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In this issue

Meteorology has made significant progress in the quality
and diversity of services since the launch of the World
Weather Watch (WWW). Further progress depends
on upgrading the global space- and surface-based
observing systems and on adopting a new and integrated approach that optimizes knowledge and better
exploits observational data. This is the promise of the
WMO Integrated Global Observing System (WIGOS),
which will supersede WWW. WIGOS will contribute to
an enhanced understanding of our Earth System and
facilitate the production of weather and climate services
and products into the 21st Century.
The large Numerical Weather Prediction (NWP) centres
around the world use up to 80 million satellite observations per day within the framework of WWW, but climate
predictions will require much more. A Strategy for Architecture for Climate Monitoring from Space introduces a
framework for the sustained and coordinated monitoring
of Earth’s climate from space in order to provide more and
higher quality observational data. While the Cascading
Process to Improve Forecasting and Warning Services
describes a WMO project that is bringing NWP advances
in the leading meteorological centres to all countries,
including developing and least developed countries.
WWW programmes, such as the Public Weather Services
Programme, the Disaster Risk Reduction Programme,
Education and Training Programme and many others,
build on the synergies in the WWW network of national
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meteorological and hydrological services to hone and
improve skills and weather and climate products. Public Weather Services Programme and The Hong Kong
Observatory – Through science we serve highlight some
of the achievements beyond observation and data sharing of national meteorological and hydrological services
facilitated by the WWW programmes.
The meteorological community is rapidly advancing its
capacity to manage and distribute the growing amounts
of data and information generated by Global Observing
System. The WMO Information System (WIS) is at the
forefront of that effort. Users are the winners as WMO
Information System Comes Of Age explains how the
expansion and strengthening of the management and
distribution of the data of WMO Members benefit all,
including other WMO and international programmes
who can now also share and access that data.
Other technical and scientific communities have already
found solutions for processing, networking and handling
massive quantities of data. Like WMO, they are tackling
this challenge by taking advantage of the rise of the
Internet, the accelerating power of computers, and the
increasing sophistication of software. Finding a Higgs
boson in a haystack looks at the case at CERN.
The recently translated “Radar for Meteorological and
Atmospheric Observations“ is the subject of a book
review, the last item in this issue.

WMO Integrated Global
Observing System (WIGOS)

by Sue Barrell1

Meteorology has made significant progress in the quality and diversity of services in the last few decades as
a result of impressive advances in research, numerical
modelling, observing capabilities (in situ and satellite) and computer and communication technologies.
Further progress, however, depends on adopting a
new and integrated approach in order to upgrade the
global space- and surface-based observing systems in
a fashion that optimizes knowledge of current environmental conditions and exploits the data they produce
for predictive weather, climate and water products and
services. The value of such a comprehensive integrated
approach led the World Meteorological Congress to
adopt, in 2007, the WMO Integrated Global Observing
System (WIGOS), which will provide the enhanced
observational component of the World Weather Watch
(WWW) and the overall observing framework for WMO.
WIGOS will not replace existing observing systems,
but rather provide an over-arching framework for the
coordination and optimized evolution of these systems
that will continue to be owned and operated by a diverse
array of organizations and programmes. It will also support better use of existing and emerging observational
capabilities. Although aimed primarily at improving the
WMO observing systems, it will also interface among
co-sponsored and non-WMO observing systems, thereby
engaging the essential regional and national actors for
the successful integration of these systems.1

and national authorities approve their tailored WIGOS
implementation plans. The immediate goal is facilitate
the production of weather and climate services and
products for the four initial priority areas of the Global
Framework for Climate Services (GFCS) – agriculture and
food security, disaster risk reduction, health and water.

Integrating governance and management
Interoperability of observing systems and compatibility
of climate data and products are essential for meeting the
needs of diverse users.
WIGOS will achieve interoperability and compatibility
through the application of internationally accepted standards and best practices. Data compatibility will also be
supported by the use of standardized data representation
and formats. WIGOS aims to improve the quality and availability of data and metadata in order to develop capacity
and to improve access to data.
The principal areas of standardization include:
• Instruments and methods of observation across all
components, including surface-based and spacebased elements (observations and their metadata);

Having completed its Test of Concept Phase (2007-2011),
implementation of the WIGOS Framework began in
2012 with the aim to be operational from 2016 onwards.
Regional and national implementation will move forward after the respective WMO Regional Associations
1

Vice-President of the WMO Commission for Basic Systems,
Chair of the Inter-Commission Coordination Group on WIGOS,
and Acting Deputy Director, Information Systems and Services,
Bureau of Meteorology, Australia
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• WMO Information System (WIS) exchange as well as
discovery, access and retrieval services (see article
page 23); and
• Data management (data processing, quality control,
monitoring and archiving).
Thus, the implementation of WIGOS focuses on integrating
governance and management mechanisms, functions and
activities among the contributing systems.

essential, and interdependence on global observations
increases more and more as time horizons (from short
to longer term weather predictions, and from local to
large scale climate prediction) increase. For example,
with improvement in seasonal-to-interannual forecasts,
integration of observations from oceans and land will
take on ever-increasing importance.

The international standards and best practices implemented by WIGOS will permit National Meteorological
and Hydrological Services (NMHSs) to build on past
achievements in order to meet the challenges of the
future. They will be able to take advantage of progresses
in technology that will provide a basis for further improvements in the reliability and quality of observations.
Further development of integrated observing systems
will make it possible to provide observations of key
atmospheric variables and processes relevant to weather,
water and climate with high time resolution. Observing
system test-beds will be used to inter-compare and
evaluate new instruments and systems, and develop
guidelines for further integration into WIGOS.

In the decades to come, WIGOS will enable WMO Members
to better respond to natural hazards, improve weather,
water, climate and related environmental monitoring, and
adapt to climate change and human-induced environmental impacts while providing avenues for education, training
and capacity development. These objectives are at the very
core of the mandate of WMO, and are particularly evident
in the GFCS. Through the development of standards and
uniform observing practices, WIGOS will support the
generation of quality-controlled products and information, thus underpinning the systematic development
of needed infrastructure for effective climate services.
The delivery of high-quality climate services will require
better-coordinated and more comprehensive observing
components, that can be supplied only by NMHSs working
together with their national and international partners.
WIGOS is to meet this need by providing compatible,
quality-assured, quality-controlled and well-documented
long-term observations.

