed. Analysis
of the observational data clearly illustrates the fact
of the wind speed increase during the snowstorm [V.
Bychkova, M. Smirnova, 2017]. Theoretical studies
confirm this fact [G. I. Barenblatt 1973, R.A.
Bangold 1937, A.K. Dynin, 1963]. This work contains parameterization of beginning and
evolution blowing snow. Parameterization takes into account all the basic physical
mechanisms of transfer air and snow particles dynamics and evaporation suspended
particles [V. Bychkova, 2016]. The parameterization uses the input data of the
mesoscale model (WRF-ARW). The output parameters of the parameterization are the
fields of wind, visibility, concentration of snow particles at 10 vertical levels.
The main output parameter is the number of suspended snow particles. The change in
the meteorological regime in snowstorms is calculated using data on the number of
suspended particles. Using the blizzard parameterization and the WRF-ARW model, you
can calculate the forecast of a snowstorm (and other specified parameters) for a certain
point and for a region. Thus, the output can be used to make forecasts for the airport
(TAF format) and to compile area forecasts for low aviation (GAMET format). Comparison
of the wind speed during snow storms calculated using this parameterization, with
stations data, showed an improvement in the wind forecast compared with the model
WRF-ARW. The Pirsi criterion for the prediction of the snowstorms was 0.6 [V. Bychkova,
V. Perov, K. Rubinstein, 2015].
This work is supported by RFBR according to the research projects No. 16-05-00822, 1635-00489, 15-05-02395.

___________
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IMPROVING THE FORECAST OF AIRCRAFT ICING CONDITIONS
By M. Cassas, S. Riette, B. Vie and C. Lac
(Presented by M. Cassas)
Poster

Short abstract
Aircraft icing may cause critical damage to the
plane's wings, probes or engines and even result in a
crash. Reliable forecasts of icing conditions are
therefore crucial to ensure the safety of the flights. In
this project, we aimed to improve the forecast of inflight icing environments by working on two different
approaches.
First, we developed a new icing index using the
AROME model (Météo-France's operational highresolution model, Seity et al., 2011) and a database
of observed icing occurrences. This index is based on
a multidimensional icing probability histogram
explicitly computed using an optimal set of AROME
variables and these observations.
We developed an iterative algorithm that chooses the
most relevant variables based on an icing forecast score. We studied different scores and
found the Peirce Skill Score to be the most appropriate to perform the selection.
We ran sensitivity tests for various parameters of our algorithm (such as the number of
bins of the probability histogram) and finally selected the best configuration, which uses
three model variables: temperature, specific humidity and relative humidity over ice.
Finally, we compared this new index with the one already operational at Météo-France
on a subset of the database observations that was not used to build the icing index. We
noticed an improvement in icing detection with equal false alarm rate and vice versa.
The new index is currently available in real time and under examination by forecasters.
In a second part, we compared the ability of two microphysics schemes, the singlemoment scheme ICE3 (Pinty and Jabouille, 1998) and the double-moment scheme LIMA
(Vié et al., 2016), to forecast supercooled water content. Simulations run with the MesoNH research model were compared to measurements of temperature, liquid water
content and mean volume diameter in icing conditions for twenty-three flights of an icing
observations campaign.
We carried out a statistical study to assess and compare the behaviour of the four
versions of schemes. All of them seemed to underestimate the liquid water content,
missing at least 50% of the observed icing points. The droplets mean volume diameter
was also underestimated by LIMA, but a more realistic aerosol initialisation could
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improve the forecasts for this variable. We also compared these results with other
studies from the literature.
Two main reasons explain the discrepancies. Firstly, it is difficult for the model to exactly
place the convective clouds. Secondly, the two schemes may operate a too large
conversion of supercooled water into ice. Ice water content measurements were not
available to confirm this hypothesis, but it is still a possible way of improvement.
Improvements in the microphysics schemes' ability to forecast icing conditions could be
combined with the method we set up in the first part of the project in order to enhance
the in-flight icing forecasting skill of the new index.

___________
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AN OVERVIEW OF HIGH ALTITUDE ICE CRYSTALS (HAIC) SATELLITE AND
NOWCASTING ACTIVITIES
By E. Defer, A. Calmels, J. De Laat, J. Delanoë, F. Dezitter, A. Gounou, F. Huet, C. Le
Bot, J. F. Meirink, J-M. Moisselin, R. Nohra, F. Parol, A. Protat, P. Rieu, S. Turner and
C. Vanbauce
(Presented by E. Defer)
Poster

Short abstract
Commercial aircraft have been experiencing inservice events while flying in the vicinity of deep
convective clouds since at least the early 1990s.
Heated probes and engines are the areas of aircraft
most prone to mixed phase and glaciated icing
thread. The European FP7 High Altitude Ice Crystals
(HAIC) project aimed at characterizing specific
environmental conditions in the vicinity of convective
clouds conducive to in-service events. Academics and
aeronautic industries collaborated within 6 main
research activities: dedicated field campaigns,
development of new in situ probes, space-based
detection and monitoring, upgrade of on-board
weather radars, improvement of ground test
facilities, and modelling of melting and impingement
processes. All activities were designed to enhance
aircraft safety when flying in mixed phase and glaciated icing condition.
The HAIC Sub-Project 3 (SP3), entitled Space-borne Observation and Nowcasting of High
Ice Water Content Regions, focused on the development of space-borne remote
detection of high Ice Water Content (IWC) and nowcasting techniques to support the
three HAIC flight campaigns and ultimately provide relevant near real-time weather
information. The SP3 investigations were dedicated to the:
•

•

•

Detection of high IWC cloud regions from geostationary satellites mainly from the
SEVIRI (Spinning Enhanced Visible and Infrared Imager) imager on MSG
(Meteosat Second Generation) during daytime.
Detection of high IWC cloud regions from low-orbit missions based on
measurements from visible, infrared and microwave passive and active
instruments, mainly from the A-Train mission.
Nowcasting of convection over the Tropics for operational applications using the
Rapid Development Thunderstorm (RDT) nowcasting tool.

First, we will briefly describe the HAIC project. The SP3 activities will then be discussed
with an emphasis on the observational-based methodologies applied within the three
main SP3 research activities. The main SP3 results will then be summarized with some
discussions on how the airborne measurements collected during the HAIC campaigns
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were used to validate SP3 products and methodologies. Finally we will discuss on the
applicability to SP3 products and methodologies to the observations of new and upcoming space missions.
Acknowledgement: This project has received funding from the European Union’s Seventh
Framework Program in research, technological development and demonstration under
grant agreement n°ACP2-GA-2012-314314.

___________
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LOW ORBITING SPACE-BORNE HIGH IWC RETRIEVALS IN THE FRAMEWORK
OF THE EUROPEAN HAIC PROJECT: FROM CASE STUDIES TO REGIONAL AND
SEASONAL DISTRIBUTION
By E. Defer, J. Delanoë, R. Nohra, F. Parol, A. Protat and C. Vanbauce
(Presented by E. Defer)
Poster

Short abstract
It is currently assumed that deep tropical convection
can be a threat for aviation, but not always, and for
some specific clouds, with high concentration of
small ice particles, it can lead to some ice accretion
in engines. If this potential threat is confirmed by in
situ observations of cloud microphysics and a
signature of this hazardous cloud environment is
identified in space-based observations, therefore a
real-time monitoring should be possible. Indeed
space-based remote sensing of High IWC is an
appropriate detection/awareness technique that
covers the globe and could enhance flight safety
when flying in such weather conditions. It can be
supplementary to in-situ and close-range sensitive
weather radar detection on board the aircraft.
The High-Altitude Ice Crystals (HAIC) project is a European FP7 large-scale integrated
project, which aims at enhancing aircraft safety when flying in mixed phase and
glaciated, icing conditions. Within HAIC project, the WP33 work package is dedicated to
the detection and characterization of high Ice Water Content (IWC) cloud regions from
low-orbit missions based on measurements from visible, infrared and microwave passive
and active instruments of the A-Train mission. Space-borne observations dedicated to
the detection and characterization of the convective clouds come mainly from CloudSat
cloud radar, CALIPSO lidar, Parasol and MODIS imagers, and AMSRE microwave imager
on-board the different satellites of the A-Train mission.
A first study, based on co-located space-borne measurements, identified four categories
of cloud systems that led to in-service events distinguished by different time exposures
to ice conditions. Nevertheless, as not enough low-orbit observations were coincident
with reported in-service events, we focalized on the three HAIC flight test campaigns
(Darwin 2014, Cayenne 2015, Darwin-La Réunion 2016) by relying on in-situ reports of
high IWC conditions (ROBUST and IKP2 microphysics probes, RASTA radar) during
concurrent overpasses of low orbit missions. We have also investigated signatures of
high IWC by analysing concurrent space-borne active (Dardar, radar-lidar product) and
passive cloud observations from the A-Train mission.
The used A-Train dataset, the observational-based strategy and the methodologies will
be first introduced. Examples of cases and the main results will then be presented.
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Regional and seasonal distribution of High IWC will then be introduced. Finally the
relevance of the future low-orbit missions for high IWC detection will be discussed.
Acknowledgement: This project has received funding from the European Union’s Seventh
Framework Program in research, technological development and demonstration under
grant agreement n°ACP2-GA-2012-314314.

___________
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DIAGNOSIS OF TURBULENCE ASSOCIATED WITH CONVECTION AS PART OF
THE GRAPHICAL TURBULENCE GUIDANCE PRODUCT
By W. Deierling, R. Sharman, E. Defer, J. Pearson and G. Meymaris
(Presented by W. Deierling)
Poster – Not available at time of publication
Short abstract

Convective-induced turbulence (CIT) is of significant concern to aviation, as it impacts flight safety
and airspace capacity. CIT has been observed in-cloud and also out-of-cloud. NCAR’s graphical
turbulence guidance product (GTG) provides forecasts of clear-air turbulence (CAT) and mountain
wave turbulence (MWT) and is currently expanded upon to include convectively-induced turbulence
forecasts. Inclusion of CIT into GTG will be utilized in the GTG-Nowcast (GTG-N) algorithm and
merged with other observational based predictors of CIT.
Case studies of in and out-of-cloud CIT diagnosis for the use in a new version of GTG will be
presented. Comparisons to observed in-cloud energy dissipation rate (EDR) estimates – a measure of
turbulence - from observations such as the NEXRAD turbulence detection algorithm (NTDA) and in
situ EDR measurements will also be shown.
Disclaimer: This research is in response to requirements and funding by the Federal Aviation

Administration (FAA). The views expressed are those of the authors and do not necessarily represent
the official policy or position of the FAA.
___________
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AIRCRAFT MEASUREMENTS OF SAHARAN MINERAL DUST EVENTS OVER
GERMANY – PREPARATION FOR AIRBORNE VOLCANIC ASH MEASUREMENTS
By D. Ebert, V. Bachmann, A. Diehl, C. Fischer, H. Flentje, J. Förstner, I. Mattis, G.
Müller, S. Müller,
T. Pohl, D. Schell, A. Steiner, W. Thomas, F. Wagner, K. Weber and T.Steinkopff
(Presented by D. Ebert)
Poster

Short abstract
The Deutscher Wetterdienst (DWD) is responsible for
the detection of volcanic ash contaminations within
the German airspace by national rules and the
regulations of the International Civil Aviation
Organization (ICAO). For this task DWD has
implemented several procedures including airborne
measurements, in order to determine atmospheric
ash concentrations and their spatial extension
(Weber et al., 2012; Weinzierl & Diehl, 2014). The
aircraft measurements are used for verification of the
volcanic ash model forecasts as well as for
comparison with data from the DWD ceilometer
network. Final goal of these collaborative efforts is an
improved and distinguished designation of the flight
restriction zones in case of an intense volcanic ash
plume over Germany (Schumann et al., 2011). To
guarantee the operational readiness of airborne measuring systems, which has
permanently to be adopted by following latest scientific and technical improvements,
DWD performs flights on a regular basis.
During these measurement flights technical and organizational steps/iterations are
practiced and optimized under realistic scenarios. Airborne volcanic ash concentrations
are determined by optical particle counters which measure the particle size distribution.
For data evaluation it is crucial to consider that the scattering properties of volcanic ash
particles strongly differ from a typical European background aerosol. Because of the lack
of intense volcanic ash plumes over Central Europe Saharan dust events were chosen as
a realistic test scenario. Saharan dust and volcanic ash are both dominated by larger and
irregular shaped particles having comparable optical properties.
Furthermore, the operational procedures in case of a mineral dust event over Germany
are basically similar to those of the volcanic ash case. DWD uses the ICON-ART model
(Rieger et al., 2015) to predict the occurrence of Saharan Dusts over Germany with a
lead time of 4 days. During a Saharan dust event on December 17th 2015 a flight over
North-western Germany was conducted with two measuring aircrafts. This campaign was
successfully performed even under challenging winter conditions.
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The focus of this test flight was the inter-comparison of two different airborne volcanic
ash measuring systems. The Hochschule Düsseldorf operated a Diamond Twin Star DA42
D-GOMH and the company enviscope performed measurements on-board a Partenavia
P68B D-GERY. In the area between the German-Dutch border and
Mönchengladbach/Germany both aircrafts successfully measured Saharan dust during
coordinated horizontal flights at heights between 500m and 3000m. The experiment
showed that DWD may rely on high-quality aircraft-based aerosol particle
measurements, even under challenging conditions. The results of this campaign will be
presented and will demonstrate that Saharan Dust events are well suited to act as test
scenario for the evaluation of airborne volcanic ash measurements.
References
Schumann, U., B. Weinzierl et al., 2011: Airborne observations of the Eyjafjallajökull
volcano ash cloud over Europe during air space closure in April and May 2010.
Atmos. Chem. Phys., 11, 2245-2279.
Weber, K., et al., 2012: Airborne in-situ investigations of the Eyjafjallajökull volcanic ash
plume on Iceland and over north-western Germany with light aircrafts and
optical particle counters. Atmospheric Environment 48, 9–21.

___________

P1-176

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
INCREASED FLIGHT SAFETY AND COST SAVINGS FOR AIRLINES THROUGH
REAL TIME THUNDERSTORM INFORMATION
By C. Forster, A. Tafferner, D. Stich, M. W. Gallagher, A. Petzold, P. Neis, A. Lau and
B. Lührs
Poster

Short abstract
Based on geostationary satellite data, the system Cbglobal detects, tracks, and predicts thunderstorm
hazards for aviation for up to one hour (=nowcasting).
If uplinked into the cockpit of aircraft in real time and
displayed to the pilot on an electronic flight bag (EFB)
or a similar device, Cb-global information provides
pilots an overview on the current thunderstorm
situation beyond the limited view of the on-board
radar. It enables a pilot to strategically plan a safe and
smart flight route around the thunderstorms well
ahead in time instead of flying tactical manoeuvres
and searching for gaps between the thunder cells.
Cb-global post-analyses of several former aircraft
incidents and accidents have shown that in these
cases the pilots could have been warned of the
thunderstorm hazard at least 30 minutes in advance,
if Cb-global information would have been available to them. In a real time data link test
over the South Atlantic in cooperation with Lufthansa a safe route through an area with
intense thunder cells could be found with the aid of Cb-global and a resulting fuel saving
of approximately two tons was estimated for this case.
All these cases indicate the great potential of Cb-global with respect to flight safety and
fuel efficiency, but a systematic proof can only be done on the basis of a long-term
dataset like In-Service Aircraft for a Global Observing System (IAGOS, www.iagos.org).
In this study, flight tracks of IAGOS flights are compared to Cb-global detections, and it
is shown that the flown routes avoid the hazardous regions marked by Cb-global in most
of the cases. Obviously, the on-board radar picture, the pilot’s basis for thunderstorm
recognition during flight, is generally in good accord with the Cb-global detections. In
addition, IAGOS meteorological measurements, e.g. ice particle number concentrations,
temperature, and water vapour, along the flight routes that avoid the Cb-global hazard
regions indicate that the flown routes are safe with respect to thunderstorm hazards.
In contrast, the few cases where the flight route leads through Cb-global hazard regions
show high ice particle number concentrations within these regions and confirm that
these regions should preferably be avoided. IAGOS is a unique data base to provide
proof of the quality of Cb-global. From a large number of IAGOS cases examined, we can
conclude that Cb-global is not just a meteorological information, but a decision-making
tool which pilots can rely on and which airlines can use to save fuel costs.
___________
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ROUTINE OPERATION OF THE DLR VOLCANIC ASH ALGORITHM VADUGS
WITHIN THE GERMAN WEATHER SERVICE FACILITIES: OUTCOME OF THE
PROJECT LuFo TeFiS
By K. Graf, R. Müller, M. Vazquez-Navarro, M. Schmidl and B.-R. Beckmann
(Presented by K. Graf)
Poster

Short abstract
Volcanic eruptions can have a severe impact on the
air transport system with significant economic
effects. Satellite data are the most reliable source of
information on volcanic ash for wide parts of the
globe. Temporally resolved ash retrievals from
geostationary satellite data are an essential source of
information for making large-scale assessments of
how an ash cloud is spreading.
In the VolcATS project, funded by the German
Aerospace Centre DLR, a satellite algorithm for
detection of volcanic ash and quantitative retrieval of
the ash load in the atmosphere and the ash layer top
altitude was developed. The algorithm is called
VADUGS (Volcanic Ash Detection using Geostationary
Satellites). It is based on the seven thermal channels
from the Spinning Enhanced Visible and Infrared
Imager (SEVIRI) aboard the geostationary Meteosat Second Generation satellite series.
The algorithm is designed as a neural network. For the training of the network, extensive
radiative transport simulations were performed, taking into account different optical
properties from several typical chemical compositions of volcanic ash clouds. The results
of the algorithm were compared with airborne in-situ measurements, as the ones taken
by DLR during the Eyjafjallajökull period in 2010, and the algorithm participated in the
Volcanic Ash Algorithm Inter-comparison organized by the WMO.
Here we are presenting a further development of the VADUGS algorithm. We have
expanded the algorithm by including nowcasting capabilities and we have tailored it to
meet the requirements of users and limitations for routine operation of the code within
the German Weather Service (Deutscher Wetterdienst; DWD). Currently VADUGS
detects volcanic ash and retrieves the column mass load and the top altitude of the ash
layers. Furthermore it allows the extrapolation of the movement of the volcanic ash
objects into the future. The involvement of the German airline Lufthansa ensured that
the requirements of the air travel industry were taken into consideration. Technically,
the algorithm is implemented as an ecflow/SMS job in the DWD satellite processing
system. This expansion of VADUGS has been carried out under the LuFo TeFiS project
(Technology for Flight Management in large Structures), coordinated by the German Air
Traffic Control service (DFS) and funded by the German Federal Ministry for Economic
Affairs and Energy.
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Currently, the algorithm is implemented in the language IDL. Future plans are to migrate
the algorithm to python and to perform processing and visualization of the data within
the “pytroll” environment, and to extend the algorithm to data from the Advanced
Himawari Imager (AHI) aboard the Japanese Himawari satellites, the Advanced Baseline
Imager aboard the GOES-R satellite, and, in some years, data from the Flexible
Combined Imager (FCI) aboard the Meteosat Third Generation (MTG) satellites data. In
addition, we intend to participate in the upcoming second WMO inter-comparison of
satellite algorithms on volcanic ash, currently planned for 2018.

___________
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EUROPEAN SURFACE BASED REMOTE SENSING CAPABILITY FOR AVIATION
HAZARDS
By A. Haefele, L. Mona, N. Papagiannopoulos, R. Rüfenacht, M. Coltelli, N. Theys, A.
Apituley, H. Lihavainen, H. Marcus, A. Delcloo, G. Papalardo and G. Wotawa
(Presented by A. Haefele)
Poster

Short abstract
Volcanic eruptions present a serious hazard for
aviation, though quantitative, three-dimensional
detection of air born ashes in real-time is
experimentally challenging. It has been recognized
that only an integrated observing system comprising
various measurement techniques deployed from
surface, air and space can provide the required
information.
Work package 3 of the H2020 project called
EUNADICS-AV, analyses the capabilities of surfacebased remote sensing networks for volcanic ash
monitoring and other natural hazards in the scope of
the project.
A survey has been conducted to generate a
comprehensive catalogue of relevant products
considering both active and passive measurement techniques including lidars, radars,
sun photometers, sun spectrometers and infrasound instruments. Key products are ash
location, optical and microphysical properties and ash mass density.
The catalogue contains information on data availability, timeliness and coverage,
measurement uncertainty, suitability for validation, assimilation and early warning
applications and shall serve as a guideline for the development of future developments
of services related to volcanic ash hazard management systems for aviation.

___________
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NowCastSAT-Aviation: THUNDERSTORM NOWCASTING FOR THE EN-ROUTE
FLIGHT PHASE
By S. Haussler, R. Müller and M. Jerg
(Presented by S. Haussler)
Poster

Short abstract
NowCastSAT-Aviation (NCS-A) is a novel product
presently under development at Deutscher
Wetterdienst (DWD). The intended scope of use is
aeronautical meteorology for the en-route phase of
intercontinental flights. During this segment of longdistance flights, only a limited amount of groundbased meteorological data is available to pilots, due
to remote areas with scarce or non-existent radar
coverage. NCS-A provides near global detection of
convective cells, rendering both detailed contours as
well as simplified polygons marking large regions of
dense thunderstorm activity.
The detection algorithm combines near real-time
geostationary satellite data with numerical weather
predictions calculated with the ICON model. The
coverage currently implemented results from imagery measured with Meteosat-10
(Europe Middle East and Africa), Meteosat-8 Indian Ocean Data Coverage (IODC) and
Himawari-8 (Asia-Pacific). Increased time resolution is further available over the
European continent with Meteosat-9 Rapid Scan Service (RSS).
Forecasting in NCS-A is based on the nowcasting of satellite imagery with optical flow.
The lightning data from the LINET network which cover Europe are used as reference for
testing. Scores are calculated using an object-based methodology.
We first outline the technical infrastructure of NCS-A, from data collection to end-user
delivery. In particular, we present our web based virtual globe, as well as prototype
visualization within the NinJo meteorological workstation. We then sketch out the
underlying algorithms for detection and nowcasting. Finally, preliminary results
regarding both detection and nowcasting scores over central Europe are discussed,
together with a brief outlook of future developments.

___________
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THE E-PROFILE NETWORK OF AUTOMATIC LIDARS AND CEILOMETERS FOR
CLOUD AND AEROSOL/ASH PROFILING
By M. Hervo, A Haefele, M. Turp, M. Haeffelin, M-A. Druoin, E. Hopkin, S. Kotthaus, I.
Mattis, F. Wagner, M. Wiegner, W. Thomas, J-L. Lampin, C. Münkel and H. Wille
(Presented by M. Hervo)
Poster

Short abstract
It has been shown in various publications that state
of the art ceilometers have the capability to do
vertical profiling of aerosols including volcanic ash.
Hundreds of ALCs with profiling capabilities are
operated across Europe and are currently being
integrated in the E-PROFILE ALC network. 87
instruments from 12 countries are already
operational and several hundred are expected for the
end of the year. This network will primarily provide
vertical profiles of attenuated backscatter coefficient
and complement existing networks of high
performance research lidars bringing a higher density
network of instruments and high data availability. It
will significantly enhance the capabilities of the
current observing system to detect volcanic ash and
provide the basis for new applications in the area of
data assimilation, air quality and fog now-casting.
In a tight collaboration between EUMETNET/E-PROFILE, COST/TOPROF and the industry,
some of the best known state-of-the-art ALCs have been characterized establishing a
good understanding of the instrument output. Correction algorithms and
recommendations for instrument operation have been developed to improve data quality
and consistency. Finally, the liquid cloud and Rayleigh calibration methods have been
implemented to calibrate ALCs in an automatic and unattended manner. Based on
comparisons with research lidars and on Monte Carlo simulations the calibration
uncertainty is currently estimated to be 25%.
We will give a detailed description of the network architecture, the calibration algorithms
and the envisaged network density and discuss the benefits of the ALC network with
focus on volcanic eruption events and fog now-casting.
Acknowledgements: E-PROFILE team, TOPROF team

___________
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TOWARD A MACHINE LEARNING BASED CEILING FORECAST DIAGNOSIS FOR
TAF INITIALIZATION (IniTAF PROJECT)
By P. Jaunet, A. Drouin, P. Crispel, A. Audevart, T. Kranitz and C.e Delin
(Presented by P. Jaunet)
Poster

Short abstract
Optimizing the forecasters’ workload while
maintaining high safety levels in take-off, taxi, and
landing operations at all times is one of the greatest
challenges for meteorological authorities providing
services to the air navigation users. The major
weather information provided to the airport
managers and airlines lies in TAFs (Terminal
Aerodrome Forecast), whose production is timeconsuming for forecasters. Indeed, a wide range of
weather factors is required to meet the standards in
ICAO’s Annex 3. Forecasting the evolution of such
parameters is complex since some of them are not
part of the available outputs of Météo-France’s
models.
That is why the IniTAF (TAF Initialization) innovative
project was launched. It is intended to provide first guess of draft TAFs by using machine
learning and deep learning techniques, and thus improve the forecasters’ efficiency.
Hence, it allows freeing up time for working on other tasks such as accompanying the
weather forecast users on the phone. Indeed, upon weather conditions and related
safety threats, this product will allow them to focus on forecasting the evolution of the
most critical parameters (i.e. horizontal visibility in case of fog forming, etc.). Several
inputs are required to draft TAFs from model data: wind, cloud cover, ceiling, etc. Some
of them, such as wind strength and direction, are direct calculation from NWP models.
For their part and since they are not yet included in Météo-France’s mesoscale model
AROME-France, visibility and ceiling require further developments.
To overcome the lack in ceiling forecast data, we propose to develop a ceiling forecast
from a combination of available model parameters as an input of the IniTAF project. A
data set of one year and a half of carefully selected model variables (including humidity,
cloud fraction, wind, etc.) matched with corresponding ceiling observations over the
metropolitan French airports is first shaped. Statistical techniques are then applied to
build an accurate ceiling diagnosis. Several methods are deployed, including machine
learning algorithms such as logistic regressions or random forest processes. A second
part of the development aims at implementing deep learning techniques. These
algorithms are applied to independent validating datasets to assess their respective
performance and accuracy.
___________
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IMPACT ANALYSIS OF THUNDERSTORMS/DUST STORMS/INTENSE RAIN
SPELLS AND ASSOCIATED WINDS ON INDIA’S AVIATION SECTORS 20082017, THEIR MESO-FEATURES AND ITS REAL TIME EARLY WARNING SYSTEM
AND GAP AREAS
By R. Jenamani
(Presented by R. Jenamani)
Poster – Not available at time of publication

Short abstract
Characteristics, severity and impact of various summer convective weathers e.g.
Thunderstorms, Hailstorms and dust storms(TS, HS, DS) those routinely affect aviation
sector across vast part of northern and eastern parts of India have been center of
attention by meteorologist, aviators and publics. Jenamani, current Science, 2013 has
1st time analysed impact of various severe weather events including TS/DS and its wind
turbulence on aviation across India using authentic data compared with findings of
NTSB(www.currentscience.ac.in/Volumes/104/03/0316.pdf). Science of understanding,
capacity to monitor and issue of early warnings for these events, have been quantum
jumped only in recent years of 2010-2016 with IMD modernization phase 1 completed in
2010-2015, with installation of DWR at airports, FDP –Storm Nowcasting project
undertaken by various IMD field Forecasting offices in coordination with NWFC in 20102016 and rapid improvement in the NWP meso-scale models (IMD Vision document,
2011, Osuri et al, 2017- www.nature.com/articles/srep41377, Das et al, 2014,
BAMS,(http://journals.ametsoc. org/doi/full/10.1175/BAMS-D-12-00237.1).
With passage of each of these severe storms and damages they are accounting for each
summer for past almost 150-years, one may historically looks back to conclude that
improving early warning of these severe events especially at airports still lies with how
respective local airport met office has been well equipped with time to time latest
technological equipment and knowledge of various enabling ways of monitoring of these
systems and identifying of their critical meso-scale features with the evolving of time.
Besides utmost need of better techniques and technology to detect these localized
severe storms, the other major limitation of capturing and issuing timely early warnings
for these systems is their unique fast development and explosive growth and quick
dissipation in few minute over the airports which are closely linked with large-scalesynoptic and localized heating, topography and meso-scale metrological set up at that
location for which one certainly needs a very committed team works and efforts e.g.
through NWP model, synoptic and upper air diagnostic or through local checklist
developed using their longer period data and time to time DWR and satellite image
diagnostic. With major airports like Delhi, Amritsar, Lucknow and Jaipur of north India
are always vulnerable in peak summer of May-June affected at least one or more
occasion by temp of 42-48degC continued for 2-5 days, it poses new challenges
especially in north-western India on how to issue early warnings for sudden dry
convective storms accompanied with sudden dust storms occurrences which have been
resulting sometimes diversion. The higher diversion of flights from summer storms also
makes us worry as they are reaching up to 90-110 number of flights as was in May 2008
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and May-June 2016 at Delhi and May 2011 across Delhi, Lucknow, Patna, Kolkata and
Bhubaneswar when a series of MCS were affecting in chain across whole Indo-Gangetic
plains.
In the present study, author who has worked for at MET Watch Office at IGIA Delhi for
last 12-years, has attempted 1st to find impact of TS/DS/Heavy rains on aviation sector
e.g. on air traffic, on flights covering their take off stage, enroot and landing stage, on
parking aircrafts using meteorological features of some major severe
thunderstorms/dust storms dates of Delhi for 2007-2017 and respective impact data
from AOCC and ATC for IGA Delhi. IGIA being equipped with most sophisticated mesonetworks of 6 AWS/DCWIS and 18 number of RVR at three RWY ends with data of 1-10
second and 10-minute gap of DWR products, we have analysed critically all these mesoscale data for all dates when TS/DS have caused total flight diversion of 5 and more to
understand their unique meso-features in terms of wind peak, pressure fall, temp fall,
humidification, warm-cold advection, lowest RVR recorded and related them with specific
meteorological causes attributed to cross winds impact from Gust fronts, frequent RWY
TDZ wind direction changes from wind squalls closing the RWY for an hour to three, nonavailability of desired RVR minima due to severe DS co-occurred with it or it was the
large CB clouds who stand tall on the glide path causes turbulence and thus forced all
those flight to divert. Using same high resolution RVR/AWS data and data from METAR
for 1995-2016 of IGI, we have developed micro-climatological TS/DS information system
and severe storm hazards information system. We have used timings of DWR max Z and
max Z of highest reflectivity and peak of surface winds and lowest RVR at respective
location of the airport for major TS/DS/squall dates to determine the timing of gust
front/dust storm those had affected respective RWY ends. We also have determined the
time taken by each guest front/dust storm to travel from one end of airport from data of
AWS/RVR located nearest to it, at RWY ends using their data. Finally, we have discussed
the MWO storm real time early warning system which use Satellite (Kalpana, RAPID)DWR-AWS and WDSS-II based nowcast system and analysed all these severe storms
occurred in 2010-2017 in hind cast mode to validate what extreme features of these
storms based upon such systems could be nowcast at 1-2 hours lead time. Then we
have made demo how the best way to nowcast winds from likely squall is use of mesoclimate information system of squalls as was prepared based upon 19995-2005 which
helps improve of wind nowcast skills while use of climatological DWR storm tracks based
upon past case studies of 2010-2012 improves in nowcasting of whether a particular
TS/DS CB type cells noted in DWR at 150-200km far, likely to hit or missed the airport.
The new TS/DS/Squall checklist/Thresholds for short range forecast/nowcast at 0-12
hours lead time for IGIA determined from Antecedent thermodynamic stability indices
and parameters of UA ascent of 1200 UTC or 0000UTC based upon past occurrences of
2001-2012 have also been briefly discussed. We have also discussed various challenges
we face regularly and major gap areas through case studies especially our limitations of
RWY-TDZ wind direction and wind gusts Nowcast/ forecast at airport for safe operation
at airport as this remain to be most non-linear component of any severe storm
occurrences to be nowcast or forecast by any techniques/technology/NWP nowcast
models precisely as per expectation of users.

___________
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DELHI INTERNATIONAL AIRPORT- A DECADE (2008-2017) OF NEW
DEVELOPMENTS BY IMD IN AVIATION WEATHER AND CLIMATE MONITORING,
ANALYSIS AND INFORMATION SERVICES
By R. Jenamani
(Presented by R. Jenamani)
Poster – Not available at time of publication

Short abstract
Indira Gandhi International Airport (IGIA) located at southwest of New Delhi, the India’s
national capital, has been a pride since its modernization started in Oct 2006 by PPP
mode. Though, it covers a vast area of around 42 Sq Km area (7km x 6km) and lies at
heart of the city. But, before modernization started, it suffers full of aviation constrain
when it had a single main RWY and two small terminals, with three set of RVR, two AWS
and no Doppler weather RADAR. But after PPP mode, as it strides in last one decade
through rapid and historic modernization all have been reversed to bring back it to
become global number one. It has now a 3rd RWY-a longest in India working since Aug
2008, redeveloped T1, an express city METRO and a new 3rd Terminal-a largest in Asia
from Oct 2010, an aero city of 12 hotels and 5400 room, and now a new ATC-a tallest
Tower in India. It has also been rapidly improving its ASQ index World rank which was
101 in 2006 has achieved now the number 2 airport in the world in 2016 as by ACI
2016, in terms of services to passengers and other service over 40 MPPA category. With
all such advancement in infrastructure, the total number of flight operations in a decade
increased 3-4 times to 1200 daily flight movements and 55.6 million passengers and its
annual growth as on 2016 is still at 21% in terms of passengers, a highest in the world.
Thus, it has already created its new history in world of aviation. In air side, ATC and
meteorological terms, its two RWYs are CAT-III compliant RWYs (RWY28-10 and RWY2911), both exact at parallel operation and 3rd is CAT II compliant RWY (RWY27-09)
capable to land flights at 50m and 275m visibility respectively in case low visibility
prevails. It has LVTO operational since Dec 2011. Hence, demands for precise weather
information remained its utmost need for effective and safe operation at various
segments and various user agency e.g. ATC and airlines for RWYs, taxing, glide path etc.
at various heights with timely early warnings/forecasts up to RWY wise while timely
severe weather early warning for airport operator for terminals, airside and passengers’
safety and management. Briefly, if one classify Meteorologically and climatologically for
the significant weather events of IGI Airport, it is highly vulnerable in each winter half,
Oct-March for low visibility severe weather often falling to 0-200m due to longer
duration Fog, smog and winter rains/low clouds predominantly occupy as the most
disruptive aviation weather while for summer half of April-Sept, it is high temp of 4550degc and convective thunderstorms, squalls, dust storms or monsoonal thunderstorms
and intense rainfall are the disruptive severe weather.
For RWY weather, glide path and enroot weather monitoring, IMD-the meteorological
service provider has accordingly in last 10-years have strengthened a)its Surface based
RWY weather monitoring system where it has deployed a meso-network of world class
Met instruments of 18 number of RVR-a highest in the world and five number of

P1-186

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
DCWIS/AWOS at three RWYs providing data from far 4-15km at each 1-15 second
intervals to ATC via cable/Wi-Fi modems through dozens of display systems at various
ATM seats and Live RVR in website b)its severe weather monitoring, nowcasting,
forecasting systems which is presently equipped with two DWR(S-Band at airport and Cband polarmeteric DWR at city), RAPID-INSAT 3-D satellite products analysis systems up
to 1-4km resolution at 30-minute gap from 6 imagers, CTT,RGB, day and night time
micro-physics for CB/Fog detection at 24x7, Local upper air indices/winds GPS based
system of regular two observations, airport’s two Synergy-MFI based analysis and
forecasting computer system for all real time data synoptic/satellite data and IMD web
based NWP WDSS-II, GFS 12KM-T1534, WRF 3KM and their meteograms supported with
two special Winter and summer IMD FDP projects implemented for improving airport
Fog/TS/DS nowcasting and finally c) all these linked to a special communication systems
operation in 2010, which has DWR product receiving work station, two Synergy analysis
and forecast systems, OLBS, AMSS etc., working round the clock and providing all online products to various local and global users.
The MWO has also digitised all its data and built up an unique meso-climate information
system using METAR data for providing intensity-duration, onset and lifting timings of
day to day fog occurrences and their climatology at V<1000m, < 500m, < 200m and
<50m to serve various category of flights using ILS 1964-2017 based upon which it
provides climatological guidance since Oct 2010, to regulator for scheduling various
airlines flights as per their category while strictly restricting non-CAT-III flight for
operation in peak winter of Dec-Feb during 1700UTC till 0500 in each winter of guidance,
IGIA has been becoming a zero diversion airport in the world irrespective of it has worst
fog among all big airports in the world. It has also a special CDM fog cell headed by MET
operation since Dec 2011 by effectively and fully
integrating met early warning on dense fog mornings with air traffic which have helped
in reducing cancellation and diversions. It has also similar R and D works for summer
thunderstorms using RVR/Wind data of METAR/RWY AWS/RVR for 1990-2017 to provide
wind squalls, pressure falls, RVR fall in case dust storms and DWR tracks of these
storms. It has also designed one Airport hazard information system for ready reference
based upon data of 2008-2017 for providing impact-based forecast/nowcast. With its
AWS-RVR-DWR-RAPID-INSAT 3D-WDSS-II nowcast system, it provides 100% skill about
likely severe storms at 1-3 hours in advance.
The intensity duration based fog climatological information system finds averages of fog
events at two main different intensity of Vis<1000m and Vis<200m for Nov, Dec, Jan
and Feb using 30-minute visibility data of IGIA, when analysed for 37-years for 19812017 finds them as 10(91), 25(252), 25(255) and 15(110) days(hours) for fog of
vis<1000m and 1(3), 6.3(35), 10.5(54.5) and 3(11) days(hours) for fog of vis<200m
respectively for these four months. In total, it is 75 days covering 798 hours of total fog
hours out of which it is 21 days and 204 hours of CAT-III dense fog, those IGIA normally
experiences every winter with Dec-Jan almost all days have fog and vis hardly crossed
2000m. For summer, similar study finds IGIA normally has 60 thunderstorms (TS) per
annum (as per data of 1995-2016) of which 89% occur in March-Sept with lowest of 22
in 2002 and highest of 105 in 2010. Out of all these, on an average, 16 are associated
with squalls and Dust storms while it may be as low as 2 in 2014 and as high as 27 in
1997 with squally wind and gusting speed as high as 140 km/h have been recorded.
Their occurrences has strong seasonal behaviour with most of 89% occurred in pre-
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monsoon and monsoon covering March-Sept. They regularly have affected operation
severely and following are some dates when it was worst. In the present study, we have
discussed all such unique IGIA RWY-wise fog and storm real time monitoring and early
warning systems, and also its unique climatological information system based upon
longer period data which have both intensity and duration and RWY based occurrences
information-a 1st of such work in the world.

___________
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NEW DEVELOPMENTS IN FOG MONITORING AND FORECASTING SYSTEM OF
DELHI AIRPORT (2008-2017) WITH SPECIAL EMPHASIS ON ITS EIGHTEEN
RVR SYSTEMS, RAPID(INSAT 3-D) BASED FOG RGB PRODUCTS AND UTILITY
OF NEW DYNAMIC FOG MODELS AND NEW FOG CAMPAIGN DATA OF 20152017
By R. Jenamani
(Presented by R. Jenamani)
Poster – Not available at time of publication

Short abstract
Fog affects aviation at Delhi IGI airport severely in each winter of Nov-Feb. It has
presently three RWY with two are of CAT-IIIB ILS to help flight landing up to 50m of RVR
in dense fog. With its huge daily traffic recently increased 1200 flights per day and with
various category of flights operating, it needs all details about fog development
spreading to various RWY, intensification and dissipation by accurately and instantly
monitoring and reporting in current weather/RVR from all RWY ends and then a nowcasttrend for 0-2 hours validity for take-off/landing (LVTO) decision by ATC/Airlines and
forecast of 2 hours up to 5 days lead time, to starts of fog event occurrences informing
about characteristics of likely fog events e.g. timing of onset and lifting at various
intensity of fog based upon visibility/RVR reduction at shallow, moderate, dense and
very dense stage of fog overall at IGIA and at each RWY ends so that airlines and
ATC/Airport operator makes all advance preparation to suitable minimize its impact and
reduce diversion. The same information is also need by these users for all other nearby
airports for deciding flight diversions in case fog makes all RVR to all below 50m closed
down IGIA. To manage the fog related disruption at IGIA Delhi effective, Met office at
IGIA has implemented a FDP-Fog and collaborated with other country’s premier
institution like with IAF, CAS- IID, and IIITM Pune, NCMRWF and SAC- Ahmadabad
2008-2014 and implemented an integrated Fog information system which includes:
a) Fog micro-climatological information system developed based on hourly vis data
of 1981-2005 and RVR data of 1989-20016 for IGIA that has been updated time
to time and has all detail aspects of past fog- micro climatic information,
including RWY wise variation to help airlines/ATC for better fog preparedness and
to understand the depth of impact in case of proper fog plan is not implemented
for time to time as per increase of traffic and passengers
b) Real time fog monitoring at RWY through surface based eighteen RVR-a highest
at any airport in the world, and provide all RVR values to ATC, Airport operator,
airlines in live through websites and fog monitoring across the region using vis
data of adjacent airports and Kalpana based day time satellite fog monitoring and
MODIS night time fog pictures
c) Fog nowcasting and forecasting using Satellite fog detection scheme of KalapanMODIS, better observational facilities like AWS, RVR and utility of DWR to look at
clouds, new empirical fog models and using MOS from WRF models (Jenamani,
2009, 2015, Goswami and Tyagi, 2007) d) SMS-Web based and Live RVR based
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Dissemination System for instantaneous transmission of fog early warnings to
users all around the world on fog features at IGIA.
In this paper, we have reviewed all Indigenous available method (IMD Empirical fog
models, CMMACS dynamical fog model and IAF Fog model used in FDP- FOG for Delhi
implemented in 2008-2012 and performance of these fog models including the skill of
real time fog forecast. We have also discussed Check lists of nowcast and Forecasts
methods further developed in 2012-2015. We have assessed skill of Real-time Fog
Forecast and its success in 2008-15 in terms of significant reduction of diversion. During
last two fog season of 2015-17, many significant new progresses have been made both
from new observational and satellite fog detection aspects and development of new
dynamic fog models. Indian satellite fog detection capacity has been made very rapid
progress with launch of new INSAT 3-D and its operationalization from Dec 2014 which
has SIR, VIS imagers at 1 km and other four cloud imagers are of 4km and WV of 8km
resolution and all product analysis systems could be analysed up to 1-4km resolution at
its on-line analysis system RAPID (http://rapid.imd.gov.in/) at 30-minute gap including
facilities of it has CTT,RGB, day and night time micro-physics for Fog detection at 24x7
and have full potential to monitor day and night time fog across the region. We have
discussed and validate its fog products on how in last two winter, it has immensely
helped in capturing major fog spells at 24x7 and subsequent 1-3h nowcast with facility
available for at both day –night fog monitoring(before it was only day time Kalpan vis
fog picture).We have also validated night time fog and low cloud detection using RGB
products from channel subtraction of BRT TIR1-MIR in collaboration with SAC for 20152017.
Besides INSAT-3D better fog detection system India has adopted, it has also successfully
conducted two consecutive joint special fog campaigns at IGIA for winter of 2015-16 and
2016-17 where a new Radiometer (Sachin, Bhatt, Thara, Jenamani et al. 2017www.currentscience.ac.in/Volumes/112/04/0667.pdf), Sodar, wind profiler and 28 other
equipment was deployed during Dec-Feb for understanding boundary layer features
along with fog microphysics and role of various pollutants and precursors of fog
nowcast/forecast. It was huge success as it captured 23 dates of 135 hours in Dec-Jan
2016-17 while 16 dates of 86 hours in 2015-16 Real time data from Fog campaign
especially Radiometer’s Vertical distribution of vapour density and humidity and
inversion layer building up by early evening along with lower levels winds from SODAR
and pollution type and concentration(ammonia built up) also have helped in improving
nowcasting of onset of development of Dense Fog at IGIA on some dates.
In last winter, IGIA has fog forecast products from two new dynamical models which
were run day to day from NMCRWF-NCUM where spatial vis forecast were prepared and
WRF Chem using GFS and NCUM BC where fog was subjectively determined form their
LWC Forecast. Both products are validated using surface vis and Radiometer data and
skills are computed for fog of 2016-17.