As with WWW, WMO Members will need to plan locally
while thinking regionally and globally to realize the full
benefit from the global observing systems The full needs
of any individual Member cannot be met solely through
its own observing system: observations from others are

The development of WIGOS will be requirementsdriven with a clear orientation to public health, disaster
risk reduction, water resource management and food
security, renewable energy, tourism, travel, insurance,
to mention just a few, as an enabler for sustainable

Erik de Castro / Reuters

Prospects for WIGOS

An aerial view of a fishing village in Guiwan town, devastated by super Typhoon Haiyan, Philippines, 11 November 2013.
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development. A comprehensive review of new priorities
and requirements will be crucial for WIGOS to respond
to user needs for observations of specified spatial and
temporal resolution, accuracy and timeliness. In doing
so, WIGOS will build upon and add value to the existing
surface and space-based subsystems, while providing
a foundation for the integration of new and emerging
observational technologies.

Optimizing network design – future outlook
In the near future, NMHSs and other data providers will
need to coordinate efforts in order to address the observing network design. WIGOS tools will assist in minimizing duplication and optimizing design and flexibility to
incorporate new observing systems/networks after their
successful testing and evaluation. These networks are
likely to incorporate a mix of systems with optimized
geospatial/temporal distribution of observing points
and data to meet global/regional/subregional/national
needs in accordance with requirements of significant
users and application areas, including the economic
and communication sectors. Space-based components
of WIGOS will play a key role in the composite network
design and in filling the gaps of data sparse areas, such
as oceans and Polar Regions.
At a national level, WMO Members are likely to consider
an integrated network of networks approach, where
observing networks, technologies and processes will
be optimised to ensure the most effective coverage of
required observations, including planned redundancy
for key measurements. The network would engage the
wider community of institutions monitoring the environment to maximise the value of data from all sources.
An integrated network of networks will be a balance
of traditional and innovative approaches to provide a
comprehensive approach to monitoring that will evolve
while still maintaining a connection to the historical
record. It will also balance user needs with operational
and technical constraints, and use redundancy to
achieve quality, reliability and representativeness.

Incorporating tiered networks as an integral part of
the network of networks approach will facilitate the
matching of observing solutions to needs, as well as
the integration of externally contributed networks and
observations.
An issue that must be addressed in any consideration
of future international cooperation is to reverse the ongoing decline of observational capacity in many of the
less developed countries. Satellites will, over coming
decades, fill the data gaps and begin to provide more
of the observations needed to support the required
meteorological, hydrological and oceanographic services
in such countries. However, while satellite data might
meet fulfil the needs of some applications, national
capacity to operate observing systems remains essential to meeting the full suite of requirements, including
climate monitoring.

Partnerships and cooperation
WIGOS will contribute to an enhanced understanding of
our Earth system. This will require partnerships across
borders, disciplines and organizations. Collaboration
and cooperation will be key. By providing more timely
and accurate information, NMHSs help decision-makers
protect populations and prevent natural hazards from
becoming disasters. Investments in weather, climate and
water information and services produce an economic
return many times greater than the original amount
invested, and represent an investment in well-being
and prosperity for all.
WIGOS will be central to the future of WMO and will
provide a mechanism to better plan and implement
observing solutions in the priority areas of the GFCS
as well as the other application areas.

In-house contributors
The author wishes to acknowledge the assistance of the WMO
Secretariat, specifically the contributions of Miroslav Ondras
and Igor Zahumensky, to this article.
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A Strategy for an
Architecture for Climate
Monitoring from Space
by Tillmann Mohr1 and Mark Dowell2
Illustration: The China Meteorological Administration FY-3A satellite provides data for estimating
monthly mean total column ozone over Antarctica.

The demand for climate services has increased considerably over recent decades. Key public and private sector
interests such as insurance, agriculture, public health,
energy and transportation have a fundamental need
for authoritative climate information and services upon
which to base strategic plans, investments and day-to-day
decisions. The Global Framework for Climate Services
(GFCS) provides a context for developing such services.
The GFCS recognizes that a strong observation and
monitoring system, or “pillar” as the GFCS Implementation Plan defines it, is a critical foundation for climate
services at the global, regional and national levels. The
provision of more and higher quality observational data,
together with advances in climate science, will improve
the prediction of extreme events such as droughts,
floods and tropical cyclones. Better predictions of, and
preparation for, such events will save lives, protect
property and improve economic resilience and public
well-being and security. 23
A significant part of the required observations can
only be provided in a synoptic manner by satellite systems. The large Numerical Weather Prediction centres
around the world already use up to 80 million satellite
observations per day in the framework of the World
Weather Watch, but climate predictions will require
much more. In fact, the observational requirements of
the GFCS is one of the major driving forces for improving the architecture for climate monitoring from space
(although the call for improvement was issued before
the GFCS Implementation Plan was drafted). In 2011, the
Sixteenth World Meteorological Congress decided “…
that an architecture should be developed to provide a
1

Special Advisor to the WMO Secretary-General on Satellite
Matters

2

Institute for Environment and Sustainability, Joint Research
Centre, European Commission
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framework for the sustained and coordinated monitoring
of Earth’s climate from space.”
A large part of the observation capabilities needed
for climate monitoring are already available or being
planned. Some critical gaps, however, remain, and the
overall system needs to be better articulated to ensure
that it is efficient and robust, and can effectively underpin
climate applications and related decision-making.

The growing capabilities of satellites
The discussions being held today for climate monitoring
are remarkably similar to the discussions for a globally
coordinated “architecture” for weather monitoring held
when building World Weather Watch (WWW) in 1963,
which have led to the successful, globally coordinated
meteorological system that we have today. Since the
creation of the WWW, some 240 environmental satellite missions have taken place as a major component
of the global observing system. The various on-board
instrument technologies have permitted observation of
the Earth through a wide range of the electromagnetic
spectra. There are now more than 160 meteorological
satellites in orbit, many of them in operational series of
five or more spacecrafts. They are an integral part of the
space segment of WMO Integrated Global Observing
System (WIGOS), which is superseding WWW.
Many of these observation systems are optimised to support real-time weather monitoring and forecasting, but
their scope is gradually expanding to provide a foundation for longstanding climate records of key atmospheric
parameters. For example, the international geostationary
network, currently maintained by seven satellite operators, will soon fly enhanced visible and infrared imagers,
hyperspectral infrared sounders and lightning detectors.
Towards the end of the decade, some series will include
an additional payload for atmospheric composition.

Operational meteorological satellites on sun-synchronous low-Earth orbits, which perform multispectral
imaging and vertical sounding as core missions, will
progressively feature more advanced capabilities, including hyperspectral infrared sounding, Global Navigation
Satellite System (GNSS) radio occultation sensors, some
Earth Radiation Budget instrumentation, and atmospheric composition and space environment sensors.
However, while providing a significant contribution to
climate monitoring as part of the space component of
WIGOS, operational meteorological satellites do not
always achieve the level of accuracy needed for climate
monitoring and do not observe all the variables involved
in climate processes.
More than 30 satellite missions have already been
deployed to specifically observe climate components,
support climate process studies or demonstrate new
technology to be used in climate monitoring. These
missions provide a valuable reference source for future
missions in support of sustained climate monitoring from
space. The increased frequency of satellite measurements, improved satellite and sensor technology, and
easier access to, and interpretation of, the Earth observation data that they provide will augment understanding
of the role of satellite data in climate knowledge systems.
Another 140 satellites missions – carrying over 400
different instruments for measuring components of the
climate system – are planned over the next 15 years.
These satellites will gather new data on the chemistry,
aerosol content and dynamics of the Earth’s atmosphere.
Space-borne Lidar will provide new information on
winds, in addition to cloud and aerosol observations.
Observation of the Earth’s radiation budget, measured
at the top of the atmosphere through a combination
of measurements, will benefit from dedicated climate
and operational meteorology missions. Building on
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capabilities built over more than a decade, global monitoring of the water cycle will be enhanced by spaceborne
precipitation radar and passive microwave sensors
coordinated by a large international network of satellites.
Ocean surface topography measurements from radar
altimetry and ocean surface wind vector measurements from scatterometry, initiated 20 years ago on an
experimental basis, are expected to be strengthened
by follow-up missions. New capabilities for measuring
ocean salinity will also come online.
Operational meteorological and land monitoring satellite series will supply continuous observations of the
land surface, vegetation parameters and ice sheets.
Advanced Synthetic Aperture Radar (SAR) systems will
yield new information on land surface properties, and
active and passive microwave instruments will measure
surface soil moisture. A new generation of sensors is
also emerging with improved capabilities to remotely
sense land surfaces, the ocean and the atmosphere,
including their chemical composition.

Parallel initiatives
There are several initiatives already in place for improving observations for climate science. Any strategy for
improving space observation must consider these as
well as the consistency and compatibility of observation
and monitoring within the global architecture.
The developing Climate Change Service of the European
Union’s Copernicus programme, for example, aims
to provide information on climate change monitoring
and prediction, which will support support adaptation
and mitigation activities. The Service benefits from a
sustained network of in situ and satellite-based observations and from re-analyses of climate data and modelling
scenarios. Through the Climate Change Service it will
be possible to access climate indicators – temperature
increase, sea level rise, ice sheet melting, ocean warming
– and climate indices – based on records of temperature,
precipitation, and drought events – that describe both
the identified climate drivers and the expected climate
impacts.

Identifying and addressing gaps
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The adequacy of current holdings and planned spacebased capabilities is kept under review by the Global
Climate Observing System (GCOS) community and
evaluated in the “Systematic Observation Requirements
for Satellite-Based Products for Climate (GCOS-154)”
report. Gaps or deficiencies are identified or anticipated
at almost every step in the value chain, from sensor to
Climate Data Record.
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Initiatives to address these gaps in a coordinated fashion have been taken by space agencies through the
Committee on Earth Observation Satellites (CEOS) and
the Coordination Group for Meteorological Satellites
(CGMS), as well as by WMO in response to the GCOS
requirements.

Defining a common architecture
In January 2011 the Global Climate Observing System (GCOS) and the WMO Space Programme held a
workshop for both policymakers and technical experts.
The workshop proposed establishing an ad hoc team
comprised of representatives from CEOS, CGMS and
WMO to develop a strategy document for an architecture for climate monitoring from space. The final
report, released in 2013 and entitled “Strategy Towards
an Architecture for Climate Monitoring from Space,”
focuses on satellite observations for climate monitoring and the need for an international architecture
that ensures delivery of these observations over the
time frames required for the long-term analysis of the
Earth’s climate system.
The report outlines a strategy that is intentionally highlevel, conceptual and inclusive so that broad consensus
can be reached and all relevant entities can identify their
potential contributions. The strategy, however, is not
sufficient in and of itself. It limits itself to proposing a
logical architecture to define the activities and functions
that are required to develop an end-to-end system. Its
four major components (see Fig. “Main Components of
a Logical View”) include: sensing, climate data record
generation, climate monitoring and analyses, and support
to decision-making. The initial emphasis is expected to
be placed on representing the processes “upstream” –
sensing and climate data record generation. However,
focus on “downstream” applications and services will
be equally important.
The proposed physical architecture calls for research
and operational satellites, broad and open data-sharing
policies, and contingency planning and agreements.
These elements are essential for bringing the same
continuity to long-term and sustained climate observations that exists for weather observations. The task of
climate monitoring, however, has requirements that go
beyond the capabilities of one-time research missions
and operational satellite systems in existence today.
The report underlines the necessity for both research
and operational agencies to develop a joint framework
for stewardship of climate information. Climate record
processing requires a sustained expert understanding
of new and legacy climate sensors as well as a sustained
web of support activities, including calibration and