___________
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HAZARDS OF BORA WIND AT DUBROVNIK AIRPORT
By I. Kos, J. Jurkovic and Ž. Večenaj
(Presented by I. Kos)
Poster

Short abstract
A gusty downslope windstorm called bora is the most
important weather phenomenon at Dubrovnik Airport,
significantly affecting safety and efficiency of air traffic.
It has been recognized that there are two different
types of bora, so called standard and deep bora, which
produce different problems such as crosswind,
turbulence and wind shear on both approaches and
touchdown zones of the airport. There have been many
studies of bora at the North Adriatic, and lately at the
Middle Adriatic, but very few at the South Adriatic
where Dubrovnik is situated, and there was always a
lack of measurements in the area.
Using wind data from anemometers situated at both
runway thresholds and vertical profiles of wind from
operational numerical model ALADIN/HR, bora episodes have been clustered in standard
bora and deep bora cases during the period 2007-2014. It was shown that the mean
wind speeds and gusts during standard bora at RWY12 are greater than those at RWY30.
However, during deep bora, wind speeds at both runways are comparable. Also, the
difference between mean wind speed and strongest wind gusts is greater during deep
bora than during standard bora. Comparing with ALADIN/HR model, it was shown that
although the model predicts the onset and duration of bora episodes well and can
distinguish between bora types correctly, it cannot reproduce the strong wind speeds at
10 m above the surface. Using the data from TAFs, we have shown that the forecasters
are better in predicting wind speeds during both standard and deep bora episodes.
These promising results, along with the continuous problems that bora causes to aircraft
operations at Dubrovnik Airport, are motivating Croatia Control Ltd. (both ATS and MET
provider in Croatia) for preparation of the "Project Bora Dubrovnik". They prepare this
project in collaboration with several partners: Croatian Meteorological and Hydrological
institute, Faculty of Science and Faculty of Traffic of University of Zagreb, Croatia
Airlines and Dubrovnik Airport. Through research and innovations this project aims to
create new products and services in order to raise safety and efficiency of air traffic at
Dubrovnik Airport. The project has several specific goals: to introduce measurements of
bora winds at and around the airport, to improve the precision of operational numerical
model, to reduce the closing times of Dubrovnik Airport due to bora winds, to reduce the
costs of airline operators due to cancelled and diverted flights, and to improve the
overall safety of aircraft operations.
___________
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WIND GUSTS FORECAST BY NUMERIC WEATHER PREDICTION MODEL
By M. Kurbatova, K. Rubinstein and I. Gubenko
(Presented by M. Kurbatova)
Poster

Short abstract
Wind gusts can reach significant values even at
medium winds. Knowledge of total wind including
gust is extremely important for aircraft landing
decision. Including gusts in aviation forecast results
better forecasts for landing condition at airports.
However numerical atmospheric models are designed
to represent average winds, not gusts. There are
several approaches to estimate wind gusts. One is
statistical approach which is mainly based on
estimation of wind speed distribution at the location.
Second is physical parameterization of wind gusts.
This group of methods range from surface dependent
gust factor methods to complex methods using
different variables that can be resolved by numeric
weather models.
Most frequently used methods were realized using WRF-ARW model forecasts. They are
compared with each other and their performance in different cases was analysed. On this
basis a new hybrid method is suggested. According to stability type of atmospheric
boundary layer different methods for estimation were chosen. These lead to obtain
predictability of wind gust over 22 m/s over 80% (comparing with 10-27% of other
methods) in autumn and winter season.
As this hybrid method takes into account different gust formation mechanisms it has
relatively same accuracy throughout a year. All these methods are based on combination
of different numeric model variables. Each of them has its own accuracy and it is often
difficult to choose model configuration resulting best forecast of each variable. However
for the concrete task of gust forecasts it is possible to choose optimal configuration.
Influence of different model parameterizations is discussed. Concerning convection it is
often mentioned a connection between wind gusts and thunderstorms, there is a usage
of the same methods for the both phenomena thus they are both often connected with
deep convection and have same predictors. So possibility of application of methods used
for thunderstorm prediction for wind gusts forecast is discussed. It is shown that
thunderstorm methods overestimate severe gust occurrence.
This work is partly supported by RFBR according to the research projects &#8470;1605- 00822, 16-05-00704, 15-05- 02395.

___________
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CHARACTERIZATION OF THE DIFFERENT WIND SHEAR MECHANISMS
IMPACTING THE NICE AIRPORT APPROACHES
By J-M. Lampin, E. Schwartz, F. Besson
(Presented by F. Besson)
Poster

Short abstract
Nice airport is affected by weather phenomena that
have a significant impact on air traffic. Any reduction
in the capacity of use of the Nice runways, or worse,
their closure, quickly causes chain repercussions on
the fluidity of European traffic, in flight and on the
ground (delays, re-routings, cancellations) with
significant financial and media effects.
Aerological characteristics of Nice airport induce wind
shears in clear sky. There are many mechanisms
generating wind shears at the local scale (marine
breezes, valley breezes, thunderstorms, orographic
phenomena, density current) or synoptic (frontal
passages, MCS, ...) Nice has the particularity of
proposing almost all of these causes.
In the absence of cloudy markers, the observation of
wind shears is difficult. Wind shears forecast is also difficult due to a lack of knowledge
and a confusion between the different mechanisms involved.
That's why several studies and successive experiments were carried out at Nice airport.
A climatological study has listed the go-around occurrences flagged for meteorological
reasons. Cases of troublesome breezes and wind reversals (opposite winds at the two
ends of the runway) were recorded. Four synoptic configurations leading either to wind
reversals or to important cross breezes concerning the mouth of the Var valley were
identified.
Numerical simulations were carried out showing that the previous generation models
could not correctly describe the phenomena observed because the wind shears occur on
a scale smaller than their mesh.
Additional anemometers were installed at various locations to improve the Bay of Nice
coverage and further experiments were carried out.
A L-band radar wind profiler was installed but the results were not satisfactory:
•

the profiler didn’t identify with certainty the breeze phenomenon of the Var
valley;
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•

•

it didn’t detect the frequent recorded horizontal shear between the two runway
thresholds probably because the shear front is located outside the zone probed by
the profiler which is near the threshold SW; and
especially low-level measurements (less than 500 m) are not very usable because
they are often invalidated because of the echoes of the ground which hide the
useful signal.

A first experiment with a scanning Lidar in 2009 allows to completely understand the
phenomena of wind reversal: this is frontal structure, which is virtually vertical over 500
m in height and generally perpendicular to the coast, moving horizontally along the
coast.
ICAO requirements were also tested during this first experiment. They aren’t completely
adapted to the need of Nice.
Technical definition of an all-weather system and understanding of the operating
procedures to be implemented for an operational use were upgraded during a
complementary experiment carried out in 2011 with the rental of an X-band radar and a
scanning lidar.
All these studies documented and characterized the various phenomena in order to gain
access to their understanding and thus to define what instrumentation to put in place to
satisfy the operational need for safety and optimization of air traffic.

___________
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WHAT'S HAPPENING WITH THE FEASIBILITY STUDY TOWARD A WMO INTERCOMPARISON OF VOLCANIC ASH OBSERVATION TOOLS
By J-M. Lampin, P. Kechhut, F. Besson
(Presented by J-M. Lampin)
Poster

Short abstract
In response to the 2010 volcanic eruption in Iceland,
the World Meteorological Congress strongly
encouraged the creation and the coordination of a
composite observing system (ground-based, in-situ
and space-based) that would allow quantifying ash
concentrations in near-real time and could be used
to calibrate ash dispersion and transport models.
A gradual transition from determining the location of
“any ash” towards a more quantifiable prediction of
ash loading would require an upgrade of the relevant
observing capabilities.
Lidars and ceilometers have shown their interest to
supplement satellites. They are able to give
information with a LOW uncertainty in terms of
aerosol presence in clear sky, but with an
IMPORTANT uncertainty in terms of concentration.
An international ad-hoc Lidar expert team has been constituted to:
•
•

Identify the potential outputs pertinent for volcanic ash detection (1), attribution
(2) and quantification (3) provided by lidar and ceilometer systems.
Review potential strategies and experimental setup to be deployed to evaluate
capabilities of active systems and to characterize their performances depending
on weather conditions and to evaluate the uncertainty of the measurements,
propose uncontroversial observation methods and quality control.

The final report assesses the potential role of lidars and ceilometers in a global volcanic
ash detection and alerting system. It provides requirements and recommendations to
the Task Team that is in charge of carrying out the feasibility study for an instrument
inter-comparison for volcanic ash detection:
•
•
•
•

Review of requirements for detection of volcanic ash
Detection, typing and quantification
Identification of key lidar parameters for volcanic ash detection
Lessons learnt from previous ceilometer inter-comparison activities

Recommendations for a Lidar inter-comparison for volcanic ash detection
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The scientific work is going to be achieved for the end of the year. After that, the
feasibility study by itself will kick off. An inter-comparison is expensive, takes up a lot of
time and is logistically
challenging. The feasibility study has to determine if such an inter-comparison is
not only workable but also worthwhile.
Based on the work of the ad-hoc lidar expert team and related to in-situ and spacebased observations, the Task Team will have to estimate the delay/cost/benefits report
of performing a WMO Inter-comparison of Volcanic Ash Observation Tools. The members
of this task team have to be defined. Probably some people from the ad-hoc lidar expert
team, a specialist in
space-based measurements and maybe a specialist in in-situ aerosols measurements.
The final report will assess :
•
•
•
•
•

the
the
the
the
the

interest of performing an inter-comparison;
kind of instruments that should be inter-compared;
characteristics required for the observing site;
methodology to be followed to reach this goal; and
cost.

___________
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OBSERVATION PRODUCTS MIXING SEVERAL SOURCES (RADAR, SATELLITE
BASED, GROUND BASED)
By G. Le Bloa
(Presented by G. Le Bloa)
Poster

Short abstract
At the observation department, we developed
methods that mix several sources of observations.
Some of them are developed for the aeronautical
use. They focus on low cloud base or visibility, but
also on automatic CB detection in the terminal area.

___________
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CLOUD TOP HEIGHT AND MICROPHYSICS FROM METEOROLOGICAL
GEOSTATIONARY SATELLITES USING EUMETSAT NWCSAF SW
By H. Le Gleau, G. Kerdraon and S. Péré
(Presented by H. Le Gleau)
Poster

Short abstract
In the frame of the EUMETSAT NWCSAF, MétéoFrance has developed a software to retrieve the
description of the cloud cover (cloud types, cloud top
height and cloud microphysics) from a set of
meteorological geostationary satellites including
MSG, GOES, Himawari.
This presentation focuses on the cloud top height and
cloud microphysics (thermodynamical phase and
droplet/ice crystal size at the top of the cloud; cloud
optical thickness and liquid/ice water path). The main
features of the retrieval algorithms are first
summarized. Validation results for MSG and
Himawari, obtained using micro-wave imagery and
space-born radar and lidar measurements, are then
presented. The operational retrieval by Météo-France
of cloud top height and microphysics products for aeronautic application on a global
scale is finally illustrated. The use of these NWCSAF global products for aeronautic
applications is also covered by other Météo-France presentations during the conference.
The software can be obtained from: www.nwcsaf.org

___________
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TOWARDS AN INCREASED USAGE OF AERONAUTICAL METEOROLOGICAL
OBSERVATIONS IN THE CONVECTIVE SCALE MODEL AROME
By J-F. Mahfouf, A. Doerenbecher, G. Gamelin and O. Traullé
(Presented by J-F. Mahfouf)
Poster

Short abstract
This presentation will describe the current
operational usage of meteorological observations
from commercial aircrafts in the operational
convective scale model AROME and will highlight
their importance on short range weather forecasts.
Results from Observing System Experiments,
where additional observations available from the
EUMETNET E-AMDAR programme in May-June 2017
in order to increase the resolution of vertical
profiles are withdrawn from the assimilation system
(denial experiments), will be presented in terms of
forecast skill scores. Finally, short-term plans in
order to assimilate in AROME much more
aeronautical meteorological observations (wind and
temperature) that can be deduced from the ADSB/MODE-S acquisition will be provided.

___________
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STUDY OF PRE-MONSOON AND POST-MONSOON THUNDERSTORMS OVER A
SOUTH WESTERN TROPICAL INDIAN STATION FOR AERONAUTICAL
ADVISORIES
By V.K. Mini, A.U. Ramesan, N.T. Niyas, S. Sudevan and A. Kumar
(Presented by V.K. Mini)
Poster

Short abstract
Thunderstorm is an important mesoscale system and
is one of the hazards to aviation activities. An
attempt is made to study the thermodynamic
structure of convective atmosphere during premonsoon and post monsoon season over southern
peninsular India, which falls in the humid region of
the tropics utilizing radiosonde data. The use of
radiosonde data is very much useful for
understanding of atmospheric thermodynamics. The
stability indices were computed for the south
western tropical Indian station, Thiruvananthapuram
(8.50N, 76.9380E), which is having a busy
international airport, using the radiosonde data for
pre-monsoon and post-monsoon seasons of fifteen
consecutive years. The stability indices viz,
Showalter Index (SI), Lifted Index (LI), K index (KI),
Cross total Index (CTOT), Vertical total index (VTOT), Total Totals Index (TTI) and
thermodynamic parameters such as Convective Available Potential Energy (CAPE) and
Convective Inhibition Energy (CINE) have been studied and threshold values of these
indices for occurrence of thunderstorm are determined for the station. When there is a
convective system over south peninsular India, the value of LI over the region is less
than &#8722;6. On the other hand, the region where LI is more than 1 is comparatively
stable without any convection. Similarly, when KI values are in the range 28 to 40, there
is a fair chance for convective activity. The threshold value for TTI is found to be
between 50 and 52. Prior to convection, dry bulb temperature at 1000, 850, 700 and
500 hPa is minimum and the dew point temperature is a maximum, which leads to
increase in relative humidity. Further, we found that the total column water vapour is
maximum in the convective region and minimum in the stable region. The threshold
values for the different stability indices are determined for the station,
Tiruvananthapuram, which can be utilised as forecast criteria for the local thunderstorms
while issuing Terminal Aerodrome Forecast (TAF), local forecast and aerodrome warning
for aviation purpose.

___________
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MONITORING OF WEATHER EXTREMES FROM INSAT-3D/3DR SATELLITES
OVER THE INDIAN REGION AND FUTURE ASPECTS FOR AERONAUTICAL
METEOROLOGY
By A. Mitra, S.K. Peshin
(Presented by A. Mitra)
Poster

Short abstract
Any meteorological phenomena such as fog,
thunderstorm, heavy rain which creates significant
societal and economic problems especially as a major
havoc to day to day routine life as well as entire
communication as well as transportation system
especially over the Indian subcontinent. Successful
commissioning of indigenous satellite INSAT-3D on
26th July 2013 and INSAT-3DR on 8 September
2016 has provided a new opportunity to the Indian
meteorologists. The INSAT-3D imager is to provide
imaging capability of the earth disc from
geostationary altitude in one visible (0.52 – 0.77 µm)
and five infrared channels (1.55 – 1.70 µm (SWIR),
3.80 - 4.00 µm (MIR), 6.50 – 7.10 µm (water
vapour), 10.3 – 11.3 µm (TIR-1) and 11.5 – 12.5 µm
(TIR-2) bands). The ground resolution at the subsatellite point is nominally 1km x 1km for visible and SWIR bands, 4km x 4km for one
MIR and both TIR bands and 8km x 8km for WV band.
A new RGB scheme (Red, Green, Blue) have been introduces in the processing of INSAT3D/3DR satellite for monitoring of different day-today weather forecast . It consolidates
the information from different spectral channels (such as Visible, Infrared, Near
Infrared)) into single products that provide more information than any one image can
provide.
In the current paper, some of the extreme events including fog, thunderstorm and the
interpretation of cloud types such as turbulence near CB cloud tops, significant tropical
convection, cloud heights using RGB will be presented in the conference.
An online INSAT-3D/3DR data visualization software on GIS platform 'RAPID' will also be
demonstrated.

___________
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STUDY OF CLEAR AIR TURBULENCE IN INDONESIA
By M.A. Munandar, H.T. Wibowo
(Presented by M.A. Munandar)
Poster

Short abstract
Clear Air Turbulence (CAT) became concerns
in aviation because can reduce comfort, loss
of fuel and injured passengers. CAT research
has been widely applied in various regions
through observation and numerical models.
For the tropics research on CAT still limited
so necessary to study. The study using
numerical simulation model WRF-ARW
because limitations of observational data and
the problems are quite complex. Turbulence
data derived from PIREPs from ATC staff. Boundary and initial conditions for the
simulation model using FNL (Final Global Assimilation System) data. Output models have
been validate using radiosonde data at the point nearest observation of Surabaya and
Makassar in which the results are considered representative of actual conditions. From
the results of simulation models WRF-ARW values obtained Richardson Number (Ri) <1
in the region reported the occurrence of CAT. This is due to the presence of wind shear
due to changes in wind speed on the site.

___________
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A NEW METHOD TO FORECAST AIRCRAFT ICING FROM HIGH-RESOLUTION
NWP
By E. Olsson
(Presented by E. Olsson)
Poster

Short abstract
Output from advanced microphysical
parameterizations of different cloud processes in
today's Numerical Weather Prediction models can be
used to give detailed forecasts of the icing conditions
in the atmosphere. Here we use output from the
non-hydrostatic HARMONIE-AROME model that is run
at 2.5 km horizontal resolution. The method is based
on developments done for the wind energy sector
where icing on the wind turbine blades is a significant
problem in cold climates. The rate of ice build-up on
a cylinder is calculated using an ice accretion model.
Then this icing rate is translated to aircraft icing
severity.
The accretion model uses as input temperature and
all hydro-meteors (liquid cloud water, cloud ice, rain,
snow and graupel) available from HARMONIE-AROME model runs. The main sources for
icing are supercooled cloud water and rain, but cloud ice and snow contribute to the ice
build-up when mixed-phase clouds are present.
So far, no systematic verification of this icing index has been done but it has been used
in the operational forecasting office last winter during a helicopter certification campaign.
According to the forecasters the new icing index in many cases provided good guidance
for their briefings. This method can be applied to coarser resolution model output and it
is now being used with data from the global ECMWF-model. In order to address forecast
uncertainties of the icing, an ensemble prediction system (EPS) can be employed.
The Nordic countries Sweden, Norway and Finland are now running a high-resolution
(2.5 km) operational EPS based on HARMONIE-AROME. The described icing index will be
used to forecast probabilities of different severities of aircraft icing based on output from
this EPS. Furthermore, aircraft icing climatology studies are possible e.g. using the
regional reanalysis UERRA as input. The UERRA reanalysis covers all Europe for 55 years
with 11 km horizontal resolution.

___________
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A MULTI-MODEL SYSTEM TO ESTIMATE VOLCANIC, AEROSOLS AND NUCLEAR
HAZARDS TO AVIATION (EUNADICS-AV)
By M. Plu, D. Arnold, R. Baro, A. Carvalho, L. El Amraoui , M. Hirtl, L. Robertson, B.
Sic , M. Sofiev,
A. Uppstu and G. Wotawa
(Presented by M. Plu)
Poster

Short abstract
Aviation shows vulnerability with regard to “airborne”
hazards, including volcanic ash and sulphur clouds,
nuclear accidents and other high-density aerosol
plumes such as sand storms and forest fires. While
several observation networks and satellites provide
large amount of data that are relevant for the
monitoring of such events, their integration to
provide a timely best possible analysis of these
hazards is one of the objective that the EU/H2020funded EUNADICS-AV project is tackling.
A multi-model system, based on MATCH (from
SMHI), MOCAGE (from Météo-France) SILAM (from
FMI) and WRF-Chem/Flexpart (from ZAMG) is being
developed in EUNADICS-AV. Each model assimilates
measurements relevant to the hazards: aerosols and
SO2, from ground-based networks (lidars), satellites (AOD, ash retrievals, SO2 columns)
and in-situ measurements (radionuclides). The point-source emission terms are also of
specific attention, either computed from source-inversion algorithm or modelled by the
most up-to-date methods. The integration of the distributed observational information
provide a harmonized 4-D (space- and time-resolving) quantitative analysis of the crisis
situation.
Considering the above model outputs, products and charts relevant to aviation are
developed. The multi-model approach proposes probabilistic outputs and/or a
characterization of the uncertainty of the products under the guidance of stakeholder
feedback. We propose a poster for describing the EUNADICS-AV multi-model system, as
well as first examples of products on test cases.

___________
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IMPROVISATION OF INDIGENOUSLY DEVELOPED CURRENT WEATHER
INSTRUMENT SYSTEM FOR AIRPORT METEOROLOGICAL SERVICES
By M. Ranalkar, R. Kumar and R.R. Mail
(Presented by M. Ranalkar)
Poster

Short abstract
Aviation meteorological services are one of seven
strategic priority areas under the WMO Strategic Plan
2016 – 2019. The plan seeks to improve the ability
of National Meteorological and Hydrological Services
(NMHSs) to provide sustainable high-quality services
in support of safety, efficiency and regularity of air
traffic management worldwide, with due account to
environmental factors. In recent years India has
done significant progress in improvement of
efficiency and safety of domestic and international
aviation through implementation of Global Air
Navigation Plan of the International Civil Aviation
Organization (ICAO).
India Meteorological Department is a nodal agency
responsible for providing aviation meteorological
services including installation, commissioning and maintenance of airport meteorological
instruments at all civilian airports across the country. In order to provide aviation
services, IMD has commissioned various aviation meteorological instruments such as
Integrated Automated Aviation Meteorological Systems (IAAMS), Current Weather
Instrument System (CWIS), Distant Indicating Wind Equipment (DIWE) and “Drishti”
transmissometer systems at airports across the country.
The present CWIS was developed in the year 2008. It consists of field components
installed at the runway touchdown zone and indoor components installed at the Air
Traffic Control (ATC) tower and Met. Briefing Room (MBR). The present system entails
more hardware for maintenance and dependency on different vendor for spares of slave
display units and other hardware components.
In this paper, we present improved design of indigenously developed CWIS with minimal
hardware. The data logger at filed site is based on open architecture (real time Linux)
and is modular in design. It is scalable in terms of input and output channels and
measurement and sampling requirements of end users. Third party GPRS modem can be
interfaced with the logger. The data logger configuration can be done Over The Air
(OTA). The data are stored in accordance with ICAO regulations. Dew Point temperature,
QNH and QFE are also derived and stored. The data transmitted from multiple field
systems installed along the runway are received in a desktop computer (Data Acquisition
PC) in MBR/ATC via wireless or cable communication mode. Data Acquisition PC stores
data of received and derived parameters with time stamp in real time and outputs the
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received data over RS232 port of PC. 1-min, 2-min and 10-min average data along with
instantaneous data and metadata are stored in suitable relational database. The archived
data are available to PC based data display software for real time display of data in ATC
and MBR. The data are displayed in both numerical and graphical form. Multiple software
based generic slave displays can be provided.
The advantage of this system is that it removes dependency on vendor for hardware.
Data can seamlessly be made available in displays and website. The system is easy to
maintain and manage.

___________
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IMPROVING THE NOWCASTING OF HAZARDOUS WEATHER PHENOMENA BY
ASSIMILATION THE LIGHTNING-SEEKING NETWORK DATA
By K. Rubinstein, I. Gubenko, S. Akimov and N. Baranov
(Presented by K. Rubinstein)
Poster

Short abstract
The report studies the system for the nowcasting of
thunderstorms, hail, squalls. The system based on
the lightning-seeking network. Currently, the
forecasting of lightning and related hazards is based
on estimates of atmospheric instability indices.
Alternative forecasting technique is the direct
numerical simulation of convective cloud
electrification.
However, the atmospheric instability analysis
doesn’t explicitly consider electrical processes
occurring in convective clouds.
On the other hand, the using of numerical models
requires the resolution of the uncertainty problem
associated with the application of various schemes
for the microphysical processes parameterization.
The cumulonimbus (Cb) electrification model is a set of equations describing the
processes of the generation and separation of electric charges in convective clouds,
constants and profiles of meteorological data. The process of charge generation is
described by equations taking into account the diameters of interacting hydrometeors
(snow, ice particles, graupel, cloud droplets), the fraction of colliding particles, the
resulting charge from a collision/merger, gravitational and turbulent speeds of particles’
sedimentation and air temperature. The model includes the equations describing noninductive, inductive mechanisms of charging and its combination – the integrated
scheme.
The input data for the electrification model (meteorological data profiles) are obtained by
the hydrodynamic mesoscale model WRF-ARW (Weather Research and Forecast) that
allows to predict the parameters of the atmospheric electric field (total volume charge,
potential and electric field intensity) including specific to thunderstorm activity.
The choice of the charging mechanisms is performed on the basis of a specialized
algorithm for validation of the electrification model using by the data of the lightningseeking networks. The techniques of the lightning-seeking network data assimilation in
the numerical atmospheric model make it possible to obtain a complete picture of the
convective cell and to improve the forecasting.
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This work was supported by the RFBR (Russian Foundation for Basic Research) under
grants A 14-08-01105, A 15-05-02395 and A 16-05-00822.

___________
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THE USE OF ON-BOARD IN SITU ENERGY DISSIPATION RATE (EDR)
ESTIMATES IN IMPROVING SITUATIONAL AWARE AND IN VERIFYING
TURBULENCE FORECASTS
By R. Sharman, J. Pearson, G. Meymaris, L. Cornman and T. Farrar
(Presented by R. Sharman)
Poster – Not available at time of publication

Short abstract
In the U.S., a programme has been underway for many years to outfit commercial
aircraft with a software package that automatically estimates and reports atmospheric
turbulence intensity levels (as EDR=Ɛ1/3 where Ɛ is the energy dissipation rate) during
each minute of flight. EDR is aircraft independent and is the International Civil Aviation
Organization (ICAO) specified turbulence reporting metric. The automatic nature of the
reports obviates the need for subjective pilot reports (PIREPs) and, since it is a true
atmospheric measure, is preferable to the use of derived vertical gust measurements
(DEVG) available in AMDAR reports on some aircraft.
The reporting frequency is variable depending on the airline, but some reports are
routinely made at intervals of 15-20 minutes, while others report when the turbulence
EDR level exceeds some threshold or "trigger", typically corresponding to “moderate”
turbulence. The amount of turbulence data gathered is unprecedented - as of Sep 2017
there are ~ 260 aircraft outfitted with this system (including UAL B777s, DAL B737s,
B767s, B777s, and SWA B737s), contributing to well over 150 million archived records of
EDR mostly at cruise levels of commercial aircraft, i.e., in the upper troposphere and
lower stratosphere (UTLS). Many of these now provide international coverage, allowing
turbulence observations and their use for verification of turbulence forecasts over
previously data sparse regions. Other international carriers are expected to expand this
pool.
In this talk, the algorithm technique is described and coverage maps will be provided.
Examples of its use in enhancing real-time situational awareness and in verification of
turbulence forecasts, will be provided. Some results of statistical analyses of the data
will also be provided.
Disclaimer: This research is in response to requirements and funding by the Federal
Aviation Administration (FAA). The views expressed are those of the authors and do not
necessarily represent the official policy or position of the FAA.
___________
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EMERGING CHALLENGES AND OPPORTUNITIES IN AIRCRAFT OBSERVATIONS
AND REPORTS
By V. Sinha
(Presented by V. Sinha)
Poster

Short abstract
Aircraft observation has evolved as an integral part of
meteorological observation and reporting scheme,
and perhaps most important source of real time
upper air observation. Around 20,000 AIREP
messages besides 4000 AMDAR messages through
WMO-GTS stream. INDIA has recently implemented
the reception of AIREP through ADS-C in one of its
FIR, with very encouraging results particularly from
the data sparse oceanic region. As the trend shows
AIREP through ADS-C and/or CPDLC is likely to
become the mainstay of reception of aircraft report.
However an analysis of such report indicates
variation in reporting format within AIREP, besides a
significant difference in the content and frequency
between AIREP and other reports like AMDAR,
ACARS. Handling of such varied data format or applying a uniform quality check in any
automated system poses a challenge. The present procedure in which all aircraft reports
are identified with the respective flight number makes it difficult to identify individual
aircraft with faulty or unreliable sensors.
In course of implementation AIREP through ADS-C, the requirement of reporting of
random events like turbulence, wind shear, icing or volcanic ash has posed another set
of technological challenge as the periodicity contact is otherwise predefined. The
resolution of these issues requires intervention at multiple levels, form modification in on
board flight management system, to modification in ground-based reception system.
This in turn requires a wide ranging and protracted deliberations between WMO, ICAO,
ANSP and aircraft manufacturers.
The increased frequency of encounter of near cloud turbulence (unlike the in-cloud
turbulence which is easier to detect, hence to forewarn.
Another area of attention is the requirement for measurement and reporting of humidity
which has so far remained restricted to AMDAR enabled aircrafts, primarily because it
requires retrofitting of additional sensors in aircraft. Considering the limitation of satellite
channels in accurately assessing the moisture (other than from middle atmospheric
level) makes it logical to consider expanding the scope of AIREP to mandatorily include
the moisture reporting.
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Exploring the potential of data link, INDIA has taken another initiative for dissemination
of D-VOLMET to cockpit using the ACARS data link (SITA- Pre-FANS). With some system
modifications it is feasible to disseminate targeted SIGMET and other warning directly to
FMS using the link. Considering the operational and economical benefit of such
initiatives; this may incentivize the other stake holders like manufacturers and airlines
operators to invest in technology upgradation.
To conclude with, the leverage of aeronautical meteorology as service can be used to
meet the requirements of meteorology as science, in the process creating a mutually
beneficial and cost-effective system for all the stake holders.

___________
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NOWCASTING OF MESOSCALE CONVECTIVE SYSTEM USING SATELLITE DATA
By MP. Sirisap and B.P. Shukla
(Presented by P. Sirisap)
Poster

Short abstract
Southeast Asia. The severe weather events such as
heavy rain, hail storm and strong wind are governed
and driven by the mature stage of this system.
Nowcasting, which refers to forecasting for a very
short time range (up to 6 hours) is useful for
predicting the development and dissipation of such
systems. Satellite data, acquired from geostationary
satellite provide valuable inputs for nowcasting due
to their high spatio-temporal resolution. Scientists
are continuously striving towards newer techniques
to track and nowcast convective systems with higher
accuracy and improved lead times. In this context, in
the present study an image analysis technique i.e.
the Source Apportionment (SA) algorithm has been
applied for predicting convective system using
Kalpana-1 satellite sequence of images. The
algorithm uses neighbourhood search criteria to extract contiguous convective pixels.
The extracted pixels are then used to trace the evolution and predict the development of
MCS, using some identified nowcasting parameters.
The present technique has been applied over a geographical region (50.0 S–25.0 N, 85.0
E–115.0 E) covering Thailand and adjoining oceanic regions for convective systems case
studies during monsoon season of 2012. For tracking and forecasting, analysis of new
nowcasting parameters has also been carried out. The results of study show that
temporal variation of effective radius of convective system and effective radius for deep
convective zones are suitable for identifying the mature stage while evolution of their
slopes are good for identifying the dissipating stage. Additionally an analysis of different
thresholds was also carried out to investigate their effects on forecasting methodology.
It is seen from the study that model is able to predict the mature and dissipation of a
MCS with a lead time up to 3 hours. An improvement in accuracy and lead time will be
an area for future research.

___________
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PERFORMANCES AND BENEFITS OF COHERENT DOPPLER LIDARS IN
AVIATION WEATHER
By L. Thobois and J-P. Cariou
(Presented by L. Thobois)
Poster

Short abstract
Weather is one of the major causes of flight delays
and accidents. On the one hand, atmospheric hazards
like wind shears should be monitored with high spatial
and temporal resolution sensors in order to reduce
their impact on air traffic for improving safety. On the
other hand, weather conditions like wind, visibility or
cloud have a direct impact on the efficiency of air
traffic management (ATM). If since several decades,
significant progress have been performed to deploy
advanced sensors at airports like the introduction of
weather radars in compliment to common and basic
surface stations, new technologies like Doppler LIDAR
sensors are becoming more and more mature for
being used operationally.
The current study will review the different existing
technologies of Coherent Doppler LIDARs (CDL), their history, expected perspectives, as
well as their advantages and drawbacks. If CDLs allow to obtain high spatial (5 m to 200
m) and temporal (1 Hz to 20 Hz) resolution and accurate wind measurements (typically
0.5 m/s), their operational use remains relatively limited on worldwide airports. The
study will also show the intrinsic performances in terms of data availability,
measurement range and accuracy and precision on wind measurements of CDLs though
theoretical formula simulations and field experiments. The study will then highlight the
potential roles of CDLs in aviation weather in regards to other types of meteorological
sensors like radars or ceilometers and the way CDLs can be combined with
other met sensors (surface measurements, radars, ceilometers).
Besides, the study will remind the outputs of the recent published ISO standard on
Doppler Lidar for meteorology illustrating the recent advancements in the maturity of
such sensors. Finally the study will present three use cases of CDL. The first use case
will be the quick adoption of this technology by forecasters of Lanzhou airport in Gansu,
China for detecting low level and dry wind shears. The second use case will focus on the
interest of resolved wind measurements to gather advanced ATM systems able to
optimize the runway occupancy times (ROT) which are highly dependent on weather
conditions and wind especially. Within a Future Sky Safety project, a field experiment
has been conducted at Paris-Charles de Gaulle airport to determine the benefits and to
reach a proof of concept of such new ROT system. The third use case is at the frontier
between the aviation weather and the air traffic worlds. It will show a

P1-213

World Meteorological Organization
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
direct operational use of huge amount of CDL data collected at Paris-Charles de Gaulle
airport to better mitigate the risk of the encounters of wake turbulence induced by
aircrafts so as to minimize the distance separations between aircrafts.

___________
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EUROPEAN NATURAL DISASTER COORDINATION AND INFORMATION SYSTEM
FOR AVIATION (EUNADICS-AV)
By G. Wotawa, M. Hirtl, D. Arnold, S. Katzler-Fuchs, G. Pappalardo, L. Mona, M.
Sofiev, G. de Leeuw, N. Theys, H. Brenot, M. Plu, C-H. Rockitansky, K. Eschbacher, A.
Apituley and W. Som de Cerff
(Presented by G. Wotawa)
Poster

Short abstract
Commercial aviation is one of the key
infrastructures of our modern world. Even
short interruptions can cause economic
damages summing up to the Billion-Euro
range. As evident from the past, aviation
shows vulnerability with regard to natural
hazards. Safe flight operations, air traffic
management and air traffic control is a
shared responsibility of EUROCONTROL,
national authorities, airlines and pilots. All
stakeholders have one common goal, namely to warrant and maintain the safety of flight
crews and passengers. Currently, however, there is a significant gap in the Europe-wide
availability of real time hazard measurement and monitoring information for airborne
hazards describing “what, where, how much” in 3 dimensions, combined with a nearreal-time European data analysis and assimilation system. This gap creates
circumstances where various stakeholders in the system may base their decisions on
different data and information.
The H-2020 project EUNADICS-AV (“European Natural Disaster Coordination and
Information System for Aviation”), started in October 2016, intends to close this gap in
data and information availability, enabling all stakeholders in the aviation system to
obtain fast, coherent and consistent information. The project intends to combine and
harmonize data from satellite earth observation, ground based and airborne platforms,
and to integrate them into state-of-the art data assimilation and analysis systems.
Besides operational data sources, data from the research community are integrated as
well. Hazards considered in the project include volcano eruptions, nuclear accidents and
events, and forest fires. The availability of consistent and coherent data analysis fields
based on all available measurements will greatly enhances our capability to respond to
disasters effectively and efficiently, minimizing system downtimes and thus economic
damage while maintaining the safety of millions of passengers.

___________
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OBJECTIVE FORECASTING PRODUCT SYSTEM FOR AVIATION
METEOROLOGICAL SERVICES IN CHINA NATIONAL METEOROLOGICAL
CENTER
By B. Yang, L. Xinhua, M. Xu, L. Yinjing, S. Jie and C. Xuewei
(Presented by B. Yang)
Poster

Short abstract
As national meteorological department, China
National Meteorological Centre (NMC) takes
responsibility for guidance of aviation weather
services. After years of development, a relative
systematic and complete objective forecasting
product system has been formed. This objective
forecasting product system is introduced in this
article. The core product of the objective forecasting
product system is the model product. NMC has multiscale multi-purpose numerical model products
developed by itself (Global model, Regional model,
Ensemble model, Nuclear contamination transmission
model, Environmental model, Typhoon model,
Mesoscale model). Basing on the output of the model
and the extrapolation of different types of irregular
observation data, a variety of products based on
model and extrapolation products are formed.
For the short-time forecasting and nowcasting, there are extrapolated products based on
radar, satellite and lightning data. For the short-term forecasting, there are products
based on machine learning and ingredient-based method. In terms of product coverage,
there are terminal forecast, air route forecast, regional forecast and global forecast.
Other products include turbulence, ice accumulation, convection, wind shear, ash
monitoring and forecasting, typhoon forecasting, etc. By using of various objective
forecasting techniques, basing on numerical model and different types of irregular
observation data, a comprehensive and complete objective forecasting product system
have been formed in China NMC. It strongly supports the operational needs of aviation
meteorological services.

___________
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DEVELOPMENT OF NUMERICAL FORECAST METHODS OF VISIBILITY FOR
DETECTION OF FOG
By G. Zarochentsev, V.I. Byichkova, R.Y. Ignatov and K.G. Rubinstein
(Presented by G. Zarochentsev)
Poster

Short abstract
Fog is common and dangerous phenomenon in the
temperate latitudes of the northern hemisphere.
Annually airports delay dozens of flights because the
planes cannot land and take off in conditions of low
visibility due to the formation of fog. Existing
methods of fog forecasting based on the high value
of relative humidity of air shows low accuracy due to
that a high value of humidity does not always lead to
the formation of fog. It is important to identify
additional criteria for the formation of fog for its
prediction.
In this work data from meteorological and aerology
stations over Europe for 12 years were analysed and
a number of fog formation factors were identified:
high relative humidity at 2 meters, low wind speed at
the altitude of 10 meters, temperature gradient in the 2m-925 h layer.
Based on the obtained results, was developed the method for predicting the value of
horizontal visibility for fog forecast in the form of a discriminant function: if the value is
less than 1000 meters, fog is predicted, otherwise – it is not fog.
Mesoscale model WRF-ARW was used for modelling the meteorological characteristics of
air and thermo-physical parameters of the underlying surface for the territory of Europe
and the European part of Russia. The estimation of the developed algorithm was made
and it showed better results in comparison of existing methods of fog forecasting [1-4].
On the average the accuracy of availability is 7% higher and the number of false alarms
is 5% lower.
This work with title “Comparison of forecast methods of visibility for detection of fog.” is
accepted for publication in the “Optic of Atmosphere, 2017”.
[1] Smirnova T. G., 2000.
[2] Doran, J.A., P.J. Roohr, D.J. Beberwyk, 1999.
[3] Stoeling, M.T., T.T. Warner, 1999.
[4] Wantuch F., 1999.
___________
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WIND OVER AIRPORT WITH COMPLEX TERRAIN
By Z. Zhang, J. Wu and C. Lin
(Presented by Z. Zhang)
Poster

Short abstract
The regional wind patterns in the airport with
complex terrain is investigated using data from wind
profiler and anemometer at the Jiuhuang airport.
Wind direction probability density functions and wind
rose histograms show the tendency for north to
north-westerly flow above the valley which
represents winds from the synoptic direction above
the influence of the valley, south-westerly flow
(along the valley's axis) within the valley which is a
classic channelized flow due to the steep and narrow
valley, and shallow valley wind (perpendicular to the
valley's axis) near the valley floor below 115 m
observed by radar wind profiler and surface
anemometer. In January, the strongest wind shear
occur in the nearby ridge (about 900m from the
airport level) after sunrise result from the strong
upper westerly and the stable layer. In the afternoon, the westerly reach the valley
ground by the downward transport of momentum and the vertical velocity reach the
peak near the ridge. There is a strong positive correlation between westerly component
and the descend movement near the ridge in the winter. The relationship between
overlying synoptic-scale flows and winds within valley is weaken in the summer with the
westerly decrease.