8 | WMO Bulletin 62 (2) - 2013

validation and collaborative product assessment and
intercomparison. This can only be delivered through the
collaborative efforts of both research and operational
agencies.
The report also identifies an imperative for further and
broader coordination among all stakeholders, both
technical and policy-related, in order to optimize efforts,
ensure traceability and secure the necessary resources
for implementation. From a technical perspective, the
scientific community, relevant technical groups and other
mechanisms must be more involved in both reviewing
the proposed approach and in further developing the
physical architecture. From a policy perspective, the
proposed logical architecture must be verified through
a top-down approach to ensure that it adequately supports the information flows from the decision-making
process back to the sensing capacity and requirements.
This is an essential step for policymakers to be able to
appreciate and support the need for an integrated climate
monitoring architecture that is capable of meeting the
needs of themselves as well as other users. Lastly, the
report includes a roadmap for the way forward and
defines concrete actions.
The report provides evidence on the following:
• inventories are needed to document the contributions
of current and planned observing systems for climate
purposes as current observing systems have not been
designed primarily from a climate perspective;
• requirements on mission continuity and contingency
need refinement through international collaboration
among space agencies;
• sustained Climate Data Record (CDR) programmes
will provide an avenue to replace heritage algorithms
and data sets with improved versions once they are
successfully demonstrated, validated and available;
and
• there is an imperative for further and wider coordination among all stakeholders in order to ensure
traceability along harmonized practices.
While the strategy report emphasizes space-based observations, it is also expected that during the implementation
phase, space agencies and associated programmes will
start to address in earnest how the in-situ components
of the climate monitoring system could be represented
within the architecture. This integration process should
take advantage of existing international activities and
frameworks that coordinate in-situ observation networks. With this long-term ambition in mind, the logical
architecture presented in the report has been made

intentionally generic so that it can be readily adjusted
to describe the functional components of the integrated
space and in-situ monitoring system at some point in
the future.

observations and research. Their needs can be better
met if the strategy for developing an architecture for
climate monitoring from space is both technically and
politically sound.

The report is aimed at the coordinating groups that
undertook its writing, their members and governing
or advisory authorities, and programmes with climate
mandates or interests, in particular those that have
provided technical reviews of the report – GCOS, the
Group on Earth Observations (GEO) and the World
Climate Research Programme (WCRP). It will be important that these bodies recognize the need for such an
architecture and the benefits that international coordination and collaboration can bring, particularly through
the optimization of resources for satellite systems. All
of the climate programmes and frameworks should
work internationally to strengthen and leverage climate

Implementation – the way forward
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Climate
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A concrete way forward is also proposed in the report,
and CEOS, CGMS and WMO are now embarking on the
next steps of this initiative. These include designing a
physical architecture that captures the current and planned
implementation strategies on an ECV-by-ECV (Essential
Climate Variable) basis. An initial step in this process is
the maintenace of an ECV Inventory4 to provide a detailed
overview of current and planned capability. To this end,
4
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The ECV Inventory in its current form is avaiable at http://
ecv-inventory.com/
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CEOS and CGMS member agencies have completed a
detailed questionaire at the product level, which forms
the basis for an initial rendition of this inventory.
Finally, a fundamental value of the architecture is its
end-to-end nature, which, from a user perspective, flows
back from a decision-making policy perspective through
the required applications to the necessary datasets and
ultimately the required observational capacity to sustain

this information flow. In the short-term the plan is to
verify that the proposed architecture adequately supports
climate applications and derived decision-making. An
application of the architecture in specific case studies
at a variety of scales compatible with climate service
development (i.e. global, regional, local) would address
this. Policy-makers would appreciate the value of such
an integrated climate monitoring capability that meets
their needs.

CIMO-16
TECO-2014
METEOREX-2014
will be held co-jointly in July 2014
St. Petersburg, Russian Federation
TECO-2014 (7-9 July 2014)
The WMO Technical Conference on Meteorological and Environmental Instruments and Methods of Observation (TECO-2014)
promotes the exchange of information on the latest developments
in instrumentation and observation systems. The first Announcement and Call for Papers for TECO-2014 will be issued shortly.

METEOREX-2014 (7-9 July 2014)
The Exhibition of Meteorological Instruments, Related Equipment
and Services will be held at the same place and time as TECO-2014.

CIMO-16 (10-16 July 2014)
The sixteenth session of the WMO Commission for Instruments
and Methods of Observation will address the priorities of CIMO
for the next 4 years, including instrument intercomparisons, and
will be asked to approve the text of the next Edition of the Guide
to Meteorological Instruments and Methods of Observation
(CIMO Guide).
Additional information concerning these events will be made
available in due time at: www.wmo.int/pages/prog/www/CIMO/
cimo-teco-meteorex.html
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Cascading Process to
Improve Forecasting and
Warning Services

Issued by the WMO Secretariat

The advances in Numerical Weather Prediction (NWP)
in the last decades have been tremendous thanks to
more, and better assimilated, observations, higher
computing power and progress in our understanding
of dynamics and physics. These advances, which have
led to increasingly skilful weather forecasting, will
become even more relevant in the future. Consequently,
the emphasis in operational meteorology, hydrology,
oceanography and climatology has shifted towards
the implementation of increasingly sophisticated and
diverse numerical models and applications in order to
serve an ever-increasing variety of users.
Operational NWP systems generally provide an accurate
indication of developing weather events from hours
to days ahead. They are, therefore, one of the most
relevant components of routine and severe weather
forecasting and warnings at National Meteorological
and Hydrological Services (NMHSs). However, the
capability among NMHSs in weather forecasting varies
enormously. The more advanced NMHSs are making use

Numeric Weather Prediction
Numerical weather prediction uses mathematical
models of the atmosphere and oceans to predict
the weather based on observational data of current
weather conditions.
Data on the weather is collected everyday from
weather satellites, Doppler radar, weather stations,
weather balloons, and other sources such as aircraft
and ships. Computers process the data using mathematical - or numerical – models based on what our
scientific understanding about the laws of nature
and physics in order to provide weather forecasts.

of the progress in NWP, but those in the developing and
least developed countries have seen little advancement
due to limited budgets and reduced capabilities. And
the gap is increasing.
The Global Data-Processing and Forecasting System
(GDPFS) is now being expanded beyond the World
Weather Watch (WWW) to encompass all systems
operated by WMO Members (including those jointly
coordinated with other international organizations such
as ICAO). It enables all WMO Members to make use of
the advances in NWP by providing a framework for sharing data related to operational meteorology, hydrology,
oceanography and climatology.
The main support for the exchange and delivery of
these data – that is, GDPFS products – is the WMO
Information System (WIS). One of the key benefits of
the WIS is the expansion of the range of centres that
can connect to the system, increasing the range of
GDPFS applications.

Thus, taking data on current weather, climate and
atmospheric conditions, computers use Numerical
Weather Prediction models to help forecast the
weather for the coming days.
Thanks to developments in numerical weather prediction, a 5-day forecast today is as good as a 2-day
forecast twenty years ago. And that development is
continuing. “The predictive skill of global numerical
weather prediction over the last 30 years has improved
by about one day per decade. Our results show that
skill continues to improve at a similar rate of about
one day per decade even today.” – Alan Thorpe, Head
Meteorological Division ECMWF.
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However, the challenge remains in mitigating the growing
technological gap in weather forecasting. How can we
bridge the gap between those who have the knowledge
and those who do not, those who have the capacity
to run, maintain, develop and support such complex
systems and those who do not? Since 2006, the WMO
Severe Weather Forecasting Demonstration Project
(herein referred to as the Project), a GDPFS initiative,
has been working to close this gap by increasing availability and developing capacity to use NWP, including
Ensemble Prediction Systems (EPS), in countries where
it is not effectively used.

Structure of the GDPFS
The GDPFS is made up of a worldwide network of
operational centres operated by WMO Members. Its
purpose is to make available to WMO Members agreed
products and services for applications related to weather,
climate, water and environment, 365 days per year, 24
hours per day. The GDPFS thereby enables scientific
and technological advances made in meteorology and
related fields to be shared as efficiently and effectively
as possible among, and for the benefit of, all WMO
Members.

World Meteorological Centres, WMCs), regional (by
Regional Specialized Meteorological Centres, RSMCs,
and Regional Climate Centres, RCCs) and national (by
National Meteorological Centres) levels (see figure). It
facilitates cooperation and the exchange of information,
thereby also contributing to building capacity amongst
all countries, including developing and least developed
countries.
The accuracy of forecast products provided by advanced
GDPFS Centres is monitored by objective verification
procedures. The goal is to provide consistent standardized verification of the forecast products of GDPFS
Centres so that users can make best use of products
and Centres can identify opportunities for improvement.
Observational data quality control is an integral component of NWP systems operated by GDPFS Centres,
which contributes to an integrated approach to quality
management across all the WMO Integrated Global
Observing System (WIGOS) components.
The non-real-time functions of the GDPFS include longterm storage of observations, products and verification
of results for operational and research use.

The cascading forecasting process
The activities, organizational structure and operations of
the GDPFS are designed in accordance with the needs
of NMHSs and their ability to contribute to, and benefit
from, the system. The GDPFS is a three-level system
with various functions carried out at the global (by the

Owing to the high computational cost of global and
limited-area NWP, including EPS technique using multiple
model runs, few GDPFS Centres have operationally implemented such systems. Many of the latest advances in

GDPFS Centres
World Meteorological Centre

RSMC - Geographic
Atmospheric Transport Modelling
Regional Climate Centres
Global Producing Centre for
Long-Range Forecasts
RSMC -TC
RSMC - Medium Range Forecast
RSMC - Sand/Dust
RSMC - UV

DESIGNATIONS USED:
The depiction and use of boundaries, geographic names and related data shown on maps and included in lists, tables,
documents, and databases on this web site are not warranted to be error free nor do they necessarily imply official endorsement
or acceptance by the WMO.

Currently designated World Meteorological Centres (WMCs) and Regional Specialized Meteorological Centres (RSMCs),
including Regional Climate Centres (RCCs).
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NWP systems, such as so-called “convection-permitting”
models, are particularly suitable for severe weather
forecasting in tropical and sub-tropical regions; however,
as they are extremely computationally intensive, they
are supported only by the leading GDPFS Centres. Moreover, the effective use of NWP and ensemble systems
also requires the application of complex model-output
post-processing systems to generate forecast products
in order to support severe weather forecasting. There are
several GDPFS Centres that can provide these sophisticated products (maps of potential vorticity, convection
indices, etc.) to forecasters.
The Severe Weather Forecasting Demonstration Project
(the SWFDP is hereafter refered to as “the Project”)
was initiated to make the NWP, including EPS, products
of the most advanced GDPFS Centres available to all
WMO Members. Using a Cascading Forecasting Process,
the Project makes global-scale products available to
Regional Specialized Meteorological Centres (RSMC)
that integrate and synthesize them in order to provide
daily guidance for short-range and medium-range
forecasts of hazardous weather conditions and weatherrelated hazards to NMHSs in their geographical region.
The limited bandwidth of many of the receiving NMHSs
is taken to account – they receive products that they can
easily download/visualize. Thus, the NMHSs are enabled
to issue effective severe weather warnings to disaster
management and civil protection authorities in their
respective countries. Because NMHSs in a geographical
region typically need similar products, the Project makes
efficiency gains by coordinating their requirements.

The Project contributes to capacity building by helping
developing countries access and make use of existing NWP products for improving hazardous weather
warnings. It encourages operational forecasters to use
relevant standard or newly developed products and
procedures, which have already been introduced in
many GDPFS Centres. The initial aim was to show how
further cooperative work among operational meteorological centres could enhance the forecasting process
of several types of severe weather phenomena, which
in turn would improve the warning services provided
by the NMHSs. However, the concept has evolved and
the expected outcomes now include:
• Enhanced capability for NMHSs to forecast severe
weather and issue warnings at the national level,
including improved accuracy and longer lead-times;
• Established warning processes agreed with national
disaster management and civil protection authorities,
along with planned responses for protection of lives
and property;
• Established forecast processes and Quality Management Systems (QMS), and strengthened forecast
capabilities in support of other user sectors in society
(such as agriculture and food security, aviation, marine
safety and transportation, etc.) at the national level;
• Raised awareness of the value of NMHSs with national
governments and their agencies, leading in the longterm to greater national support and investment…