___________
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FORECASTING THE SEVERE WEATHER: A DEEP LEARNING APPROACH
By K. Zhou
(Presented by K. Zhou)
Poster

Short abstract
A severe weather, including thunderstorm, short-time
heavy precipitation, hail, thunderstorm gale, etc.,
forecast solution with deep learning, which extracted
the vapour, dynamic condition and instability energy
features for convective system automatically, was
proposed.
Deep Learning is a new area of Machine Learning
research, which use a cascade of many layers of
nonlinear processing units for feature extraction and
transformation. It was confirmed that the
performance of deep learning would be much better
than the traditional machine learning methods, such
as Support Vector Machine, Multilayer Perceptron and
Radom Forest, etc. In this work, a deep convolutional
network, with 6 convolutional layers, was built to
predict convective systems. There were 3 steps of the work.
First, it is the data set construction. 5 years of severe weather observations were utilized
to label the NCEP reanalysis data. Actually, it is a binary classification task for severe
weather forecast. 1 for happened, and 0 for not happened. More than 10 000 labelled
samples for each weather phenomena were selected for model training. The
temperature, pressure, humidity and wind from 1000 hPa to 100 hPa, as well as the
surface elevation, were taken as the features of the samples.
Second, it was the deep learning model architecture design and training. We built a
6 layers Convolutional Neural Network (CNN) model to extract features for different
severe weather. Various hyper parameters were tuned in the training. Finally, we got a
model weight with test accuracy of 91%, 92%, 93%, 93% for thunderstorm, Short-time
heavy precipitation, hail, thunderstorm gale.
Third, the trained model was applied to predict the severe weather with the NWP
forecast data as its inputs. The predictions were probability forecast.
The model was evaluated with the forecast from April to August 2015. The threat score
(TS) of thunderstorm, Short-time heavy precipitation, hail, thunderstorm gale prediction
was 0.42, 0.32, 0.07 and 0.08 respectively, while it was 0.36, 0.25, 0.02 and 0.07 for
the weather forecasters in the National Meteorological Centre (NMC). Nowadays, the
products of deep learning forecast mode has been applied in the NMC, drawing
forecasters’ attention to the potential convective weather.
___________

P1-219

World Meteorological Organization P2-i
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

PART 2:
INTEGRATION, USE CASES, FITNESS FOR
PURPOSE AND SERVICE DELIVERY

World Meteorological Organization P2-ii
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

LIST OF TECHNICAL ORAL PRESENTATIONS
(Arranged by order of the presentation during the conference)
Page
Keynote 2.1 – Meteorology and air traffic management integration, by N. Halsey
and P. Lechner

P2-2

Keynote 2.2 – What air traffic management/airlines in the future need from
meteorology, by M. Hoey

P2-5

Aspects of weather information transfer to pilots, by K. Sievers

P2-9

Integration of weather forecast in the cockpit, by F. Birling

P2-12

Automated in-situ turbulence reports from Airbus aircraft, by A. Piroth

P2-13

A concept for terminal weather translation and advisory, by R. Avjian

P2-16

Translating meteorological observations into air traffic impacts in Singapore
airspace, by M. Robinson

P2-27

Probabilistic winter weather nowcasting support to total airport management, by
H. Juntti

P2-36

Data-driven influence model of weather condition in airport operational
performance, by J-A. Fernandez Monistrol

P2-43

The bridge from meteorological research to improved safety of air transport, by
J. Nuottokari

P2-51

Harmonized weather forecasts – Weather does not consider political borders, by
S. Koos

P2-59

Integration of meteorological data in the air traffic management system, by D.
Lalla

P2-65

TOPLINK/ECOsystem: New decision support services to reduce meteorological
impact on aviation, by D. Muller

P2-71

Collaborative Decision Making at Charles de Gaulle, by M. Landelle

P2-77

WMO Aviation Research Demonstration Project (AvRDP) and the seamless
trajectory-based operation (TBO), by P-W. Li

P2-80

The WMO Aviation Research & Demonstration Project (AvRDP) at Paris Charles de
Gaulle airport, by P. Jaunet

P2-86

The Remote Oceanic Meteorology Information Operational (ROMIO)
Demonstration, by E. Frazier

P2-94

World Meteorological Organization P2-iii
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
Integrated wind and turbulence forecasts for automated flight route planning, by
J-H. Kim

P2-103

Flight execution and route adaption considering multiple weather hazards, by M.
Sauer

P2-104

User requirements for en-route hazardous weather information, by SY. Lau

P2-111

An illustration of the practical use of operational real-time geostationary satellite
data for strategic and tactical flight planning, by J. De Laat

P2-116

Recommendations on trajectory selection in flight planning based on weather
uncertainty, by P. Arbogast

P2-117

Climate-optimized aircraft trajectories based on advanced meteorological service
for sustainable aviation, by S. Matthes

P2-123

LIST OF TECHNICAL POSTER PRESENTATIONS
(Arranged by alphabetic order of the last name of the lead author)
Page
Tracking commercial aircraft based on the detection of micro-discharges with
lightning mapper arrays during penetration of electrified convective clouds and
ice clouds, by E. Defer

P2-131

Investigating airport operations under a lightning threat: Balancing lightning
safety with operational efficiency, by W. Deierling

P2-132

European MET information exchange, by S. Desbios

P2-133

The role of satellite imagery in the verification of terminal aerodrome forecasts
(TAFs) in the Uganda National Meteorological Authority (UNMA), by Y. Nsubuga

P2-134

Smartening aviation meteorology, by C. Schiefer

P2-135

TBO-Met (meteorological uncertainty management for trajectory-based
operations), funded by a SESAR H2020 exploratory research project, by J.
Simarro Grande

P2-136

___________

World Meteorological Organization P2-1
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

KEYNOTE ADDRESSES
By:

N. Halsey and P. Lechner
M. Hoey

World Meteorological Organization P2-2
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
KEYNOTE 2.1: METEOROLOGY-AIR TRAFFIC MANAGEMENT INTEGRATION
By N. Halsey and P. Lechner
(Presented by N. Halsey)
Presentation

Keynote address
Meteorological information will always remain critical to the
safe and economic operation of the global aviation system.
This is partly underscored by the headline book-value of
meteorology to aviation, the gross benefit to airlines being in
the vicinity of US$20-30 billion (from UK 2012 estimates and
applying a global extrapolation and growth methodology). In
other words airline income would be reduced by this amount
in the absence of aviation meteorology. Removal of aviation
meteorology could render global airline operations marginal.
On the other hand, the value to airlines and society of the
safe conduct of aviation is inestimable. It is probably greater
that the global GDP contribution of US$2.4T. And again,
without aviation meteorology that return could probably not be achieved.
When compared to these significant economic and social values, the much smaller, but
as yet un-quantified global cost of aviation meteorology is an extremely good
investment. However, this does not mean there is no room for development and
improvement. There is a revolution in aviation meteorology that is ongoing and gaining
pace. We have advanced a long way from the 1950s teletype and low slow aircraft era to
fast high altitude, long range aircraft and real-time digitalized meteorological
information. The work of this Conference is testament to the continuing and increasing
scientific effort on aviation meteorology.
The International Civil Aviation Organization (ICAO) is charged with ensuring the
operational provision of aviation meteorology to international aviation. It does this
through the assistance of its Meteorology Panel.
The Meteorology Panel collaboratively develops proposals for operational requirements
for aeronautical meteorology service provision as an enabling function for a future
globally interoperable air traffic management system, and identifies solutions, in coordination with WMO, to effectively and efficiently fulfil the requirements through sound
scientific and/or technological capabilities. It comprises 28 independent expert members
with about 50 advisers to those members. The work is divided amongst five working
groups led by highly capable Rapporteurs, and each working group comprising a number
of work streams with specific objectives. Many of these people are also members of
WMO initiatives so there is a very useful joint pool of information and perspective.
The work of the Meteorology Panel comes through formal requirement from the Air
Navigation Commission of ICAO. These requirements are linked to the ICAO Global Air
Navigation Plan (GANP) which seeks to make a step change in air navigation reflecting
the utilities afforded by global satellite navigation, big data availability and
communication, and improved aviation related engineering and sciences.
The Meteorology Panel is making good progress with its responsibilities. An example is
the current notable area of work on the development and introduction of a global space
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weather advisory system in very close collaboration with WMO. This work is undertaken
in support of the GANP.
The formal relationship between ICAO and WMO is set out in the Working Arrangements
between the International Civil Aviation Organization and the World Meteorological
Organization (Doc 7475/2) which is currently being reviewed.
There is other work that the Meteorology Panel is undertaking that is driven more by
other demands such as the formal requests by non-governmental organisations/user
representative organisations such as the International Airline Transport Association
(IATA), International Federation of Airline Pilots Associations (IFALPA) and International
Federation of Air Traffic Controllers' Associations IFATCA. This includes new work on the
transport of sulphur dioxide from volcanoes, the development of regional hazardous
weather information systems, WAFS improvements, and a future looking white paper on
aviation meteorological services to 2035.
All of this work needs to be thoroughly underpinned by progress in meteorological and
related sciences, new scientific capability, and feedback and feed forward with ICAO and
aviation meteorological information users. This underpins the importance of this
Conference and hopefully supports similar forums that will continue to be promoted by
WMO well into the future.
Because the GANP is a central driver for ICAO it is useful to review how it all works to
enable more informed collaboration and interaction with its operation.
The GANP is a high level strategic document that sets out the overall plan for air
navigation service at the global level covering time periods from the present day out to
as far as 2040. The GANP is formally endorsed every three years by the ICAO Assembly
(the ICAO equivalent of the World Meteorological Organization (WMO) Congress).
Having described the GANP as a high-level strategic document it is important to note
some of the detailed aspects of the document itself. A significant part of the GANP is the
presentation of the Aviation System Block Upgrades (ASBU) methodology which provide
some detail on the expected way in which the overall strategy will be rolled-out or
developed, including some focus on the actual implementation by States, industry and
service providers. The ASBU are divided into blocks of time, each representing six years
with Block 0 representing the current status (the actual regulatory provisions only
represent reality if and when they are implemented successfully). Block 1 represents the
immediate future, Blocks 2 and 3 provide less detail as the future unfolds and there is
some expectation of a Block 4 looking ahead some distance with little in the way of
detail, possibly extending to as far ahead as 2040 in the next iteration. Clearly, in the
near term there is scope for near-term planning and resource allocation for all of the
parties involved.
Looking a little more closely at the ASBU modules that are described in the GANP we see
a list of operational domains that comprise the air navigation world. These domains
include trajectory-based operations, air traffic flow management, aerodrome capacity,
sequencing, aerodrome collaborative decision making, performance-based navigation
procedures and remotely-piloted aircraft. These domains, and others, will require
expertise from many areas to progress through the regulatory process over the coming
years and importantly for the meteorological community they will require careful
consideration of the supporting information that would support any progress and new
initiatives.
One of the ASBU modules that is under development relates to meteorology which is
labelled as an enabling function alongside the other information domains such as
aeronautical information and flight planning. These information domains are bundled
together under the system-wide information management domain which in turn relates
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to the requirements for aeronautical communications. The current development of these
meteorology-related modules is determined and driven by the transition to the SWIM
environment and by the need for more interoperability allowing integration of MET
information in ATM systems.
Moving around into the full circle, the output from the strategic approach of the GANP
gives rise to the more detailed aims of the various ASBU modules which ICAO then uses
to provide a strategy and development tasks to the Meteorology Panel. This provides a
top-down approach to the development of future global requirements which can be used
to support internal developments within States and the industry but also by the research
community in view of developing the necessary capabilities.
The GANP is published as ICAO Doc 9750.
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KEYNOTE 2.2: WHAT AIR TRAFFIC MANAMENT/AIRLINES IN THE FUTURE
NEED FROM METEOROLOGY
By M. Hoey
(Presented remotely by M. Hoey)
Presentation

Keynote address
The 21st Century is here and now. The world is changing.
When was the basic meteorological syllabus provided at
initial flight crew training last reviewed, updated or
assessed against today’s user requirements? What are
the relationships between service providers, consumers
(end-users) and State regulatory bodies? How is the
meteorological data and information being delivered going to be consumed by the enduser? It is an opportune moment to be asking these and other questions.
Historically, meteorological service provision has been through a combination of flight
briefings and documentation, interactions between the meteorologist and the pilot. The
flight briefings are often face-to-face or over the telephone, allowing value to be added
to the information supplied, questions posed and answered. The flight documentation
has typically been a suite of 2-dimensional paper-based products that are consistent in
their look-and-feel and generally reliable. But, the modern digital era is already upon us
and is allowing new ways of providing and consuming meteorological information,
offering new ways to interact. Often the meteorological information is now displayed
digitally in 3- and sometimes 4-dimensions, allowing the end-user to be able to see how
meteorological parameters influencing the flight track will evolve through time. The
volume of meteorological data and other information is already pretty overwhelming.
On the flight deck things are changing too. As functions of the aircraft become more
autonomous, we will likely see a decline in the number of flight crew physically on the
flight deck. Aircraft are becoming tolerant to electro-magnetic interference which is
allowing portable electronic devices (or PED) in the form of electronic flight bags (or
EFB) to become the norm. And aircraft systems are becoming more agnostic, allowing
the variety of computing components to function and interact without any special
adaptations.
At the very basic level, the flight crew have a need to know what the weather will be
doing at the time of take-off, cruise and landing, i.e. the departure, en-route and arrival
phases. In respect of the departure and arrival phases there is a need to know what
parameters such as temperature, wind, pressure, visibility and cloud are doing or are
expected to do since these will directly influence the performance and operation of the
aircraft during this critical phase of flight. There is also the need, of course, to have
knowledge of threats at the time of departure and arrival such as cross-winds due to an
unfavourable surface wind direction and strength. In respect of the en-route phase there
is a need to know the air temperature at up to and including the cruising level, including
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its deviation from the international standard atmosphere (or ISA), and the height and
temperature of the tropopause since, again, these will influence how the aircraft
performs and operates. The next generation of A350 and B787 are flying higher earlier
and for longer so fuel temperatures are important as well as the need for accurate data
at these levels. Other parameters including wind, pressure, visibility and cloud and
threats such a deep convective cloud, ice crystal icing, ozone, volcanic ash and clear air
turbulence (or CAT) are also highly relevant, of course.
In terms of information on hazardous meteorological conditions, flight crew have
traditionally had to rely on 2-dimensional, fixed-time prognostic significant weather
charts, such as the ones issued by the world area forecast centres (or WAFC). While
such charts have served a long-standing user need, modern information and
communications technologies means that information on hazardous meteorological
conditions can be and is already starting to be conveyed to users in a much more agile,
real-time way, improving both the safety and the efficiency of a flight operation.
But, things are not quite as straightforward as we might hope. As modern technologies
allow meteorological information to be provided and consumed and ultimately interacted
with in new and innovative ways, there is an automatic expectation amongst some user
that the information supplied is a ‘faultless forecast’. This is symptomatic of today’s
digital age and our response to the new ways of visualising the flight critical data.
Regardless of whether we are talking about traditional paper-based products or the new
generation of interactive graphical products, one thing is clear: the need for accurate
and consistent meteorological information is required.
Earlier I mentioned PEDs entering the flight deck environment in the form of EFBs. These
hand-held devices, which are really just an interim step to an even more sophisticated
flight deck of the future, are connected securely to the World Wide Web and run custom
software applications which are allowing real-time or near-real-time meteorological
information to be available to the flight crew at the touch of a button. The variety and
granularity of meteorological and other information that can be displayed and interacted
with on these devices is already quite remarkable.
A typical round-trip flight by the latest generation of long-haul aircraft can generate
around 4 terabytes of digital data, both meteorological and non-meteorological (airframe
and engine data). This is a staggering volume of data to interrogate and manage. Some
operators are already pursuing machine-learning and artificial intelligence to intelligently
handle the ‘Big Data’.
In conclusion, the ability to stay continuously ‘connected’ or ‘online’ for the duration of
the flight, with in-flight uplink and downlink of a myriad of complex digital data requires
the content to be optimized. Meteorological information, both observed and forecast,
needs to be accessed by the flight crew in a simple, intuitive way so that the focus of the
flight crews’ attention remains on the mission – i.e. on the safe passage of flight taking
into account the weather situation. The flight crew do not want (and do not have the
time) to be determining which of the various layers of data should be selected or
manipulated within the built-in software applications on their PED/EFB. There has to be a
balance between the usability and the complexity of the information/data supplied. The
emphasis should be placed on extracting the necessary, relevant data/information at the
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right time, for the right place and the granularity of the data/information should be
balanced against the threat posed by the hazard. It is appreciated, for example, that
there may have to be trade-offs between those meteorological conditions or parameters
that pose the highest risk (or threat) to safe passage of flight with those that possess
the highest accuracy. Those that present the highest risk may understandable not have
the highest degree of accuracy. Operators have to undertake a risk assessment and
determine their appetite to risk exposure. Today’s digital era means that we are no
longer static. Data and information can be accessed in real-time or near-real-time
promoting flight safety and efficiency. There has to be a balance however between the
strategic decisions made at the pre-flight stage (‘offline’) with the tactical decisions that
have to be made at the in-flight stage (‘connected’ or ‘online’). The line has yet to be
defined between the connected inflight data for real time use tactically with the currently
required weather radar for example. Given the constantly growing volumes of data
available to the flight crew and the aircraft itself, machine-learning and artificial
intelligence appear to offer the way forward.
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ASPECTS OF WEATHER INFORMATION TRANSFER TO PILOTS
By K. Sievers
(Presented by K. Sievers)
Presentation

Introduction
Since the days of the Wright Brothers, pilots recognize the
importance of weather to safe flying. Getting modern weather
information for planning, with regards to en-route conditions to
landing and final parking, is part of every professional pilot’s
work.
This information-set should include appropriate, modern,
colourful weather info for print-outs, for the electronic flight
bag (eFB), for uplink en-route. Information about turbulence,
convection, cloud height and volcanic clouds is extremely
relevant. Unfortunately, such information-sets are rarely
available in airline practice.

Discussion
Looking back, Meteorologists have concentrated on building ever more complex and
capable meteorological systems on Earth and in Earth orbit. The Met Systems provide,
transform and transport data: gigabits/second, multi-terabyte storage banks. We have a
veritable glut of data, which will get pushed into the aviation data-systems of the future.
Names like SWIM, IWXXM and 4D DATACUBE are in use.

Figure1. A huge amount of data is available, but too little of the
needed information is reaching pilots.
So, data is available, information is available but the relevant rules and regulations,
which are necessary to co-ordinate Met around the globe, have not been adapted to
allow the practical use of much of the data. WAFS datasets are available several times a
day, but visualisation of the data is left to the so-called private sector. Transmission of
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these data to aircraft in flight and display on an eFB is certainly possible – but the rules
to allow this are neither flexible nor practicable. Transport of bits and bytes may get the
occasional nod from a regulator but getting approval for operational use of such data by
displaying them to pilots is another matter entirely. Getting approval for any new
product out of research is extremely difficult – and that would include even the approval
for use of a paper printout of such information.
A symptom of the problem is, that in general, meteorologists don´t communicate with airline- pilots on the expected weather anymore. The provision of weather in humanread able form, the promulgation of easily digestible graphical displays does not seem to
be a high priority, although pilots need just that. Furthermore, the more challenging
environment of today calls for the re-establishment of the knowledge transfer quality of
a MET- briefing. Cortana, Siri or Alexa might assist selecting relevant information, and
could even answer questions. Narrated movies and graphical displays could help.
Considering the very limited time available during briefing and in flight, meteorologists
and especially regulators should make it their priority to engage in the improvement and
provision of weather data on displays and printouts in human-readable form. The design
of ´charts´ , of easily digestible graphical displays needs to involve met experts, in order
to avoid the risk of loss of meteorological information. R & D needs to move to
operational use much faster, especially with regards to the development and
standardization of graphical displays with the most effective in the transfer of
information contained in the data to pilots.
Several providers are developing eFB applications. A path towards making these
available to airline pilots within the regulatory framework is being built, but progress is
slow. Matters are complicated, especially when a practicable form of usability/quality
control for the applications is considered. Nevertheless, design guidelines for weather
displays used by pilots need to be developed / improved, and guidance on colourful
displays / printouts in a WMO Manual. Appropriate guidance, e.g. ICAO DOC 8896,
Handbook of Meteorological Practice, and the ICAO DOC 10020, EFB Manual, needs to be
enhanced.
Pilots have a limited amount of time during which to perform a prescribed curriculum of
continuing education: aircraft systems, procedures, human factors. Met does not have a
very high priority here, and a more active role of meteorologists would be very welcome.
This engagement could take place not only at ICAO but also with the regulatory Civil
Aviation Authorities to ensure they embed comprehensive Met curricula in their initial
training rules and regulations. Additionally, program of continuing met education for
pilots should be established within the regulatory framework.
Enhanced efforts are needed in the continued education of pilots about modern Met
ideas (uncertainty, ensemble-forecasting, and decision support tools). Forecasts and
displays need to be improved in line with the exponential growth of computing-power
and observational capabilities, e.g. by satellites, ground stations or down-linked in-situ
measurements by aircraft.
Meteorologists provide TAF forecasts , in TAC, traditional alphanumeric code, and
information about future weather on significant weather charts. Nearly all the relevant
information is available as data in some form, gridded or IWXXM or another format. Until
now, there are no standards for the display of these data to pilots, and thus, research on
such standards with the goal to improve the situational awareness of pilots by tailored
forecasts, and tailored display formats needs to be done.
Examples might be research the forecasting of CB, turbulence, the development and
movement of all kinds of storms as well as their display in graphical form to pilots.
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To summarize, data are available in large quantities, but little has been done to ensure
that human users are receiving information that is easily ingested, understood and
supporting decision-making in a clear, simple and unambiguous way. Near stagnation in
the development of standardized information-displays and their transmission to pilots
has taken place, although we would urgently need good, actionable information in
modern form, available in the cockpit.
According to findings of the 2016/2017 CAeM global survey on aeronautical
meteorological service provision, the CAeM Newsletter of September 2017, there is a
very wide variety, globally, in the organisation of weather information provision. This
variety should not hinder the flow of modern weather into the hands of pilots. It is,
however, well beyond the means of any organisation like IFALPA to affect improvements
uniformly on a global scale -it is hoped that the WMO, as a global organisation, can
enhance standards and drive developments to ensure that the available Met-data can be
visualized so that pilots can fly safer, with improved situational awareness.

Figure 2. We don´t need more supercomputers – we need modern,
tailored weather information - in the hands of pilots.
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INTEGRATION OF WEATHER FORECAST IN THE COCKPIT
By F. Birling
(Presented by F. Birling)
Presentation

Short abstract
What are the pilot needs before the take-off and during the
flight? During the last years airlines have worked on replacing
the paper briefing by a digital solution compatible with
devices such as their tablets. Static charts in pdf files
completed progressively the electronic flight folder, which
allowed a transition to a complete digital solution in tablets.
With the widely spread of ground and satellite communication,
the pilots are now requesting more dynamic solutions with
close-to-real-time forecast and nowcasting of the
meteorological phenomena. They are interested in getting the
most recent updates of the meteorological information few
minutes before the take-off from their iPad with 4G
communication and even request updates from a connected
EFB in the cockpit during the flight. Clear Air Turbulence,
Convection, Icing, Ice crystals are the main worries of air crews who want to maintain
and improve the safety and the comfort of the passengers
Having been attentive to the pilots need during the last 12 years, a SME designed,
developed and implemented a new weather solution for the pilots named eWAS. Thanks
to strategic partnerships, the company succeeded in proposing its innovative weather
service word-wide and now the solution is implemented and used in operation in several
major airlines in Europe and Asia.
The presentation provides an overview of new needs expressed by airlines and crews
and exposes an example of integration of the new system eWAS into the whole flight
management process as undertaken by the French airline Air France.
More details can be found on the Application web site www.ewas.aero
Extended abstract: Not available at time of publication
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AUTOMATED IN-SITU TURBULENCE REPORTS FROM AIRBUS AIRCRAFT
By A. Piroth and A. Memert
(Presented by A. Piroth)
Presentation

Introduction
A study published this year by Paul D. Williams showed that
the amount of transatlantic wintertime clear-air turbulence in
the atmosphere will increase significantly in all aviationrelevant strength categories as the climate changes. This
trend is also foreseen all around the globe. Moreover, other
studies demonstrate that the strength of those turbulence will
most probably be higher.
In parallel, more and more turbulence events are reported by
airlines, if not directly by the social networks and the media
for the worst of them that lead to cabin mess and even
passengers and cabin crew injuries. All of these converging
facts emphasize the crucial need to better predict and
anticipate turbulence events.
In order to achieve this, the scientific community needs to improve its physical
understanding of the generation of small-scale processes. In such a perspective, the
capability to rely on massive “real-time” turbulence data detected by aircraft will be a
major opportunity. This is the exact goal of the EDR (Eddy Dissipation Rate) project
launched by Airbus.
Discussion
The purpose of this project is to equip Airbus aircraft with an algorithm which calculates
the turbulence around the aircraft. Among the several options that exist to characterise
the turbulence, the EDR has been chosen to be compliant with the ICAO
recommendation regarding turbulence detection. This parameter, as independent of the
type of aircraft which senses it, can be universally used by any consumer. It can be used
directly on-board the aircraft but also downlinked in real time to the ground for any
potential users (airlines, meteorological offices/provider, airports etc.). It enables all
along the aircraft route to both determine precisely the areas where a turbulence is
occurring but also the area where there are not.
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The algorithm has been defined, developed, implemented and tested on board the
aircraft. Besides evaluation sessions with pilots on aircraft simulator enabled to
determine severity thresholds associated to EDR values. This severity thresholds
definition will be matured through further Airbus experimentation in real-event situation.
It will concur to converge towards an agreed and recognized “translation” of EDR
numerical values in operationally understandable thresholds.
The concept which we are currently demonstrating is relying on the fact that, having a
significant number of aircraft equipped with the EDR algorithm detection will enable at
least two major improvements:
1

the exchange of information between aircraft in order to improve pilots’
awareness on turbulence occurrence around their position and versus their
planned trajectory. This will help them to determine the areas to avoid and
those which are safe and bring benefits to the airline in term of safety, fuel
consumption, passenger comfort and branding.

2

the gathering of such data will be key to improve long and short term forecast
of turbulence in order to have a continuous representation of turbulence
phenomena and better anticipate and optimise airplanes trajectories taking
into account avoidance of turbulence areas.

And,
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We have already equipped about 40 airplanes with EDR algorithm since almost a year
and developing associated tools to demonstrate the efficiency of this approach. Moreover
this data allow us to build some statistical representations of turbulence occurrence over
Europe as displayed in the figure below.

We are also sharing this big amount data with some National Met offices to try to
evaluate how far they will contribute to the improvement of their activities (forecasting,
nowcasting, model initialisation and validation…) This partnership with National MET
service providers is a fundamental part of this project and has to be extended as far as
to achieve concrete results in this prediction field.
Current activities tend to deploy the initiative to other partner airlines so that to improve
the turbulence gridding all over Europe and then in the rest of the world
The Automated in-situ Turbulence observed data is the key element that will aim to
globally contribute to a better turbulence phenomenon understanding, crowd-sharing
and nowcasting/forecasting. It will ensure a deeper knowledge of the turbulence events
which will be profitable for all the users.
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A CONCEPT FOR TERMINAL WEATHER TRANSLATION AND ADVISORY
By R. Avjian and M. Fronzak
(Presented by M. Robinson)
Presentation

Introduction
There are significant limitations in the current set of weather
related decision support tools at major airports and terminal
approach control facilities. Due to this situation air traffic
managers must cognitively translate observed and forecast
weather information into weather events that are then
mentally translated to determine National Airspace System
(NAS) resource capacities. The impact of this problem on the
NAS is that cognitive-based capacity determinations can lead
to inefficient or ineffective operational decisions. To address
this issue, we consider two concepts, weather translation and
weather threshold event, both contained in the Joint Planning
and Development Office (JPDO) ATM-Weather Integration Plan
Version 2.0 [1]. In this paper, we describe 1) the terminal
weather translation and advisory concept that transforms raw
weather into potentially actionable information and 2) the results of operational user
evaluations of the terminal weather translation and advisory concept.
What is the problem?
Multiple factors affect airport runway configuration, approach types including cloud
ceiling, wind direction, wind speed, and visibility. Traffic Managers (TMs) in Air Traffic
Control Towers (ATCTs) and Terminal Radar Approach Control (TRACON) facilities
coordinate decisions on airport configuration and rate. Such decisions require access to
and synthesis of information to determine how weather may evolve and affect airport
operations and capacity measures such as Airport Arrival Rate (AAR) and Airport
Departure Rate (ADR). Sources include Terminal Aerodrome Forecasts (TAFs), local area
Meteorological Terminal Aviation Routine Weather Reports (METARs), guidance from
Centre Weather Service Unit (CWSU) and airline meteorologists, and local area
commercial weather data.
The integration and translation of weather information by TMs to determine runway
configurations and types of departure and approach procedures can be a subjective
process [1]. Each check of forecasted weather during the day follows a similar pattern,
with weather observations providing either a reason to change the airport operating
state or confidence in the day’s forecasts. Figure 1 shows today’s process of translating
cloud ceiling and visibilities to an airport operating state, and subsequently to the airport
capacity measures. As can be surmised in Figure 1, because the translation of terminal
weather to airport impacts has a human at the centre of the decision, each TM or FrontLine Manager (FLM) performs the translation based on his or her mental model,
developed via operational experience. Thus, variability in operations managed in this
largely subjective manner results in weather impact mitigation outcomes that are
inconsistent. Moreover, decisions reached with the current approach can be both
workload-intensive (which diverts time and attention away from other critical tasks) and
inefficient with respect to minimizing avoidable impacts and delays when weatherinduced airport state changes are required [2].
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Figure 1. Current operation to monitor and translate weather for airport
operations [2]
Description of the Concept
The origin of the weather translation concept traces back to the ATM-Weather
Integration Plan (AWIP) Version 2.0 [1], which introduced a key concept known as
“weather translation”. This translation produces constraints or weather threshold events
that can be integrated with automation systems or decision support tools. The AWIP
introduced levels of integration as depicted in Figure 2. The degree of weather
integration with ATC automation systems including decision support tools increases in
complexity as the level of integration increases. The terminal weather translation
concept is an example of Level 2 integration, where raw weather data is translated into
weather threshold events.

Figure 2. Terminal weather translation concept and levels of ATM-weather
integration
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With respect to the weather translation function, the term “weather threshold event”
applies to observed or forecast weather parameters such as wind speed and direction,
cloud heights and visibility that cross a regulatory or an operationally-relevant threshold
which may result in an associated change in the state of the affected terminal element
(airport or airspace).
The process of weather translation converts the weather threshold events, based on
adapted, user-specified meteorological threshold values, to specific operating states for
the affected airport or terminal airspace. Examples of state changes for an airport
include runway configuration changes, approach procedure changes or landing minima
changes, any of which can result in a change to the capacity of the airport, normally
expressed as aircraft arrival or departure rates.
As shown in Figure 3, Terminal Weather Translation and Advisory (TWTA) is an
envisioned terminal area capability embedded within a surface and/or terminal decision
support system, that evaluates specific atmospheric factors such as ceiling, visibility and
wind conditions, and identifies weather events that may impact terminal flight operations
and affect airport capacity. FLMs and TMs can use this translated information along with
other airport operating considerations to determine the airport’s runway configuration
and AAR/ADR values.

Figure 3. Terminal weather translation concept
Application of Terminal Weather Translation to Atlanta Airport
After initial development, the translation concept needed to be applied to one of the NAS
Core 30 airports for further exploration. The airport needed to be one that experiences a
wide variety of weather types and has enough scheduled air traffic to produce situations
with potentially challenging airport runway configuration changes and approach
conditions. To simplify the initial exploration, the candidate airport should have a simple
runway geometry. Thus, Atlanta (KATL) was selected as the first airport.
The MITRE team visited the Atlanta Tower and TRACON in June 2016, to interview traffic
managers, supervisors and air traffic controllers to understand how they collectively use
weather observations and forecasts to determine Atlanta’s airport configuration and
AAR/ADR values. This information was used to define rule sets and threshold values that
would be the basis for translated weather advisories.
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Figure 4. Application of terminal weather translation to Atlanta [2]
Figure 4 depicts an encapsulated view of Atlanta’s arrival operations, airport runway
geometry, the various cloud ceiling and visibility thresholds used to determine approach
and departure procedures as well as the resulting AAR and ADR resulting from a given
airport and arrival/departure configuration. The matrix in the lower right of Figure 4
summarizes the ceiling, visibility and winds data used as an input to a rules-based
engine to produce the translated weather in terms of an airport configuration.
Because all three runways at KATL are parallel, and because terrain is not a significant
factor on either side of the airport, the ceiling and visibility weather thresholds, and
resultant allowable approach procedure types, are identical regardless of the airport
runway configuration (i.e., direction of landing). The colour scheme shown in Figure 4
that delineates each of the configurations is the same as that used in the matrix.
Information relevant to the wind-based runway configuration selection process was also
included.
Concept Evaluations
After compiling the Atlanta weather thresholds, various methods of translating raw
forecasts of ceiling, visibility and wind speed and direction into KATL-specific weather
threshold events was explored. We developed a means to communicate the translated
weather information to researchers and subject matter experts (SMEs). To explore the
application and evaluation of the TWTA concept, the project team needed a means to
visualize the translated weather. For the first evaluation, the most effective means of
accomplishing this was to display the translated weather information graphically, as
opposed to describing it textually and leaving it to users to cognitively visualize. Once
the team agreed on notional translation concepts, the team generated PowerPoint
weather translation mock-ups to be used by evaluators during the evaluations. For the
second evaluation, the PowerPoint mock-ups were replaced by automated generation of
the translated weather advisories.
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Examples of these translated weather concept visualizations are shown in Figure 5 and
Figure 6. The details of these concept visualizations are documented in reference [2].

Figure 5. National terminal weather translation mock-up used for 1st evaluation
[2]

Figure 6. National terminal weather translation mock-up used for 2nd evaluation
[2]
The first evaluation was an eight-hour Tabletop Exercise (TTE) on November 17, 2016.
The purpose of this first evaluation was to gain initial user feedback on the initial TWTA
concept. TTE1 was conducted using scenarios based on actual conditions and operations
at KATL. The scenarios had distinct types and sequences of weather conditions that
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occurred during the time frames of interest. Six MITRE SMEs, all former controllers and
TMs with over 150 years of aggregated previous FAA experience, participated in TTE1 in
the roles of TRACON and Tower TMs.
Evaluation observers included representatives from the FAA Aviation Weather Division,
the FAA Aviation Weather Division New Weather Concept Development Branch, the FAA
Operational Concepts, Validation & Requirements Division. To properly equip the
participants with the kind of meteorological information they would have at a TRACON or
ATCT, the study team produced paper copies of METARs and TAFs for all weather
reporting stations within 60 Nautical Miles of KATL that spanned the scenario time
frames (see Figure 7).

Figure 7. Example scenario weather from Feb 2016 – used in 1st evaluation [2]
The second evaluation was also a TTE on April 5, 2017. The format for TTE2 was the
same as TTE1, except for different SME participation. The same format as TTE1 was
followed where scenarios were processed, discussed, and obtained objective SME
feedback via evaluation surveys.
Figure 8 shows a summary of the six scenarios spanning the two tabletop evaluations.
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Figure 8. Summary of six scenarios used in weather translation KATL
evaluations [2]
Evaluation Results
For TTE1, surveys were completed after each of the three scenarios in which the TWTA
concept was evaluated. Each survey consisted of five statements (S1 – S5), shown in
Figure 9, concerning the usefulness or effectiveness of the TWTA concept. SMEs chose
one of five Likert-scale responses for each statement. Each response (Strongly Agree,
Agree, Neutral, Disagree, Strongly Disagree) had an assigned numerical value (1-5).
Weighted average responses were calculated for each statement and in aggregate.
For TTE2, surveys were completed by each of the seven SMEs and the three observers at
the completion of the third scenario. Each survey consisted of nine statements (S1 – S9)
as shown in Figure 10. The SMEs used the same Likert-scale method as in TTE1. The
survey statements were grouped into two categories: information content and
expected value. Questions S1-S4 addressed the question: Does the information
provided by terminal weather translation support airport and terminal airspace
configuration decision-making?”. Questions S7-S9 addressed the following question: Is
the information provided by terminal weather translation of value to the decision-making
process?
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Figure 9. Responses to TTE 1 evaluation survey
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Figure 10. Responses to TTE 2 evaluation survey
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Conclusions
The evaluation results reflect strong, consistent support for the TWTA concept in general
as exemplified first by the notional concept and then by an updated version of the TWTA
concept. Supporting these evaluation results were the encouraging verbal comments
offered by the SMEs during and after both evaluations.
Observations of the SMEs during TTE1, along with reviews of their survey results, their
free text comments and the notes taken by TWTA team members, enabled the TWTA
team to arrive at the following conclusions listed in Table 1.
Table 1. Summary of SME Comments during TWTA Evaluations

Parties interested in further details or additional explanation of the translated weather
concept, methods or evaluations are encouraged to contact the author for additional
details that were not provided in this extended abstract.
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TRANSLATING METEOROLOGICAL OBSERVATIONS INTO AIR TRAFFIC
IMPACTS IN SINGAPORE AIRSPACE
By M. Robinson, C. Wanke, S. Liu and C. Foo
(Presented by M. Robinson)
Presentation

Introduction
A fundamental responsibility of air traffic flow management
(ATFM) is to optimize airspace utility and efficiency while
maintaining high operational safety standards. This is
accomplished by implementing strategic plans and executing
tactical decisions that prevent the occurrence or mitigate the
impact of air traffic congestion. Congestion arises when
imbalances occur between air traffic demand and capacity,
either because of high traffic volume relative to nominal
capacity or because of degraded capacity. The most frequent
and significant factor that degrades airport and airspace
capacity, leading to congestion, is weather hazardous to
aviation.
The MITRE Corporation (MITRE) and the Civil Aviation Authority
of Singapore (CAAS) are researching models to measure and predict air traffic demand
and capacity in support of ATFM decision-making for the Singapore Flight Information
Region (FIR). A core challenge and focus of these efforts is translating Singapore’s
significant aviation weather phenomena (particularly convection) into air traffic impacts
and subsequent reductions to airspace resource capacity (e.g., traffic flow rate, airspace
sector capacity). This challenge is exacerbated by the dynamic nature (and associated
forecast challenges) of oceanic and monsoonal convection that frequently impinge on the
Singapore air traffic operation. These weather impacts can be severe, given Singapore’s
significant traffic demand. Passenger traffic demand in the Asia- Pacific region continues
to rise at more than 5% per year [1], so the need to recognize and predict weatherinduced capacity impact and congestion in support of proactive impact management is
becoming a high priority.
Described here are initial efforts and preliminary findings on the needs, opportunities,
approach, and challenges for translating meteorological observations and forecasts of
convective weather into air traffic impacts in Singapore’s FIR. Implications and broader
opportunities for ATFM – Weather Integration (AWI) efforts in the Asia-Pacific region are
also discussed.
Singapore Air Traffic Operations and Primary Weather Constraints
Air traffic operations in Singapore FIR are dominated by flights to and from Singapore’s
Changi airport (Figure 1). Changi is one of the busiest airports in the world [2], serving
over 360,000 commercial flights and 58 million passengers in 2016 [3]. The Singapore
FIR and major airspace flows are designed to manage and balance the volume of Changi
arrival and departure airport, as well as to accommodate other en-route traffic and
military flights transitioning Singapore FIR (Figure 2).
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Figure 1. Singapore Changi Airport (photo source: Jettphotos.net)

Figure 2. Singapore FIR, sectors and standard arrivals (light blue) and
departure routes (dark blue), with military airspace regions (boxed areas)
located northeast of Changi airport (red circle). Inset shows size and location
of Singapore FIR in broader Asia-Pacific region.
Singapore air traffic control (ATC) and traffic management operations and
responsibilities are distributed among eight en-route sectors, in coordination with Changi
terminal operations and airport runway management. Congestion typically arises as the
air traffic operation reacts to disruptions from weather, military flight activity, or
occasional surges in Changi departure or arrival volume. Singapore air traffic is
regulated through strategic airport slot allocation, while tactical flow management is
done primarily with arrival management (AMAN) controller tools / procedures and
airborne holding. As Singapore air traffic demand increases, the frequency and severity
of congestion events is expected to overwhelm current tactical practices.
Instead, more proactive, strategic approaches to ATFM will be needed. Moreover,
proactive traffic management must be weather-aware, as weather-induced airspace
capacity reduction is more disruptive under high traffic loads if the reduction is not
recognized and planned for in a timely manner.
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Weather phenomena adverse to aviation, particularly convective events, occur frequently
the Singapore FIR. Terminal impacts such as wind shifts (possibly requiring runway
reconfigurations), lightning (requiring ramp safety protocols), and haze from transboundary smoke [4] (reducing visibility) all can lead to reduced Changi airport capacity,
and to congestion and delay that must be managed. Most significant, however, are the
frequent, varied, and widespread convective weather events common in the region
which can disrupt Singapore air traffic operations in many ways.
Located near the Inter Tropical Convergence Zone (ITCZ), and under the influence
multiple, distinct atmospheric monsoon regimes (Figure 3, from [5]), Singapore’s
convective weather can be complex and difficult to forecast. Figure 4 illustrates distinctly
organized convective weather days affecting Singapore FIR in 2015.

Figure 3. Overview of Singapore monsoon regimes and associated annual
rainfall distribution, which is largely convectively-driven (from [5])

Figure 4. Distinctly organized convective weather events affecting Singapore
FIR operations in 2015 (radar images provided by Meteorological Services of
Singapore (MSS))
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Weather Impact Translation and Integration
Most effective management of weather-induced airspace capacity reduction and
congestion requires ATFM – weather integration (AWI). Ultimately, when seeking to
minimize disruption and delay, air traffic controller and managers (who are not
meteorologists) care primarily about the effect of weather on their operation, and not
the weather itself. Weather impact translation and integration with air traffic both
simplifies and focuses disparate weather information to fundamentally inform traffic
management decision-makers how that weather may affect the operation and require
intervention.
AWI is defined as “the inclusion of weather information into the logic of an air traffic
management decision process or decision aid such that aviation weather constraints are
directly taken into account when the decision is considered” [6]. An AWI framework,
developed in support of the United States of America (U.S.A) National Airspace System
(NAS), consists of five levels (Level 0-4) progressing through more advanced staged of
weather translation and integration for ATFM (Figure 5).
Adopting the AWI framework for Singapore FIR applications requires the following initial
efforts:
•
•
•
•

Identify and collect pertinent weather and air traffic data to quantitatively
evaluate conditions, responses, and outcomes associated with weather-induced
irregular operations
Develop methods and models for translating weather data into operational impact
through statistical analyses of weather, air traffic, and airspace resource data
Assess available weather forecast data that may support translated weather
impact predictions and subsequent airspace capacity degradation forecasts
Create new forecast products tailored to predicting weather events that have high
impact on aviation operations.

Figure 5. ATFM-Weather integration (AWI) framework [7], [8]
Convective Weather Impact Translation for Singapore Air Traffic Operation
Characteristics of convective weather most pertinent to air traffic impact translation
include storm intensity (two- and three-dimensional [2-D, 3-D]), coverage, location,
movement, and evolution. These traits are best measured by Doppler weather radars.
Singapore’s weather radars operated by Meteorological Services of Singapore (MSS),
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uses eight elevation angles between 0.3° and 40° to sweep a complete volume for
remote sensing of convective weather out to 480 km (260 nm) from Singapore. Utilizing
the radar’s multiple elevation angles supports initial assessments of convective intensity
and ‘vigour’ (enhanced radar intensity aloft, indicative of stronger convection that pilots
are more apt to avoid) needed for impact translation.
Assessments of Singapore radar data suggest that combined use of (a) 1.0° plan
position indicator (PPI) and (b) 5 km (16 kft) and 7 km (23 kft) constant altitude plan
position indicator (CAPPI) radar observations is best suited to investigate convective

weather disruptions in Singapore FIR and primary traffic flows (Figure 6).
Figure 6. Singapore weather data (radar reflectivity (dBZ) converted to six
level video integrator processor (VIP) intensity scale) used to examine weather
avoidance behaviour by air traffic in Singapore FIR: (A) 1.0° PPI, (B) 16 kft
CAPPI, and (C) 23 kft CAPPI.
Merging this radar data with one-minute flight position and trajectory data in Singapore
FIR supports analyses of pilot weather avoidance behaviour as different convective
weather is encountered under different operational scenarios (e.g., location, time of day,
phase of flight, aircraft type). Evaluation of 2-D and 3-D weather avoidance is the initial
step in convective weather impact translation (Figure 7).

Figure 7. Range of pilot/traffic responses to convective weather.
Given a large enough sample size and varied weather encounters, probabilistic
relationships for the likelihood that a pilot will seek to avoid weather given specific
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characteristics can be determined. This information allows for the generation of a new
(translated) weather avoidance field that shows convection not as a meteorological
representation but as a field representing the probability that a pilot will avoid the
weather. Weather avoidance fields used in conjunction with specific airspace resources
can then measure the likelihood of flow and fix blockage, and in turn to quantify
resource capacity loss due to weather [9], [10], [11]. In this manner, meteorological
radar observations can be directly translated into air traffic route / flow impacts (Figure
8) as well as quantified estimates of reduced sector capacity – which inform traffic
managers of when and where weather impact mitigation tactics and strategies may be
needed to optimize operational efficiency.

Figure 8. Initial demonstration (07 Jan 2015 at (A) 0722 LT and (B) 1330 LT) of
Singapore Changi airport arrival (blue) and departure (orange) route impact
severity that can be derived from initial meteorological radar observation
(insets). Thickness of routes denotes severity of weather impact (which can be
converted to a measure of route blockage). SID = Standard instrument
departure; STAR = Standard Terminal arrival route.
The primary challenges with initial weather impact translation efforts for Singapore air
traffic operations are associated with (1) access to convective weather observations and
(2) suitability of weather forecasts for predicting (rather than observing) weather
impacts.
Weather radar data is well-suited to most robust methodologies for converting
meteorological observations to air traffic impacts. However, ground based weather radar
has limited coverage (out only to 130 nm). Weather satellite data1 can fill this void but
this data too must first be assessed and evaluated in the context of convective weather
severity and as a potential hazard to aviation and air traffic interests. Fortunately, this
effort has been completed by the U.S. National Centre for Atmospheric Research
(NCAR), who in collaboration with Basic Commerce and Industries, Inc. (BCI) produce
real-time, global, satellite-based convective hazard products pertinent to aviation
interests. MITRE, in collaboration with NCAR and BCI, is using archived Convective
Diagnostic for Oceanic (CDO) and Cloud Top Height (CTH) hazard products ([12], [13]),
merged with Singapore flight trajectory data to assess weather avoidance behaviour and
to translate convective weather observations into air traffic impacts for the complete
airspace region of interest (Figure 9).
To be most effective to air traffic decision-making, models for translating meteorological
observations to aviation impacts must transition to constraint prediction. This is most
readily accomplished by utilizing weather forecasts that predict core meteorological
characteristics required for impact translation, such as precipitation (convection)
1

In this region of the world, weather satellite coverage is provided by the Himawari meteorological satellite
operated by the Japan Meteorological Agency (JMA): http://www.jma.go.jp/jma/jma-eng/satellite/index.html
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intensity, coverage, and location, and then applying similar translation logic to the
weather forecast. It is more complex however, as these predictions are inherently
uncertain, and thus forecast performance (pre- and post-translation) must be
understood. Moreover, impact prediction needs and limitations will vary by forecast leadtime, as the type of decision and the temporal and spatial characteristics of the hazard
depend on the anticipated performance of the forecast – which can be significantly
different in tactical (0-2 hour) vs. strategic (2-10 hour) time scales for traffic
management. Numerical weather models used by MSS to date have largely focused on
hydrological support to Singapore, and options and opportunities, relative to ATFM
needs, must still be defined.

Figure 9. Convective Diagnosis Oceanic (CDO) and Cloud Top Height (CTH)
hazard products for aviation, covering Singapore FIR and available across the
broader Asia-Pacific region, provided by NCAR and BCI, Inc.
Air Traffic – Weather Integration (AWI) Opportunities: Asia-Pacific Region
Although the weather impact challenges are country-specific, the approaches, models,
and initial data analysis used in Singapore for weather impact translation in support of
ATFM are applicable to the wider Asia-Pacific region. In fact, adopting Singapore models
and weather impact products and metrics will help ensure synergy when seeking to
mitigate adverse weather impacts for the region. This would be particularly helpful to the
Singapore operation (given long flight times from many origin airports destined for
Changi) in managing cross-FIR- boundary weather constraints and its potential effect on
traffic demand predictions and volume management needs. AWI, as a relatively new
endeavour in Singapore and the broader region, would better overcome initial challenges
via a dedicated AWI program seeking to:
•
•
•
•
•

Define key air traffic decision needs and associated aviation weather challenges
Establish strong AWI partnerships between civil aviation authorities (e.g., CAAS)
and National Meteorological and Hydrological Services (NMHS; e.g., MSS) to
identify gaps and jointly develop AWI requirements and services
Identify weather impact translation and integration needs, challenges, and
requirements – with special emphasis on impact prediction for ATFM
Define and develop a “two-way” (air traffic and meteorological operations) AWI
training program
Develop regional, multi-country FIR-NMHS partnerships for AWI in support of
ATFM

World Meteorological Organization P2-34
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
References
[1] International Civil Aviation Organization (ICAO), 2012: Report of the Asia / Pacific
Area Traffic Forecasting Group (APA TFG) Sixteenth Meeting, Montreal, Canada:
https://www.icao.int/sustainability/Documents/APA-TFG16_Report.pdf.
[2] Business Insider, 2016: 16 Busiest Airports in the World,
http://www.businessinsider.com/16-busiest-airports-in-the-world-now-2016-7,
published 25 July 2016.
[3] Changiairport.com, Changi Airport Air Traffic Statistics:
http://www.changiairport.com/corporate/about-us/traffic-statistics.html.
[4] Meteorological Services of Singapore, Transboundary Smoke Haze:
http://www.weather.gov.sg/learn_phenomena/.
[5] Ee, P., 2015: Aviation Weather Forecasting Challenges in Singapore. Aviation
Weather Symposium, Air Traffic Management Research Institute, Nanyang
Technological University, Singapore.
[6] FAA, 2010: ATM Weather Integration Plan V2.0, Washington, D.C.
[7] Bradford, S., D. Pace, M. Fronzak, M. Huberdeau, C. McKnight, and E. Wilhelm,
2011: ATM Weather Integration and Translation Model. 2nd Aviation, Range,
and Aerospace Meteorology Special Symposium on Weather-Air Traffic
Management Integration, American Meteorological Society, Seattle, WA, U.S.A.
[8] Flather, B., M. Fronzak, M. Huberdeau, C. McKnight, M. Wang, G. Wilhelm, 2013: A
Framework for the Development of the ATM-Weather Integration Concept. 16th
Conference on Aviation, Range, and Aerospace Meteorology, Austin, TX, U.S.A.
[9] DeLaura, R., M. Robinson, M. Pawlak, J. E. Evans, 2008: Modelling Convective
Weather Avoidance in En-route Airspace. 13th Conference on Aviation, Range,
and Aerospace Meteorology, New Orleans, LA, U.S.A.
[10] Robinson, M., R. DeLaura, N. Underhill, 2009: The Route Availability Planning Tool
(RAPT): Evaluation of Departure Management Decision Support in New York
during the 2008 Convective Weather Season. 8th USA/Europe Air Traffic
Management Research and Development Seminar (ATM2009), Napa, CA, U.S.A.
[11] Song, L., D., Greenbaum, C. Wanke, 2009: The Impact of Severe Weather on
Sector Capacity. 8th USA/Europe Air Traffic Management Research and
Development Seminar (ATM2009), Napa, CA, U.S.A.
[12] Kessinger, C., G. Blackburn, N. Rhak, A. Ritter, K. Milczewski, K. Sievers, D. Wolf,
J. Olivo, 2015: Demonstration of a Convective Weather Product into the Flight
Deck. 17th Conference on Aviation, Range, and Aerospace Meteorology,
Phoenix, AZ, U.S.A.
[13] Kessinger, C., M. Donovan, R. Bankert, E. Williams, J. Hawkins, H. Cai, N. Rehak,
D. Megenhardt, M. Steiner, 2008: Convection Diagnosis and Nowcasting for
Oceanic Aviation Applications. Rem. Sensing Appl. For Aviation Weather Hazard
Detection & Decision Support, edited by Wayne F. Feltz and John J. Murray.,
Proc. of SPIE Vol. 7088.
NOTICE
This is the copyright work of The MITRE Corporation and was produced for the U. S. Government under
Contract Number DTFAWA-10-C-00080 and is subject to Federal Aviation Administration Acquisition
Management System Clause 3.5-13, Rights In Data-General, Alt. III and Alt. IV (Oct. 1996). No other use

World Meteorological Organization P2-35
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
other than that granted to the U. S. Government, or to those acting on behalf of the U. S. Government, under
that Clause is authorized without the express written permission of The MITRE Corporation. For further
information, please contact The MITRE Corporation, Contracts Management Office, 7515 Colshire Drive,
McLean, VA 22102-7539, (703) 983-6000.
© 2017 The MITRE Corporation. All Rights Reserved.
Approved for Public Release by The MITRE Corporation; Distribution Unlimited. Case Number 173932

World Meteorological Organization P2-36
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
PROBABILISTIC WINTER WEATHER NOWCASTING SUPPORT TO TOTAL
AIRPORT MANAGEMENT
By H. Juntti, A-M. Harri, E. Saltikoff, S. Pulkkinen, A. Hohti, R. Kaltenböck,
J. Nuottokari, A. Blanco and M. Hagen
(Presented by J. Nuottokari)
Presentation

Introduction
Winter Weather is a prominent reason for delays and
cancellation of flights. It influences to many airport procedures
Airside and Landside of airport. The SESAR (Single European
Sky ATM Research) 2020 Exploratory Research (ER) Project
PNOWWA (Probabilistic Nowcasting of Winter Weather for
Airports) is a joint effort of Finnish Meteorological Institute in
Finland, DLR in Germany and Austro Control in Austria to
create set of Winter Weather Nowcasting product prototypes to
all airport operators, which can be used as a part of joint plan
in Total Airport Management.
The PNOWWA produces methods for the probabilistic shortterm forecasting of winter weather and enables the assessment
of the uncertainty from the end points (airports) of 4D trajectories. 4D trajectory
management is an essential building block of the ICAO GANP (International Civil Aviation
Organization Global Air Navigation Plan) [1] and European Single European Air (SES)
concepts [2] to meet future growth in air traffic; probabilistic forecasts will be used in Air
Traffic Management (ATM) applications to support operational planning in surface
management and ATM decision making, thereby increasing airport capacity in critical
weather situations, shortening delays and promoting safety.
In PNOWWA demonstration campaign very short-term (0-3h, "Nowcast") probabilistic
winter weather forecasts at 15 min time resolution based on the extrapolation of the
movement of weather radar echoes were delivered to a selected group of end users at
different airports. Users were consulted to provide the most relevant parameters and
operationally important thresholds of the selected parameters (e.g. how many
centimetres is considered “heavy snowfall”).
User needs for winter weather forecasts at airports
User needs were sought to be obtained from a wide range of aviation stakeholders
mainly at airports, ranging from major hubs to smaller regional European airports. Apart
from web-based surveys, direct contact was established to a number of representatives
of user groups and their views and operational concepts established and compared,
leading to the interesting result that any such Nowcasting system will have to be highly
flexible, scalable and adaptable to meet genuinely diverse user needs. The relevant
thresholds or equivalent decision criteria were discussed in face-to-face meetings with
different end users at Vienna (LOWW), Innsbruck (LOWI), Zurich (LSZH), Geneva
(LSGG), Rovaniemi (EFRO) and Helsinki Vantaa (EFHK) airports. Written feedback of
varying detail was received from Oslo-Gardermoen, Munich, Istanbul, and Salzburg.
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Three major groups of users were identified:
1) The runway maintenance needed accumulation of snow in millimetres during each
15-minute step. Thresholds were expressed separately for dry snow, wet snow
and slush. In addition, they wanted a probability for freezing rain – something,
what a solely weather radar –based algorithm cannot express.
2) The aviation control tower wanted probability of low visibility procedures, LVP. In
winter, LVP is related to clouds, fog or snowfall, and solely weather radar –based
algorithm can only express the snowfall-related LVP (visibility reduction without
ceiling).
3) The de-icing managers at airports used its own De-icing Weather Index (DIW)
PNOWWA team had experimented with this already in SESAR1 [3]. Basic idea of
DIW is that the bigger DIW value is the longer time is needed for de-icing of
individual aircraft. Thresholds of frost formation causing need of de-icing of
planes is based on the experiences of de-icing companies at Helsinki, Oslo and
Stockholm airports for conditions when planes will ask for de-icing (interviews
during SESAR1 projects 11.02.02. and 06.06.02). The need of individual plane’s
de-icing is dependent also from the previous phases of flight and conditions it has
experienced in past not only meteorological conditions.
Table 1. The dependency between weather and DIW.

The type of winter weather affecting mostly to airport procedures are presented in Fig.
1. In PNOWWA most important weather challenges are covered except low visibility
caused by fog. Beside the nowcasting lead time of 3 hours, airport operators are
interested additionally also in 12 hours, and more dominantly, in 24 hours lead times for
tactical planning and pre-emptive actions. PNOWWA will concentrate to 3-hour
timeframe, other tools are needed for longer forecasts.
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Figure 1. Number of responses, which show the type of winter weather
affecting airport procedures. (left). Useful Lead time for warning of critical
weather (right). X-axis shows the number of responses.
Nowcasting methods in PNOWWA
Three nowcasting methods have been tested in PNOWWA.
In the method suggested by Andersson and Ivarsson [4], wind at 850 hPa level is used
to describe the movement. The wind is taken from HIRLAM (High Resolution Limited
Area Model) numerical weather prediction model. This approach had been tested in
SESAR1, so it was known to provide reasonable results. It was used in the first real time
demonstration campaign during 2015-2016 winter.
The new nowcasting method developed in PNOWWA uses motion vector analysis scheme
based on approach of optical flow [5] and the stochastic ensembles for creating
probabilistic output.[6] This method was used for case studies and offline
demonstrations. The method operationally used and originally developed at FMI, applies
modified correlation- based atmospheric motion vector (AMV) system by EUMETSAT.[7]
[8] This method was used as a benchmark for comparisons, when developing the new
method.
Scientific demonstration
Simple conversion tables were used to express the dBZ values in user-defined
parameters (“what is the probability, for this airport more than 10 mm snow will be
accumulated 30-45 minutes from now”). Tables 2 show thresholds as used in the first
scientific demo. Here all thresholds correspond with similar dBz values, but it is also
possible to choose different dBZ thresholds to each user. To select the right dBZ
thresholds, type of snow had to be determined. ICAO has defined the types of snow as
follows [11]:
•
•
•

Dry snow – can be blown if loose or compacted by hand, will fall apart again upon
release.
Wet snow – can be compacted by hand and will stick together and tend to form a
snowball.
Compacted snow – can be compressed into a solid mass that resists further
compression and will hold together, or break up into lumps, if picked up.

For this application, the snow type was determined based on temperature and dewpoint, read from the METAR.
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Table 2. Dependency between snow accumulation, visibility, DIW and radar
reflectivity

Example of end user display (web page) at one of the participating airports is in Fig. 2.
Blue bars limit sections for different user groups (runway maintenance, de-icing agents
tower). Horizontal axis is time in minutes since the forecast was issued. Vertical axes are
severity classes of each phenomena or index, e.g. intensity of dry or wet snowfall, deicing weather index and visibility. The colourful boxes then depict the probability of each
class at each moment, largest probabilities coloured in red and yellow. In layman terms:
“it is going to snow for 45 minutes more, then it’s dry for at least half an hour, probably
even longer, but after 2 hours the probability of snowfall is increasing again.”

Figure 2. Example of end user online web page from 20 February at Helsinki.
Different forecast classes (left in grey) for three stakeholder groups are
predicted up to 195 min. Likelihoods are colour-coded.
First scientific demonstration of PNOWWA conducted for some Austrian and Finland
airports during February and March 2017. There were only limited amount of real winter
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weather cases in Austria and Southern Finland. In Northern Finland weather was more
favourable. In spite of that it was recognized that prototype worked well and it was
flexible to tailor it for different users. We were able to collect valuable and positive
feedback from users, which further helps to assess the applicability of probabilistic nowcasting for disruptive winter weather using weather radar data.
Reference time, automatic update of web page was felt to be necessary character of
product. Accumulation of snow expressed as mm/15 min scale as wished by users. Some
users felt more comfortable to use traditional material than new product. It would be
beneficial to give hands on familiarization to test users during some real winter weather
case. That would give us more information about the level of quality of demo product
and improvements, which could be done.
Users should also be well informed about the possible limitations of product. In PNOWWA
prototype forecasted amount of decrease of visibility caused by snow, only. Mist or fog
forecasts were not included. Users were confused with that and in operative service it
should be taken into account all type of effects causing reduction of visibility. Also ATM
stated the need for ceiling information in nowcasting decision support system. In current
PNOWWA demonstrator forecasting of ceiling is not possible from extrapolated weather
radar information. In addition to developing probabilistic forecast it is necessary to
develop how probabilistic weather information could be used efficiently in ATM processes
To demonstrate the reliability and applicability of PNOWWA product in air service
provision, we have to validate and verify results and show positive impacts but also
limitations.
Hence, for verification we focus on last year winter events during first demonstration
phase. Different weather patterns and different locations (Central Europe, Northern
Europe, mountains and sea influences as well as flat areas) have been investigated.
Example of probabilistic forecast performance is given as a case of snow showers over
Southern Finland 24th March 2017. Weather radar picture, probability of snow forecasts
to 30 min and 120 min are shown in fig. 3. Two short snow showers were forecasted well
at 30 min forecast (forecasted probabilities about 40% and even the 120 min forecast
there were a hint of them (probability of snow 5-20% during showers). It is worth
remarking that no false alarms were given; even there were showers in nearby areas.

Figure 3. 24th March 2017 weather radar picture, +30 and +120 min. snow
forecasts. X axis shows the time of day, y axis the probability of snow. Two
shower observations can be seen between 9-10 o’clock and marked as 0 at yvalue = 1. The red dot marks.
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Conclusions
Based on our experiences at PNOWWA it seems that with the weather radar
extrapolation methods it would be possible to produce probabilistic snow nowcasts for 23 hours ahead. Yet there is work to be done to further develop these extrapolation
methods. There is also need for close co-operation between MET and ATM stakeholders
to find out the optimum way to implement probabilistic MET information to increase
airport capacity, shorten delays and promote safety.
Airports have also strong need for 12-24h probabilistic winter weather information. For
such purposes other methods than Radar extrapolation shall be created. In the future as
influence of climate change becomes more visible, it is possible that winter storms will
come more common [12]. To mitigate the effects of winter storms to aviation it is
necessary to improve winter weather forecasting capabilities.
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Introduction
Adverse weather conditions are a major cause of flight delays
and cancellations each year. In Europe, the influence of
meteorology on airport operations is a matter of everyday
experience, but it is still lacking of quantitative models
supporting decision-making processes.
Airport operational performance is affected by different
factors, including air navigation network delays or Air Traffic
Control performance, but the performance under adverse
meteorological conditions is one of the most challenging
factors. These conditions vary from crosswinds to storms or
accumulated snow, and the appearance of any of them causes
delays, cancellations, which not only affect the airport
performance but also airline schedules and every passenger.
This study determines the relationship between airport meteorological conditions and
different airport operational performance metrics. The aim is to incorporate the
meteorological information into the ATM decision-making process by means of an
integrated meteorological indicator, based on actual or forecasted data, to qualify the
actual or expected situation.
The process followed in this research starts with empirical values both for the thresholds
of the different meteorological parameters and the impact those on the operation, which
allows the definition of the integrated meteorological indicator itself. These thresholds
are then modified in an iterative process based on genetic algorithms, improving the
thresholds in order to achieve a better relation with the airport performance metrics. The
positive results obtained with this innovative approach show great potential for
operational usage within the airport domain.
Motivation
Previous studies [1,2] have developed indicators for meteorological impact on airport
operations. However, these studies are exclusively based on empirical decisions. The
main goal of this study is to provide a data-driven model to assess weather impacting on
airport operational performance. This model will derive in the definition of an integrated
indicator. Thus, meteorological information can be introduced into the ATM decisionmaking process in the airport environment. By including airport metrics information into
this decision-making loop, this study ensures that the specific characteristics of each
airport are taken into account.
Methodology
The indicator is developed with different parameters and thresholds depending on the
actual nominal conditions of each airport and validated according to those conditions.
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The indicator itself is a specific value composed by different inputs coming from each of
the categories that the METAR [3] is divided in: 1) wind conditions, 2) shear wind
conditions, 3) visibility, 4) meteorological phenomena and 5) cloudiness. Each of these
categories has different weights and the final value of the indicator will be the sum of
each individual category value. A set of colours which is related to the meteorological
risk is defined, and the different indicator and categories values are assigned to the
ranges of colours.
Wind speed and wind shear
The contribution to the final indicator corresponding to the wind conditions is taken from
two different parts of the METAR: the wind speed and the wind shear.
Table 1. Summary of wind intensity and wind shear contribution to the
indicator value
METAR Field

Wind Speed

Wind Gusts

Shear Wind

Threshold

Contribution

< Minimum Threshold

0

< Intermediate Threshold

0 to 4

< Maximum Threshold

4 to 8

> Maximum Threshold

8

Appearance

Gust Multiplier

No appearance

0

Partial

Partial Shear Wind Multiplier

Total

Total Shear Wind Multiplier

The previous table summarizes the calculation of this contribution. For the wind speed
three different thresholds are defined and then assigned a fixed value with linear
proportionality between them. Wind intensities higher than the maximum threshold will
always provide the maximum contribution value, and intensities lower than the minimum
threshold will always provide the minimum contribution value.
All numerical values appearing in this table (and the ones incoming) have been set via
expert judgment. Each value was set in order to best match the reality when the final
indicator is assigned a colour. These contributions will be validated in further studies.
Wind gusts are an important part of the wind conditions category. When wind gusts are
reflected on the METAR message, the wind intensity value will suffer a multiplicative
effect (which will depend on the airport). If there is no appearance of wind gusts on the
message this multiplicative value is set to 0. This will show higher danger on wind gusts
with high intensities.
Another category is the shear wind condition of the airport. Although wind direction may
account for the shear, the METAR has a specific code for partial (at least one runway) or
full (all runways) shear winds. In the case this code does not appear, the shear category
will be clear with a 0 value. In the case there is partial shear winds, there will be a
multiplicative value dependent on the airport itself. For the cases where all runways are
affected by shear winds, the multiplicative value is different from the partial one. This
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multiplicative value of the shear wind is then added to the wind magnitude together with
the wind shear.
The total added value of these two categories to the final indicator is computed as:
Wind Category = Intensity Value ∗ Gust Multiplier + Shear Wind Value ∗ Shear Wind Multiplier

Visibility

The same methodology applied to the wind conditions can be applied to the visibility.
Table 2. Summary of visibility contribution to the indicator value
METAR Field

Threshold

Contribution

Prevailing Visibility

< Minimum Threshold

6

< Maximum Threshold

6 to 0

> Maximum Threshold

0

Appearance

RVR/MinVis Multiplier

RVR / Minimum Visibility

Previous table summarises the different thresholds and contributions of the visibility
effects. Prevailing visibility value itself contributes with two different thresholds with the
same applicability conditions than the ones expressed for the wind.
The appearances of RVR or minimum visibility conditions apply a multiplier to the
contribution of the predominant visibility value.
The total added value of this category to the final indicator is computed as:
Visibility Category = Predominant Visibility Value ∗ RVR/MinVis Multiplier

Meteorological phenomena

In the METAR messages there are special codes devoted to the occurrence of different
meteorological phenomena that are present at the airport and that affect aviation. There
are two types of codes, one defining the type of phenomena and another one describing
its intensity.
Table 3. Summary of meteorological phenomena contribution to the indicator
value
METAR Phenomena

Contribution

Drizzle

DZ Value

Rain

RA Value

Hail

GR Value

Snow

SN Value

Mist

BR Value

Fog

FG Value
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METAR Phenomena

Contribution

Bank

BC Multiplier

Shower

SH Multiplier

Storm

TS Multiplier

The types of phenomena considered are the following: drizzle (DZ), rain (RA), hail (GR),
snow (SN), mist (BR) and fog (FG). The appearance of one phenomenon will have an
added value to the category indicator. The value associated to each of the phenomenon
is dependent on the airport.
The descriptors of the phenomenon that can appear are: bank (BC), shower (SH) and
thunderstorm (TS). Commonly, banks are associated to fog, showers to rain and storms
can appear together with rain, hail or snow. All three of them will have a multiplicative
value to the value from the phenomenon itself. This multiplicative value will depend on
the airport.
In the cases where more than one phenomenon appears, the values for each of them
are added together.
The total added value of this category to the final indicator is computed as:

Cloudiness

PhenomenaCategory = Phenomena Value ∗ Descriptor Multipleir

Table 4. Summary of cloudiness contribution to the indicator value
METAR Field

Threshold

Contribution

Cloud Height

< Minimum Threshold

0 – Maximum Cloud Height
Contribution

FEW

Cloud Quantity Multiplier* 0.5

SCT

Cloud Quantity Multiplier* 1.5

BKN

Cloud Quantity Multiplier* 2.5

OVC

Cloud Quantity Multiplier* 4

Appearance of CB/TCU

CB Multiplier

Cloud Quantity

Cumulonimbus

The previous table summarises the methodology to address cloudiness impact. First of
all a threshold of cloud height is defined. Above this height the cloud formations are not
considered. This is because the clouds are considered to be sufficiently high not to affect
aircraft operations.
Then the cloudiness added value will get a linear inverse proportionality with another
inferior threshold. Both the threshold and the value associated to it (and thus the
proportionality itself) are dependent on the airport. This is to address the different
nominal conditions of airports, in which one airport can be operating with clouds
commonly and have specific procedures while other airports may not be that prepared.
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To this value of the cloud height, the quantity of the clouds is included. This is performed
through a multiplicative value depending on the quantity times an empiric value for each
cloud quantity: 0.5 for few clouds (FEW), 1.5 for scattered clouds (SCT), 2.5 for broken
clouds (BKN) and 4 for overcast clouds (OVC).
And finally, another multiplicative value is applied due to clouds with special affection to
airport operations. These clouds include cumulonimbus or towering cumulus. They
appear in the METAR (CB and TCU). The multiplicative value is the same for both cloud
types and the magnitude is dependent on the airport.
The total added value of this category to the final indicator is computed as:
Cloudiness Category = Cloud Height Value ∗ Cloud Quantity Multipliers ∗ Cumulonimbus Multiplier

Airport metrics

All the thresholds and magnitudes defined in the previous section must be defined prior
to the computation of the indicator value itself. Every of them are individual for each
airport, accounting for the characteristics of the airport. With this intention, the
thresholds and magnitudes are crossed with an airport metric known as Additional ASMA
Time. The ASMA (Airport Sequencing and Metering Area) is an area defined as a circle
40NM around the airport. The metric is a measurement on the additional time spent by
an aircraft since the entrance to the ASMA until landing compared to a statistical time
based on low demand periods of time (and in nominal weather conditions).
Threshold computation
The validation performed to address the computation of these thresholds is based on
genetic algorithms. Genetic algorithms are search algorithms based on natural selection
and genetics features [4-6]. Their behaviour is based on the survivability of the
strongest individual. In this specific application, the best individuals will be the
thresholds providing the best results.
The genetic algorithm starts with an empiric population and starts performing different
steps until reaching the best possible outcome. These steps may include the so-called
tournaments (facing pair of results and discarding the worst) and mutating (test best
obtained values mutating different thresholds to create a new population). The total
number of iterations to be performed was set to free, so the algorithm stopped when all
the individuals were equal to the best possible.
In the problem faced in this paper, the best outcome will be the best representation of
the reality with respect to the ASMA metric. There were a total of 22 thresholds and
contributions optimized in the study (underlined in the tables of previous sections). The
algorithm used searches to adjust each point (with coordinates based on the indicator
and the metric values) to an area indicating the best expected outcome. Locating a point
inside an area will sum up a value depending on the area (1 for optimum area, 0.6 for
intermediate areas and 0.2 for outside areas). These areas can be observed in Figure. To
simplify the problem, both the value of the indicator and the Additional ASMA Time were
normalized with their maximum and minimum values. The best individuals will be the
ones whose total sum is higher.
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Figure 1. Area definition for the genetic algorithm optimization
Indicator computation
Once the validation has provided the thresholds, the defined methodology is applied to
each METAR message, obtaining the different values of the indicator.
Additionally to the indicator value itself, it has been defined different colours to locate
this value and ease the definition of meteorology affection. A range of 6 colours is
defined for the indicator value, while only 4 colours are defined for each of its categories
(wind, wind shear, visibility, phenomena and cloudiness). The different thresholds of
each colour are summarized in the following Table:
Table 5. Colour code for the indicator and its contributors
Green

Cyan

Yellow

Indicator

0

>0

>2

Wind Speed

0

-

>0

Wind Shear

0

-

Visibility

0

Phenomena
Cloudiness

Orange

Red

Black

>8

>12

>4

>8

-

1

-

2

-

-

>0

>3

>6

-

0

-

>0

>3

>6

-

0

-

>0

>3

>6

-

>4

Indicator results
The first example reflects the indicator obtained for April 24th of 2014 at the airport of
Madrid. The corresponding METAR for that moment is the following:
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METAR LEMD 241800Z 27011KT 240V310 9999 FEW030CB BKN055 12/06
Q1016 NOSIG
This METAR message provides the following indicator results applying the thresholds and
contributions from the three-year validation:
Table 6. Example of indicator and contributions values for the provided METAR
message
Indicator
Wind Speed
Wind Shear
Visibility
Phenomena
Cloudiness

Comprising the results for a whole day, the results are the following:

Figure 2. Indicator and contributions values example for a specific day. Each
vertical division corresponds to a METAR/SPECI message
Figure 2 shows the indicator values obtained for April 12th of 2014 at the airport of
Madrid. The indicator itself is shown in the bar at the top and the different components
are shown below it. This visualization allows analysing which can be the causes of having
bad meteorological conditions.
Conclusion
The proposed methodology allows the development of a meteorological airport indicator
based on METAR messages. These messages are provided following actual conditions of
the airport. The provision of a meteorological indicator to an Air Traffic Control Operator
will help them check quickly the meteorological conditions of the airport without the
need to decipher the METAR message and allowing them to perform better their tasks.
The methodology proposed by this study can be introduced into the ATM decisionmaking loop in the airport environment. Its added value is the introduction of nonempirical methodology with the use of a data-driven model. This model will be specific
for each airport, providing specific meteorological assistance to the Air Traffic Controller
decision-making process.
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THE BRIDGE FROM METEOROLOGICAL RESEARCH TO IMPROVED SAFETY OF
AIR TRANSPORT
By J. Nuottokari
(Presented by J. Nuottokari)
Presentation

Introduction
Meteorology as a research field is fragmented into specialized
fields, and while all research ultimately supports the overall
objective of better serving society and customers, the needs
and requirements of the air transport sector require special
attention due to the unique impact weather has on the
operations in the sky and the specific phenomena affecting
aircraft, airports and ATM. The human intervention in aviation
weather forecasting is one of the strongest bastions of the
forecasters’ skill to improve the forecast skill, but automation
and technology improve both the guidance received by the
forecaster and the actual end products automatically
generated by various processing methods.
In its end-year report IATA (2016) estimated that 0.9% of
world GDP, totalling $769 billion, is spent on air transport in 2017, providing
employment to some 2.67 million and contributing to 2.5% of world GDP growth.
Prospects for growth for airlines in the United States seem especially promising. The
total weather service market in US is estimated by AMS (2012) to be worth around $45bn, of which $1.65 to 1.8 billion were attributed to the private sector (Spiegler 2007).
Out of the private sector weather service costs, an estimated 5% ($82.5 to $90m) were
related to aviation.

Figure 1. Estimation of global aeronautical meteorological service provision
cost as a fraction of the total air transport cost
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The total share of aeronautical meteorological (MET) costs on air transport costs range
widely from country to country. Aeronautical meteorological costs are typically included
in Air Navigation Service (ANS) costs when charged from the user. The share of MET
cost of total ANS costs in Europe as estimated by Eurocontrol (2004) for 2002 was 6.7%
(decreasing from 7.9% in 1998). European air transport operators paid in total €380
million for MET services in Europe in 2002.
The lack of consistency on cost recovery policies for MET services makes comparison
difficult and distorts the overall picture, but a rough estimate of 5-10% of Air Navigation
Service charges globally can be applied for MET services according to the available
published literature. Global ATM costs are estimated at $10.9 billion in a report by
Eurocontrol (2016) and total ATM & ANS costs roughly $50bn (6.5%) of total air
transport costs. Assuming an average 7.5% MET share of the total ATM/ANS, we could
estimate that roughly $3.7 billion is allocated annually to support MET service provision,
excluding any government funding or military spending (see Figure 1). Since 2002,
significant cost pressure has been imposed on the global meteorological community via
various instruments while cost of infrastructure has increased.
Improving Terminal Manoeuvring Area wind forecast accuracy
End user needs,
systems and
procedures analysed

More accurate
temporal awareness
of crosswind
conditions

Enhanced planning of
runway capacity
restrictions

Grid spacing and
model timestep in
numerical model
decreased

Integrated weather
information into
decision support
systems

Later start and earlier
lifting of runway
capacity restrictions

Model processes
adapted for finer
resolution

Research to
operations project
based on end user
needs developed and
implemented

Reduced holdover
time, fuel burn, arrival
& departure delay

Model output verified,
validated and
compared with earlier
model results

Results documented

Figure 2. Schematic representation of the required steps leading to improved
TMA wind service for aviation. Meteorological components indicated in brown
and added value in dark red background colour
Wind speed and direction between surface and 3000ft (1km) is typically critical in the
selection of the used runway configuration which in turn directly affects the capacity of
the airport. While current numerical weather models generally perform quite well in wind
forecasts, airports situated near e.g. orographic features or large bodies of water (or
both) are still difficult to forecast accurately. Improvements in the four-dimensional field
of wind speed and direction have the potential to improve the capacity management of
an airport.
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The expected positive impact on the operations of the airport will result from the optimal
use of the provided decision support by the human operators. The underlying
assumption is that the improved wind field will result in more temporally accurate, and
thus efficient, runway configurations as demonstrated by e.g. Météo-France using a
100m grid resolution for Paris CDG airport. Restrictions could actually increase as a
result, but this would lead to reduced holdovers for incoming air traffic and hence
reduced fuel burn and arrival delay. The optimal situation for all concerned entities is for
the aircraft and passengers to be able to complete the flight with minimal disruptions
and for the additional wait to happen at the terminal.
Impact of improved turbulence guidance for airspace users
Airline company policies dictate as to what information is given to the pilot and hence
this step is under the responsibility of the airline. Demonstrations of such service
provision to e.g. Lufthansa pilots for trans-Atlantic flights exist with results. A company
promise to customers and crew members for a smoother and safer flight should be a
substantial competitive advantage not yet seized by many of world’s leading airlines.

End user needs,
systems and
procedures analysed

Awareness of areas
and timing of in-flight
hazards improved

Hazard areas
disseminated in realtime to the cockpit to
assist pilot decision
making

Reporting of EDR
values from aircraft
enhanced

Information integrated
into end user decision
support systems and
procedures

Passenger comfort
improved and hazards
to crew members
reduced

Turbulence remote
detection methods
enhanced

Identification and
forecast method of
moderate to severe
turbulence temporally
and spatially improved

EDR forecast
algorithms improved
for mountain waves,
CAT and convective
turbulence

Validation and
verification of EDR
values completed and
results documented

Figure 3. Schematic representation of the required steps leading to
improved in-flight turbulence service for aviation.
Enhanced liquid water equivalent forecast to de-icing operations
Measurement history will provide the baseline for future development of meteorological
algorithms to support de-icing operations. This baseline should then be used to enhance
the parameterisation and representation of liquid water equivalent (LWE) which is a
useful proxy for de-icing need for an airframe both in the nowcasting timeframe and
medium-range planning. A statistical approach using a history of de-icing fluid use and
de-icing need will help in calibrating the forecast accurately to previous incidents, will
improve accuracy and reduce bias. The past realised de-icing operation data requires for
good cooperation with the ground handling companies and such a project in general can
only be realised in close collaboration from the start. With the observation and de-icing
climatology available, the forecast method can be tailored for the airport in question with
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the required accuracy. The actual forecasts should then be verified against true de-icing
operations at the airport in question to ensure of the usability of the product. A
successful project will result in an all-round more efficient de-icing process and less
take-off delay for the passengers.

End user needs, systems
and procedures analysed

Validation and verification
of LWE forecasts
completed and results
documented

Information integrated
into end user systems
and processes

Enhanced measurements
of snowfall rate and
atmospheric variables at
airport carried out

Forecast method tailored
for local airport conditions
and climatology

Use and timing of deicing and anti-icing
operations improved

Liquid-equivalent snowfall
rate representation in
numerical models
improved

Historical icing incident
archives, de-icing need
and anti-icing fluid use
statistics reviewed

Use of anti-icing fluid
reduced, de-icing
operations shortened,
departure delay reduced
and risk of icing reduced

Figure 4. Schematic representation of the required steps leading to
improved de-icing and anti-icing service for aviation.
Detailed no-fly zones for rotorcraft and RPAS operators
Both helicopters and RPAS manufacturers publish tolerances for meteorological
conditions and these can be combined with the pilots’ guidelines on safe flight and
operator policies to create meteorological operating constraints specific to the aircraft
and operator. SIGMET is the closest equivalent of a product needed for RPAS operators.
SIGMET could be altered in a way to be adaptive to the aircraft type or use the strictest
rules for small RPAS. However, the product should not be in the traditional alphanumeric
format since this would be illegible to most operators but rather be a visual product in
line with a Significant weather chart. Such a chart could include permanently restricted
areas for RPAS flight and be automatically generated. Most RPAS manufacturers include
the ability for geofencing their equipment via hardware configurations to inhibit their
flight into restricted airspace. Ideally, such technology could be used to generate a
weather-geofence to inhibit flight into areas of significant weather determined by
international standards.
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Aircraft manufacturers'
published performance
criteria reviewed

Improved situational
awareness of operators

Reduced operations in
hazardous conditions

Legislation and local
airspace rules reviewed

Information integrated
into end user decision
support systems and
existing weather briefing
systems

Reduced loss of aircraft
and serious safety
incidents related to
weather

Location and aircraft
type specific weather
constraints agreed with
local operators and
regulators

Weather constraints
translated into no-fly
zones and formatted
into SWIM-compliant
XML/GML

Figure 5. Schematic representation of the required steps leading to
no-fly zones for rotorcraft and RPAS operators.
Weather constraints translated to effective decision support products for Air
Traffic Management

End user needs,
systems and
procedures analysed

Validation and
verification of the
impact and quality of
meteorological
information

Operational validation
into ANSP systems

Assessment of local
weather induced
airspace constraints
and ATM workload

Weather objects and
parameters
disseminated in SWIMcompliant format

Improved awareness
on the evolution of
weather constraints
and associated impact
on airspace

Analysis of adverse
weather mitigation
strategies as part of
the CDM process

Development and
tailoring of
meteorological
information for ATM
needs

Reduced weatherinduced en-route and
airport delays

Figure 6. Schematic representation of the required steps leading to
improved consideration of weather impacts on air traffic management.
In ATM support efforts, the exact quantification of impacts by weather becomes a key
priority. The mitigation strategies need to also be very clearly defined when an algorithm
is deployed to provide decision support, i.e. the process of what is the optimal runway
configuration with 25kt wind from the East and what capacity effect it has or how much
capacity is reduced when visibility is below 1000/3000/5000ft should be clearly known
when developing support systems. Accurate meteorological information in collaboration
with other information sources should lead to improved situational awareness at airport
and airspace management level and hence result in better utilization of airport and
airspace capacity leading to less delays for airlines and passengers.
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Super high resolution numerical weather prediction models for airport domains
Research and development of especially temporally higher resolution nowcasting models
could be carried out as an international or regional collaboration to reduce the cost and
duration of such a project. Projects should also be based on existing solid research
findings to justify the selected approach. Particular importance should be given to the
verification of operational model output against limited area and global models in
aviation-specific cases to demonstrate suitability for aviation purposes. Any postprocessed output should also be carefully evaluated and verified against operational
aviation weather observations to ensure the quality and consistency of the produced
information. Extensive post-processing should be avoided since it will make the ongoing
development of the model more difficult as the methods must be also updated and
output verified following each update.

Airport end user
needs, systems and
procedures analysed

Operational
deployment of model

Improved accuracy of
numerical weather
predictions

Assessment of optimal
approach to meet end
user needs and
improve forecast
accuracy

Verification of
operational output in
aviation use cases

Better representation
of future events in
products and data
available to end users

Research project to
develop research
demonstration
outcomes

Research to
operations project to
take outcomes into
production

Reduced weatherinduced airport delays

Figure 7. Schematic representation of the required steps leading to improved
temporal and spatial resolution in numerical weather models used for aviation
weather forecasting
Improving forecasts of High Ice Water Content concentrations
From a meteorological standpoint, the research challenge of is on the correct
identification of deep convection leading to overshooting tops capable of producing ice
crystals at high altitudes from available remote sensing information and the subsequent
nowcasting and forecasting of the evolution of the systems. Ground-breaking work has
been achieved in the High-Altitude Ice Crystal (HAIC) research project2 led by Airbus in
collaboration with several meteorological service providers and industry to better
understand the phenomena and develop nowcasting capabilities and from a 2014 field
campaign in Darwin, Australia by NCAR. The methods developed and deployed to
identify severe turbulence areas from weather satellite data are essentially what can be
used to also identify areas where ice crystal concentrations are likely to be high. Since
the provision of global significant weather charts currently lies with World Area Forecast
Centres, and to ensure global consistency and interoperability, warning on ice crystal
concentrations could be assigned to the WAFCs.

2

http://www.haic.eu/
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Global end user needs
established with
engine and aircraft
manufacturers

Continuous operational
verification of service

Continuous reevaluation of
operational criteria with
industry

International
agreement on the
content of the service
at ICAO

Deployment of
operational service

Reduced in-flight
engine malfunctions
caused by ingestion of
ice crystals

Research and
development of
operational detection
and forecast methods

Verification and
operational validation
of the solution

Improved aviation
safety

Figure 8. Schematic representation of the required steps leading to
improved forecast and warning of high altitude ice crystal risk
Harmonisation and collaboration between MET service providers
A global strategy and roadmap to encompass meteorological service provision can be
only founded on the defined needs and requirements of the main air transport industries.
A high-level dialogue needs to take place where the airline and ATM representatives
form a definitive roadmap together with the meteorological service providers based on
the existing service capability, trends in the air transport industry and technological
developments.
The objectives and visions should to be translated into a global action plan and strategy
following the detailed definition of end user needs and requirements. This development
should be co-led by ICAO and WMO and should build on the existing Global Air
Navigation Plan (GANP) and ASBU methodology. Currently the focus of these Block
Upgrades has been almost solely on the World Area Forecast System (WAFS)
development and the SWIM architecture without any clear guidance as to where the
entire community of meteorological service providers should focus their development in
order to improve aviation safety. The global vision needs to include a position on what
the most important research questions are and where the integration of meteorological
information to decision support systems is most needed.
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Dialogue with airlines,
ATM and regulators on
key improvements

Regular and systematic
performance review of
global MET service
provision

Binding cost
harmonisation for MET
services and
infrastructure costs

Global strategy on MET
service upgrades
excluding WAFCs

Exchange of knowlegde,
open source development
and publishing standards
established

Establishment of regional
specialised centers to
support local MWOs

Agreement on cost
sharing for development
and maintenance of
enhanced meteorological
services

Necessary agreements at
regional levels to ensure
implementation and
monitoring mechanisms

Empower local expertise
by providing access to
state-of-the-art
meteorological guidance
and software

Figure 9. Schematic representation of the required steps leading to
improved global meteorological service provision
The monitoring of performance needs to be streamlined and user focused at a regional
level. This could be achieved by holding annual stakeholder review meetings where
regional total meteorological service costs are presented and discussed and user
feedback received on the most important investments at a regional level. A global
stakeholder workshop between ICAO, WMO, IATA and CANSO with regional
representation should complement the regional level to provide a global consensus on
the meteorological service cost and future investments into research and development.
Transparency into planned and ongoing development activities with open access
publishing standards of research results of meteorological applications will speed up
development significantly. When considering the global, regional and local level
mechanisms for funding research and development actions, open sharing of research
results should be a key priority.
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Presentation

Introduction
The SESAR Deployment project “European Harmonised
Forecasts of Adverse Weather (Icing, Turbulence, Convection
and Winter Weather)” is a project co-funded by the European
Union's Connecting Europe Facility. The project’s objective is
the deployment of the European consolidated forecasts of
adverse weather, developed by SESAR WP11.2, at an
operational level for use by the aviation community.
The deployment project focusses on the implementation of the
harmonised MET prototypes of adverse weather, which have
been developed, verified and validated successfully during the
first phase of SESAR1. The EUMETNET members Deutscher
Wetterdienst, Météo France, Met Office and Finnish
Meteorological Institute collaborate together with the intention to arrange a harmonised
depiction of meteorology over Europe based on the most advanced high-resolution
operational weather prediction models and nowcasting tools available. The project
coordinates and communicates with the whole EUMETNET community through the
support of EUMENTET EIG and considers the user requirements with support of
EUROCONTROL.
Discussion
The mandatory framework of this project is the Pilot Common Project, also known as the
Commission Implementing Regulation n°716/2014 (see European Commission 2014),
which decrees to apply the System Wide Information Management (SWIM) standards to
the meteorological information exchange. In that context several EUMETNET members
have started to implement the 4DWxCube concept validated during SESAR1 as shown in
the Solution#35 in the SESAR Solutions Catalogue (see SESAR Joint Undertaking 2017).
The 4DWxCube consists of consolidated, and for aviation purposes, translated
meteorological information which can be accessed by customer-tailored SWIM compliant
services via MET-GATE (METeorological information services – Generation, Air traffic
management Tailoring and Exchange), the technical dissemination system. The benefit
of the implementation project is the harmonised view of the meteorological situation and
its evolution, based on enhanced observation and forecasting capabilities using the latest
science. The National Meteorological Service providers are authorised and certified MET
providers. They also support the aviation customer to manage uncertainty of MET
forecasts by providing training on the usage of probability forecasts.
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Figure 1. 4DWxCube schema, developed by EUMETNET members, described in
the SESAR Solution #35 ‘Meteorological information exchange’, source: WP11.2
/ EUMETNET (designed by Météo France)
It is the objective of the project to integrate and process nationally produced forecast
information to generate a harmonised quality-controlled forecast on aviation hazards
with full European coverage where applicable. The forecasts are based on output of
either numerical weather prediction models or nowcasting approaches.
For any MET information the “best product available” (determined by assessment of the
skill scores from the complete production procedure) will be implemented.
From a user perspective consistency of a single source product is the most suitable tool.
Further, it could be expected that the latency, an important performance score, is lower
for a single source product compared to a multi-source blended product.
The consistency is ensured by using intelligent blending and merging methods in the
border areas and overlapping regions. Using different prediction systems with highly
accurate forecasting skill, the physical differences in the forecasting schemes are
imperceptible in the harmonised outputs. Essentially, the blending methods increase the
accuracy compared to one single source product. To mitigate against increased latency
scores in the single source product, the additional production time, due to blending
calculations of several numerical model outputs can be negated. By merging high
resolution nowcasting products with a small coverage (often limited to the national
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domain) and running in parallel, the resolution can be kept high and the latency can be
kept low.
There are four adverse weather conditions considered in this project for which common
harmonized weather products will be implemented.
Icing / Turbulence products
The icing and turbulence products are based on numerical weather prediction outputs,
directly from the weather model or as part of a post-processing scheme. All contributed
input data covers the entire European domain. Therefore, blending methods are
implemented to increase the forecasting skill of the harmonized product in comparison to
each individual product. The accuracy is verified against on-board observations or
measurements of the phenomena.

Figure 2. European icing product
(example: ADWICE by DWD, one
component of the harmonised icing
product). Three severity levels: light
(green), moderate (yellow) and severe
(red).