Feedback and Verification

TC

Alerts and
Warnings

Disaster Management and
Civil Protection Authorities

LAM & Guidance
Products
(risk/probability)

National Met Centres

Regional Centre

Global NWP/EPS and
Sat-based products
RSMCs-TC

Global Centres

PWS

GDPFS
Training

The Cascading Forecasting Process
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• Reduced loss of life and damage to property and
contributions to the Millennium Development Goals
of eradicating extreme poverty and reducing child
mortality.
The Project is implemented in close collaboration with
the Public Weather Services (PWS) Programme in order
to improve severe weather forecasting and warning
services. It also coordinates with other WMO Technical
Commissions and Programmes to extend the range of
applications and broaden the benefits to other user
sectors in society.
The Project conducts near real-time verification and
evaluation, based on observations of meteorological
parameters collected at local meteorological stations
and information gathered on the impacts of the severe
weather phenomena. Evaluation of the performance of
the cascading process, including the quality of the NWP/
EPS and guidance products, are provided as feedback to
the participating centres to further fine-tune the process
and products.
Training is a critical component of the Project and is
carried out on an annual basis. Forecasters need to
know how to make optimal use of the various products
coming from the GDPFS Centres. Training is also carried
out in service delivery principles and practices including
user focus, communication skills and user satisfaction
assessment.

Service benefits to NMHSs and society
The value of the Project is not limited to severe weather
forecasting; it also supports day-to-day routine weather
forecasting. Moreover, it plays an important role in
harmonizing the day-to-day forecasts of the NMHSs
for a geographical region. Participating NMHSs have
increased their lead-time for alerting users – now up
to 3 to 5 days – as well as improved their ability to
forecast severe weather events. The Project also reinforced forecasters’ confidence in issuing warnings, an
important element of communication to users. They
now receive recognition from the disaster management
and civil protection agencies with which they interact
ever more closely. NMHSs are also benefitting from
a better public image, and the status and enhanced
visibility they have gained has encouraged national
investment in Early Warning Systems. It is through the
Public Weather Service Programme that the Project
assists NMHSs in building effective relationships
with users, including emergency preparedness and
response stakeholders.
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Early in the project’s demonstration phase, a number of
hazardous events provided an opportunity to test the application of the Project in an operational disaster situation.
During a Project progress meeting held in 2007 in Maputo,
Mozambique, the roles of disaster management authorities
in the dissemination phase of the Project were emphasized
by the landfall of Tropical Cyclone Favio. The Department
of Civil Protection – responsible for disaster management
activities in Zimbabwe – observed that “there has been a
marked improvement in severe weather information and
products provided by the Service (the NMHS) since the
commencement of the SWFDP in November 2006.”
In 2011, Mr Majodina, on behalf of the Meteorological
Association of Southern Africa (MASA), expressed
his appreciation for the Project, which represents “a
genuine partnership between the developed and the
developing world in meteorology.” He further noted
the entire region had benefitted because the initial
project, which had involved only five NMHSs in 2008,
had been expanded to all sixteen countries of the
southern African region (at MASA’s request and with
additional support from WMO). The annual meeting
of the Ministers of the Southern African Development
Community also recognized the Project as a contribution to climate change adaptation in improving severe
weather prediction and asked NMHSs, in view of the
Project’s relevance to regional socio-economic development, to secure the future of the project by allocating
sufficient budget for its continuation.
The East African Community (EAC) Heads of National
Meteorological Services meeting earlier this year also
recognized the significant contributions of the Project
to disaster risk reduction, sustainable development and
climate change resilience as well as its contributions to
vital socio-economic sectors, such as agriculture and
fisheries. They agreed that the Project had enhanced
the authority and visibility of National Meteorological
Reuters / UNICEF/ T. Delvigne-Jean / Handout

leading, in turn, to improved supply of observations
and feedback into the GDPFS; and

Women and children wait in the courtyard of the main
hospital in the town of Vilanculo, Mozambique, after cyclone
Favio devastated the town, 26 February, 2007.

Services, and built public and government confidence
in the accuracy and reliability of forecasts and warnings
of severe weather events. They further acknowledged
that the it represents a systematic and practical approach
for strengthening the capacity of development and least
developed countries, in that it, transfers knowledge and
skills to deliver improved forecasts and warnings of severe
weather in order to save lives, livelihoods and property.

A core system in all NMHSs

between Zimbabwe Meteorological Services and Disaster
Management Authorities, Meeting of the Regional Subproject
Management Team, 27 February to 2 March 2007, Maputo,
Mozambique.
WMO, 20 08 : Final Repor t : Severe Weather Forecasting
Demonstration Project–Regional Subproject in RA I–Southeast
Africa, Geneva.
WMO, 2008. Public benefits of the SWFDP in south-eastern
Africa, MeteoWorld, http://www.wmo.int/pages/publications/

The Project continues to experience important benefits
and significant growth. Five regional projects are either
underway or under development – Southern Africa,
South-west Pacific, Eastern Africa, Southeast Asia and
Bay of Bengal/South Asia.

meteoworld/archive/dec08/swfdp_en.html.
WMO, 2009. Severe Weather Forecasting Demonstration Project,
MeteoWorld, ht tp : / / w w w.wmo.int / pages / publications /
meteoworld/archive/aug09/swfdp_en.html.

Future plans include the establishment of the Projectservice in further geographical areas. The ultimate goal
is to have a core set of high-quality numerical weather
prediction and very short-range forecasting systems
in use by all NMHSs. This would enhance capability in
providing hydro-meteorological forecasting and warning
services in support of disaster risk reduction, and take
a range of other applications to a new level.

WMO, 2011. Report of the meeting of the Regional Technical
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Public Weather
Services Programme –
What’s the Future?

Issued by the WMO Secretariat

HKO

The core business of national meteorological services
(NMSs) is to serve public good by providing essential
– reliable – weather, climate and related information
to the community at large. NMSs depend on the international cooperation and underpinning infrastructure
of the World Weather Watch (WWW) to perform this
service. Thanks to the data exchange and cooperation
fostered by WWW, NMSs form a whole greater than
the sum of its parts.
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NMSs face many internal and external challenges – funding, maintenance of observational networks, competition
from private sector service providers, staffing, evolving
technology, increasing urbanization and pollution, the list
goes on. WWW has also assisted NMSs in facing these
challenges through the WMO Public Weather Services
(PWS) Programme, created in 1991 to strengthen NMS
capabilities to provide comprehensive weather services
to the general public and to foster a better understanding

Information and Service Delivery
Advances in technology, computing and communications will revolutionize the way environmental data,
information and knowledge will be collected, used,
shared, integrated and disseminated. Data and information will be deliver to all who need it, when and
where they need it – and in the most useful format
for them, organized and delivered in a customized,
user-centric format.

focused on their core business – weather and climate
information and services. Others may choose to simply put the information out there in a format that any
developer can pick up such as the Common Alerting
Protocol (CAP), developed by the International Communications Union to facilitate online public warnings
(see MeteoWorld, July 2013). Still others may develop
their own in-house capacity – in cooperation with other
NMSs – to provide these apps to end-users.

Impact-based services
In the future, many NMSs will move to multi-channel
delivery methods, offering interactive push technologies, user-customized services, to further improve
timely access to information. Dissemination will
evolve at an accelerated pace. Forecasts will take
on more graphical formats. The global expansion of
broadband communications will lead to the delivery of
forecast information in standard data formats usable
by all communications devices and mobile technology. GPS systems, smart phones and emergency
alerting systems will seamlessly ingest and display
graphical weather data and warnings. 3D weather
information will be available on digital broadcast
media and Earth visualization software.

The likelihood of high impact meteorological or
hydrological events with their consequences will
be integrated to generate information and prediction services. This form of embedded products and
outcome-focused services, which are already emerging in some national hydrological and meteorological
services, will capitalize on the linkages these NMSs
have with relevant service providers. For example,
an Air Quality Health Index – which incorporates air
quality forecasts, information about who would be
most impacted and the effective strategies to limit
their exposure to the risks – produced and delivered
in partnership with health agencies.

University of North Carolina / Andrei State

The challenge for national meteorological and hydrological services will be to present information in ways
that fully satisfy the users in order to retain them as
clients. To achieve this, some NMSs may opt to work
with the private companies that provide solutions or
“apps” on various platforms, so that they can remain

In the future, an all-environment, multi-hazards
approach will be taken to the supply of information.
The NMSs will deliver information from a forecast
office that will be tightly integrated with partner
agencies as a one-stop shop for all environmental
information and predictions.

The office of the future
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by the general public of the capabilities of NMSs and
how best to use these services.
Over the last two decades, the PWS Programme has
assisted NMSs through hundreds of training activities,
by facilitating the work of numerous experts who have
produced dozens of guidelines and reports, and by the
implementation of projects to create dialogue between
the user communities and producers of meteorological
information. This article highlights this work then discusses some of the technological, social, economic and
cultural influences that will shape the future in order to
offer a vision of what lies ahead for NMSs. The article
that follows it, “The Hong Kong Observatory – Through
science we serve,” offers a practical example from the
perspective of a small NMS.

Creation of PWS Programme
The push towards the privatization of utilities and identification of alternate sources of revenues for publicly
funded services accelerated in the latter half of the 20th
Century. Government supported NMSs were no exception; they were pressured to become more cost-effective
by generating greater revenues through “specialized”
services. In addition, some NMSs faced stiff competition
from private sector entities offering similar services.
In 1987, a consensus emerged from discussion in the
Tenth World Meteorological Congress that all NMSs
could gain through a greater sharing of experiences
and expertise in the basic operations of services geared
to the public. The Congress also recognized the need
to develop closer relationships with public users of
weather services in order to find ways to better meet
their requirements. Further discussion led to the approval
of the proposed PWS Progamme by the Eleventh World
Meteorological Congress in 1991 as part of the WWW.
Since, the PWS Programme has focused on helping NMSs
to understand why users need their services and how
they use them in their decision-making so that NMSs
can tailor services to fit user needs.

Getting recognition
Key to the high performance of NMSs in disaster situations is their ability to provide high quality, reliable
weather services to the general public on a daily, routine
basis. Where this is the case, NMSs earn public recognition as the regular, reliable source of authoritative
advice on a range of weather issues. This requires that
they maintain good relationships with emergency management authorities, regularly reinforced by meetings
and other dialogue aimed at improving planning for
disaster management. The “Guide to Public Weather
Services Practices “(WMO No. 834), published by the
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PWS Programme, provides valuable guidelines to assist
NMSs in these areas and to improve their capabilities to
perform on a daily basis as well as in disaster situations.
But the pressure on some NMSs to reduce their size and
become cost-effective continued to intensify. In a more
competitive world, most had realized the importance
of improving their visibility and demonstrating their
value by providing, and being seen as the main source
of, good quality public weather services. The WWW
and its PWS Programme assisted them in doing both
through training and the publication of good practices.
The 1990s were the UN International Decade for Natural
Disaster Reduction and the 1995 World Meteorological
Day theme was “Public Weather Services”. These offered
great opportunities for NMSs to increase their visibility
and build public awareness. The PWS Programme and
NMSs used these events to underline the important linkage between the provision of reliable and timely weather
information to local communities under threat and the
availability of information nationally and internationally.
In 2005, the UN Hyogo Framework for Action 2005-2015:
Building the Resilience of Nations and Communities
to Disasters (HFA) was negotiated and adopted by
168 countries, shifting the paradigm for disaster risk
management from post disaster response to a more
comprehensive approach that would also include prevention and preparedness measures. NMSs were in
the spotlight. To achieving the objectives in the Hyogo
Framework, the World Meteorological Congress created
a Disaster Risk Reduction (DRR) Programme in 2007.
The DRR Programme has assisted NMSs in coordinating
Early Warning Systems, which have empowered local
communities and increased cooperation amongst within
government agencies as well as regionally.
Since the launch of the PWS Programme in WWW, it has
coordinated with other WMO Programmes, providing a
focus on the socio-economic benefits of meteorological
and hydrological services. The PWS Programme has
cooperated closely with numerous experts from many
WMO Members to produce a large body of works –
guidelines, reports and scientific papers – on all aspects
of the work of NMSs.