Figure 3. European turbulence product
(example: Eddy Dissipation parameter
with several thresholds by DWD, one
component of the harmonised turbulence
product). Map shows extract over central
Europe of several EDP thresholds

Convection products
In the project time frame, two following different harmonized convection products are
implemented:
•

•

Very short forecast horizon, with high spatial and temporal resolution using
frequent update cycle, extrapolated from ground and satellite observations; it
could be extended in time though smaller geographical coverage by properly
blending with numerical prediction models (see Moisselin et al. 2016 and
Moisselin and Jauffret 2017)
Short forecast horizon, with high spatial resolution forecasts, blended from
ensemble prediction systems using a minimum of 10, and up to 50 members
on some areas (see Beck et al., 2016, Renaud and Bouttier, 2017 for the
benefit of larger ensembles).

The long-term goal is one consistent convection product from analysis time to a forecast
horizon of about one day or even longer. To achieve that, Scientific development is
ongoing in order to fill the gap between observations, and longer scale (hours to days)
forecast (both deterministic and ensemble). The current development anticipates the
addition of these forecasts soon after their maturity.

World Meteorological Organization P2-62
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference

Figure 4. Harmonised Nowcasting of
Convection product, three severity
levels: light (orange), moderate
(red), severe (violet), WP11.2
prototype.

Figure 5. Harmonised super-ensemble
product for relative humidity in 2m,
WP11.2 prototype; method will be applied
for convective activity parameter.

Winter weather products (e.g. heavy snow, freezing rain, low visibility)
The de-icing weather index is calculated from aerodrome radar observations with high
temporal and horizontal resolution and for a short forecast horizon. This product
supports the airport operations during winter weather conditions.
The precipitation type and winter weather index products are based on numerical
weather prediction model parameters. The winter weather index integrates visibility,
snowfall intensity and freezing rain intensity of different thresholds for commercial
aircraft and rotorcraft. It is possible that in the future several different numerical models
from other European centres will be used to increase the forecast accuracy by blending
the winter weather parameters in a similar way to that of the other weather hazards.

Figure 6. De-icing weather index product
based on mainly aerodrome radar
observations

Figure 7. Visualisation of the de-icing
weather index, information produced
for aerodrome areas only
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Figure 8. Precipitation types:
drizzle (0), rain (1), sleet (2),
snow (3), freezing drizzle (4),
freezing rain (5)

Figure 9. Winter weather index products based
on visibility, snowfall intensity, freezing rain
intensity and cloud ceiling, three severity levels:
light (blue), yellow (moderate), severe (red)

The project team is working on the governance framework for operational delivery. It
considers and formulates recommendations and best practices relevant to the
establishment of consolidated adverse weather products. Therefore, operational service
definitions, standardised delivery formats as well as back-up and resilience options and
service level definitions need to be specified. The requirements on performance,
reliability, resilience, availability of products, spatial and system redundancy, etc. for the
operational consolidated adverse weather schemes are specified before the first
operational exchange of input data flow can be implemented. The consolidation
procedures for each harmonised product are safeguarded against failure including test
cases for system stability. By the end of the project, the harmonised output products will
be supplied in the required SWIM formats as gridded and/or vector (for ‘object’ format)
data. To ensure scientific integrity a process for periodical development updates will be
implemented which includes the quality assessment.
In addition, the intended use of and the rights to use the consolidated products are
clarified and introduced to the aviation community.
Convection, icing, turbulence and winter weather conditions remain hazardous to
aviation and have impacts relating to:
•
•
•

safety in flight (severe turbulence, hail, icing, lightning) and on ground
(lightning, downburst, low visibility due to snowfall),
airspace capacity (hazardous phenomenon in control sectors), and
flow management (flow disruption because of hazardous areas).

Thus, aviation user communities are expected to realise benefits, which will in turn
benefit operational passenger and cargo flights efficiency and safety, these include:
Pilots, Airlines, Airline Operations Centres, Business Jets, Rotorcraft, General Aviation,
Air Navigation Service Providers, Network Manager, Air Traffic Controllers
(Tower/Approach), Airport ground operations and many others.
In order to ensure that the above communities can make the best use of these new
weather hazard forecasts the project is undertaking consultation with users and will be
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producing user manuals and training materials to support their activities. Moreover, the
project will raise awareness of SESAR Deployment Manager and the ATM community on
consolidated SWIM compliant adverse weather products for Europe through workshops
and conferences.
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INTEGRATION OF METEOROLOGICAL DATA IN THE AIR TRAFFIC
MANAGEMENT SYSTEM
By D. Lalla, A. Bradshaw, G. Khambule and A. Moloto
(Presented by D. Lalla)
Presentation

Introduction
“The cooperation between ICAO and WMO will result in a
better integration of the meteorological information into the
Air Traffic Management system as a key enabler to improving
aviation safety, enhancing air navigation capacity and
efficiency, reducing the impact of aviation on the
environment and mitigating the impact of climate change and
variability on aviation.”
The purpose of this paper is to explain the advances already
made in the area of collaboration and information sharing in
this identified area of consideration, and to furthermore solicit
increased participation in the benefits.

Discussion
The ATM operational concept is a vision that describes how an integrated global ATM
system should operate. The concept provides States and industry with clearer objectives
for the design and implementation of ATM and supporting CNS systems. The global ATM
operational concept addresses what is needed to increase user flexibility and maximise
operating efficiencies in order to increase system capacity and improve safety levels in
the future ATM system.
The ATM community is made up of the following members:
1)
2)
3)
4)
5)
6)
7)
8)

Aerodrome Community;
Airspace Providers;
Airspace Users;
ATM Service Providers;
ATM Support Industry;
Regulatory Authorities;
States and
ICAO

There are three phases of airspace management, namely:
1) Strategic phase: airspace management taking place more than 7 days before
the day of operation
2) Pre-tactical phase: airspace management taken during the 6 days before the
day of operation
3) Tactical phase: airspace management taken place on the day of operation.
The responsibility for the management of air traffic flow and capacity management
within South African sovereign and delegated airspace resides with the Central Airspace
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Management Unit (CAMU) which was established at the Johannesburg ATC Centre. The
Central Airspace Management Unit officially opened in March 2001.
The unit's responsibility includes, apart from managing the functions of the slot
allocation program, the management of the flexible use of airspace (FUA), facilitating
military exercises and operations, special and unusual events and any other activity
which might require the use of airspace for a particular time period.
The Central Airspace Management Unit is also responsible for the re-routing of traffic,
affected by adverse weather and temporary restricted or special use airspace in
consultation with operators and users in a collaborative decision making (CDM) process,
as well as reducing delays caused by various reasons at destination aerodromes in cooperation with the relevant ATS Units. For this to be done effectively, high-quality real
time or near real time weather observations and weather forecast need to be provided
by the South African Weather Service (SAWS).
The South African Weather Service (SAWS) became a public entity on 15 July 2001. It is
an authoritative voice for weather and climate forecasting in South Africa and as a
member of the World Meteorological Organization (WMO) it complies with international
meteorological standards.
As an Aviation Meteorological Authority, SAWS is designated by the State to provide
weather services to the aviation industry, marine and a range of other identified clients
and to fulfil a range of international obligations of the government. It provides two
distinct services, namely public good services that are funded by government, and paidfor commercial services.
ACSA introduced an Airport Management Centre (AMC) to monitor and improve the
different passenger, baggage and aircraft processes across the airport. The ACSA Airport
Management Centres (AMC) are unique multi-stakeholder collaborative platforms
focused on the airport end to end value chain. Here the airport community strives to
improve punctuality, drive process quality and instil a culture of continuous improvement
for the objective of delivering a world-class customer service experience through airport
operational excellence.
Currently O.R. Tambo International Airport, King Shaka International Airport and Cape
Town International Airport have dedicated AMCs. The provision of meteorological data
contributes to the proactive management of operations as well as design and
implementation of robust procedures aimed at improving safety, recovering performance
and reducing delays across our airport network.
Often the impact of weather phenomena on the ATM system is not taken into
consideration at an appropriate level. This leads to delays and extra fuel burn by aircraft
which could have been avoided.
Two major weather system dominates over South Africa in a year. In summer, the
interior of South Africa is dominated by tropical weather systems characterized by
severe thunderstorms. In winter, the mid-latitude weather system dominates over the
southern parts of South Africa bringing rain and strong winds. The effect of mid-latitude
weather systems can also be felt in winter over the high-veld (inland plateau) where cold
temperatures in the morning often result in prolonged periods of reduced visibility due to
fog. It is believed that this weather phenomena could result in a reduction of up to 50%
of airspace capacity.
Daily Airspace Plans (DAPs) and Daily Airspace Forecasts (DAFs) are distributed by
CAMU to the other affected ATM community members, primarily Aerodrome and Air
Operators, informing them of capacity and demand, particularly at the three coordinated
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airports, namely O.R. Tambo International Airport, King Shaka International Airport
(KSIA) and Cape Town International Airport.
The DAP and DAF, one of CAMUs management tools, also informs the industry of
constraints that are being experienced at these airports, as well as possible weather
phenomenon that could be expected for the duration of the day.
The reliability of the DAP and DAF allows the aviation industry to effectively plan and
mitigate any constraints that are being experienced or that are foreseen to occur, in the
air or on the ground. The major benefit to the aviation industry is that delays can often
be put into effect while the aircraft is on the ground instead of being airborne and
burning extra fuel due to possible holding and/or diversions.
How is Meteorological Data integrated into the ATM system on a pre-tactical
level?
The Daily Airspace Forecast is distributed a day in advance to affected ATM community
members, primarily Aerodrome and Air Operators. Typically, it is distributed before
18:00Z. Along with CNS constraints and Airport demand overview, Meteorological
forecasts (Thunderstorm Probability, Terminal Aerodrome Forecast and Qualitative
Overview) are also published in the DAF.

Figure 1. Thunderstorm probability as depicted in the DAF for 17 October 2017
How is Meteorological Data integrated into the ATM system on a tactical level?
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On the day of operation, the Daily Airspace Plan is distributed to the affected ATM
community. The DAP is distributed before 06:00Z. Along with CNS constraints and
Airport demand overview, the following Meteorological forecasts are published in the
DAP:
1)
2)
3)
4)
5)
6)

Thunderstorm Probability (see fig.2);
Significant weather below F180 (see fig.2);
Significant weather above F180 (see fig.2);
Terminal Aerodrome Forecast (see fig.3);
Advisories and warnings (see fig.3) and
A qualitative over for the day (see fig.4).

Figure 2. Thunderstorm probability, Significant weather below and above F180
as depicted in the DAP for 17 October 2017
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Figure 3. TAFs, Warnings and Advisories as depicted in the DAP
for 17 October 2017

Figure 4. Qualitative overview as depicted in the DAP for 17 October 2017
Should there be a significant change in weather conditions at an aerodrome, a SPECI is
distributed by CAMU to the affected ATM Community. The ATM community is also
informed of any Traffic Movement Initiative (TMI) that will be implemented and the
resultant reduction in capacity of the aerodrome.
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Currently CAMU makes use of a system called TITAN for thunderstorm activity
predictions. TITAN was designed to identify and track thunderstorms, as measured by
digital weather radar. TITAN data is delivered to the AMT from the SAWS Meteorological
Office. The thunderstorm predictions are the depicted on the Air Situation Display (see
fig.6).
The Air Traffic Flow Specialists (ATFS), who sits at CAMU, uses the data to determine
what TMI needs to be implement and also the duration of the TMI. The reliability of the
data being provided and the predictions of the TITAN system allows the ATFS to
implement a TMI that will ensure that demand and capacity are balanced.

Figure 5. TITAN ASD
It is a requirement that the CAMU Operational personnel are qualified in interpreting and
integrating the information into the best route and airspace structure at the time.
CAMU and SAWS are ensuring that all weather predictions and actual events are
accurately integrated into the pre, and tactical phases of the ATM System in a timely
manner thereby ensuring that the aviation industry can effectively plan for their
immediate and indeed, daily operations. It is intended that all historical records will be
used to inform the design and development of the strategic slot allocations.
Conclusion
Previously a silo environment existed where each and every support service provider
individually made their information available. This came with its cost in time and energy.
Today it is intended that the system wide information sharing and availability as and
when required provided into the ATM System and used by all needing community
members. The name of the game is collaboration to ensure we can meet the
expectations of the users as so well-articulated in the ICAO ATM Operational Document
and mentioned in the introduction of this paper.
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TOPLINK/ECOSYSTEM: NEW DECISION SUPPORT SERVICES TO REDUCE
METEOROLOGICAL IMPACT ON AVIATION
By D. Muller, M. Palmer and D. Latge
(Presented by D. Muller)
Presentation

Introduction
The TOPLINK project was launched in 2014, as part of the
SESAR Large Scale Demonstration Activities program. SESAR
(Single European Sky Air Traffic Management Research) was
set up in 2004 to modernize and harmonize ATM systems
through the definition, development and deployment of
innovative technological and operational solutions. Within this
framework, the SESAR Demonstration Activities are co-funded
by SESAR Joint Undertaking (SJU), a public-private
partnership which pools the knowledge and resources of the
entire ATM community in order to define, research, develop
and validate technological and operational improvements
(“SESAR Solutions”).
The TOPLINK project aimed at demonstrating the benefits for
ATM stakeholders (ANSPs, Airlines, General Aviation, Airport operators) of the
deployment of new System Wide Information Services, including Meteorological
Services, Aeronautical Information Services, cooperative Network services, and Flight
Information services (for their non-safety-critical aspects).
TOPLINK Platform
In a first stage, the project has enabled the development and deployment of a cloudbased TOPLINK information platform delivering support to both ground-based users
(Flow Managers in ANSPs, Flight Dispatchers in Airlines Flight Operations Centres, and
Airport Supervision managers), and airborne users (flight crew in the cockpit). The
information service is delivered to ground users through a secure internet connection
and displayed through a standard web browser running on a commercial PC.
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Figure 1. TOPLINK Architecture
This platform aimed first at collecting and storing into a “Big Data” architecture the
information data flows from different providers such as:
•
•
•

•

Flight Information, from Eurocontrol NM B2B services
Flight Surveillance, from Flight Aware and Flight Radar 24
MET information, provided by the “MET Gate” developed by members of
the EUMETNET consortium in SESAR project WP11.02, and including the
current and forecasted information on weather hazards such as
convection, lightning, clear air turbulence, in-flight icing, or low altitude
winter conditions
Airport operational Information in Paris Charles de Gaulle, through a webservice delivered by Aéroports de Paris.

The collected information was consolidated and post-processed in order to provide each
individual user profile with a fully customized HMI, enabling:
•
•
•

A fully consistent situational awareness of the current and forecasted
situation for the coming 3 to 6 hours
The display of dedicated KPIs, and dedicated alerts when any change in
the external constraints (weather hazards, traffic hotspot; navaid
failure, …) is identified as impacting the operations of the considered user
Decision-support tools, to help the user in determining the appropriate
reactions in order to mitigate the impact of the detected external events –
through “what-if” algorithms.

The data collection flows made use - whenever possible - of existing SWIM services
(based on the Yellow Profile). When no standardized SWIM service was available, the
available “pre-SWIM” web services have been used in their current status.

Figure 2. TOPLINK Human Machine Interface
The “ground platform” included:
•

the deployment of an IT infrastructure hosted on a Thales-operated secure
cloud , from August 2015 until the end of the project
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•
•
•

incremental operational verification and validation performed without
disruption to the users;
the incremental delivery of a software configuration, with successive
monthly updates throughout the demonstration phase; and
demonstration of deployment as well as incremental upgrades without
having to visit the user site or disrupt their operational usage – with no
user action required.

The “cockpit platform” included the deployment of a number of “Pilot kits” (Windows
tablet), and of “Connectivity kits” for Brussels Airlines (based on ACARS connectivity),
Air Corsica (based on Wi-Fi / 3G connectivity) and ENAC (based on Iridium satellite
communication connectivity).
The offered Pilot applications were enabling the Pilot to get a consolidated, up-to-date
view of his Flight Plan in the current and forecasted MET environment.
Trials execution
In a second stage, the project supported the execution of 11 TOPLINK trials, conducted
between May and September 2016, representing in total:
•
•
•
•
•

75 days of operation, by ANSPs (DSNA, Croatia Control, Austro Control)
and Airport operators (ADP);
81 days of operation, by Airlines OCC staff (from Brussels Airlines, HOP!,
and Air Corsica), corresponding to real-time monitoring of more than
15000 flights :
84 flights using the TOPLINK cockpit EFB application operated by Airlines
pilots (from Air France, Brussels Airlines, and Air Corsica);
74 flights planned using the TOPLINK flight preparation application
operated by ENAC GA pilots, of which 43 flights (representing in total
40,55 flight hours) were actually flown, and the results post-analysed; and
days of real-time flight monitoring operation, by ENAC OCC staff,
corresponding to some 200 flights.

The trials have been used to explore a number of operational uses cases, performing
benefit quantification when practical.
“Improved Regulations” Use Case
The “Improved Ground Regulation” use case illustrated how to generate « small gains on
many flights » through the fine tuning of flow management regulations based on
weather predictions and traffic forecasts. A quantitative assessment of benefits has been
conducted based on a large number of occurrences. Analysis yielded reliable results (a
good confidence level) and reinforced the initial results derived during the previous
TOPMET project in 2014. The table below summarizes the main outcomes of the first use
case (improved regulations), where a quantitative assessment has been feasible over a
total of several thousands of flights.

World Meteorological Organization P2-74
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
Table 1. Improved regulation Use Case

(1) Sources: Eurocontrol
(2) Estimation based on average cost of ground delays source Univ Westminster
(3) Estimation based on a joint analysis of actual regulations and TOPLINK Tool
capabilities,
“Support to Flight rerouting” Use Cases
The « Support to Flight Rerouting » Use Cases explored the potential to predict
operational disruption to specific flights and find an optimal flight adjustment minimizing
the impact. Quantitative analysis of these uses cases was more complex and based on a
case-by-case (flight by flight) analysis. Specific cases were identified, where early action
would have resulted in a substantial reduction in the operational impact of weatherbased disruptions. This group of use cases is well illustrated through a few examples:
in a situation of severe thunderstorm over the Pyrenees, TOPLINK proposes more
efficient rerouting compared to the actual avoidance route taken (based on the weather
radar information only)
Table 2. Support to flight rerouting

In the case of a severe thunderstorm at arrival over Bilbao airport, TOPLINK proposes a
longer ground delay at departure, in order to avoid a diversion to Madrid due to low fuel
as a result of extended holding in the arrival airspace waiting for the airport weather to
clear.
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Table 3. Support to flight Diversion

Finally, a number of situations were observed, where important benefits were reported
by end-users, but the project scope only supported qualitatively assessed. These use
cases were concerning mainly airspace & airport capacity, safety, and passenger
comfort. The proposed support for an acceptable “icing-free” low altitude route to
operate a ferry flight from Birmingham to Brussels was one such example.
Table 4. User Log Noting Qualitative Benefits

Conclusions
The project has demonstrated, based on an end-to-end supporting infrastructure, how
Air Traffic Flow Management Controllers, Airport operators, Commercial Airlines staff
(ground Flight Dispatchers, as well as Pilots), and General Aviation (ground Fleet
Managers, as well as Pilots) could improve their operational performance (especially in
terms of safety, efficiency, and capacity) by the use of those new Information Services.
The project implemented 15 demonstration exercises, focused on five main
demonstration Use Cases, addressing the benefits of advanced information services:
•
•
•
•
•

for large or medium Airlines (involving Air France, and Brussels Airlines).
for ANSPs (involving DSNA, Austro Control and Croatia Control)
in support to Airport operations at Paris CDG, involving the ANSP (DSNA), a
major Airspace User (Air France), and the Airport Operator (ADP)
in support to Regional Airlines (Air Corsica, and HOP!, an AFR affiliate).
for General Aviation flights, involving ENAC (the French national civil pilot school).

The project clearly demonstrated the high added value of combining weather information
(MET), Aeronautical information (AIM) and flight information to support strategic & pretactical decisions, including:
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•
•
•

a positive impact on all targeted performance KPAs (fuel & cost efficiency,
predictability, punctuality, airspace capacity, …)
a better situational awareness resulting in reduced stress in abnormal / fast
evolving situations; and
increased safety through a better anticipation of unexpected events

Furthermore, the project has demonstrated the benefits of a tight interaction between
ground personnel and flight crews in pre-tactical, pro-active decision-making. One
important lesson learned is the need to filter information, in order to focus pilot’s
resources on the relevant info only.
Finally, the project has demonstrated that tangible results could be achieved (under
some pre-conditions) in such Use Cases as:
•
•

better tailoring of MET-induced regulations (ground delays) by ACC and Airports
with an immediate impact on all Airspace Users; and
better anticipation of MET-related issues for Airspace Users to more efficiently
manage flight plans revisions, and avoid costly « last minutes decisions » (e.g.
late vectoring, diversion, holding…)
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COLLABORATIVE DECISION-MAKING AT CHARLES DE GAULLE
By M. Landelle, R. Lacote and J. Lauferon
(Presented by: M. Landelle)
Presentation

Introduction
Today Paris-Charles de Gaulle Airport handles over 65 million
passengers and nearly 500,000 aircraft movements per year.
An aircraft is landing or taking off every 30 seconds at peaks
of activities. On the busiest days, an average of 200
passengers are arriving or departing every minute. In April
1996, AIR FRANCE-KLM implemented its main international
hub at Paris-Charles de Gaulle. This tour de force was
achieved by AIR FRANCE and ADP Group teams, while
infrastructures were not initially designed for connecting
passengers flows of this magnitude. The Paris Charles de
Gaulle Hub today offers more than 25,000 weekly connecting
opportunities to nearly 15 million passengers per year, one of
the best performances in the world. Such multimodal
connections super-platforms don't cope well with the hazards that can tamper with the
huge system underneath. That is where the CDM takes its substance.
This important term ‘Collaborative Decision Making’ covers many technological
innovations but is the result of a simple idea: together we are stronger to deal with our
common destiny. It is so simple that it took several years of maturation for each of the
CDM Paris-Charles de Gaulle historical actors to take ownership. As many powerful and
simple concepts, it is often complex to implement, even more when its core is based on
humans.
Discussion
For Paris-Charles de Gaulle, it started in 2004. In November 2010 a maturity milestone
was reached, with the introduction of the label A-CDM by Eurocontrol, following the
commissioning of the Partnering Departures Local Management (Collaborative PreDeparture System). This was the first step of a complex system in constant evolution. It
embeds the data and tools of airlines' airport operator and air traffic control, and aims to
optimize the flow to the runway, incorporating mainly local constraints. Aside many
initiatives that have been implemented of the essentials is the weather web site
developed by local teams of CDG meteorological station (which is operated by Météo
France H24 /D365) called "AEROGRAMME". It gives us a prospective picture of the
weather for the coming weeks and is updated in real time according to the need and
forecasts.
Indeed "to work and decide together" means that the various partners should make it
real every day. Easier said than done for each partner has his own a culture and history.
This is where women and men from everywhere learn to meet, transcend their
differences and come together to write a new page in the history of CDG. I have not
participated in this epic but my experience allows me to measure the daily courage and
sacrifice it took them to move forward. While each hazard could have divided them in
this critical and fragile construction phase, they were able to come together as we do
today to deal with the unlikely.
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The CDM@CDG is a team of employees (from Group ADP, the ANSP and also Météo
France) who take turns every day to monitor and supervise the flow of air traffic, listen
and advise airlines in their real-time operational decisions. Weather forecasters from
Météo France, Airside Manager on duty from Group ADP, and Technical Chief Officer of
Météo France are in a direct contact with the air traffic control and, in particular, the
Chief of the tower, they share information and drive the airside operations. They are the
first step of the CDM monitoring system and the actors of the operational monitoring. If
the parameters were to diverge (departure delays, weather, etc.), they act as lookouts
who, through an alert network, will lead stakeholders on call for CDM@CDG, to decide
whether to activate the airside CDG collaborative decision centre.
Since the fall of 2011, the CDM@CDG team has been benefiting a fully equipped control
and operations control room that many of our international colleagues come to visit: the
CDM base. It brings together the computer systems of the four historic partners and is
open to every Paris-CDG airlines. It is in this room that Weather Chief of staff and her
deputy combined with Groupe ADP, AIR FRANCE and CDG ANSP (among others)
colleagues, gather to share and decide the measures to take in order to preserve and
ensure the strength and safety of the CDG airside operations. There, during adverse
conditions of exploitation, and especially during winter weather events that may expand
on several days or even weeks, men and women will take 12h to 24h turns to ensure
this CDM permanent decision-making.

They all will share their information and knowledge to understand, analyse, share, and
eventually decide together of the most appropriate to Paris-Charles de Gaulle operations
stand, keeping in mind as much as possible the afterwards, aiming for a return to
normal as soon as possible.
This structure, combined with technical and human resources of the Aéroports de Paris
winter service, has been extensively tested during the winter of 2012/2013. It gave full
satisfaction to Paris-Charles de Gaulle's customers. At the end of the day nearly 7,000
aircraft defrosted, 60 cm of snow accumulated during the season and, on 25 February
2013, we have set a record with more than 420 aircrafts defrosted in a single day, or
70% of departing aircraft on that day for an average rolling time of 25 minutes including
defrost... that is to say that the performance of the whole system has been extensively
tested and proven. It was not achievable without the close and strong support of Météo
France.
The CDM@CDG is a great desire to succeed together. Today we have this approach for
all of the great achievements of Paris-Charles de Gaulle, where each partner is
associated upstream from the decisions on the project, to its security studies and its
implementation. General contamination or collective heresy, every Paris-Charles de
Gaulle project is now subject to a CDM approach even beyond the airside point of view.
It is the advent of "CDG2.0 !" We remain humble, for the task is important: we must
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attune the energy of 90 000 people. But the momentum now seems irreversible to
everyone...
Which concrete results of this collective will? 2 minutes... This is the average rolling time
we now save for each flight leaving Paris-Charles de Gaulle, thanks to the commissioning
of the GLD-C. 5300 tons of kerosene per year... At the current price of Platts, we need to
enhance it to nearly 4.4 million euros in savings for our customers and 16,800 tons of
carbon dioxide released less for our planet! What's to say that yes, it is worth the cost to
listen, to understand each other and decide together to go forward!
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WMO AVIATION RESEARCH DEMONSTRATION PROJECT (AVRDP) AND THE
SEAMLESS TRAJECTORY-BASED OPERATION (TBO)
By P-W. Li
(Presented by P-W. Li)
Presentation

Introduction
The global air transportation will undergo significant upgrade
in the next 15 years and beyond under the ICAO new Global
Aviation Navigation Plan (ICAO DOC 9750, 2016). To achieve
this, aviation weather services will need to be enhanced
following the Aviation System Block Upgrade (ASBU)
methodology. One of the key concepts in ASBU is the
Trajectory Based Operation (TBO) which would integrate
seamlessly high-resolution, rapidly-updated observation,
nowcast and forecast along the entire flight trajectory, from
take-off, ascending, en-route, descending and to landing
phases, into the air traffic management (ATM) system (Fig.1).
With increasingly congested airspace, especially within the
terminal control area of high capacity airports, the MET
information provision, supported by nowcasting and mesoscale modelling, would need to
be upgraded to support the tactical and pre-tactical stage of the aircraft trajectory.
In this connection, WMO Commission of Atmospheric Science (CAS) and Commission of
Aeronautical Meteorology (CAeM), with the endorsement of the 17th WMO Congress,
jointly take forward an Aviation Research Demonstration Project (AvRDP) in 2015-2018
with a view to demonstrating the capability of nowcasting and mesoscale modelling
techniques and providing a ‘fast-track’ transfer of the research results into operational
applications. Under the ASBU roadmap, aviation MET services will be required to provide
enhanced services to be phased in during the next 15+ years, namely Block 1 by 20192024 (B1-AMET), Block 2 by 2025-2030 (B2-AMET) and Block 3 by 2031 onward (B3AMET). AvRDP is aimed at providing an assessment of the above-mentioned MET
capability and demonstrate its benefits to the aviation community, in particularly the
terminal area, in support of the ASBU initiative. The outcomes of TBO would not just
enhance flight efficiency, but also safety and environment-friendly by reducing fuel
waste.

Figure 1. Seamless meteorological information required under the Trajectory
Based Operation (TBO) concept
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Objectives of AvRDP
The objectives of AvRDP are:
1) to conduct research in nowcasting and mesoscale modelling at a number of
international airports located in Northern and Southern Hemisphere with a view
to supporting the development of ASBU, especially the Meteorological Services to
ATM (MSTA) near airport terminal area;
2) to collaborate with the respective Air Traffic Management (ATM) to translate the
Meteorological (MET) (nowcast and mesoscale modelling) information into ATM
Impact products to demonstrate the benefits of the MET information to the
aviation community;
3) to help in capacity building via the knowledge transfer to other WMO Members
who need to enhance their aviation MET services so as to meet the ASBU
initiative.

Initially, the following six airports
from different climatological regimes
in Northern and Southern
Hemisphere impacted by different
weather participate in AvRDP: CDG
(Paris), HKG (Hong Kong, China),
JNB (Johannesburg), SHA
(Shanghai), YYZ (Toronto) and YFB
(Iqaluit). Figure 2 outlines the
respective climatological regimes
and their respective high impact
weather of concern.
The Project is implemented in two
phases:
Figure 2. AvRDP participating airports and
the weather elements to be studied

(i)

Phase I – MET capability
research, focusing on
enhanced MET research and
development; and

(ii)

Phase II – MET-ATM impact translation and validation, focusing on translating
MET information into ATM impact parameters. Depending on their readiness,
some airports may enter Phase II earlier.

Research components
The researches in Phase I and II are conducted using data collected during the IOPs,
post-analysis, simulator and etc. The AvRDP contains the following Components:
(A)
Nowcasting3 Component - This component focuses on the various nowcasting
techniques, existing or novel, including but not limited to the following types:

3

(i)

Radar-based nowcasting system or satellite-based nowcasting system,
including human-machine interfaced and expert system-based system;

(ii)

Convection-resolving mesoscale or microscale NWP model;

Nowcasting here means observation-based, high resolution NWP-based or blended 0-6 hours very-short term
forecast.
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(iii)

Blending of observations with high resolution NWP model;

(iv)

Blending of radar/satellite-based nowcasting products with NWP system;
and

(v)

Ensemble/probabilistic nowcasting product.

(B)
Verification Component - This component is essential to assess the performance
skill of the nowcasting techniques adopted at the AvRDP Airports. The evaluation also
focuses on what would be the most suitable verification method for deterministic and
probabilistic aviation nowcasting products. Apart from the conventional verification
matrix for MET products, metrics will also be evaluated for measuring ATM impact
parameters.
(C)
Impact and validation Component - This component studies the ways to translate
the nowcast products into ATM-impact parameters. Examples include translation of the
convection coverage/intensity to airport/runway/airspace capacity or aircraft delay.
Representatives from local ATM or airline could be involved to provide expert advice on
this component to evaluate directly the benefits of the integrated MET-ATM information
to the end users (ICAO/WMO 2014b).
(D)
Capacity Building Component - The AvRDP also will include a couple of training
workshops that include lectures, demonstration and hands-on training activities geared
toward capacity building and ultimately technology transfer. The aim is to equip WMO
Members with skills to enhance their aviation weather services so as to meet the ASBU
requirements.
Preliminary outcomes
The Project was kicked-started in mid-2016,
with different airports carrying out different
researches through different Intense
Observation Period (IOPs). During the IOPs in
Phase I, each airport collected aviation related
meteorological data, including observations,
nowcasting and mesoscale modelling data (Fig.
Figure 3. Sample IOP collected data
3) focusing on the impacting weather as
inventory
described in Fig.2. For example, JNB
implemented nowcasting systems based on
radar and satellite data to predict in short-term the movement of convection. CDG tested
the capability of a high-resolution model for the prediction of fog and low visibility. SHA
developed a high-resolution model for the prediction of convection. YYZ evaluated the
performance of observation adjusted
models for nowcasting ATM required
elements at the airport. HKG collected
blended radar-based nowcast data with
rapidly-updated mesoscale model for the
prediction of convection within the terminal
area, etc. Part of the data have been
uploaded onto the AvRDP data server for
information exchange and sharing.
Figure 4. Schematic diagram showing
the components of the blended
nowcasting and non-hydrostatic
model to forecast 0 to 6 hrs ahead

Taking HKG as an example, the project
aimed at demonstrating the benefit of
blending radar-based nowcasting system
with high resolution, rapidly updated NWP
using innovative blending technique (Fig.4,
Li et al. 2005 and Wong et al. 2009). The
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idea is as follows: SWIRLS, a radar-based nowcasting system, provides skilful
thunderstorm nowcast in the next one to two hours, especially in the situations where
the advection of convection is dominant. However, when the thunderstorm motion is
erratic or when radar echoes develop or dissipate rapidly, advection methods are less
reliable. More sophisticated forecasting techniques such as high-resolution NWP models
would be necessary, especially in the forecast range beyond 3 hours. However, NWP
models usually suffer from the intrinsic “spin-up’’ problem, hence hindering reliability of
numerical prognoses in the first couple of hours. So to achieve an optimal performance
in the 1 to 6 hour forecast range, SWIRLS and NWP is blended via a number of spatial,
temporal adjustment to generate an optimal solution for the terminal area of the airport.
In operation, a Significant Convection
Monitoring and Forecasting suit has
been running semi-automatically
(human forecaster could intervene
the system by selecting various
algorithms according to different
weather scenario) to provide
nowcast, blended SWIRLS-NWP, as
well up to 12 hours ahead outlook of
convection forecast to local MET
forecaster and ATM personnel to
coordinate and issue Capacity
Notification daily and whenever
necessary to airports in the regional
network for flow control purpose.
Favourable comments are received
from ATM on the inclusion of the
enhanced nowcasting/short-term
forecast information (ICAO 2013).

Figure 5. Operational seamless convection
forecast over HKA and ATM issued Airport
Capacity Notification

Translation of MET information into ATM-Impacting parameters
The 2nd Phase of the Project focuses on the research on translating the MET information
into ATM-impact parameters, such as airport capacity, air space capacity, air traffic
delay, etc.
Taking HKG as an example, during IOP3 in its Phase II, apart from the meteorological
information mentioned above, air-traffic data, as well as aircraft positions determined by
ADS-B were collected to study:
(i)

the impact of significant convection
blockage over some ATM
holding/way points to airport
acceptant rate;

(ii)

the behaviour of the pilot avoidance
when encountering significant
convection using pilot simulator
(ICAO/WMO 2014c, Hauf et al.
2016).

Research (i) above can be useful in
quantifying the impact to airport capacity.

Figure 6. Reduction of AAR as a
function of echo density within the
approach airspace
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Using all convective weather developed within the terminal area of HKFIR in 2016, we
studied the reduction in the number of aircraft arrival per hour as a function of the
percentage of intense radar echo over the approach airspace. The study reached a
regression relationship shown in Fig. 6. Based on the regression and the seamless
forecast in para. 4 above, one can predict how much the airport acceptance rate would
drop in the next few hours. This is one of the highly desirable features for local ATM. Of
course, the reduction of airport could also be affected by many non-weather factors but
the current regression could provide the maximum acceptance rate of HKG should there
be significant convection occurs within the approach airspace.
Research (ii) above can be useful in quantifying the aircraft delay as well as proposing
optimal sequencing. Aircraft approaching or departing an airport are required to follow
certain pre-set Standard Terminal Arrival Route (STAR), separation, minimum flying
distance from the realm of a significant convective cell and other local ATM rules. By
inputting these rules together with the actual and nowcast movement of the convective
cell based on SWIRLS and the planned trajectory of an aircraft into a pilot simulator, one
can predict how the trajectory should be adjusted with time to avoid hitting the
convection so as to propose an optimal safe deviated trajectory. Figure 7 shows a
simulation results of an aircraft encountering of an intense echo ahead and how it could
adjust its trajectory with time so as to achieve an optimal trajectory. The simulation
would be useful for ATM to optimize the sequencing, reduce unnecessary holding,
shorten the delay and reduce the waste of fuel to protection environment.
Works are underway to simulate large number of
flights so as to calculate the overall shortened
time delay to assess the overall benefits to ATM
and airlines. The next step is to include the realtime ADS-B flight position data and their
respective flight plan as well as the CB storm
nowcast movements to provide advice in the
optimal predicted flight path under multiple flight
scenarios to further demonstrate the benefits of
this tool.
Conclusions
The AvRDP is to provide enhanced nowcasting
support for the MSTA as part of TBO. The
primary emphasis of the proposal is to
Figure 7. Illustration of the
demonstrate the MET capability of providing
reactive response of the
quality 0-6 h convective, winter weather and
simulated flight path to nowcast
other weather nowcast for the Terminal Control
weather objects
Area. The AvRDP represents a unique
opportunity to demonstrate the utility of modern
nowcasting systems in high impact weather situations. Several IOPs have been
conducting at different airports representing varied climatological regimes and
associated range of weather impact to aviation.
It is obvious that close collaboration between the MET and ATM community would be
required. Support from ATM community, airlines and pilots, in particular in the form of
advices in the evaluation methodology and the provision of necessary ATM and flight
data for evaluation and validation, would be the key for the success of the AvRDP. The
experience precipitated from AvRDP would then serve as the basis for defining the ATMtailored MET service for the terminal area to meet future ATM requirements and shared
with other States through technology transfer.
To better support the integration of MSTA with information for Trajectory Based
Operation information, the WMO Executive Council at its sixty-eighth session (EC-68,
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2016) agreed with general principles for extended research activities coordinated by
WMO, building on the progress of the current AvRDP and taking into consideration the
envisaged performance improvements in the ASBU blocks with focus on transfer of the
results into operational practice.
For details about the background and progress of AvRDP, readers can access the
website: https://avrdp.hko.gov.hk or contact the author of this paper.
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THE WMO AVIATION RESEARCH DEMONSTRATION PROJECT (AVRDP) AT
PARIS CHARLES DE GAULLE AIRPORT
By P. Jaunet
(Presented by P. Jaunet)
Presentation

Introduction
The Aviation Research and Demonstration Project (AvRDP) is
a joint effort between the World Weather Research
Programme (WWRP) and the WMO Commission for
aeronautical Meteorology (CAeM). It aims at conducting
research in mesoscale modelling and nowcasting at six
international airports located in Northern and Southern
Hemispheres to support the development of the next
generation aviation initiative, the Aviation System Block
Upgrade (ASBU) under the new Global Aviation Navigation
Plan (GANP) endorsed by the International Civil Aviation
Organization (ICAO). Collaboration with the respective Air
Traffic Management (ATM) is performed to demonstrate the
benefits of the MET information to the aviation community.
The project also consists in transferring the knowledge gained
in AvRDP to other WMO Members who need to enhance their aviation MET services as to
meet the ASBU initiative.
Paris-CDG airport participates in AvRDP for winter weather in Northern Hemisphere and
two Intensive Observation Periods (IOPs) have been studied so far: Winter 2015-16 and
Winter 2016-17.
Context and general background
Paris-CDG airport is located inland and mid-latitude in the Northern Hemisphere (49°N,
02°W), North-East from Paris. The world airport classification of 2014 (ACI World)
ranked Paris-CDG as the 8th for the total passengers traffic (more than 63M) and the
4th for the international passengers traffic (more than 58M). During winter, its
operations are often highly impacted by low ceilings and visibility due to fog and stratus
clouds, and wintry conditions. These weather phenomena require precise and
satisfactory forecasting to alleviate ATC services in their effort of avoiding airline delays,
terminal area disruption and GA accidents. Thus, good MET information accuracy and a
high refresh rate are crucial for ATM.
In case of threatening weather conditions, an emergency committee comprising
representatives of Aéroports de Paris, the French civil aviation authority (DGAC), the
airlines, and Météo-France gathers and decides what resources will need to be mobilised
(manpower, machineries). As a response to Collaborative Decision Making (CDM) users'
needs, an innovative solution was set for CDG operations, allowing common weather
hazard awareness. It integrates the impact of weather on hub operations and is
performed thanks to human expertise at a fine temporal resolution and a high refresh
rate. Through this user-tailored system, Météo-France provides the latest science in
forecasting techniques, including nowcasting data from the AROME-PI mesoscale model
and from other data fusion products. The AvRDP winter IOPs allow demonstrating their
contribution to the optimization and improvement of the weather awareness through the
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forecasters’ and ATM work, and thus, the mitigation of adverse weather consequences
on the Paris-CDG operations.
Météo-France’s NWP model, called AROME-PI, runs hourly at high temporal and spatial
resolutions: 1.3km grid point and 90 vertical levels for a European domain centred
around France. The forecasts range from +30min up to +180min with a 5 min
refreshment rate and from +180min up to +6h with a 15 minutes refreshment rate. At
each run time H, there is a data assimilation window of [H-10min, H+10min] and 20
minutes of processing (via a 3D-Var system) are needed before outputs are available.
AROME-PI is non-cycled (initialization from the regional model AROME-France). It has a
non-hydrostatic physical scheme and a complex microphysical scheme called ICE3
comprising 3 frozen hydrometeor categories. In addition to the common weather
information available in AROME-France (such as temperature), this model includes
several new diagnoses: supercell index, fog and hail probability, etc.
On-ground icing probabilities are calculated on Paris-CDG airport thanks to a statistical
algorithm developed by S. Hugony. The inputs of the computation are the surface
temperature, the humidity, the wind, and the expertise demonstrated by the forecasters.
It provides a histogram of hourly on-ground icing probabilities up to 30 hours of
forecast. Hence, ANTIGEL allows anticipating an eventual on-ground icing on the day
before the icing occurrence.
Winter 2015-16 and winter 2016-17 were characterized by several events of fog and
icing fog, as well as snowfall and industrial snowfall and a high-impacting episode of ice.
Here, three case studies over the IOPs for winter are developed to enlighten the benefit
of such tools for weather awareness:
•
•
•

Surface and airframe icing on January 20th , 2016
Wintry precipitation on March 5th, 2016
Icing fog on December 29th, 2016

Surface and airframe icing
On-ground icing is one of the most cost-impacting threats at Paris-CDG. The airport
manager Aéroports de Paris is responsible for aircraft de-icing operations, performed by
service providers on 20 dedicated areas and with 50 de-icers. Hence, this phenomenon
is predicted by the forecasters in the CDM@CDG tool. ANTIGEL, an on-ground icing
probability model, provides more MET information to the forecaster for edition of the
CDM@CDG base. It has proved its good accuracy and is often used during the winter
season.
On January, 20th 2016, weather conditions were anticyclonic over France, conducive to
cold conditions and clear skies in winter. Humidity patches from a decaying front
lingered until January, 21st: favourable conditions for vehicle icing were gathered.
Indeed, fog forecasts were issued by Paris-CDG forecasters for icing fog on January,
20th from 0235Z to 0650Z and on January, 21st from 0540Z to 1005Z. An accurate
vehicle icing risk with a quite high probability of occurrence from January, 20th 21h up
to January, 21th 4h was set in the CDM@CDG tool.
It allowed the airport manager to anticipate the de-icing operations of airframes, and the
ATM to better manage disturbances of traffic. De-icing operations, numerous during
these two days:
•
•

162 de-icing operations on January, 20th
128 de-icing operations on January, 21st

These operations caused considerable delays and costs during the period, as the airport
departure capability decreased significantly (as shown on Figure 1).
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Figure 1. Paris-CDG airport departure capacity from January, 20th 2016 at 0Z to
January, 21st at 12Z. During fair periods, the mean airport departure capacity
is shown (71 departures per hour)
The forecast of these threatening conditions was performed (among other products)
thanks to the aforementioned on-ground airframe icing (rime, frost)-probability model,
as shown on FIG2. It suggested a high risk of on-ground icing with a good chronology of
the event.
This case study enlightens the interest of using tailor-made models to better forecast
airframe icing and hence allow the ATM to better manage the de-icing operations.

Figure 2. Display of the on-ground airframe icing model (ANTIGEL) of
Météo-France available on January, 20th at 23Z.
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Wintry precipitation
Although not daily at Paris-CDG, wintry precipitation (snowfall, graupel, ice) fall from
time to time during winter, mostly from December to March. A snow plan is activated as
soon as any weather-related risk becomes apparent. The CDM team meets and convenes
to decide what resources will need to be mobilised (manpower, machinery). The
runways, taxiways and aircraft parking stands are cleaned when they are unoccupied.
These operations are under the responsibility of the airport manager, performed thanks
to 174 snow-clearing vehicles (“snow trains”). The runways (depending on their length)
can be cleaned in 20-30 minutes, during which the traffic on the runway is suspended,
seriously reducing the airport capacity.
March, 5th is a good illustration of such snowy conditions on Paris-CDG: a front lingered
over France during the whole night between the 4th and the 5th and the following day.
LVP conditions occurred from 0430Z to 0515Z, and it snowed from 0330Z to 1100Z and
there were graupel showers from 1600Z to 2030Z. These conditions led to the treatment
of the runways from 0500Z to 0615Z, causing the reduction of the airport departure
capacity down to 24 (the nominal rate is 71). Also, de-icing of 119 aircrafts was
necessary to sustain safe travel conditions.
The snowfall risk was well anticipated by forecasters in the CDM@CDG tool (FIG3) until
10Z. An airport warning was also issued at 0200Z, forecasting snow between 0330Z and
1130Z, which exactly corresponded to the observed snowfall time.

Figure 3. Weather predictions from the CDM@CDG tool updated on March, 05th
2016 at 00:20Z
This accurate forecast was performed thanks to Météo-France’s nowcast model AROMEPI, but also the regional model AROME-France (FIG4). Indeed, the run of March, 5th a
00Z of AROME-France showed a risk of snowfall at 03Z. The vehicle-icing model provided
also a relevant information to the forecasters, and hence, to the ATM-operators.
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Figure 4. Cloud snow fields (in red) from the AROME-France model.
Run of March, 5th 2016 at 00Z, fields at 04Z and 05Z
Icing fog
There are approximately 40 days of fog or freezing fog per year at Paris-CDG airport,
most of them occurring during winter. When the horizontal visibility decreases down to
600 meters and/or cloud ceiling become less than 200 feet, the French ATM (DGAC)
apply Low Visibility
Procedures (LVP). These LVPs, issued in the early morning hours, allow avoiding
incidents thanks to a better spacing out of the airplanes on the ground. This type of
procedure cuts down the overall airport capacity by a factor of two or three. Hence, low
visibility is one of the weather factors with the best prospects of improving from the
perspective of ATM.
Calm and anticyclonic conditions lingered over France in the end of 2016. At Paris-CDG,
it was associated with temperature inversions and negative temperatures during the
whole day. It clearly appears on the forecast temperature profile at 06Z, associated with
humid and freezing conditions at the surface.
As displayed on FIG5, the dominant visibility begun decreasing in the early morning of
December 29th, until freezing fog was formed around 06Z. After a slight improvement
during the day, thick fog is formed at dawn only to disappear several days later.
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Figure 5. Number of vehicle de-icing operations (blue bars) and prevailing
visibility (red line) at Paris-CDG platform on December 29th, 2016
The icing fog of December 29th, 2016 triggered numerous decreases in the number of
arrivals and departures at Paris-CDG airport (FIG6). To maintain safe flight conditions, a
significant number of de-icing operations were necessary during the period (FIG5), which
are expensive and need to be well anticipated thanks to the forecaster’s expertise and
NWP models.
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Figure 6. Forecast (dotted line) vs. actual (solid line) number of departures
(top) and arrivals (bottom) at Paris-CDG platform on December 29th, 2016.
Local time.
The freezing fog forming conditions were well identified by Météo-France’s models, in
particular AROME-France. However, the AROME-France runs of 00Z and 03Z pictured a
drier surface air mass than the actual one. The run of 06Z of the nowcast model AROMEPI, on the contrary to the run of 04Z, suggested a risk of fog at 08Z over Paris area. It
allowed the forecasters to correct the visibility data displayed in the aerogram of ParisCDG platform. As shown on FIG7 before 06:35Z, only a risk of mist was forecast, and
once the AROME-PI run of 06Z was available, the forecaster added a risk of freezing fog
to the CDM@CDG tool.
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Figure 7. Display of the fog diagnostic from the AROME-PI model on December,
29th at 08Z on the Synopsis tool (utilized by the forecasters). Blue and pink
colours show areas where the wind force doesn't match the conditions of fog
forming (respectively too high and too low winds). Green dot represents the
location of Paris-CDG airport
Icing fog is one of the most threatening weather phenomena for Paris-CDG operations
and occurs quite regularly during the winter season. A better anticipation and alleviation
of its consequences is required. That is why innovations are developed at Météo-France.
Nowcast model AROME-PI allows a better anticipation of the icing fog forming and of fog
evolution in general. Thanks to a higher refresh rate than the regional models of MétéoFrance, the forecast fields are more accurate and better represent the microphysical
processes.
Conclusion
This report illustrates the positive impact to the ATM operations of the extra information
provided by state-of-the-art models such as Météo-France’s nowcasting model AROME-PI
and ANTIGEL, the vehicle icing statistical model over a high-traffic airport during bad
weather situations through the CDM@CDG tool.
A better management of flight arrivals and departures in case of LVP conditions, onground icing conditions, and snowy runways is hence allowed thanks to an improved
assessing of the timing of such events and their severity.
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THE REMOTE OCEANIC METEOROLOGY INFORMATION OPERATIONAL
(ROMIO) DEMONSTRATION
By E. Frazier, C. Kessinger, T. Lindholm, J. Olivo, B. Barron, G. Blackburn, B. Watts, R.
Stone, D. Keany, D. Tyler and TJ. Horsager
(Presented by E. Frazier)
Presentation

Introduction
The Federal Aviation Administration (FAA) Next Generation
(NextGen) Weather Technology in the Cockpit (WTIC) program
is sponsoring an operational demonstration to evaluate the
feasibility to uplink convective storm products to commercial
aircraft flying routes over remote, oceanic regions for display
on an electronic flight bag (EFB). The effort is called the
Remote Oceanic Meteorology Information Operational (ROMIO)
demonstration and is a collaborative effort between the FAA,
the weather research community, the airlines, and airlines
inflight entertainment and connectivity (IFEC) providers. The
ROMIO Demonstration project will develop and demonstrate
operational strategies for the use of rapidly updated Cloud Top
Height (CTH) and Convective Diagnosis Oceanic (CDO)
products on the flight deck, in the Oceanic Air Route Traffic Control Centres (ARTCC) and
as part of Airline Operations Centre (AOC) flight dispatch operations. Participating
airlines include Delta Air Lines, United Airlines and American Airlines. The domain for
storm product creation is contained by the scanning area of the Geostationary
Operational Environmental Satellite (GOES) East and West satellites. Routes to be flown
are between the continental United States (CONUS) and South America, Caribbean,
Australia, and South Africa, among others. A select number of online pilots will
participate in the demonstration. The ROMIO demonstration will begin in the fall of 2017
and be conducted for a year. During the demonstration, feedback from pilots, AOC
dispatchers and Oceanic ARTCC will be solicited to ascertain the costs and benefits
associated with providing real-time, rapidly updated graphical information on convective
structure to them.
The purpose of the WTIC Program ROMIO Demonstration Project
The operational demonstration will “exercise” the Aeronautical Information (AI) /
Meteorological (MET) Data Link System infrastructure (DO-340, Concept of Use for
Aeronautical Information Services and MET Data Link Services). Its purpose is to data
link information to the flight deck and ingest that information using near-operational
formats, links, and flight deck information transfer. The ability to display the same or
similar graphical and textual information on the cockpit EFB as well as in ATC / AOC will
be “exercised” to evaluate costs and benefits to the ATC / AOC functions.
Goal of the ROMIO Demonstration Project
The overall goal of this RE&D project is to conduct a flight demonstration that will
identify and validate the minimum MET information services required for safe and
efficient flight in oceanic and remote airspace. In addition, identify MET information gaps
that are not fully resolved by providing CTH / CDO information in the cockpit.
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The objectives of the ROMIO Demonstration
1

Identify those decisions pilots make in the current environment without updates and
elicit pilot decisions that can be facilitated with more-frequent weather updates while
en-route. This and findings described below will be solicited from aircrews either by
direct observation or post-flight, on-line questionnaire.
a. How does updated weather information affect timing of altitude and/or route
deviation requests from the aircrew?
b. How does the updated information enhance operational safety? That is, does
the availability of more frequent weather information (in addition to that
provided by the airborne radar) decrease the flight’s potential for a hazardous
weather encounter?
c. Does a timely weather update result in a reduction of flight time, workload,
and/or fuel burn?
d. How does the passive uplink of CTH / CDO updates affect the volume of pilot
communications with dispatch and with air traffic control?
e. How can frequently updated information induce timelier cabin management
strategies by the flight crew (cabin and cockpit)?

2

Obtain initial AOC and/or Flight Dispatch Subject Matter Experts’ feedback on
convective weather information needs and display concepts. Specifically:
a. Does the increased potential for information transfer offered by a graphic
display in the AOC provide additional efficiency and safety benefit?
b. To optimize benefits, how frequent are CTH / CDO updates needed for the
AOC display? On the EFB? and are other weather information uplinks needed?

3

Obtain initial flight crew feedback on convective weather information needs and
display concepts. Specifically:
a. Does the increased potential for information transfer offered by a EFB display
provide an additional efficiency and safety benefit?
b. To optimize benefits, how frequent would the flight crew like to obtain
updates on CTH / CDO? How frequent is too frequent? How frequent is not
enough?

4

Identify situations where collaborative decisions between air traffic controllers,
dispatch, and aircrews using common, updated weather information can benefit flight
operations. What are the benefits? At what costs (e.g., satellite communications)?

Satellite Data Coverage, Latency and Mosaic process
The GOES-East satellite is located above -75 degrees’ longitude and 0 degrees’ latitude.
The GOES-West satellite is located above -135 degrees’ longitude and 0 degrees’
latitude. Each day, each satellite covers a particular sequence of sub-domains in a predetermined scanning strategy (Figure 1). Each scan starts at the North Pole and
progresses southward toward the South Pole.
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Figure 1. Scanning regions of the GOES-West (left panel) and GOES-East (right
panel) geostationary satellites.
NOAA National Environmental Satellite, Data, and Information Service controls the
scanning of each satellite. The GOES-East and GOES-West satellites scan the full disk at
3 hr intervals (Figure 2). In addition, the GOES-East satellite scans three sub-domains:
CONUS, Northern Hemisphere extended and Southern Hemisphere (Figure 3). And the
GOES-West has four sub-domains: Sub-CONUS, PACUS, Northern Hemisphere and the
Southern Hemisphere (Figure 4). Figures 2-4 shows the sector scan domains with the
infrared (IR) 10.8-micron brightness temperature field.

Figure 2. GOES-West (left) and GOES-East (right) full disk scans are shown
for the 10.8 micron IR brightness temperature (°C).
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Figure 3. GOES-East sub-domains defined as the a) CONUS, b) Northern
Hemisphere Extended and c) Southern Hemisphere. The 10.8 micron IR
brightness temperature (°C) is shown.
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Figure 4. GOES-West sub-domains that include the a) Northern Hemisphere, the
b) Sub-CONUS, the c) Southern Hemisphere, and d) the PACUS. The 10.8
micron IR brightness temperature (°C) is shown.
The National Centre for Atmospheric Research (NCAR) Research Applications Laboratory
(RAL) has a SeaSpace Terascan satellite receiver and receives the data directly after
transmission from the GOES-East and GOES-West satellites. The data latency between
satellite transmission, data reception by Terascan and conversion into the NCAR internal
Mdv format is on the order of 1-2 minutes.
Because the sub-domains are scanned at varying intervals for each satellite, a merger
process is used to fill the satellite grid domain with the latest data from any sub-domain
at each grid point. Data from each satellite have the parallax correction applied. Next, a
satellite mosaic merges the GOES-East and GOES-West satellite scans. The mosaicking
process creates a weighted value based on the satellite zenith angle at each grid point.
For example, the data from GOES-West are weighted at unity over its equator position
(where its zenith angle is zero degrees), while the GOES-East data contribute less at
that position because its zenith angle is 60 degrees.
National Oceanic and Atmospheric Administration (NOAA) Global Forecast
System (GFS) numerical model data
The NOAA National Centre for Environmental Prediction GFS numerical model is used
within the CTH algorithm to provide the vertical soundings used to map the satellite IR
brightness temperature to a pressure level. The model is run four times per day. The
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model produces forecasts at 3 hr intervals. Forecasts out to 12 hrs are converted to the
NCAR internal Mdv format for input into the CTH algorithm. A recent upgrade to the
model by NOAA has increased the horizontal resolution from 0.5° latitude/longitude to
0.25° latitude/longitude and has increased the number of vertical levels.
Algorithm outputs for uplink to aircraft display
Two algorithm outputs are used to define the convective hazard area: the CTH and the
CDO. The CTH is used to define the entire area of the convective anvil and to give the
aircrew information on the storm cloud heights. The CDO defines the region surrounding
the convective updrafts where the hazard level can be expected to be high.
CTH
The CTH is computed by: 1) converting the satellite 10.8 micron IR brightness
temperature to pressure by comparison to the GFS model sounding and then 2)
converting the pressure to a flight level through the standard atmosphere equation
(Miller et al. 2005). An example is illustrated in Figure 5. The IR brightness temperature
only measures the temperature of the tops of deep convection and cannot resolve
internal structures. The anvil clouds typically can have a much larger area than the
convective region. Polygons of the CTH flight levels are for flight levels at FL300, FL350,
FL400, FL450 and FL500 currently being made in XML format.

Figure 5. The 10.8 micron IR brightness temperature data (left panel) are used
to compute the CTH field (Kft; right panel).
CDO
Four algorithmic inputs are used to calculate the CDO and include the CTH, the Global
Convective Diagnosis (GCD), the Overshooting Tops Detection algorithm (OTops) and
the combined lightning strike interest field. They are described below.
GCD is computed by subtracting the brightness temperature of the IR channel from the
brightness temperature of the water vapour channel (Mosher, 2002). The GCD indicates
the location of mature updrafts when the difference is near zero. The GOES-R OTops
Algorithm is computed following Bedka et al. (2010) and shows the locations of OTops.
Combined Lightning Interest is computed by accumulating the EarthNetworks lightning
strike data into 15 min, 30 min and 60 min accumulation fields. They are combined in a
fuzzy logic framework to produce an interest map called “combined lightning”. The
algorithmic inputs, described above, are scaled using membership functions to be
between zero and unity (and called “interest fields”), where unity is a positive indicator
for convection. Once scaled, the interest fields are weighted and summed. The selected
weights are unity for the CTH, the GCD and the OTops interest fields. The combined
lightning field is weighted a value of three. This means that the lightning contribution is
equal to the contribution from the other three algorithms. This is important as the
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lightning is the best indicator of the presence of convective hazards. The CDO interest
field has values between zero and six, with values >2 indicating the likelihood of
convection and values >3 indicating an increased level of hazard due to the presence of
lightning and/or overshooting tops. XML polygons are made for the CDO interest values
of 2, 3, 4, and 5.
Polygon creation for uplink display
The CTH and the CDO outputs are created on a gridded field and used to define storm
characteristics. The Thunderstorm Initiation, Tracking and Nowcasting algorithm (Dixon
and Wiener, 1993), an object tracking algorithm that correlates identified storms over
time, is used to minimize uplink bandwidth.
ROMIO Demonstration System
NCAR will distribute the data in XML format utilizing technology being implemented by
the FAA’s NextGen Common Support Services – Weather (CSS-Wx) Program.
The Embry-Riddle Aeronautical University NextGen Aircraft Access to System Wide
Information Management (SWIM) (AAtS) Testbed is part of the FAA NEXTGEN system
architecture that provides access to FAA data using SWIM’s Service Oriented
Architecture interface.
Basic Commerce and Industries (BCI) will provide data management services (DMS) and
perform processing primarily to minimize bandwidth requirements during transfer. DMS
will utilize web services technologies to transfer data to participating IFEC broadband
providers.
BCI will also create a web display application for use by stakeholders categorized as
Internet users at the AOCs and OCCs. Weather content of these web displays will match
what is being displayed for the aircrew.
The ROMIO demonstration will utilize Gogo and Panasonic Avionics IFEC to transfer the
DMS data to EFB for presentation to the aircrew. Figure 6 is the ROMIO Demonstration
System and figure 7 is the aircrew CTH / CDO Viewer. Pilots may also enter feedback on
the ROMIO demonstration using the EFB devices. The feedback data will be sent via the
IFEC back to DMS for collection.

Figure 6. ROMIO Demonstration System.
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Figure 7. Aircrew CTH / CDO Viewer.
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INTEGRATED WIND AND TURBULENCE FORECASTS FOR AUTOMATED FLIGHT
ROUTE PLANNING
By J-H. Kim, M. Strahan and R. Sharman
(Presented by J-H. Kim)
Presentation

Short abstract
With recent improvements in observational techniques and
computer capabilities in the Numerical Weather Prediction
(NWP) models, the performance skill in forecasting upperlevel winds has been increased continuously, which provides
huge benefits for the aviation industry. For example, the
average wind speed errors near the jet stream have
decreased by about 45% from 13 to 8 m s-1, which gives less
uncertainty in both head and tail winds for long-haul flights,
enhancing efficient flight route planning and reducing extra
fuel consumptions (Ralph 2016). These improvements in wind
forecasts, combined with the application of the multidiagnostic method of the Graphical Turbulence Guidance
(GTG; Sharman et al. 2006) have led to better aviation
situational awareness and flight planning.
This paper introduces an example of the integrated wind and turbulence forecasts for
automated flight route planning with wind-optimal and lateral avoidance trajectory
modelling, which is more applicable for the most important and vertically deep weather
hazards like Convectively Induced Turbulence (CIT) and Mountain Wave Turbulence
(MWT). An example is provided for a case on 7 Sep 2013, for which a convectionpermitting scale (dx = 3 km) high-resolution NWP model captured the background winds
and convective clouds very well. Time-lagged ensembles of the GTG-like forecasts give
laterally wide and vertically deep areas of potential turbulence encounters, which is
applied to the flight trajectory model for a single flight route between the Los Angeles
International Airport (LAX) and John F. Kennedy International airport (JFK). As a result,
timely different manoeuvres of the Lateral Turbulence Avoidance Routes (LTAR) along
the Wind-Optimal Route (WOR) from LAX to JFK illustrate the idea of trade-offs that can
be made between total flight time/fuel consumption (efficiency) and lateral turbulence
avoidance (safety).
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Presentation

Introduction
Safety and efficiency are key factors for air traffic
management. Both are strongly dependent on the
environment and may be impacted by any disruptions caused
by adverse weather or other airspace constraints. Today’s
management of air traffic is heavily geared towards windoptimized trajectories, esp. for long-distance flights. In the
United States, the avoidance of areas of expected large scale
convective activity is considered in the daily flight planning
process. Avoidance of small scale convection is usually handled
on the tactical level. Other weather hazards such as turbulence
and icing are not as prominently recognized but dealt with ad
hoc during flight execution as needed.
For future trajectory-based operations, an overall fourdimensional integration of atmospheric hazards is required. The research-driven weather
avoidance tool DIVMET (i.e. divert meteorology), which is applied here, allows for an
evaluation of the aircraft exposure to several hazards along the trajectory. It features
decision making support and builds a platform to study routing effects resulting from
multiple hazard avoidance scenarios.
In this study, we examine trade-offs between detour (i.e. extra flight distance) versus
hazard encounters for various synchronized weather hazards considered for avoidance
when encountered along the route. The DIVMET simulations are based on two different
weather situations, a large-scale early winter frontal system (18 November 2015) and an
air mass convection case (14 July 2016). Both cases include deep convection (line
arrangement in the winter case vs. massive isolated storms in the summer case) as well
as notable areas of turbulence and icing hazards.
The impact on the National Airspace System (NAS) is evaluated by a set of seven airport
pairs whose great circle connections are likely to be affected by these weather situations
as can be seen in Figure 1. Overlaid are the hazard situations at 0600 (left) and 1800
(right) UTC of both days, respectively, as identified by individual expert products, such
as the Consolidated Storm Prediction for Aviation (CoSPA, convection, red),[2],[3] the
Graphical Turbulence Guidance Nowcast (GTGN, turbulence, yellow/orange),[4],[5] and the
Current/Forecast Icing Product (CIP/FIP, icing, blue).[6]
Departures at every designated airport are scheduled at the top of every hour between
0000 and 2000 UTC (MIA and SFO at 0000 to 1800 UTC) resulting in a set of 290
planned flights.
These are simulated with seven different weather scenarios and two flight levels each
resulting in 4060 trajectories to evaluate.
The metrics discussed here are the number of flights affected by weather hazards,
encounter durations with such and detours resulting from avoiding those hazards.
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Figure 1. Great circle (direct) trajectories between seven city pairs overlaid
with the colour-coded weather hazards (see legend) at 0600 UTC on 18
November 2015 (left) and 1800 UTC on 14 July 2016 (right).
Weather Avoidance
According to the nature of convective storms and associated hazards below, within, and
above a cumulonimbus cloud this hazard blocks the whole atmospheric column and
demands a lateral circumnavigation by aircraft in all phases of flight (red in Figure 2).
Turbulence (yellow/orange) and icing (blue) hazards, in contrast, often occur in layers
with limited vertical extent (although possibly covering substantial horizontal areas) that
may allow for vertical avoidance if feasible (e.g., climb rate enables reaching a hazardclear flight level) or possible based on the phase of flight (en-route) and other traffic
nearby.

Figure 2. Schematic of vertical hazard levels colour-coded as in Figure 1.

Whether a manoeuvre is tactically necessary is mainly decided by the individual pilot in
correspondence with the responsible controller based on airline policies, procedures, and
aircraft capabilities/certification. For strategic re-routings the airline dispatcher is
involved. The pilot’s willingness to deviate from the planned route depends on their load,
passengers or freight, and the intensity of the weather. Passing shortly through some
layers of even intensive turbulence or icing conditions in the ascent is usually acceptable
while cruising in such conditions for some time is not. Significant turbulence en-route is
often avoided by searching for a clear and turbulence free flight level. Icing conditions
usually prevail in lower flight levels and can get dangerous in holding patterns for
arriving flights unable to land right away due to traffic constraints. In such cases,
adjustments typically made by air traffic managers and controllers include transition of
flights to icing-free holding areas and/or slowing down traffic into the area which may
minimize the need for holding.
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Methodology
Weather avoidance is modelled using the research-quality simulation tool DIVMET
originally developed at the Leibniz Universität Hannover, Germany. While accounting for
a simple vertical flight profile (continuous climb and descent),[7] DIVMET routes aircraft
horizontally through layered two-dimensional fields of adverse weather that evolve with
time (15-minute update rate for convective and turbulence information, hourly for icing
data) and is represented as no-fly polygons. These can be determined based on current
and forecast gridded weather hazard information for a given flight level by applying
individual intensity thresholds to the respective weather hazard fields provided by expert
systems. Here, moderate and severe convection is considered by the 18 dBZ contours at
25,000 and 30,000 ft, respectively, in the CoSPA product. Turbulence of moderate and
severe intensity is captured by eddy dissipation rates (EDR) equal or greater than 0.22
and 0.35 m2/3 s-1 as provided by GTGN.[8],[9] Icing hazards are represented by the
category ‘heavy’ in the CIP.
In the DIVMET tool, deep convective storms are avoided laterally based on a userselectable minimum distance to the hazardous area—we use a 20 nautical mile (nm)
separation distance, as recommended by the FAA.[10] The same is applied to severe
turbulence. Moderate turbulence and icing hazards are avoided by 10 nm distance, the
latter, however, is not encountered at all in this study, and, thus, is not further taken
into account here. The decision on which side to circumnavigate a hazardous area is
made based on the hazard object’s cover area and lateral extent left and right of the
planned route.
In case of a convective cell in the vicinity of the respective airport (20 nm radius for
severe convection, 10 nm for moderate intensity) the departure is delayed by at least 15
minutes (update rate of convective information). The flight is cancelled if its delay is
equal or larger than 60 minutes as the next scheduled flight departs then.
The aircraft movement along the trajectory follows a simplified airspeed profile[7] which
is modified by a four dimensional wind field obtained from the Rapid Refresh (RAP).[11]
The aircraft position and its status with regards to the hazard situation (i.e. hazard
encounter) is updated every minute.
Simulations are run for two different cruise levels (FL300, FL400) with an outlook radius
of 100 nm (i.e. equivalent to a medium board radar range) where deviations for hazard
avoidance are initiated. A set of seven scenarios that differ in terms of hazards
considered in the rerouting process (see Table 1) is applied. An initial step is the
simulation with the Ignorance case where the planned great circle path is followed no
matter what hazard is encountered. By checking the aircraft surrounding and potential
hazard encounters every minute (time step of aircraft movement) an evaluation of each
flight’s exposure to risks along the planned trajectory is possible. Additionally, a number
of combinations of moderate and/or severe convection and/or turbulence hazards is
taken into account in the remaining scenarios. The routing solutions of such may vary as
indicated in and discussed around Figure 3.
Table 1. Hazard scenarios.
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Figure 3. Intermediate routing solutions for several scenarios for a 1300 UTC
departure at Houston, TX, (IAH) for a flight heading to Charleston, SC, (CHS) on 18
November 2015.

Characteristic impact measures, such as the detour length (i.e. actual flight distance
minus planned great circle distance), exposure time to each hazard as well as metrics
like the additional flight time and extra sector crossings as a consequence of the
rerouting (not discussed here) can be determined for each flight and scenario to
evaluate the optimal solution for the individual case.
Here, however, an integrated analysis of all flights is presented.
Some insights in the analysis results
The routing solutions for a flight from A to B may differ significantly depending on the
selection of hazards taken into account in the rerouting process as shown in Figure 3.
Exclusive consideration of severe convection (dark red) in the sC scenario (black dashed
trajectory) results in a marginal deviation from the initially planned great circle route
(dashed-dotted). This solution only adds a small detour but encounters of moderate
convection (light reddish) can be expected. When including moderate convection in the
rerouting process (msC, red trajectory), in this sample case, the flight starts off as
planned but deviates once it is within the 200 nm decision horizon. The detour is larger
than in the sC scenario and severe turbulence is encountered. Consideration of all
hazards (msCmsT, solid black trajectory) results in an instantaneous rerouting right
after departure.

Figure 4. Number of flights affected by atmospheric hazards along the planned
great circle routes (Ignorance scenario) in both weather situations and flight
levels.
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First step in the analysis is an overall evaluation of the impact of both weather situations
on the planned great circle routes. Figure 5 summarizes the number of planned flights at
cruise level FL300 (solid box) and FL400 (contour only) affected by atmospheric hazards
on 18 November 2015 (grey) and 14 July 2016 (blue). In the frontal system situation,
most often flights at both levels are impacted by moderate hazards (mod Conv: 253 and
256 affected flights, mod Turb: 190 and 207 affected flights for FL300 and FL400,
respectively) plus such in FL300 encounter severe turbulence (220 flights affected).
Overall each of the 290 planned flights cruising at FL300 and all but 5 at FL400
encountered at least one hazard in moderate or greater intensity. Exposure to severe
hazards is more often detected for flights in FL300 (because of severe turbulence)

Figure 5. Number of flights affected by severe hazard for certain durations (at
least 1, 3, 5 or 10 minutes) in various simulation scenarios for both weather cases
and fight levels.

In the summer case with air mass convection (blue bars) impacts were mainly caused by
moderate/severe convection and moderate turbulence which mostly occurred altogether
in those isolated storms (see Figure 1). About 65% (FL400: 63%) of all flights were
affected by any hazard, 52% (FL400: 50%) by severe hazards.
An evaluation of the number of flights affected by severe hazards in the various
simulation scenarios can be based on Figure 5. The leftmost block (Ignorance scenario)
is the same as the second block in Figure 4) but includes information on the duration of
such impacts (see legend). In the winter case, 90 flights (31%) cruising at FL300 spend
at least 10 minutes in severe hazards when flying along the planned route. The effects of
hazard encounters when accounting for hazard avoidance differ significantly in the
studied weather situations. In the summer case, consideration of severe convection
while accounting for a 20 nm safety distance reduces the overall number of flights
affected by severe hazards to 10% (6% ≥ 3min, 4% ≥ 5min, 1 ≥ 10min). The inclusion
of severe turbulence or moderate hazards only adds a marginal benefit. In contrast, in
the frontal system case, severe convection is a hazard with minor impact. Thus,
exclusive consideration of this hazard (or in combination with moderate convection) does
not significantly reduce the number of affected flights.
Instead, it is necessary to account for turbulence hazards in the rerouting process to
reduce these numbers. Still, quite some flights are affected by severe hazards (even for
encounters of ≥ 10 minutes). This is due to different reasons including discretization
effects and model logic (e.g. continuing with present heading when having encountered
a hazard [i.e. after a weather update]).
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Any weather avoidance or, in general, any deviation from the great circle route adds
flight distance and, thus, cost (e.g., fuel, time, etc.). Especially in large scale weather
situations (e.g., that of 18 November 2015), such detours are long. Figure 6 shows the
distributions of all 290 flights per scenario. While the avoidance of severe convection
adds minor flight distances (avg. 5 nm, max. 156 nm), the integration of moderate
hazards (esp. turbulence) results in long detours with outliers between 600 and 1159 nm
and average additional flight distances ranging between 98 and 184 nm.

Figure 6. Absolute detour distributions for flights on both flight levels in various
scenarios in the frontal system weather situation on 18 November 2015.

The risk to encounter hazardous weather can be reduced mostly at the cost of extra
flight distance (fuel, delay, etc.). In the context of TBO it is of high importance to
integrate appropriate weather information in the planning process and visualize and
update it during flight execution. DIVMET is a platform to study such processes,
operational flights planning however should be left to more elaborated state of the art
flight planning tools.
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USER REQUIREMENTS FOR EN-ROUTE HAZARDOUS WEATHER INFORMATION
By P-W. Li and SY. Lau
(Presented by P-W. Li)
Presentation

Introduction

processing.

Weather that is potentially hazardous to en-route aviation
includes significant convection, tropical cyclones, turbulence,
airframe icing, high ice water content (HIWC), mountain wave
and sand/dust storms. Other than impacting on the safety,
hazardous weather also impacts on the efficiency and
regularity. Under the current International Civil Aviation
Organization (ICAO) system, Meteorological Watch Office
(MWO) issues SIGMET, in the form of a text message, for its
own Flight Information Region (FIR) to alert the airlines and
pilots of the potential hazardous weather. The current system
has a number of drawbacks such as the information issued by
the neighbouring MWOs may not always be consistent or
coherent; the output in text form is easily subject to error and
is not easily useable by automated systems for further

Near-term solution
To address the consistency of SIGMET issued by different MWOs on hazardous weather
phenomenon that affects multiple FIRs, cross-FIR-boundary coordination for alignment
of SIGMET information are undertaken operationally by Singapore, Malaysia and
Indonesia after conducting a pilot under the auspices of WMO (WMO, 2017). Dedicated
websites and coordination tools, developed by Japan and Hong Kong, China, were made
available to the participating MWOs for common situation awareness and SIGMET
coordination.

Figure 1. Web-based monitoring and SIGMET coordination platform provided by
Hong Kong, China
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Figure 2. Web-based tools and SATAID system provided by Japan
Other operational SIGMET coordination efforts includes MET Alliance SIGMET
Coordination Project involving 6 member countries of MET Alliance; the Russian
Federation SIGMET Coordination Project involving Russia, Azerbaijan, Georgia,
Kazakhstan, Kyrgyzstan, Tajikistan and Uzbekistan; the Balkans; (involving BosniaHerzegovina, Croatia, Serbia and Slovenia); DACH (involving Germany Austria and
Switzerland) and NAMCON (involving Denmark, Estonia, Finland, Iceland, Latvia and
Norway).
Future Hazardous Weather Information
While there are currently much effort to improve the availability and consistency of
SIGMETs through bilateral arrangements and regional coordination efforts, the users,
which include the airline operators, flight crews and air traffic management, have
expressed the need for a revamp of the whole system in line with the latest edition of
the Global Air Navigation Plan (GANP) (ICAO DOC 9750, 2016) and the Aviation System
Block Upgrades (ASBU) methodology by ICAO that guide complementary and sector
wide development to enhance the safety and efficiency in the next 15+ years.
Based on the information from the users, some high level requirements have been
obtained. In respect of the information needs, the users envisioned requirements in the
following time horizons :
•
•
•
•
•
•

Observed hazard - updated as required
Immediate Forecast (30 minutes) – updated every 30 minutes or as
required
Near term forecast (3 hours) – updated hourly or as required
Medium Forecast (12 hours) – updated every 3 hours or as required
Long term forecast (24 hours) – updated every 6 hours or as required
Extended forecast (TC) – updated every 6 hours or as required

The observation and shorter term forecasts will be used for tactical avoidance while the
longer term forecasts will be useful for flight planning, tactical/strategic re-route and
traffic flow management. However, it is reckoned that the requirements might be
different for different phenomenon, e.g. convection is highly dynamic and would argue
for shorter temporal responses than sand/dust storms.
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While the long term and extended forecast are being addressed through the World Area
Forecast System (WAFS), there is a need to address the user needs for the observed to
near term forecast which is currently met by the provision of SIGMET and to be replaced
by future hazardous weather information. The next generation of harmonized,
phenomenon-based en-route hazardous weather information should also be integrated
into the System-wide Information Management (SWIM) environment to allow for further
processing and analysis by automated decision support tools. Apart from the need for a
more timely, accurate, reliable service that is machine readable, the future service
should be seamless across FIR boundaries.
In addition to traditional deterministic hazardous weather information, with the
introduction of Safety Management System (SMS) by ICAO, some airline operators now
based their operation on the assessed risk. One possibility to support risk analysis and
decision making methodology is through the provision of ensemble probabilistic
forecasts.
To meet the evolving needs of the aviation community, there needs to be a paradigm
shift in the way such hazardous weather information is to be provided. The task to
develop the next generation harmonized, phenomenon-based en-route hazardous
weather information is being undertaken by the Regional Hazardous Weather Advisory
Centre (RHWAC) work stream of Meteorological Information Service Development
(MISD) Working Group under the Meteorological Panel of ICAO.
The users of hazardous weather information include operators (which includes Airline
Operations Centres, Dispatchers and Flight Crew) and Air Traffic Management. Different
users of en-route hazardous weather information may use the information in a different
way with different emphasis. To better define the need for the hazardous weather
information system, a user need analysis, a standard phase in commonly accepted
system engineering practice, is being conducted via online survey. An example of the
online survey is given in the Attachment.
It is important to garner robust user response through reaching out to as many end
users as possible. On the other hand, considering that even for the same category of
users, e.g. airline operators, their mode of operation may vary significant and thus
potential to receive a diversity in responses. Thus the survey results would generally first
go back to the user representatives for consolidation before consideration by the work
stream.
While the actual survey result is not yet available, a much higher service level
requirement of the future en-route hazardous weather information is expected as
revealed by the comments to the survey forms. For example, a comment on the option
for the smallest convection that the user might want to know over continental airspace
should be down to as small as 0.25 degree x 0.25 degree.
Considering the need for much higher granularity of the information, more advanced
automatic identification of the phenomena using satellite/radar would be required,
especially for service providers with a large area of responsibility. To well represent such
smaller scale convections in the nowcasting timeframe would require improved blending
of observations, radar/satellite-based nowcasting products with high resolution NWP
system. The development of ensemble probabilistic nowcasting products is another new
area which would require more research.
Conclusion
The expected increase in aviation demands, economic pressure and attention to the
environmental impact are relying ever more on accurate and timely information that ties
in with the latest ICAO GANP and ASBU methodology and supports system wide
interoperability. A large scale survey on the detail user requirement for future en-route
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hazardous weather information would be carried out. Initial feedback on the survey
forms suggested a much higher service level requirement over the existing SIGMET
provision which might require further research to improve on automatic identification of
the hazardous weather phenomena, blending of observations, radar/satellite-based
nowcasting products with high resolution NWP system and development of ensemble
probabilistic nowcasting products.
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Short abstract
We present an analysis of the fitness of geostationary nearreal-time satellite cloud property observations of the
EUMETSAT SEVIRI satellite data for improving strategic and
tactical flight planning. For this, we use historical SEVIRI
satellite cloud observations from the Cloud Physical
Properties algorithm and combined them with a small set of
realized flight paths between Frankfurt (Germany) and
Windhoek (Namibia) in 2008.
Flight paths are analysed according to their tactical
manoeuvres in relation to observed clouds and clouds
systems, and in relation to general aviation guidelines for
navigating thunderstorms and cloud systems.
Results show that aircraft navigation follows these guidelines, which has the
consequence that flights frequently enter mesoscale convective systems over equatorial
Africa. Such encounters pose a threat to safety, reduces passenger comfort, while
possibly also increasing fuel consumption. However, the analysis also shows that such
encounters could have largely been avoided. Satellite data on the extent of these
equatorial convective systems as well as possible “safe” corridors between cloud systems
would have been available with sufficient lead times to allow for strategically changing
the flight path and steer the aircraft either around the cloud systems or towards “safe”
corridors between cloud systems.
We then further discuss what this suggests for the potential of such a system using
satellite measurements, as well as its pros and cons. We will also briefly evaluate
monetary savings, which are estimated to be potentially in the order of many billions of
US$ globally.
Finally we will briefly address the question of what is currently achievable based on
operational geostationary satellite measurements, what expectations are with regard to
future satellite missions and satellite data products as well as global coverage, and
provide recommendations for additional research, field tests, development of satellite
cloud information algorithms and operational services.

Extended abstract: Not available at time of publication
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Introduction
Despite the advancement of forecasting techniques in recent
decades, meteorological (Met) forecasts are not perfect and
uncertainties remain even in state-of-the-art Numerical
Weather Prediction (NWP) systems. Other than limits in
modelling and observation techniques, the uncertainty can be
attributed to the chaotic nature of weather, in which small
errors in the initial state of a deterministic NWP model can
grow rapidly with time thus yielding a prediction that is very
different from the actual weather scenario. As of today,
Trajectory Prediction (TP) is based mainly on single
deterministic Met forecasts with Airline Operations (AO)
preferences, and Air Traffic Management (ATM) constraints
imposed. It follows that an inaccurate Met forecast can result
in poor estimation of trajectory integrated parameters such as flight duration or trip fuel
cost, and thus in a suboptimal selection of flight paths. Indeed, using a deterministic
weather forecast makes it impossible to estimate the uncertainties involved with any
route selected; In recent years, Ensemble Prediction Systems (EPSs) have been
developed to quantify the uncertainties in Met forecasts [1], and have been made
operational in various Meteorological Services. The basis of an EPS is to allow a NWP
model to run repeatedly with different initial conditions and models in order to sample
the probability density function (pdf) of the atmosphere accounting for initial condition
and model uncertainties (see Figure 1).

Figure 1. Schematic showing uncertainty captured in an Ensemble Weather
Forecast
A multi-model “SUPER” ensemble can be constructed by combining the members of
different EPSs. Such a large number of ensemble members may then improve the
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sampling of the predicted pdf. Existing deterministic TP systems can be run for each
ensemble member to construct a Probabilistic TP (PTP) in which uncertainty in the Met
input is translated to uncertainty in the PTP output. From an ATM point of view,
quantified information on the potential impact of Met uncertainty on TP output, and
knock-on effects on TP based decision support tools, provides awareness with respect to
the predictability of the TP/Decision Support Tool (DST) output, leading to an increased
level of confidence in the predicted trajectory. Using this information, airlines may be
able to reduce costs by safely carrying less fuel or carrying more than originally planned
to avoid unforeseen refuelling at an alternate airport. This has been investigated in detail
in SESAR WP11.1.
The paper is structured as follows: Section 2 describes the method by which the
trajectory ensemble is created; Section 3 deals with model uncertainty and verifying the
models’ ability to correctly represent real world patterns. Some results and conclusions
are touched upon in Sections 4 and 5, respectively.
The approach
Existing deterministic TP systems can be used in conjunction with ensemble NWP models
to quantify the uncertainty in flight planning due to weather. In this study, we consider a
single deterministic trajectory T0, determined e.g. using a deterministic weather
forecast. The question is what the predictability of an integrated parameter of this
trajectory is with respect to the ensemble weather forecast. It can be estimated by first
creating a trajectory ensemble using trajectory T0 and each member of the ensemble,
and then calculating the spread of the trajectory ensemble integrated parameter. The
spread is a measure for the uncertainty of the trajectory integrated parameter with
respect to the ensemble. If the spread is small, the parameter is highly predictable. If
the spread is large, the parameter is relatively unpredictable.
Given any trajectory, the uncertainty due to weather from a user’s perspective can be
assessed by creating a pdf, which involves calculating the relevant parameter of interest
(e.g. flight duration, fuel cost) along the specified route in each possible weather
projection. The user is then able to select the trajectory which best suits his
requirement. For simplicity, only time/fuel costs are considered here.
In general, it is assumed that the end user provides the initial trajectory T0, and a set of
potential alternative trajectories T1, T2,…, Tm. The set could be constructed in various
ways, e.g. taking into account different preferred rerouting options. Then, for each j, the
corresponding trajectory ensemble T1,j, T2,j,…, Tn,j, and the spread of the trajectory
integrated parameter are calculated.
For predictable weather conditions, it is likely that the ensemble trajectory ensemble
members will be geospatially similar, which implies a small spread, thus simplifying
decision making in ATM. In Figure 2 this is illustrated by trajectory T1. The column
entries tk1 denote the time/fuel cost to fly along route T1 in weather scenario k
(k=1,…,n). At the bottom of the corresponding column, an approximation of the pdf of
the cost for T1 due to weather (keeping other TP input parameters fixed) is displayed.
The end user could decide to use the fuel amount estimated using T0. In contrast, if the
weather conditions are unpredictable, which is often the case under severe weather
conditions, and assuming TP is able to produce trajectories avoiding severe weather
areas (e.g. [2]), geospatially dissimilar trajectories or bifurcations may be observed in
trajectory ensembles. This topic is discussed at length in [3]. At the bottom of the
second column in Figure 2, a PDF of the cost for trajectory T2 due to weather is
displayed. The relatively large spread makes it difficult to choose an appropriate amount
of fuel. The end user might choose to take (at most) the average value on board and
accept the risk of unforeseen refuelling at an alternate airport, or to take more than the
average value on board, to reduce the risk of unforeseen refuelling, or to look for an
alternative trajectory leading to a smaller spread.
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Figure 2. Example PDFs for trajectory integrated parameters
Model description and verification
In order to demonstrate that the EPSs can reliably reproduce real world wind patterns,
before coupling to the TP system, the Met ensembles were to be verified against wind
observations. Three different EPSs have been verified: Prévision d’Ensemble ARPEGE
(PEARP), Met Office Global and Regional Ensemble Prediction System (MOGREPS) and
the EPS of the ECMWF ([4], [5]).
A multi-model ensemble system (SUPER) was constructed by combining the three
previously introduced EPSs. The 35 members of PEARP, the 12 members of MOGREPS
and the 51 members of the IFS were mixed together in order to form a 98 member EPS.
This ensemble was initialised at 18UTC, just like the PEARP and MOGREP EPSs and 6
hours after the initialisation time of the ECMWF EPS. This meant that the SUPER
ensemble had a forecast range of +42 hours. The output interval of the model was 6
hours as this was the interval common to all component models.
Each of the ensembles and their verification is discussed hereafter. The ensemble
predictions are verified using a measure of the spread/skill relationship. We assess the
capacity of each of the models to forecast the observed wind values at a fixed flight level
of FL340 (corresponding to 250hPa). Wind observations from the observational Aircraft
Meteorological Data Relay (AMDAR) database for a domain encompassing much of
Western Europe, the North Atlantic and North America as far as the Midwest (75N-10N,
105W-15E) were used. Such a large geographical zone and relatively long time period
meant that for each model validation time, thousands of AMDAR observations were
available and thus a statistically robust calculation of the Met uncertainty could be
undertaken. The ensemble forecasts utilised covered a time window from the
initialisation time to 48 hours ahead, thus falling well within the RBT requirement of
having a reliable probabilistic forecast 36 hours in advance of take-off time.
The models’ spread was measured using a score called the Reduced Centred Random
Variable (RCRV). This score compares the ensemble mean to observations and is
normalized by the ensemble standard deviation. A value of 1 for the dispersion of the
RCRV indicates a perfect level of ensemble dispersion while a value greater than (less
than) 1 indicates under-dispersion (over-dispersion). A more complete description of the
score can be found in [6]. The dispersion of the RCRV in Figure 3 illustrates that at early
lead times, all models tend to under-disperse somewhat. However, from the +12-hour
lead time onwards (the first realistically usable ensemble output), the dispersion of all
models increases illustrated by the values getting closer and closer to 1. Indeed, the
best spread /skill relationship is obtained for SUPER ensemble with a score close to 1.
This underlines again the clear advantages of a multi-model ensemble approach for TP

World Meteorological Organization P2-120
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
as even at lead times of +36 hour the SUPER ensemble gives an excellent level of
dispersion and thus is sure to capture the entire envelope of possible weather futures.

Figure 3. The dispersion of the RCRV for all operational models and for the
SUPER ensemble for the month of January 2015. The error bars represent the
5th and 95th percentile values of the score.
Time trajectory computations
As an example, the MOGREPS ensemble was used as an input to a Dijkstra-based [7] TP
in order to demonstrate quantitatively the benefits of using ensemble TPs. The case
study of a flight from London (EGLL) to New York (KJFK) on the 25th of January 2015
was used. This could also have been done using the ECMWF, Météo France and SUPER
ensembles, but for the purposes of this study, solely the results obtained using the
MOGREPS model, are reported upon. Figure 4 provides a graphical representation of the
trajectory matrix for this case. The trajectories Tj are shown in individual panels and a
PDF of the flight times for each trajectory is shown in the bottom right of each panel.
This (Gaussian) PDF has been constructed using the mean value and the spread of the
12 flight times obtained from the trajectory ensemble. In this particular example, it is
observed that the predicted (sub-)optimal trajectories are very similar for each member
of the MOGREPS ensemble, with the exception of two members (shown on rows 2 and 3
of column 2, referred to as outliers) which picked a high latitude route. Assuming the
predicted trajectories shown are indeed optimal for the corresponding member of the
ensemble, the outliers Tj have a PDF with a long tail, which implies that they might be
the quickest to fly under certain weather projections and that it will take much longer to
fly along other weather projections of the ensemble. In this case study, decision making
is relatively easy as the outliers have a long average flight time (location of the peak of
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PDF) with large spread (width of PDF) in flight times. The user can choose any trajectory
shown as they are all very similar to each other, both in terms of the trajectory taken
and the PDF of spread times. The fact that the majority of the trajectories and their
corresponding PDFs are similar in this case study provides an additional level of
confidence.

Figure 4. Graphical representation of the trajectory matrix. Each panel shows
the (sub-)optimal trajectory calculated for a different Met scenario from the
same ensemble forecast. A PDF is shown in the bottom right of each panel to
show the spread of flight times for an aircraft to fly along the specified
trajectory under different realisation of the Met ensemble forecast. Each Met
scenario is represented by a unique colour and applies to both the trajectories
and pdfs shown. The vertical grey lines in the pdfs show the standard deviation
intervals. The x-axis and y-axis of the PDFs show the flight time [hh:mm] and
probability respectively. Data shown is a flight from EGLL to KJFK departing at
25th January 2015 0600UTC using a forecast with an analysis time of 23rd
January 2015 1800UTC (t+36hr).
Conclusion
The objective of this paper was to assess a PTP system incorporating state-of-the-art
ensemble weather forecasts into an existing deterministic TP system. It is shown that
the state-of-the-art EPSs considered (ECMWF, MOGREPS and PEARP) are capable of
capturing specific nominal weather events observed from AMDAR measurements 36
hours before take-off time. We have also illustrated that the Met performance can be
further improved by combining the different EPSs to form a so-called SUPER ensemble.
As an alternative to a deterministic TP system, we presented in this study an ensemble
TP system from a single trajectory and the members of the ensemble Met forecast. To
support decision making, the calculation of the cost (e.g. flight duration, fuel usage) was
repeated for each weather projection, yielding a PDF of the cost involved. This would
allow TP users to select the trajectory that meets their optimum cost distributions (i.e.
full/time constraints). For instance, if low uncertainty in the Required Time of Arrival
(RTA) is mandated (e.g. at congested airports) the total fuel cost may necessarily
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increase. In contrast, minimising total costs at the expense of higher flight time
uncertainties may be more appropriate for other flights.
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Introduction
Aviation has the potential to reduce its climate impact by
performing a trajectory optimisation under the criteria minimal
of climate impact, hence by planning climate-optimized
trajectories. Such climate optimized trajectories rely on flying
in regions of the atmosphere which are less sensitive to
aviation emissions and avoid regions where aviation emissions
have a large climate impact. Aviation emissions have an
impact on climate change by CO2 and non-CO2 effects,
comprising direct effects, carbon dioxide (CO2) and water
vapour, and indirect effects from nitrogen oxide emissions and
contrail and contrail cirrus. Nitrogen oxides form ozone
(warming) and subsequently influence (reduce) atmospheric
lifetime of methane (cooling). It is noted here, that impacts of
non-CO2 emission vary strongly with position and time of
emission, resulting in a mitigation potential by avoiding regions which are most
sensitive.
Hence, in order to plan such climate-optimised trajectories, corresponding impact
information on climate change needs to be available during the planning process.
However, such comprehensive environmental impact information is generally not
available during flight planning and generation of such data is not yet operational
practice. Overall, air traffic emissions contribute to anthropogenic warming by around
5% through CO2 and non-CO2 impacts [Sausen und Schumann, 2000; Lee et al., 2010]
including contrail cirrus. Aviation stakeholders, European and national authorities
implemented a series of initiatives that comprise in their work programmes the intention
to make future aviation sustainable, e.g., the European Commission implemented under
its Framework Programmes, CleanSky Joint Technology Initiative (JTI), ’green’
aeronautical projects and SESAR2020 Joint Undertaking (JU).
Previous research has shown that changing aircraft trajectories to avoid climate sensitive
regions has the potential to reduce the climate impact of aviation [Green, 2005]. Studies
which focus on individual impact types e.g., [Sridhar et al., 2011; Schumann et al.,
2011; Klima, 2005; Frömming et al., 2011; Sovde et al., 2014] presented trade-offs
between climate-optimised and cost-optimised trajectories for various regions of the
earth (cross-polar, North Atlantic, Pacific traffic). More recent studies similarly exploited
benefit and costs of contrails avoidance by analysing an aircraft trajectory [Hartjes et al.,
2016] or tested route optimisation for climate optimisation [Matthes et al., 2012; Grewe
et al., 2017; Niklaß et al., 2017].
A concept on how perform a multi-criteria environmental assessment of aircraft
trajectories was presented recently [Matthes et al., 2017]. This study goes one step
beyond and, first, applies algorithmic climate change functions to generate advanced
MET data for a specific day in a case study. Second, we present how strategic
optimisation targets can be varied in order to perform trajectory optimisation for
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generating economically-optimal versus climate-optimal solutions. Hence, the purpose of
this study is to present algorithmic ECFs which can be made available as designated
advanced MET information to Air Traffic Management (ATM) via climate and
environmental change functions (ECFs), having the potential to serve as an interface to
air traffic management and enabling environmental assessment and optimisation.
Climate Impact Assessment via environmental change functions
The flight planning tool receives information on climate impact of aviation emissions for
the airspace where the aircraft is flying as four dimensional environmental change
functions. As interface functions the concept relies on functions which enable a direct link
between aviation emissions and environmental impact, so called climate or
environmental change functions, CCF and ECF respectively, depending on location,
geographic position and altitude, and time of emission. ECFs are provided in climate
impact metrics (e.g. change in radiative balance or temperature) per emitted amount,
per fuel burnt or per kilometre flown.

Figure 1. Algorithmic climate change functions contrails (10-12 K/km), water
vapour (10-15 K/kg fuel) and nitrogen oxides (10-12 K/kg NOx) 18 Dec 2015,
0:00, 18:00, flight level FL390.
In this study, we present algorithmic climate change functions which allow to calculate
the ECFs based on readily available MET info, i.e., temperature, humidity, vorticity, and
background concentrations (meteorological key parameters). An overview of how to
generate such algorithms, as developed within ATM4E, can be found in Van Manen and
Grewe (2017).
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In Figure 1 we show algorithmic ECFs over Europe for a case study. Separate climate
change functions are provided for contrails on a per kilometre flown basis, for water
vapour per kilogram fuel burnt and nitrogen oxides per emitted NOx. During the day the
ECFs are varying, also related to synoptic weather patterns. In our study, we propose to
test the applicability of aECFs derived from meteorological hindcast data which could be
substituted by meteorological forecast data in a future implementation.
During flight planning in the use case climate-optimised aircraft trajectory, we use a
mathematical formulation of objective function which combines economic costs with
climate impact using individual ECFs (Equation 1). Such expanded objective functions
calculating overall impact I are required for environmental assessment and optimisation
of aircraft trajectories, and they use Cash Operating Costs (COC), time of mission tmission,
mass fuel burn mfuel, corresponding ECFi and coefficients ci for individual putting weights
on individual environmental effects and impacts.

(1)
Climate Optimisation of aircraft trajectories
Using aECFs in an expanded objective function leads to trajectory optimisation which can
be performed with different strategic weights for mitigation of climate impact. For a
single flight fuel-optimal versus climate-optimized trajectory solutions are evaluated in
the flight planning tool TOM (Lührs et al., 2016) using prototypic ECFs and identifying
mitigation potential leading to the identification of a Pareto-front relating climate impact
mitigation potential with economic costs.
Using advanced MET data for an environmental optimisation by adapting corresponding
objective functions used in TOM, enables to assess climate impact and to perform a
climate-optimisation. For a flight from London Heathrow (LHR) to Istanbul (IST) aircraft
trajectory was optimized under a series of objectives functions (Equation (1)), by
varying individual weights from fuel optimal case to climate-minimal solution shown in
Figure 2. ECFs used in this optimisation are prototypes of ECFs. The resulting Pareto
front is shown in Figure 2, together with trajectories from three distinct solutions, the
reference case, and solutions for 1% and 5% percent fuel increase, resulting in a climate
impact mitigation by reducing ATR by 12% and 25%, respectively.
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Figure 2. Pareto-Front for climate optimisation calculated for single aircraft
trajectory London to Istanbul, climate metric Average Temperature Response
(ATR), from Matthes et al., 2017.
Discussion
ECFs allow to perform a climate-optimisation by ATM. Beside climate-optimisation shown
in this study, aECFs can also be applied to assess overall environmental impact, by
calculating during the flight planning process simultaneously associated climate impact.
Within the ATM4E project, in a case study for Europe prototype ECFs are implemented
and a performance assessment of aircraft trajectories is performed for a one-day traffic
sample over Europe.
By including additional ECFs representing impact on air quality and noise issues, this
MET service concept initially developed for climate optimisation of aircraft trajectories is
expanded to a full environmental assessment. In the light of collaborative decisionmaking such an expanded objective function enables environmental assessment as well
as environmental optimisation. This simultaneous provision and integration of
environmental change functions via advanced MET services enables to perform a multicriteria environmental assessment during trajectory planning (Matthes et al., 2017).
These ECFs are able to represent environmental impact due to changes in air quality,
noise and climate impact.
Implementation of advanced MET service for climate-optimisation
For future implementation available standard MET information from forecasts will be
used in order to calculate individual ECFs and make them available in the flight planning
system.
From a conceptual point of view such climate change functions and an expanded
objective function can be applied during strategic and tactical phase of flight planning.
An algorithm, translated in a mathematical formula, uses standard MET information for
the airspace and calculates algorithmic based ECFs to be used for ATM. During trajectory
planning either the ATM tool will combine standard MET information with the algorithm
or it will rely on an advanced MET service which directly provides algorithm-based ECFs
for the airspace or corridor, enabling to identify climate-optimal trajectory solutions.
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For implementation in the cockpit, similarly, an architecture can be selected which
provides dedicated service only for a limited region. For this purpose information is
extracting from advanced MET data with larger geographic coverage, in order to provide
only required data, e.g. in a relevant corridor for an individual flight, in order to have
efficient information and limit overall amount of communication.

Figure 3. Flowchart of Environmental Assessment of aircraft trajectory
management using ATM4E algorithmic environmental change functions (aECF)
concept, elements newly introduced by ATM4E highlighted in green, from
[Matthes et al., 2017]
For a use case on climate optimisation, such advanced MET service would allow planning
of climate-optimised trajectories by ATM, as well as studying and characterising changes
in traffic flows due to environmental optimisation and associated trade-offs between
distinct strategic measures.
The ultimate goal of such a concept is also to make available a comprehensive
assessment framework for environmental performance of aircraft operations, by
providing key performance indicators (KPIs) on climate impact, air quality and noise, as
well as a tool for environmental optimisation of aircraft trajectories. When developing
future sustainable aviation, a quantitative validation of environmental performance
requires an expansion of currently defined environmental KPIs.
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TRACKING COMMERCIAL AIRCRAFT BASED ON THE DETECTION OF MICRODISCHARGES WITH LIGHTNING MAPPER ARRAYS DURING PENETRATION OF
ELECTRIFIED CONVECTIVE CLOUDS AND ICE CLOUDS
By E. Defer, W. Deierling, S. Coquillat, P. De Guibert, D. Lambert, J.-P. Pinty, S.
Prieur, P. Krehbiel,
W. Rison and R. Thomas
(Presented by E. Defer)
Poster

Short abstract
Amongst the different techniques applied to detect
and locate lightning flashes, Very High Frequency
(VHF) time of arrival lightning mappers offer unique
regional 3D mapping of both intra-cloud and cloudto-ground lightning flashes with high detection
efficiency. We investigate herein the use of Lightning
Mapping Array (LMA) lightning data for operational
storm warning and monitoring applications around
airports. LMA data from LMA systems in the US and
in Europe such as the Colorado LMA (CoLMA) (USA)
and the SAETTA network in Corsica (France) are
utilized.
In addition to detecting natural lightning flashes and
flashes triggered by commercial aircraft when flying
in electrically charged clouds or in ice clouds, the
LMA also detects static discharges from aircraft when flying through ice clouds. This is
dependent on the sensitivity of a particular VHF lightning mapper.
We will first present the LMA technology. Then we will discuss on the main
characteristics of the VHF r induced by the micro-discharges based on records from the
CoLMA and SAETTA and also from the HyLMA specifically deployed in South-East of
France in support to the HyMeX Special Observation Period campaign (July 2012 to
November 2012). These characteristics will then be compared to the typical
characteristics of natural lightning flashes and of a few aircraft triggered lightning flashes
recorded so far by these LMAs.
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INVESTIGATING AIRPORT OPERATIONS UNDER A LIGHTNING THREAT:
BALANCING LIGHTNING SAFETY WITH OPERATIONAL EFFICIENCY
By W. Deierling, M. Steiner, K. Ikeda, A. Klein, V. Klimenko and R. Bass
(Presented by W. Deierling)
Poster

Short abstract
Lightning can harm outdoor workers servicing gateside aircraft or performing other duties on airport
grounds. Typically airline and airport stakeholders
have put safety procedures in place to halt outdoor
work (ramp closures) and having to bring personnel
inside to safety. These ramp closures, however,
cause air traffic delays. This study examines the risk
of outdoor workers exposed to lightning threats
based on various safety rules and decision support
information and compares it to the magnitude of
traffic delays due to ramp closures. Aircraft delays
incurred from lightning-induced ramp closures is
investigated by means of air traffic simulations.
These simulations enable exploration of opportunities
to minimize operational inefficiencies while
maintaining outdoor personnel safety. Monetary valuation of the safety risks and air
traffic delays allows balancing personnel safety and operational efficiency from an
economic perspective. Results will be presented from exploring an economic balance
framework and examining impact and cost trade-offs in search of a “most effective”
lightning ramp management operation that balances both efficiency and safety.
This research is supported by the Federal Aviation Administration (FAA). The views
expressed are those of the authors and do not necessarily represent the official policy or
position of the FAA.
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MET-GATE: THE FUTURE EUROPEAN MET INFORMATION EXCHANGE SYSTEM
By S. Desbios and Project Partners of SESAR Deployment Project 2015_069_AF5
(Presented by S. Desbios)
Poster

Short abstract
Following on from the successful developments in
SESAR's WP11.02, the INEA funded project named
‘European MET Information Exchange (MET-GATE)’
commences a staged approach to the
implementation of this 'new way' of intelligently
accessing MET information.
The MET-GATE will be the 'one-stop-shop' for MET
information ensuring the SWIM compliance. It is an
access portal enhanced with several 'smart'
functionalities. It will allow all European (ECAC wide)
producers of MET information to publish, and for all
(ECAC wide) stakeholders to access existing and new
MET services; and if deployed in conjunction with the
accompanying MET forecast (icing, turbulence and
convection), will deliver a common, harmonised and
consistent MET forecast information service to all stakeholders.
High resolution wind, temperature and humidity forecasts for trajectory planning and
management could also be included for the ECAC region via MET-GATE at a later stage
and accordingly to national and European users' requirements.
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THE ROLE OF SATELLITE IMAGERY IN THE VERIFICATION OF TERMINAL
AERODROME FORECASTS (TAFS) IN THE UGANDA NATIONAL
METEOROLOGICAL AUTHORITY (UNMA)
By Y. Nsubuga and M. Nankya Serwanja
(Presented by Y. Nsubuga)
Poster

Short abstract
The weather satellite is a type of satellite that is
primarily used to monitor the weather and climate of
the Earth. Satellites can be polar orbiting, covering
the entire Earth asynchronously, or geostationary,
hovering over the same spot on the equator. They
can be owned by governments, institutions or
businesses.
In the Uganda National Meteorological Authority
(UNMA), the geo-stationary satellites are used since
the country lies astride the equator. These satellites
are owned by European Organisation for the
Exploitation of Meteorological Satellites (EUMETSAT),
which comprises thirty (30) European Member
States.
The images of the Earth that are collected by the
satellites include meteorological measurements such as cloud cover, cloud motion
vector, precipitation as well as vertical profiles of temperature and humidity. At the
National Meteorological Centre (NMC) at Entebbe International Airport, the satellite
images are displayed using the Synergie System of the Monitoring for Environment and
Security in Africa (MESA) programme.
In Uganda, Terminal Aerodrome Forecasts (TAFs) are made using meteograms but
because a single satellite image provides a wealth of information for the forecasters, the
satellite imagery helps the forecasters to verify the TAFs.
The verification of the TAFs is important in ensuring quality service delivery.
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SMARTENING AVIATION METEOROLOGY
By C. Schiefer and A. Weipert
(Presented by C. Schiefer)
Poster

Short abstract
The overall objectives of airport
operations are to operate on a maximum
capacity limit by maintaining a high level
of safety. Awareness of any disruptive
occurrences is of enormous significance to
manage air traffic in an efficient and
reliable manner. Weather related
interferences play a fundamental role for
almost all major airports all over the
world.
Therefore a lot of research has been done in the past and is currently ongoing to develop
and provide improved dedicated meteorological information’s and an adequate provision
and visualization for the decision making process. In Europe, SESAR 1 and the successor
SESAR 2020 program aimed at modernizing the Air Traffic Management (ATM). Selex ES
developed a smart system solution that generates and visualizes tailored and fit for
purpose MET products in a service oriented way to improve the situational awareness of
weather hazards relevant to the airport and its surrounding aerodrome.
In contrast to conventional weather observing systems, the new smart system (Selex
SmartWx) is capable to provide high accurate, reliable and enhanced weather
information based on sensor synergies as well as color-coded MET alerts and warnings of
observations, nowcast and forecasts. The smart weather system is exceedingly flexible
in terms of MET sensor input sources and serves a user friendly and highly configurable
display tool based on state of the art and platform-independent web-based technology.
Thanks to a smart service-oriented architecture implementation ensures the
interoperability to the System Wide Information Management (SWIM) for an easy
integration into existing and new airport system infrastructures. Furthermore SmartWx is
easily adoptable to other MET applications as well as to cope with multiple airports. The
current status and future capabilities of SmartWx will be outlined and discussed.
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TBO-MET (METEOROLOGICAL UNCERTAINTY MANAGEMENT FOR TRAJECTORY
BASED OPERATIONS), FUNDED BY A SESAR H2020 EXPLORATORY RESEARCH
PROJECT
By J. Simarro Grande, D. Rivas, J. Lang, C-H. Rokitansky and M. Soler
(Presented by J. Simarro Grande)
Poster

Short abstract
In TBO-Met project the problem of analysing and
quantifying the effects of meteorological uncertainty
in Trajectory Based Operations is addressed. In
particular, two problems are considered: 1)
trajectory planning and 2) sector demand analysis,
both at the pre-tactical level (up to three hours
before departure) and tactical level (during the
flight). In each problem two types of meteorological
uncertainty are considered: wind uncertainty and
convective zones (including individual storm cells).
Weather predictions will be based on Ensemble
Prediction Systems and Nowcasts.
At the trajectory scale, the main objective is to
assess and improve the predictability of efficient 4D
trajectories when weather uncertainty is taken into
account. To reach this goal, a methodology based on
the use of stochastic optimal control algorithms will
be explored for robust trajectory planning at the pretactical level. At the tactical level, various tactics will be investigated to avoid storms by
using a Monte-Carlo method.
At the sector scale, the main objective is to analyse the impact of the previously
developed trajectory planning on sector demand. To achieve this objective, a
methodology will be developed to measure the uncertainty of sector demand
(probabilistic sector loading) based on the uncertainty of the individual trajectories. This
analysis will also provide an understanding of how weather uncertainty propagates from
the trajectory scale to the sector scale. All solutions proposed in this project will be
evaluated and assessed using an advanced air traffic simulator.
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KEYNOTE 3.1: CLIMATE IMPACT ON AVIATION INDUSTRY AND
METEOROLOGICAL SUPPORT
By H. Pümpel and F. Rigal
(Presented by H. Pümpel and F. Rigal)
Presentation

Keynote address
Brief overview of climate change impacts on aviation
The general outline of the expected impacts of climate change
on aviation (as part of a global, intermodal transport and
logistic system) have been given in several publications both in
the science domain and in WMO and ICAO reports and White
Papers. There is general agreement that while climate change
is a global issue, the most important impacts on air transport
are likely to be highly regionalized, scenario dependent and
subject to strong temporal variations on a variety of time
scales, but typically in the decadal to multi-decadal scale. And,
despite all efforts of limiting climate change to an agreed
temperature change limit, strong impacts are likely to occur
well before such a limit is reached on a regional and temporal
scale.
Industry concerns with special emphasis on Original Equipment Manufacturers
From the perspective of an Original Equipment Manufacturer, climate change may have
multi-factorial impacts:
•
•
•

How will this change affect the design and required performance and resilience of
aircraft, and how will it affect maintenance cycles and requirements?
What will be the risk for production and maintenance sites including the full
supply chain and logistics?
What will be the consequences of climate change on demand for air travel, and
how will customer support have to evolve to cope with climate change impacts on
aviation operations?

Concerning scientific questions and issues, the aircraft designers require quite detailed
and quantified information for specific regions and locations, with a focus on the
following phenomena:
•
•
•
•
•

Universal max/min temperatures
In-flight icing conditions
Turbulence and surface winds
Humidity conditions
Frequency and extreme intensity of lightning strikes

There is a need of convergence between the current scientific knowledge and the type of
information required by aircraft designers, in order to anticipate climate evolution while
avoiding costly “over-designing”.
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What will be required from the scientific community to address the abovementioned user concerns?
Mitigation will rely on a multi-disciplinary effort taking into account many fields of
research, ranging from Geology, Hydrology, Biology (vegetation studies) and Medical
research into pandemics and airborne diseases apart from the need for innovative
technology to address individual issues
•

•

There is a strong need to consider not only long-term, model-based climate
projections, but a continuous validation of these projections against emerging
evidence of high impact scenarios occurring and documented already now,
The study of such impact-scenarios already becoming evident needs to be linked
to a down-scaling of long-term projections of future climates to identify priorities
in mitigation measures.

Among the scientific subjects to be explored with a degree of urgency, we draw attention
to a list of issues without claiming completeness and/or defining relative priorities as of
now.
•

Issues of temperature and humidity limiting take-off and landing performance:
Extremes of temperature at and near the surface of the earth occurring
during extended periods of heat waves or cold outbreaks in mid-latitudes
o Role of regional and local wind systems (sea breeze effects, valley winds,
low-level jets), how issues such as soil moisture, vegetation and land use
will influence extremes
o Increase of moisture on density altitude, diurnal cycle of temperatures,
changes in vegetation pattern around major hub airports
Issues of surface winds:
o Focus on severe storms , tropical cyclones (their frequency,
location/paths, and intensity) and local wind systems as they are affected
by flow pattern and regimes
o Questions of storm surge affecting coastal aerodromes
o Occurrence of extreme cross-winds with severe storms, prevalence of high
amplitude-low wave-number regimes etc., and their impact on runway
availability
High-Level Icing as a result of stronger convection producing high values of icicle
mass per volume
Changing propagation and movement of convective systems under low shear-high
CAPE regimes, their predictability and their effects on airport throughput/shutdown
Issues of moderate and severe/extreme turbulence:
o Location and frequency of moderate turbulence as a result of changing
flow patterns (jet positions, stronger anti-cyclonic curvature in extreme
ridges, troughs)
o Fundamental question of extreme turbulence in high shear with high
stability situations (not detected by typical Richardson -number based
algorithms), possibly enhanced by convective cells pushing into
Tropopause)
o

•

•
•

•
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•
•
•

•

Aviation becoming an even more important factor in disaster relief where surfacebased transport is more vulnerable to weather extremes
Issues of strong /extreme precipitation leading to drainage problems on runways,
runway excursions and infrastructure issues
Issues of air quality and environmental concerns:
o Stagnant situations in mid-latitude and lower latitudes with absence of
precipitation and prevalence of bush fires/smoke
o Issues of NOx/PM becoming highly political around large population
centers
General considerations:
o Consider the need to re-evaluate pragmatic modes of operation (e.g.
Pareto-Rule) in the light of extended periods of high-impact weather
o Consider alternative methods of mitigation where rare events could
become more frequent, or last for longer time scales (e.g. snow clearing
process, flood mitigation, sand-and dust storms)

__________
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KEYNOTE 3.2: STUDY ON REGIONAL CLIMATE IMPACT ON AVIATION
By R. Burbidge
(Presented by R. Burbidge)
Presentation

Keynote address
Aviation is used to dealing with disruptive weather. 2017 was
no exception with a number of high profile disruptive weather
events, such as unusual storm activity and a prolonged
heatwave, impacting Europe and the European aviation sector,
as well as a catastrophic hurricane season in the Caribbean.
Although none of these individual events can be directly
attributed to climate change, climate change is expected to
bring more frequent and more intense adverse weather, and so
this is a challenge which the sector needs to prepare to address
(EEA 2017, EUROCONTROL, 2013a).
There is now broad agreement on the main impacts of climate
change which will be experienced (IPCC, 2014). These impacts
translate into a range of risks for aviation, which again will vary with location and type of
operation. For example in areas which experience an increase in convective weather
there may be impacts for capacity and delay. In regions which will experience a
significant increase in temperatures we may experience a seasonal change in demand
according to changing tourism preferences. Whereas in coastal zones there may be risks
to infrastructure from sea level rise or storm surges. However, impacts will vary
according to the particular local situation so it is important for organisations to
understand the specific issues which they may need to address (EUROCONTROL, 2013a;
Burbidge, 2016; ACRP, 2012; Pümpel and Williams, 2016).
An additional challenge is that traffic is growing. Although rates of growth vary between
regions, in Europe a 50% increase on 2005 levels is forecast for 2035 (EUROCONTROL,
2013b). This is relevant to adaptation and resilience in two ways. Firstly, when an airport
is operating at or close to capacity the time it takes to recover from a perturbation such
as a disruptive weather event is much longer therefore any potential increase in
weather-related disruption is likely to be further exacerbated. Secondly, building climate
change resilience whilst managing a significant increase in traffic is a double challenge
which needs to be considered in tandem (Burbidge, 2016).
Aviation already deals with disruptive weather on a regular basis, however to address
the expected challenges of climate change, some actions are required. Risk assessment
is required at global, regional, and local level to identify risks and vulnerabilities so that
adaption and resilience measures can be identified and implemented. This is a challenge
that will require finding a balance between resilience, costs and criticality. Moreover,
whilst pre-emptive action can be cost-effective it is important to base decisions on
robust information (Burbidge, forthcoming). Finally, whilst the need for adaptation
measures is increasingly recognised, it is essential that the industry continues, and
increases, its efforts to reduce its contribution to anthropogenic climate change.
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GLOBAL RESPONSE OF CLEAR-AIR TURBULENCE TO CLIMATE CHANGE
By P. Williams, L. Storer and M. Joshi
(Presented by P. Williams)
Presentation

Introduction
Clear-air turbulence (CAT) is defined as high-altitude aircraft
bumpiness in regions devoid of significant cloudiness and away
from thunderstorm activity (Chambers, 1955). Without
warning, aircraft can be violently thrown about by CAT. Any
unsecured objects and unbuckled passengers and crew can be
tossed around the cabin, causing serious injuries and even
fatalities (De Villiers & van Heerden, 2001). The part of the
flight most prone to injuries from CAT is the cruising phase
above 10,000 ft, because passengers and crew are often
unbuckled (Sharman et al., 2006). Despite recent advances in
our mechanistic understanding (Knox et al., 2008; McCann et
al., 2012), CAT remains one of the largest causes of weatherrelated aviation accidents. CAT has been found to account for
24% of weather-related accidents (Kim & Chun, 2011) and turbulence more generally for
65% of weather-related accidents (Sharman et al., 2006). According to official statistics,
around 45 passengers and crew are injured by turbulence on United States-operated
airlines each year, although these injury rates may be grossly underestimated because
not all injuries are reported (Sharman et al., 2006). Turbulence is by far the most
common cause of serious injuries to flight attendants (Tvaryanas, 2003).
An important source of CAT is strong vertical wind shear, which is prevalent especially
within the atmospheric jet streams. The wind shear creates regions of low Richardson
number (Ri), in which unstable Kelvin–Helmholtz waves can grow and ultimately break
down into turbulence (Lane et al., 2012). There are several other important sources of
CAT, including airflow over mountainous terrain (Lilly, 1978), the effects of remote
convection (Koch & Dorian, 1988; Uccellini & Koch, 1987), and loss of balance (Williams
et al., 2003, 2005, 2008). In these cases, gravity waves are formed and may propagate
far away from the source region, eventually producing turbulence remotely when they
either break or induce shear instabilities.
Our current understanding of the response of CAT to climate change has been
summarized by Williams and Joshi (2016) and is part of a package of work being carried
out in the burgeoning research area of climate impacts on aviation (e.g., Coffel &
Horton, 2015; Irvine et al., 2016; Karnauskas et al., 2011; Williams, 2016, 2017;
Williams & Joshi, 2013). In particular, Williams and Joshi (2013) used climate model
simulations to diagnose 21 different CAT indices and thereby study how a doubling of the
atmospheric carbon dioxide (CO2) concentration could impact the amount of CAT on
transatlantic flights in winter at 200 hPa. The north Atlantic flight corridor is one of the
busiest in the world, with more than 300 flights per day in each direction (Irvine et al.,
2013). From the 21-member ensemble of CAT indices, Williams and Joshi (2013)
calculated a 10–40% increase in the median strength of CAT and a 40–170% increase in
the frequency of occurrence of MOG CAT in this region, in the doubled-CO2 simulation
compared to a preindustrial control run. This was the first study to calculate how climate
change may impact CAT in the future. Williams (2017) subsequently extended the
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calculations to study the individual responses of light, moderate, and severe turbulence,
finding large and significant increases in each case.
Storer et al. (2017) have recently built on these previous studies by using a currentgeneration climate model to calculate for the first time how the various strength
categories of CAT are projected to change in different geographic regions across the
globe, at multiple flight levels, and in all seasons. This extended abstract describes the
study by Storer et al. (2017).
Methodology
We use climate simulations that were performed with the Met Office Hadley Centre
HadGEM2-ES model (Jones et al., 2011), which forms part of the fifth Coupled Model
Inter-comparison Project (CMIP5) ensemble (Taylor et al., 2012). This is the only CMIP5
model for which 6-hourly output fields have been archived on a suitable set of uppertropospheric and lower-stratospheric pressure levels. The 6-hourly snapshots resolve the
diurnal cycle and are therefore expected to provide a better representation of wind shear
than the daily mean CMIP3 fields used by Williams and Joshi (2013) and Williams
(2017). The multiple pressure levels make it possible to calculate the vertical wind shear
using second-order centered finite differences at both 200 hPa and 250 hPa, which
correspond to typical cruising altitudes of approximately 12 km (39,000 ft or FL390) and
10 km (34,000 ft or FL340), respectively. The atmosphere model has a horizontal grid
spacing of 1.25° in latitude and 1.875° in longitude, giving 192 × 144 grid boxes
globally, which is finer than the 2.0° by 2.5° CMIP3 model used by Williams and Joshi
(2013) and Williams (2017).
Two HadGEM2-ES simulations are analysed to calculate how climate change could impact
CAT in the upper troposphere and lower stratosphere in future. Specifically, a
preindustrial control simulation (picontrol) is compared with a climate change simulation
using the Intergovernmental Panel on Climate Change (IPCC) Representative
Concentration Pathway 8.5 (RCP8.5) (Flato et al., 2013). The picontrol run is a base
state that uses constant preindustrial greenhouse gas concentrations to simulate the
global climate before the industrial revolution. The RCP8.5 run assumes a net radiative
forcing increase of 8.5 W m−2 by 2100 (Van Vuuren et al., 2011), which implies
greenhouse gas concentrations equivalent to around 1,370 ppmv of CO2. We analyse
30 years of data for the future period 2050–2080 from RCP8.5 compared to 30 years of
historic data from picontrol.
The present study focuses on CAT generated by wind shear and loss of balance,
disregarding mountain waves and remote convection. For consistency, we calculate the
same basket of CAT diagnostics indices as Williams and Joshi (2013) and Williams
(2017), except that we exclude the potential vorticity diagnostic because it was found to
give unrealistic results. We define a threshold for each turbulence strength category and
each CAT diagnostic in HadGEM2-ES, following Williams (2017); see Storer et al. (2017)
for full details.
Results
Global geographic maps of the percentage change in the prevalence of moderate
turbulence in the HadGEM2-ES simulations at 200 hPa in December, January, and
February (DJF) are shown in Figure 1 for each of the 20 CAT indices. The percentage
change refers to the period 2050–2080 compared to preindustrial times. The indices are
ranked in descending order according to the global-mean percentage change. (All
geographic averages in this paper include the cosine (latitude) scaling factor, to downweight the smaller high-latitude grid boxes compared to the larger low-latitude ones.)
Previous findings about CAT increasing in the North Atlantic evidently apply to other
parts of the planet, too. In the tropical regions (30°S–30°N), the percentage changes
are generally smaller and there is less agreement between the diagnostics. Outside the
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tropics, in the middle- and high-latitude regions, the percentage changes are generally
larger and there is more agreement between the diagnostics.

Figure 1. Maps of the percentage change in the amount of moderate CAT from
preindustrial times (picontrol) to the period 2050–2080 (RCP8.5). The maps
are calculated for all 20 CAT diagnostics at 200 hPa in December, January, and
February (DJF) using the HadGEM2-ES climate model. The maps are ordered
(from left to right and top to bottom) from the largest to smallest global-mean
percentage change. Bold titles indicate the seven GTG2 upper-level diagnostics
that are used operationally (Sharman et al., 2006). Stippling indicates regions
where the percentage change is not statistically significant at the 90% level
according to the two-tailed binomial test.
To assess which features are robust among the different diagnostics, the 20 estimates of
the percentage changes in CAT shown in Figure 1 for DJF are averaged and shown in the
first panel of Figure 2. The remaining three panels in Figure 2 show the corresponding
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averages for March, April, and May (MAM), June, July, and August (JJA), and September,
October, and November (SON). The averages being taken here are equally weighted,
under the assumption that each of the 20 estimates is equally plausible. The percentage
changes generally display relatively little seasonality, with the bulk spatial patterns
occurring in all four seasons, although there does appear to be a moderate seasonal
amplitude modulation locally in some regions. These bulk changes include large
increases of several hundred per cent in the mid-latitudes in both hemispheres. In the
Southern Hemisphere, these increases peak at around 45–75°S and are fairly zonally
symmetric. In the Northern Hemisphere, the increases peak at around 45–75°N but they
display more zonal variability, which appears to be associated with the presence of land
masses. The bulk features also include small and statistically insignificant decreases of
several tens of per cent in parts of the tropics (where convection is a more important
source of turbulence and CAT is less relevant). The global-mean percentage changes in
moderate CAT at 200 hPa are +30.8% (DJF), +46.5% (MAM), +42.7% (JJA), and
+39.2% (SON), where large increases in the mid-latitudes are being partly offset by
small decreases in the tropics.

Figure 2. Maps of the average percentage change in the amount of moderate
CAT from preindustrial times (picontrol) to the period 2050–2080 (RCP8.5) at
200 hPa in each season. The average is taken over all 20 CAT diagnostics,
which are equally weighted. The upper panel for December, January, and
February is the average of the 20 panels in Figure 1. Stippling indicates regions
where the average percentage change is not significantly different from zero at
the 90% level according to the one-sample, two-tailed t test.
The global-mean percentage changes for all five turbulence strength categories (light,
light-to-moderate, moderate, moderate-to-severe, and severe) and both pressure levels
(200 hPa and 250 hPa) in all four seasons (DJF, MAM, JJA, and SON) are tabulated in
Figure 3. In all 40 cases, the change is positive, indicating that CAT is intensifying across
a range of strengths and altitudes and that it is intensifying throughout the year. The
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global-mean percentage changes are generally larger at 200 hPa than 250 hPa, largest
for turbulence in the light strength category, and largest in MAM.

Figure 3. Global-mean percentage changes in the amount of CAT from preindustrial times (picontrol) to the period 2050–2080 (RCP8.5).
Because the above global averages mask large regional variations, Figure 4 tabulates the
annual-mean percentage changes averaged within eight geographic regions, for all five
turbulence strength categories and both pressure levels. The results indicate that the
busiest international airspace around the middle and high latitudes (North Atlantic, North
America, North Pacific, Europe, and Asia) experiences larger increases in CAT than the
global average, with the volume of severe CAT approximately doubling at 200 hPa over
North America (+112.7%), the North Pacific (+91.6%), and Europe (+160.7%). The less
congested skies around the tropics (Africa, South America, and Australia) generally
experience smaller increases. Whereas globally, it is light turbulence that experiences
the largest relative increase, locally, it can be severe turbulence (e.g., Europe). For each
strength category and geographic region, the percentage change is larger at 200 hPa
than 250 hPa. To provide some context to aid with the interpretation of the magnitudes
of these changes, in the North Atlantic (50–75°N, 10–60°W) at 200 hPa, we find that
(i) in winter, severe CAT by 2050–2080 will be as common as moderate CAT in the
control period, and (ii) for a range of turbulence strengths from light to moderate-tosevere, summertime CAT by 2050–2080 will be as common as wintertime CAT in the
control period.
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Figure 4: Annual-mean percentage changes in the amount of CAT from preindustrial times (picontrol) to the period 2050–2080 (RCP8.5).
Summary and Discussion
Using climate model simulations, the study conducted by Storer et al. (2017) and
described in this extended abstract found large relative increases in the atmospheric
volume containing significant CAT by the period 2050–2080 under the RCP8.5
greenhouse gas forcing scenario. The increases occur throughout the global atmosphere
but are most pronounced in the mid-latitudes in both hemispheres. The increases occur
in multiple aviation-relevant turbulence strength categories, at multiple flight levels, and
in all seasons. We conclude that the intensification of CAT that has been calculated by
previous studies, which considered only transatlantic flights in winter at altitudes of
around 39,000 feet, apply more generally.
Our findings may have implications for aviation operations in the coming decades. Many
of the aircraft that will be flying in the second half of the present century are currently in
the design phase. It would therefore seem sensible for the airframe manufacturers to
prepare for a more turbulent atmosphere, even at this early stage. Future aeronautical
advances, such as remote sensing of clear-air turbulence using on-board light detection
and ranging technology, might be able to mitigate the operational effects of the
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worsening atmospheric turbulence (Vrancken et al., 2016). Our results also reinforce the
increasingly urgent need to improve the skill of operational CAT forecasts. Despite
containing useful information and demonstrably improving the safety and comfort of air
travel, these forecasts continue to include a substantial fraction of false positives and
missed events.
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AIRCRAFT OBSERVATIONS AND REANALYSIS DEPICTIONS OF TRENDS IN THE
NORTH ATLANTIC POLAR FRONT JET STREAM WIND SPEEDS AND
TURBULENCE
By J. Tenenbaum and P.D. Williams
(Presented by J. Tenenbaum)
Presentation

Introduction
Multiple model-based studies of the North Atlantic polar front
jet stream have considered the effects of doubled CO2 (Williams
and Joshi 2013; Delcambre et al. 2013). Two key questions
are whether any effects can already be seen in observations
and whether any effects can be seen independent of computer
models. A major tool in the climate change community is
atmospheric reanalyses (NCEP-NCAR: Kalnay et al. 1996,
Kistler at al. 2001; ERA: Uppala et al. 2005, Dee et al. 2011)
which calculate an optimum depiction of the jet stream when
the reanalysis model is held fixed for 40 to 50 years. But such
reanalyses do depend on the underlying assimilation model. In
addition, any secular trends must be disentangled from other
oscillations that affect the North Atlantic: the North Atlantic
Oscillation (NAO; Hurrell et al. 2003) and the Atlantic Multidecadal Oscillation (AMO; Schlesinger 1994).
We have addressed these issues by using three separate data sources: the NCEP-NCAR
reanalyses, the underlying AMDAR/ACARS aircraft wind observation archive (Moninger et
al. 2003), and the Global Aircraft Data Set (GADS: Tenenbaum 1991, Cardinali et al.
2004, Gill and Buchanan 2013) archive. The reanalyses are somewhat correlated with
AMDAR because those observations form a major component of cruise-level results. The
3 billion GADS observations (100 million over the North Atlantic during 2002-2017)
taken from the flight data recorders of multiple carriers are independent of both
reanalyses and AMDAR. They also provide direct measurements of the turbulence
associated with the North Atlantic jet.
Discussion
The AMDAR observations archive represent automated real-time meteorological reports
that are digitally transmitted from cruise levels of most of the world’s long haul aircraft
(referred to as ACARS over and near North America). Typical report spacing is 7.5 min
(~110 km). Their value relative to manually radioed AIREP (PIREP) observations is that
no additional errors are introduced by the voice transmission step. The GADS
observation archive represents an alternate approach using flight data recorders. The
underlying measurements are the same as AMDAR; only the data pathway changes.
While not available in real time, they have spacing of 4 seconds (~1 km) and also
include turbulence measurements similar to DEVG (derived vertical gust velocity, Gill,
2012). We are currently working on a comparison with the WMO aircraft independent
standard of EDR (eddy dissipation rate, Sharman et al. 2014, Sharman and Lane 2016).
Delcambre et al. (2013) have studied the effects of doubled CO2 by using models
contributing to phase 3 of the Coupled Model Inter-comparison Project (CMIP3)
ensemble. They summarize multiple previous studies that suggest anthropogenic climate
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change impacts on the eddy–jet system include an intensified mid-latitude jet stream, an
elevated tropopause, and a poleward-shifted jet. To study the wind speed changes in
more detail, they use 17 twenty-first-century projections of the ensemble mean zonal
wind change at 300 hPa. They “predict … an overall expansion of the Atlantic jet … [and
that] zonal winds are projected to decrease in the core of the … Atlantic jets, with
increasing zonal winds located primarily in the jet exit regions and the meridional flanks
of the jets.”
To roughly match the Delcambre et al. analyses we have concentrated on the polar front
jet exit region as illustrated in Fig. 1. It displays the turbulence associated with the preindustrial jet which illustrates the polar front jet location. Superimposed are three
rectangular boxes extending from 40°W to 10°W in longitude and ±4° in latitude
centered on the mean latitude of the eastbound transatlantic routes [New York (JFK) to
London (LHR)] used for the subsequent comparisons. Also depicted is the great circle
route whose location is combined with the forecast winds to establish the North Atlantic
Track System (NATS) on a twice-daily basis (Williams and Joshi, 2013). Because of the
location of the great circle route between New York and London, these boxes contain
large numbers of aircraft observations and are in the jet exit region described by
Delcambre et al.
Our first result using NCEP reanalyses yields a tiny increase in the jet stream wind
speeds over the period winter 1979-2017 (DJF) and is shown in Fig. 2. But that increase
is not statistically significant and is possibly due to the flip in the strength of the AMO
around 2000 as illustrated in Fig. 3. As a reminder, the AMO is a 65-70 year oscillation
of Atlantic sea-surface temperatures independent of any secular changes (Schlesinger,
1994). We try to eliminate the effects of the AMO by concentrating on 2002-2017 when
the AMO sign and magnitude were relatively stable and the AMDAR and GADS
observations (JFK-LHR) were available. Our second result (Fig. 4), shows increases in
wind speed which are statistically significant for the NCEP reanalysis at the 5% level (F
value = 3.13) and marginally statistically significant for AMDAR (F value = 1.59), both
with 14 degrees of freedom. Their geographical distribution – an increase in the jet exit
region - is consistent with the modelling results of 21st century doubled CO2 of
Delcambre et al. (2013).
Because of the very large number of observations in the GADS archive, we are able to
present results both for all flight levels and for only flight level 370. The former is most
comparable to the NCEP reanalyses (effectively FL370 to FL320) while the latter can
avoid changes due to changing air carrier procedures with respect to flight level. But the
effects of a possibly rising tropopause (and jet) at a fixed flight level need further
investigation. The GADS interval results also show wind speed increases but are only
currently processed for 2002-2013 due to soon to be relaxed contractual limitations.
Because the reanalysis and AMDAR changes are not independent, we also compare the
NCEP reanalysis with the (currently) 13 year GADS observation sequence which is
independent of any computer models. The NCEP reanalysis and GADS results for 20022013 are shown in Fig. 5 (all flight levels) and Fig. 6 (just FL370). Again the slopes are
positive but the NCEP reanalysis and GADS observations are only weakly significant due
in part to the shortness of the series (F value 0.46 and 0.36 for 10 degrees of freedom).
We await the longer, 2002-2017 results.
The GADS turbulence measurement consists of the minimum and maximum vertical
acceleration azn and azx during the one second preceding every four-second GADS
observation. In our preliminary 2002-2013 interval results, there is no clear trend in
“light” turbulence (not shown).
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Figure 1. The turbulence associated with the pre-industrial polar front winter
Atlantic jet stream (colour coded contours, 20 years of variant 1 of Ellrod’s
turbulence index at 200 hPa), the three aircraft observation (AMDAR, GADS)
boxes in the jet exit region (grey rectangles), and some points on the Great
Circle route across the Atlantic (black o’s).

Figure 2. Wind speed versus year at the North Atlantic polar front jet exit
region averaged over the three rectangular boxes shown in Fig. 1 at 250 hPa.
The longitudes covered are from 40°W to 10°W and the periods covered are the
Northern Hemisphere winter (DJF) with the winter labelled by the January
year. The 39-year least square fit is superimposed and corresponds to an
annual increase of 0.12% (NCEP reanalysis).
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Figure 3. The Atlantic Multi-decadal Oscillation index for winter (DJF) 19792017 taken from
https://www.esrl.noaa.gov/psd/data/correlation/amon.us.data. [Accessed 30
Sep 2017]

Figure 4. Secular change in wind speed for AMDAR observations and NCEP
reanalysis near 250 hPa. Plot is of the winter (DJF) jet exit region for years
(2002-2017) when AMO is relatively stable. Equations of least square fits are
superimposed and correspond to annual increases of 1.49% (AMDAR) and
1.27% (NCEP reanalysis). In this and subsequent secular plots the least
squares fits are listed in the order that they appear in the legend.
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Figure 5. Secular change in wind speed for NCEP reanalysis and GADS
observations for all flight levels. Plot is of the winter (DJF) jet exit region for
years (2002-2013) when AMO is relatively stable and GADS observations are
available and have been processed. Equations of least square fits are
superimposed and correspond to annual increases of 0.73% (NCEP reanalysis)
and 0.52% (GADS).
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Figure 6. Secular change in wind speed for NCEP reanalysis and GADS
observations near FL370. Plot is of the winter (DJF) jet exit region for years
(2002-2013) when AMO is relatively stable and GADS observations are
available and have been processed. Equations of least square fits are
superimposed and correspond to annual increases of 0.7% (NCEP reanalysis)
and 0.02% (GADS).
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Table 1 below summarizes the results for the three intervals. Within each interval
(1979-2017, 2002-2017, and 2002-2013) they are consistent on an order of magnitude
basis. Whether the difference in the annual percent increase really substantially
changed between 1979-2017 and 2002-2017 remains to be seen. A key question will be
whether the 2002-2017 GADS results confirm the AMDAR and NCEP-NCAR values.
Table 1. Secular annual percent increase of wind speed in the North Atlantic
polar jet exit region (see Figure 1) for the several annual intervals studied. The
detailed comparability, especially with respect to CMIP5, is debatable but the
order of magnitude values are probably indicative.
Note. – Statistically significant F values shaded.
Years

Source

Reference

Flight levels

19792017

CMIP5

Delcambre
et al. 2013

NCEPNCAR
20022017

20022013

Annual
percentage
increase

F
value

Degrees
of
freedom

~250 hPa
(FL340)

0.06

-

-

Kistler et
al. 2001

FL320-FL370

0.12

0.20

37

NCEPNCAR

as above

FL320-FL370

1.27

3.13

14

AMDAR

Moninger
et. al 2003

FL320-FL370

1.49

1.54

14

NCEPNCAR

as above

FL320-FL370

0.73

0.46

10

GADS

this study

FL all

0.52

0.36

10

GADS

this study

FL370

0.02

0.06

10

The CMIP5 value is taken from the winter zonal mean wind speed averages for 19801999 in the longitude sector 120°W-0° and the change after 100 years of doubled CO2,
2080-2099 versus 1980-1999. Delcambre et al. define winter as NDJFM (also labelled
by the January year) and the 100 years change values have been taken from the zonal
mean graphs at 250 hPa and 50°N – the approximate height and latitude of the three
easternmost jet exit regions studied. Her choice of 120°W-0° is only an approximate
longitude match for the three easternmost GADS jet exit regions sectors which are
centered at 25°W.
The NCEP reanalysis, AMDAR, and GADS values are taken from the average of the
40°W-10°W jet exit region sectors at 250 hPa for DJF. The range FL320 to FL370
includes the vast bulk of the observations. For the case labelled GADS FL370, all wind
speed readings between flight levels 365 and 375 are accepted approximately
corresponding to 217 hPa in the international standard atmosphere.
In summary, once we limit our time series to a fixed AMO phase (2002-2017) our results
for secular changes in the jet exit region wind speeds are statistically significant. They
are also consistent with the Delcambre et al. model predictions of the increase of the jet
stream speed in the exit regions due to doubled CO2 but too short a series to definitively
prove the case at this time.
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IMPACT OF LARGE-SCALE CLIMATE VARIABILITY TO LONG-HAUL FLIGHT
ROUTES AND CLEAR-AIR TURBULENCE
By J-H. Kim, M. Strahan and R. Sharman
(Presented by J-H. Kim)
Presentation

Short abstract
Mid-latitude jet streams have seasonal and inter-annual
variabilities in strength and position, which are correlated with
large-scale climate variabilities like the North-Atlantic
Oscillation (NAO) and El-Nino Southern Oscillation (ENSO).
Near the jet stream, Clear-Air Turbulence (CAT) frequently
occurs, mainly due to the shear instability. For safe and
efficient strategic flight planning, it is beneficial to study the
impact of large-scale climate variability on flight planning and
CAT.
Wind-Optimal Route (WOR) is calculated using the global
reanalysis data with 0.5 × 0.5 degree of horizontal grid
spacing, which considers wind variations in the flight
trajectory modelling to minimize total flight time between two city points anywhere in
the world. Then, overall flight times and potential CAT encounters from turbulence along
the simulated routes are calculated using the longer-term reanalysis data. We conducted
two experiments. The EXP1 is for a city pair between John F. Kennedy International
Airport (JFK) in New York and Heathrow Airport (LHR) in London during the wintertime of
extremely positive (2004-05) and negative (2009-10) NAO periods to see the impact of
NAO pattern to flight route and CAT. Another (EXP2) is for a city pair between Hawaii
and western coast of US during extremely positive (1997-98) and negative (1998-99)
ENSO periods.
In EXP1, the Eastbound (EB) WORs from JFK to LHR are shifted northward to take
advantage of the strong tail winds (to reduce total flight time/fuel used), while
Westbound (WB) WORs from LHR to JFK disperse to avoid the strong head winds near
the jet stream during the positive NAO phase (2004-05) period. On the other hand, in
negative NAO phase (2009-10), the EB WORs shift southward to take an advantage of
southerly shifted jet stream, while the WB WORs are close to Great Circle routes
(shortest distance) due to an absence of strong head winds. Turbulence encounters
along the WORs are higher in EB than WB, because EB generally flies close to the strong
jet stream to benefit from the tail winds.
In EXP2, EB WORs from Hawaii to the West coast are shorter and faster in positive ENSO
period than those in negative ENSO period, because + ENSO modulates the mid-latitude
Pacific jet to be elongated to further East. Turbulence potentials are higher in + ENSO
than – ENSO period. This suggests a good relationship between the large-scale climate
weather patterns and optimal (i.e., minimum fuel used and minimum chance of
turbulence encounters) long-haul flight routes, which can be useful for long-term
strategic planning for aviation.
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CLIMATE CHANGE ASPECTS OF FOG/SMOG OCCURRENCES AT DIFFERENT LOW
VISIBILITY RANGES IN DELHI AIRPORT: TEMPORAL CHANGE USING GENERAL
VISIBILITY 1964-2017 AND SPATIAL CHANGES WITHIN AIRPORT DURING
1989-2017 USING MULTI-RVR DATA AND LINKING THEM TRENDS OF
METEOROLOGICAL PARAMETERS (RELATIVE HUMIDITY, TEMPERATURE AND
WIND)
By R. Jenamani
(Presented by R. Jenamani)
Presentation

Introduction
Indira Gandhi International Airport (IGIA) located at
southwest of New Delhi, the India’s national capital, has been
operational since 1950s, covers a vast areas of around 42 Sq
Km area (7km x 6km) and lies at heart of the city. It has
undergone vast changes in last 70-long years in terms of
both aviation infrastructure and air traffic. Before
modernization started IN 2006, it had all aviation service
constrain when it had a single RWY and two small terminals,
with three set of RVR, two AWS and no Doppler weather
RADAR. But as Oct 2006 Oct modernization implemented on
PPP mode, it strides in last one decade through rapid and
historic modernization and all past performances have been
reversed to bring back it to become global number one. It
has now a 3rd RWY-a longest in India working since Aug
2008, redeveloped T1, an express city METRO and a new 3rd Terminal-a largest in Asia
from Oct 2010, an aero city of 12 hotels and 5400 room, and now a new ATC-a tallest
Tower in India. It has also been rapidly improving its ASQ index World rank which was
101 in 2006 has achieved now the number 2 airport in the world in 2016 as by ACI
2016, in terms of services to passengers and other service over 40 MPPA category.
With all such advancement in infrastructure, the total number of flight operations in a
decade increased 3-4 times to 1200 daily flight movements and 55.6 million annual
passengers and its annual growth as on 2016 is still at 21% in terms of passengers, a
highest in the world Thus, it has already created its new history in world of aviation. In
air side, ATC and meteorological terms, its two RWYs are CAT-III compliant RWYs
(RWY28-10 and RWY29-11), both exact at parallel operation and 3rd is CAT II compliant
RWY (RWY27-09) capable to land flights at 50m and 275m visibility respectively in case
low visibility prevails. It has LVTO operational since Dec 2011. Hence, demands for
precise weather information remained its utmost need for effective and safe operation at
various segments and various user agency e.g. ATC and airlines for RWYs, taxing, glide
path etc at various heights with timely early warnings/forecasts up to RWY wise while
timely severe weather early warning for airport operator for terminals, airside and
passengers’ safety and management.
Discussion
Briefly, if one classify Meteorologically and climatologically for the significant weather
events of IGI Airport, it is highly vulnerable in each winter half, Oct-March for low
visibility severe weather often falling to 0-200m due to longer duration Fog, smog and
winter rains/low clouds predominantly occupy as the most disruptive aviation weather
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while for summer half of April-Sept, it is high temp of 45-50degc and convective
thunderstorms, squalls, dust storms or monsoonal thunderstorms and intense rainfall
are the disruptive severe weather. The intensity duration based fog climatological
information system finds averages of fog events at two main different intensity of
Vis<1000m and Vis<200m for Nov, Dec, Jan and Feb using 30-minute visibility data of
IGIA, when analyzed for 37-years for 1981-2017 finds them as 10(91), 25(252),
25(255) and 15(110) days(hours) for fog of vis<1000m and 1(3), 6.3(35), 10.5(54.5)
and 3(11) days(hours) for fog of vis<200m respectively for these four months. In total,
it is 75 days covering 798 hours of total fog hours out of which it is 21 days and 204
hours of CAT-III dense fog, those IGIA normally experiences every winter with Dec-Jan
almost all days have fog and vis hardly crossed 2000m. For summer, similar study
finds IGIA normally has 60 thunderstorms (TS) per annum (as per data of 1995-2016)
of which 89% occur in March-Sept with lowest of 22 in 2002 and highest of 105 in 2010.
Out of all these, on an average, 16 are associated with squalls and Dust storms while it
may be as low as 2 in 2014 and as high as 27 in 1997 with squally wind and gusting
speed as high as 140 kmph have been recorded. Their occurrences has strong seasonal
behaviour with most of 89% occurred in Pre monsoon and monsoon covering MarchSept.
In meteorological measurement/reporting aspects, IMD has made several developmental
progresses at IGIA. Besides general visibility reporting in METAR form at each 30min to
1 hour, continuing since 1950s, it had installed current weather instruments at RWY by
1960s and then three RVR installed in 1980s. But, it had made quantum jump in
providing met infrastructure in late 2000s, by when it installed modern multi AWOS/RVR
network three RWY for serving different ILS based mode operational mode. Now, it has
been fitted with the denser and integrated meso network of AWS/RVR of India and few
airports in world comparable to it in numbers, quality and time gap of reporting of basic
met data. Its 18 number of RVR-now a highest in the world in any airport number of
RVRs and five number of DCWIS/AWOS at three RWYs providing data at each 1-15
second intervals to ATC via cable/WiFi modems through dozens of display systems at
various ATM seats and Live RVR in website.
With such huge developmental work undertaken at IGIA, in terms of airport expansion,
passenger growth and air traffic, it will be interesting if one attempts to find changes if
any observed in weather events like fog and local storms frequencies defined at different
intensities and their duration or days of occurrences as these are the major disruptive
weather of the airport. In the present study, Climate change aspects of fog/smog
occurrences at different low visibility ranges in Delhi Airport using very longer period
data at hour to 30-minute intervals of daily data for months of peak winters of Dec-Jan
have been attempted. We have studied Temporal change using general visibility 19642017 and Spatial changes within airport during 1989-2017 using multi-RVR data, as
more number of RVR data were available during latter period. Figure 1 shows the rough
sketch of domain areas that IGIA covers and locations of various AWS/RVR.
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Figure 1. Rough sketch of domain areas that IGIA covers and locations of
various AWS/RVR.

Results – Temporal change using general visibility 1964-2017
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Figure 2. (Previous four figures) Inter-annual Trends in Total Fog days duration
of fog in Dec and Jan during 1981-2017
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Figure 3. (Previous three figures) Trends of Five year average of total fog
duration fog/smog per day at IGIA Delhi (top one for dense fog of
visibility<=200m and bottom one for fair visibility conditions of smog/fog free
of > 5000m)
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Fog variation within IGI airport based upon RVR of IGIA – Spatial changes
within airport using multi-RVR data during 1989-2017
•
•
•

How homogenous if dense fog across IGIA-CAT-IIIA dense fog RWY 29 vis-àvis RWY 28 of IGIA at RVR<350M
Hours of RVR for CAT-IIIB RVR<200M
Hours of RVR for CAT-IIIC when airport or a RWY was closed for operation
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Figure 4. (Previous seven figures) – Fog variation within IGI airport based upon
RVR of IGIA- Spatial changes within airport using two main RVR data of RWY
28-MID-10 AND RWY 29-MID-11 during 1989-2017
Conclusion
Results from 5-years data average for 1964-2017 shows for dense fog duration per day
at vis <= 800m and 200m respectively for Dec-Jan have increased by 15-20 times (6-10
times respectively during the period with worst effect in late 1990s which has been quite
alarming for aviation operation. By this, the trend of fair vis of >5000m which was 17-18
hours per day during 1960s has reached to zero hours-nil in 1990s. Within the airport,
there are stronger climate change signature at meso- scale up to 3-6km scale too, fog
being very sensitive to local features variation as RVR data studies using meso-network
of RVR data finds CAT-III dense fog occurrences based on RVR <200m at new RWY 2911 which was 1.5 time to old city side RWY 28-10 during 2008-09, has increased to 2-3
times when compared for 2015-2017. We have linked such variation with fog formation
parameters e.g winds, temp, RH, pollutants acting as CCN for same period which also

World Meteorological Organization P3-35
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
interestingly concluding significant increasing of moisture, fall of max temp by 2-3degc
and weakening of airport surface winds and high increase of favourable pollutants.
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ON VARIATION OF SEVERAL CLIMATOLOGICAL CHARACTERISTICS AT
AERODROMES IN THE RUSSIAN FEDERATION IN 2001-2015
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Presentation

Introduction
The aeronautical climatological information required for the
planning of flight operations should be prepared in the form of
aerodrome climatological tables and aerodrome climatological
summaries [1,2]. Amongst others, these tables and
summaries contain the data on average and extreme values of
temperature, QNH, on the occurrence frequency and duration
of significant weather affecting airplane landing, take-off and
terminal services operations. Depending on terminal location
such weather phenomena as fog, blizzard, icing, dust storm,
thunderstorm etc. may be considered as significant weather.
According to ICAO recommendation, aeronautical
climatological information should be based on the
observations performed during at least 5-year period [2].
Automated systems for acquisition, collecting, storage of information are installed not in
every Russian airport just yet. It makes difficult a renewing of climatological information
and an analysis of its variation. In this investigation we attempted to evaluate the
possible climatic changes at Russian aerodromes based on METAR data archive for the
period between 2001-2015. The archive was collected in the Aeronautical Meteorology
Department of Hydrometeorological Research Centre of the Russian Federation.
Discussion
The observations at 51 large international airports were analysed (26 in the European
part, EPR, and 25 – in the Asian part of Russia, APR). On the basis of hourly (halfhourly) terminal observation data between 2001-2015, some variations of several
parameters from aeronautical climatological description were studied. The purpose of the
study was to analyse the occurrence frequency and duration of significant weather as far
as special ranges for temperature and wind parameters. The stated characteristics have
been calculated for three consecutive 5-year periods (2001-2005, 2006-2010, 20112015), i.e. the minimum periods to get aeronautical climatological information. It was
important to detect the monotonic trends for occurrence frequency of some parameters
and to study an inter-annual variation of extreme values for several atmosphere
parameters (temperature, wind speed and gusts, QNH).
Impact of temperature on take-off and landing should be considered particularly for
extreme value. Very low temperatures (below -300C) make aerodrome operations
difficult, leading to cancelation or delay of many flights. At high temperatures (as a rule,
above +300C) the take-off parameters (from Aircraft Flight Manual) are restricted. Air
density decreases under increased temperature, therefore, an accessional power
generated on take-off decreases too. For this reason the aircraft weight restrictions arise
[3]. For each of the 51 aerodromes yearly the extreme values for maximum and
minimum temperature have been analysed. It was found that there were no trends for
temperature extremes at each aerodrome. However, 15-year period is rather a short
time distance to evaluate climate change effect. Therefore, it is important to clarify, how
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global warming trend is expressed as absolute extreme values of temperature.
International airports, as a rule, are located close to settlements where meteorological
observations have been made for many years. On the basis of this information, the
places with temperature extreme values overtopping in the 21st century have been
found. It was detected that the temperature absolute maxima were renewed in the
most part of the European part of Russia. At the same time, in the early 21st century
some absolute minima of temperature were renewed (in the south of the EPR; in the
APR – in Barnaul, Khabarovsk, Tiksi).
On the basis of terminal data during three consequential 5-year periods, the occurrence
frequency of days with Т≥+300С and Т≤–300С (conditionally named as “hot” and “very
cold”) is investigated. Hot and very cold day variations occur more often in the Asian
part of Russia. Increase of number of days with Т≥+300С was observed in western area
of the APR mainly. By contrast, the decrease of hot days as well as the increase of very
cold days occurred in Eastern Siberia.
Number of days with wind speed value more than 10 m/s, ND, and number of reports
with wind gust value more than 15 m/s, NR, were studied. Monotonic trends of ND and
NR were detected at 31% and 21% Russian aerodromes , respectively, spatial
distribution of trend signs for ND and NR was rather varied. Both, ND and NR positive
trends were observed in Yakutsk (UEEE) in the APR and in Rostov-on-Don (URRR) in the
EPR.
There were no QNH trends at the Russian aerodromes between 2001-2015. Absolute
maximum of QNH – 1068 hPa – was recorded at Novosibirsk aerodrome (UNNT) in 2010,
absolute minimum – 952 hPa – was at Syktyvkar aerodrome (UUYY) in 2011.
As for significant weather, the event duration and ND (for fog, blizzard, thunderstorm,
glaze, squalls, tornado) were studied. Maximum fog duration in the EPR was registered
in Saratov airport for 77 hours. The most long-term event of fog in the APR were
observed in Yakutsk airport (165 h in January 2006). In 2001-2015, the fog frequency
decreased mainly at EPR aerodromes (in Moscow (UUWW,UUDD), Syktyvkar (UUYY),
St.-Petersburg (ULLI), Volgograd (URWW), Astrakhan(URWA)), as well as at aerodromes
in East Siberia (Tiksi (UEST), Yakutsk (UEEE), Ulan-Ude (UIUU)). Increase of fog
occurrence frequency was typical for West Siberia and Southern Ural (Fig.1,a). At the
same time, the average fog event duration increased at some aerodromes of Volga
region (URWW,URWA), in Vnukovo (UUWW, Moscow), Pulkovo (ULLI, St.-Petersburg)
and at aerodromes of Yakutiya (UEEE and UEST, for UEEE – by an average 2.5 h). In
Pulkovo airport (UULI) near St.-Petersburg both average and maximum fog event
duration increased.
Trends of ND with blizzard leading to visibility down in cold months occurred at 43% of
all aerodromes, the trends were predominantly negative (Fig.1,b). The most significant
negative trend was detected at aerodromes of the EPR, especially in Domodedovo
(UUDD) and in Syktyvkar (UUYY) – 4.5-fold and 3.1-fold respectively. Positive trends of
ND with blizzard were registered at just three aerodromes – in Stavropol (URMT),
Nikolaevsk-on-Amur (UHNN) and Kemerovo (UNEE).
Glaze can negatively affect take-off and landing because of decrease of runway surface
friction and increase of aircraft weight. Glaze is caused by freezing precipitation (FP), its
occurrence leads to flight delays due to runway snow removal and aircraft de-icing
procedures. Maximum FP occurrence frequency and maximum FP duration (68h) were
observed in the EPR in Mineralnye Vody airport (URMM). Monotonic trends of FP episodes
between 2001-2015 were recorded mainly at the aerodromes of the EPR (Fig.1,c), these
trends were predominantly negative except for aerodromes Simferopol (URFF) and
Stavropol (URMT) in the southern part.

World Meteorological Organization P3-38
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
Thunderstorm is a hazardous weather for aircraft for all phases of its flight. Apart from
that, an approach of thunderstorm leads to revise of airport activities. Figure 1,d shows
mainly a decrease of ND with thunderstorm at aerodromes of the EPR. Nevertheless, two
Moscow aerodromes with the highest capacity – Sheremetyevo (UUEE) and Domodedovo
(UUDD) – were characterized by some increase of ND with thunderstorm – 1.3-fold and
1.2-fold, respectively. The most growth of thunderstorm occurrence frequency was
detected in Surgut (USRR) – 4.2-fold. The most decrease of ND with thunderstorm
occurred in Vladivostok (UHWW) and in Rostov-on-Don (URRR): 9- and 7-fold
respectively.
As very hazardous weather as tornado is, was considered outside of other significant
weather. Tornado can be experienced typical for vicinity of Sochi aerodrome (URSS)
only, but not every year. The number of tornado events has reduced in the last few
years (2 events in 2011-2015 vs 19 in 2006-2010 and 16 in 2001-2005).
Occurrence frequency of squalls (typically “in vicinity” too) was much more. Maximum
number of squalls was observed in the south of the European part of Russia. So, at
aerodrome Simferopol (URSS) 45 squalls were registered between 2001-2015 (25 of
them – in 2006-2010). Most long-term periods with squalls, accompanying very intense
thunderstorms, were registered at Nizhniy Novgorod (UWGG) aerodrome, especially in
2006 (in June, 18 the squalls were detected every half-hour for 7 h, in September, 2 –
for 4.5 h).
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Figure 1. Trends (red is positive, blue is negative) in occurrence frequency of
ND with a) fog, b) blizzard, c) freezing precipitation d) thunderstorm at
aerodromes of the Russian Federation between 2001-2015.
Conclusion
Summarizing the above, one can conclude as follows. According to research, monotonic
trends (of some atmosphere parameters or of significant weather frequency) occurred at
~25-
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40% aerodromes, more often – located in the European part of Russia. On the whole, at
each aerodrome of the EPR, except for Anapa (URKA) and Sochi (URSS), at least one of
similar trends was observed. In accordance with global climate change, a decrease of hot
days at some aerodromes as well as an increase of very cold days at others was
detected between 2001-2015. The change of wind conditions at Russian aerodromes
was characterized by heterogeneity. As for significant weather for landing, take-off, and
terminal services operations (apart from thunderstorms), one can observe mainly
negative trends of its occurrence frequency, especially in the European part of Russia.
One can record multiple climatic variations at some aerodromes. So, at the Moscow
aerodrome Domodedovo (UUDD) occurrence frequency of thunderstorm increased, at
the same time the occurrence frequencies of fogs, blizzard and freezing precipitation
decreased. At Yakutsk aerodrome (UEEE), apart from renewing of absolute temperature
maximum in 2011, the number of very cold days increased as well as occurrence
frequency of days with thunderstorms and with wind speed ≥10 m/s. The number of
days with fog decreased here, but the fog duration was up by ~2 h. One can note the
decrease of occurrence frequency of fog, blizzard, thunderstorm at aerodromes near StPetersburg (ULLI) and Ulan-Ude (UIUU).
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THE AIRCRAFT FLIGHT ENVELOPE
By R. Von Wrede and F. Lanson
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Presentation

Short abstract
How does climate change influence aircraft design and
operation?
Aircraft are designed to operate within a given range of static
temperatures and altitudes (pressures), called the aircraft
environmental flight envelope. Aircraft manufacturers strive to
extend this range to the maximum to give airlines the highest
operational flexibility.

Although flight envelopes are of similar shape, they are specific for every aircraft type
and are determined by airworthiness certification.
An aircraft is not allowed to operate in atmospheric conditions which are outside the
certified flight envelope. Increasing or decreasing temperatures can then e.g. prevent
airlines to reach certain airports occasionally, or even permanently.
The dynamic behaviour of the atmosphere is potentially also altered by climate change
and may further impact aircraft design and/or the operations.
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Aircraft manufacturers therefore need to know the impact of climate change on the flight
envelope and the dynamic properties of the atmosphere to adapt the design accordingly.
This presentation aims at describing the limiting design aspects of a typical aircraft flight
envelope.

Extended abstract: Not available at time of publication
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HABOOB IMPACTING AIR TRAFFIC OPERATIONS: CASE STUDY OF KHARTOUM
INTERNATIONAL AIRPORT AMMAR GABER, SUDAN METEOROLOGICAL
By A. Gaber, H.M. Hassan Addoma and H.A.M. Salih
(Presented by A. Gaber)
Poster

Short abstract
Khartoum state is prone to the Haboob, as it adjacent
the Greater Sahara Desert. The frequency of the
Haboob occurrence is exploded, which affects the air
traffic operations. Therefore, this study analysed the
meteorological conditions that trigger the Haboob
and the areas affected in the Khartoum State.
The recent case of Haboob occurred in the 1st of
June 2017 at 1530UTC (1830 local time) was
analysed at the surface and upper air levels by using
both synoptic observations and Global Data
Assimilation System (GDAS) model output with 0.5degree resolution. The horizontal visibility dropped to null and wind gust reached 25KTs
at Khartoum International Airport after 30 minutes from the presence of CB in the
southeast direction. Visibility deterioration lasted for one and a half hour. Huge amount
of dust particles lifted upward and deposited in Khartoum state which hosts the two
international airports. The backward trajectory revealed that, the source of the Haboob
was from the surrounding areas and the destination was the entire state.
It is evident that, the Haboob disturbed the air traffic operations for over two hours. The
current airports are susceptible to the Haboob during the summer season that causes
delays and cancellations of scheduled flights especially during the afternoons and nights.
The increased Haboob events are attributed to the climate change impacts.
The outcomes of this study can be used to determine the suitable alternative airports
and to alert the aviation industry for the occurrence of Haboob in advance.

__________
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AIRFRAME ICING AS AN EFFECT OF TROPOPAUSE LEVEL RISE AND WAYS TO
COMBAT WITH IT
By S. Guha
(Presented by S. Guha)
Poster

Short abstract
Recently, the global-mean pressure at the
tropopause has decreased 2.16hPa/decade, which
gives clear indication of the increase in the height of
the level of the troposphere. We know that the
atmospheric pressure depends on the atmospheric
temperature, which in turn varies with latitude;
hence varying the tropopause height latitudinally as
well as seasonally. Thus, both warming the
troposphere or cooling the stratosphere lead to the
increment of the height of the troposphere and these
can result from five different climate forcings: two
natural and three human-related. The two natural
forcings are changes in solar radiation and volcanic
aerosols. The anthropogenic forcings are the direct
scattering effect: of sulphate aerosols and ozone
along with the well-mixed greenhouse gases. Mainly,
changes in solar radiation occur seasonally.
Volcanic aerosols that get injected into the stratosphere during massive eruptions absorb
incoming solar radiation, thus warming the stratosphere and cooling the troposphere.
The sulphate aerosols produced by burning fossil fuels also cool the troposphere thus
lowering the tropopause. Thus, these three factors either have negligible or negative
effect on tropopause height increase. The chlorofluorocarbons deplete stratospheric
ozone, thereby cooling the stratosphere.
Well-mixed greenhouse gases, such as the carbon dioxide produced from burning fossil
fuels, simultaneously warm the troposphere and cool the stratosphere. Hence, these two
forcings are primarily responsible for raising the tropopause level. Rise of the tropopause
is one of the major reasons behind high-altitude icing.
At mid-troposphere, temperatures usually remain within minus 4 and minus 14 °C and
only a limited fraction of suitable aerosols is available to act as cloud condensation
nuclei; thus, cooling the large amount of available water vapour and favouring the
formation of large supercooled droplets. But near tropopause, where temperatures are
below minus 50 °C, ingestion of a high density of icicles takes place in the vicinity of
convective cloud tops with ice contents in excess of 5g/m3. All these lead to an upward
extension of the upper limit of icing layers; thus, increasing chances of airframe icing, a
problem for general aviation and more specifically, commuter aviation where
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rudimentary anti-icing systems are employed, the most common being pneumatic deicing boots, which run chemically.
Airframe icing can modify the airflow pattern around wings and propeller blades leading
to loss of lift, increase in drag, altered pressure distribution around flight control surfaces
such as ailerons and elevators and cause shift in the aerofoil centre of pressure leading
to longitudinal instability. In certain cases, blockage of pitot tubes and static vents can
also take place giving rise to erroneous readings in pressure instruments such as
altimeters, airspeed indicators and vertical speed indicators. Limited engine power is
another major hindrance to overcome airframe icing in aeronautics, for which modern
lean-burn aviation engines are used widely. But, these engines contribute more to fossil
fuel combustion and thus to positive greenhouse forcing, thereby contributing more to
the raising of tropopause level and airframe icing.
So, keeping the environmental sustainability in mind, switching to solar-powered electric
aircrafts is a better alternative. Solar cells can be used to power the electric motors,
communications, electronic systems and avionics. A backup lithium battery system can
be employed for flight operations under dark conditions. For commercial purpose, more
electric engines equipped with generators can be integrated into the aircraft engine such
that maintenance costs can be lowered and overall reliability may increase.

__________
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IMPACT OF FAST AND LARGE-SCALE INFRASTRUCTURAL CHANGES IN AND
AROUND DELHI’S IGI AIRPORT IN 1960-2017 CAUSED HIGH WARMING
TREND AND ALARMING CHANGE IN TEMPERATURE PATTERN AT DAILY TO
DECADAL SCALE
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Short abstract
In these days of commercialization and public demands for integrated facilities at one
location, large pool of lands occupied by airport at most city corners at outskirts are no
more alone restricted to cater alone aviation services. These airports have been redeveloped them into integrated high urban centres where aviation operations, mega
terminals with hotels, shopping centres/malls with various leisure’s/sports facilities have
come up and thus they have been in wide way of large-scale urbanization and redeveloped. The most drastic change has been that, in parallel, surrounding these airport,
large pool of residential and other facilities have been come up. So most of them which
were often classify as green landscapes at country side at far rural pockets with least or
limited public access now have wide concrete structure, multi-transport system, with
higher local pollution of GHG as higher is the population penetration as user’s access by
road ways at airport link, besides substantial increase in number of flights producing
higher carbon foot prints at airport. Such drastic change of land use changes and
increase of pollutions at a sub-urban end meteorologically in longer terms also changes
its surface and boundary layer and radiation process and hence likely to cause local heat
island effect which would have been the case for high urbanization in major city side
development instead.
Delhi has two airports one older SFD airport located at heart of city since late 1900s and
the newer one IGIA since 1950s at southwest side a far 12-15km radial distance. Both
have IMD Synoptic observatory of class record of data of longer period daily 3-hourly
intervals. The older airport at city are still surrounded by all Government acquired and
VIP areas where only Government offices and residential have been there, as it has been
highly restricted to urbanized during post 1990 period of boom in population and hence
it may be presumed here that later pocket have barred from any high urbanization and
hardly any bigger new buildings or urban pockets might have been added in these areas.
However IGIA areas, though it was outskirt, but last 15-years, have incurred highly
urbanized path as to meet both airport commercialization, new aviation infrastructure
like T3-8th largest in world, a RWY-Asia longest one etc., and new residential vast
campus and wide roads have come up in demand of large-public.
In this paper, we extensively have studied air temp at day to day, min, max, monthly
averages, etc. of both airports of Delhi including how are their differences of temp are
now in 2010s in compared to those were in 1960’s in each month or each day in
summer, winter, monsoon season or decade wise and also their longer period trends
during 1960-2010. It finds average annual temp at Airport side of Delhi during 19692011 has warmed up by 1.4. degrees C while Safderjung airport, the main city station

World Meteorological Organization P3-47
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
data does not show any warming during the period. As was the case with high
urbanization of other part of the word’s city temp, it warmed very fast at night with
monthly men air temp shows in last 40-years the min temp in some season and month
have increased to up to 1.5 to 2 degrees C, an alarming one with City data not showing
much trend. The crucial finding in this study which is most alarming has been the
creation of heat island effect at suburban rather than main city (Safderjung-SFD) as the
average March, April and May and June month’s(All summer months) min temp during
1969-1975 used to record a 2degC cooler to that of IGI Airport, Palam for same period
and months, but toward 2011, it became 0.8-2degC, warmer, a trend of 2-3.5degC
reversal of such temp pattern. The same is also findings of Sept to Dec and Jan-Feb
months. It notes that the heat island effect at such fast urbanized growth at latter
western part of city are really alarming and hence needs special green policy and a type
of planning where at least at airport which has been urbanized at fast rate may
accommodate roof top gardening or covering of some all concrete cover areas to be by
other less heat trapping materials as per green codes.

__________
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DEVELOPMENT AND IMPLEMENTATION OF NEW AVIATION OPERATIONAL
CDM PROCESSES, MANAGEMENT AND REGULATION
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Short abstract
The great Indo-Gangetic Plain (IGP) lies in northern part of south Asia and runs parallel
just at south of Himalayan also known as the Indus-Ganga Plain is a 255 million hectare
fertile plain encompassing most of northern and eastern India, the eastern parts of
Pakistan, and virtually all of Bangladesh and houses 500milion population. It holds many
major airports of south Asia across it as encompasses a number of large urban areas
with Lahore at west, then Amritsar, Ludhiana, Jaipur, Chandigarh, Delhi, Lucknow,
Allahabad, Varanasi, Patna, Gaya, Kolkata, Dhaka, Guwhati etc.. Study finds due to its
specific topographical extent, high moisture supply and green coverage, large-scale
semi-permanent subsidence/radiation inversions with low speed surface winds and low
temp, higher pollutions contents prevailing in each winter of Nov-Feb, IGP suffers a lot
from frequent spells of occurrences of high duration dense fog and smog events at both
mesoscale as well as large-scale, with such events often last up to 10-20 days uninterruptedly at a row and 8-12 hours daily having visibility remaining struck to 0-50m
at most of these airports which force LVP implementation frequently or finally closure of
the airports for longer hours (Jenamani, 2009,
www.currentscience.ac.in/Volumes/100/04/0491.pdf, Mausam 2012a and b , 2017,
www.currentscience.ac.in/Volumes/112/04/0667.pdf).
These studies also shows both temporally and spatially, such fog events may be the
fastest in formation, largest in areas and longest in duration, if compared to any other
fog areas of the world and, so also in terms of magnitude of its severe impact as it
spreads over such world’s mostly densely populated region. Frequencies and duration of
fog at Delhi at <1000m and <200m since 1960s till 2015s finds both general and dense
fog duration have increased by 30-40 and 15 times respectively which ash been quite
alarming for aviation operation.
In the present study, we have analysed and classified spatial extent, temporal aspects of
fog occurrences in terms of intensity and durations, using satellite, airport RVR and
visibility data of the region with data since 1990s, 2000s data and 1960s respectively
and their impact on passenger discomfort and aviation safety, flight diversion and
cancellations etc., with later data available since 2005. We have also reviewed what
processed critical fog information that MWO Delhi providing at real time and its mesoclimatic features as post analysis of fog data at runway-wise to regional-wise for airports
of Delhi FIR, for major Indian airports like Delhi, Amritsar, Jaipur, Lucknow, Varansi, etc.
using data of 1981-2014 to various aviation stake holders and regulator and coordinated
with them to publish a final Government mandate low visibility operation policy

World Meteorological Organization P3-49
Proceedings of the 2017 WMO Aeronautical Meteorology Scientific Conference
document in April 2014 http://pib.nic.in/newsite/PrintRelease.aspx?relid=104918. We
analysed how we implemented it by Dec 2014, that started delivering results of its main
objective in last three fog seasons 2014-17 by significantly reducing flight diversion from
140-217 flights to just 12 flights and increasing the safety.
Present study finds types of challenges and safety issues and weather hazards, those all
aviators have been faced during their flight operations in such large-scale thick fog in
such vast region depend what type of flights they are e.g. Helicopter, ATR, smaller
aircrafts, bigger aircrafts and whether operating in VFR or IFR or the aircraft and crew
those in aircraft are CAT-IIIB compliances or their operating airports are CAT-IIIB
compliances, whether airport has RVR and if it has whether it is functional. Study also
finds IGP Large-scale Fog blankets affected aviation in many ways in case vis reaches 0200m e.g. flight take off at concern airport delay/cancelled, incoming flight gets diverted
to far airports and needs much higher reserve fuel compared to its summer storms
related diversion from same airport as the fog diverted aircrafts form one of its fog
affected airport does not get suitable airports to land nearby as would be the case with
localized storm related one, as all these latter airports are closed either simultaneously
under same fog blanket or much before to former one, Airport like IGIA even has
capacity to operate RVR up to 50m in CAT-IIB at two RWY, its overall hourly capacity
recue to as low 70% delaying departure to hours, Terminals overcrowded as flight.
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Short abstract
Climate change is projected to increase mean temperatures at all airports and to
significantly increase the frequency and severity of extreme heat events at some. These
changes will negatively affect aircraft performance, leading to increased weight
restrictions, especially at airports with short runways and little room to expand.
This study models projected future weight restrictions across a fleet of commercial
aircraft with different take-off weights operating at a variety of airports in Africa.
The daily temperature projections from the CMIP5 models under the RCP 4.5 and RCP
8.5 emissions scenarios are used to calculate required hourly weight restriction. An
average of 10–30% of annual flights departing at the time of daily maximum
temperature may require some weight restriction below their maximum take-off weights,
with mean restrictions ranging from 0.5 to 4% of total aircraft payload and fuel capacity
by mid- to late century. Both mid-sized and large aircraft are affected, and airports with
short runways and high temperatures, or those at high elevations, will see the largest
impacts.
Weight restriction may impose a non-trivial cost on airlines and impact aviation
operations. Planning for changes in extreme temperature and adequate adaptation may
be required in aircraft design, airline schedules, and/or runway lengths will help the
aviation industry to reduce its vulnerability to climate change.
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IMPACT OF EXTREME WEATHER EVENTS AND COASTAL INUNDATIONS IN
INDIA ON AVIATION INDUSTRY: CASE STUDY OF INCESSANT RAINFALL
ACTIVITY IN AND AROUND CHENNAI CITY DURING NOVEMBER 2015
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Short abstract
Aviation industry is most vulnerable to extreme
weather events. Increasing trend in such events
poses multifarious challenges in providing sustained
aviation meteorological services. In India, extreme
weather events such as heavy rainfall and resulting
floods, poor visibility owing to dense fog, prolonged
heat wave conditions, passage of tropical cyclones
over North Indian Ocean, turbulence, wind shear and
lightning associated with violent thunderstorms are
known to have direct bearing on aviation industry in
terms of reduction in take-off weight, cancellation or
re-routing of flights and closure of airports. This
ultimately results in huge economic loss to the
aviation industry.
According to IPCC Fifth Assessment Report, East,
South, and Southeast Asia would experience increase in extreme rainfall events related
to the monsoon. More than 85% of CMIP5 models show an increase in mean
precipitation in the East Asian summer monsoons, while more than 95% of models
project an increase in heavy rainfall events. The increasing trend in extreme rainfall
events could be ascribed to enhanced moisture content or preponderance of warmer
SSTs in the tropical Indian Ocean, interaction of mid-latitude westerlies and monsoon
current and passage of easterly waves. Such extreme rainfall events often lead to floods.
The risk of flood and associated human and material losses are heavily concentrated in
India, Bangladesh, and China.
Presently, city of Chennai in India ranks 14th among top 20 cities of the world with
greatest rate of increase in population exposed to extreme sea levels. It is projected to
see more than 300% increase in exposure by 2070s. Many top Asian cities in terms of
population exposure would be vulnerable to coastal flooding by 2070s. This projected
climate change scenario accentuates need to address the issue of providing sustained
aviation meteorological services.
From 1st November 2015 to 4th December 2015, the city of Chennai was battered by
incessant heavy rainfall owing to passage of four tropical disturbances resulting in flood.
Extreme rainfall was recorded at many south peninsular stations during this period. The
deluge culminated in closure of Chennai airport for operations resulting in enormous loss
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of life and property. November 2015 was the rainiest month for Northeast Monsoon
Region (NMR) and warmest November for the Indian region since 1901.
In this paper, we present analyses of Chennai rainfall event from the perspective of
aviation meteorological services based on modern ground and satellite based
observational systems in conjunction with reanalyses dataset. The thermodynamical,
dynamical and microphysical perspective of these events resulting in inundation owing to
interaction between wave-like tropical disturbances in moist zonal flow which moved
from east to west and dry mid tropospheric sub-tropical westerly trough with anomalous
southward penetration have been presented. The interaction between two wind regimes
culminated in increased lapse rate, sustained rising motion, high cloud top and deep
localized convective systems.
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Short abstract
In this research we study the effect of El Nino/La
Nina on the temperature and rainfall fluctuation at
Donmuang airport for a period of 60 years from
1951 to 2010. The results show that these natural
cycles have an effect on temperature and rainfall
amount at Donmuang airport.
Positive fluctuation from the average temperatures
are usually correlated with El Nino cycles while
negative temperatures are usually correlated to La
Nina cycles.
The greatest fluctuation in positive temperature is
nearly 40C in the year 1957 during the El Nino
cycle. The greatest fluctuation in negative
temperature is more than -40C during the 19751976 La Nina cycle. La Nina phases tend to have a
stronger effect on temperature than El Nino phases.
As opposite to the temperature, positive rainfall amounts are usually correlated with La
Nina cycles while negative rainfall amounts are usually correlated to El Nino cycles.
When we compare the effect on temperatures and rainfall amounts from the present
2009-2011 El Nino/La Nina cycle with the previous three cycles (1973, 1983 and 1998),
the effects from the present cycle seems to be following a similar path to the previous
cycles. For the future weather forecasting, it will be better if these effects are added into
the process.
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