Looking to the future – challenges and
opportunities
A number of global factors – such as population growth,
increasing urbanization and technological breakthrough
in communication – will impact the nature, range and
delivery of weather services to the public over the next
few decades.. The biggest impact will probably be on
services related to food production and water resource

management. NMSs will be expected to support local
governments when it comes to the use of scarce resources,
such as water and energy. Understanding urban meteorology will be crucial to meeting the challenges and needs
of megacities and to sustainable development. Urban
and rural lifestyles will further diverge and require different services. Ever more attention will also focus on
environmental matters, foremost among them those
brought about by climate variability and change.
Governments, concerned with the security of citizens
from both natural and human-induced hazards, will
increasingly turn to NMSs for information in support of
reducing these risks. More will be expected from them,
especially in the reassessment of hazards and in providing early warnings and improved lead times to allow
more effective response. NMSs will also be expected to
provide forecasts of environmental conditions that may
lead to disease outbreaks and deliver advance warnings
of these to public health communities.
The successful evolution of NMSs will depend on
the degree of their engagement with citizens, clients
and partners in establishing priorities and integrating advances in science and technology. As primary
information conduits, they will have to provide a variety

of new products and services that will inform sound
decision and policy-making at the local, national and
international levels. To be effective, NMSs will have
to monitor and recognize the evolution of user means,
methods and needs, and integrate improved science,
new technologies and applications to expand decision
support services.
These are the kinds of challenges that motivated creation
of WWW and which will drive its successor, the WMO
Integrated Global Observing System (WIGOS). Under
the umbrella of WWW, NMSs can cooperate, learn and
benefit from the science and technologies of colleagues
around the world. Through its many programmes, skills
will be honed, data can be share and access data, and
much more.
WIGOS will assist NMSs in every way to respond to
future user and policy-maker needs for relevant and
timely information and services in order to make society
more resilient and enable it to overcome the challenges
and seize the opportunities of tomorrow.

In-house contributor
Haleh Kootval, Chief, Public Weather Service Division, WMO
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The Hong Kong
Observatory – Through
Science We Serve

by CM Shun, Director, Hong Kong Observatory1

Vision - Be a model of excellence in protecting lives
and building together a better society through science.
1

Mr. Shun is also Permanent Representative of Hong Kong,
China, with WMO, President of the WMO Commission for
Aeronautical Meteorology and Chair of the ESCAP/ WMO
Typhoon Committee.

2

Part of the British Empire as of 1842, sovereignty was resumed
by China in 1997, at which time it officially became: Hong
Kong Special Administrative Region of the People’s Republic
of China.

3

“”... called for the setting up of a time-ball based on a scientific
determination of the time... and the necessity for a more professional storm warning capability... calls were made as early as
1877, and again in 1879, for the establishment in Hong Kong of
an observatory to take charge of these tasks” - Early China Coast
Meteorology: The Role of Hong Kong, by P. Kevin MacKeown”
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Values - Through SCIENCE, we Serve, we Care, we
Innovate, we Enthuse, we Nurture, we Collaborate and
we Excel.

Innovation
In the early days of the WWW, after the February 1966
launch of ESSA-I and ESSA-II the world’s first operational
weather satellite system, the Observatory improvised
within a very short period of time an operational system
to receive satellite images from ESSA-II (and NIMBUS-II).
The system made use of some very basic equipment,
however, the quality of the satellite pictures compared
well with the best images received by multi-milliondollar equipment. One of the pioneers in implementing
that satellite picture reception system, Professor Peter
MK Yau, now a specialist in cloud physics and tropical
cyclones at McGill University (Canada), visited the
Observatory in August 2013 and recalled the innovative

HKO

Over the last few decades, the Observatory has ventured
into new disciplines such as nuclear radiation monitoring, emergency response and the further development
of aviation weather services for the new Hong Kong
International Airport. To mark its 130 th anniversary, the
Observatory engaged its staff in updating the Observatory’s vision, mission and value statements that will guide
its future activities over the next decade and beyond:

Mission - To provide people-oriented quality services in
meteorology and related fields, and to enhance society’s
capability in natural disaster prevention and response,
through science, innovation and partnership.

World Today with courtesy of the
University of Hong Kong Libraries

The four branches and 318 staff of the Hong Kong Observatory (hereafter referred to as the Observatory) celebrated
its 130th anniversary on 23 March, World Meteorological
Day. When the Observatory first saw light in 1883, its
mission was to serve the marine transport sector that
was crucial to commerce and the economic development
of Hong Kong1(China2), which was well on its way to
becoming a major shipping hub. The Observatory, well
aware of the importance of science and professionalism
in providing meteorological services3, has always sought
to innovate to achieve its goal. This is still the case today:
through scientific innovation and partnerships, facilitated
by the World Weather Watch (WWW), the Observatory
endeavours to serve an ever-expanding community of
users of weather services.

In 1966, Peter MK Yau used basic equipment, valued around
US $ 200, to capture satellite images for the Observatory.
At right is an image of Typhoon Judy captured in May 1966.

HKO
Sing Pao

Typhoon related casualties have declined significantly in recent
decades. Severe Typhoon Vicente in 2012 (its well-defined eye is
visible on the weather radar image at top) led to the issuance of a
level 10 warning – the highest on the Observatory scale – however,
there were no casualties.

spirit that existed there in 1966 when he was a 20-year
old scientific assistant.4

and to the developing the world-first LIDAR wind shear
alerting system covering clear-air conditions.5

The innovative spirit of the Observatory staff has continued throughout the history of WWW. Societal needs
arising from disaster risk reduction has been the main
driver. Innovation was necessary to build a more weather
resilient city, to construct the new Hong Kong International Airport (HKIA) and to respond to climate change.
It contributed, for example, to the development of the
first low-level wind shear detection system for the Hong
Kong Kai Tak airport in the late 1970s, to the deployment
of a Doppler acoustic radar for low-level wind shear
detection and for air ventilation studies in support of
town planning in the early 1980s, to the assembling of
the first automatic weather stations also in the early
1980s, to the development of a rainfall nowcasting
system (known as SWIRLS – “Short-range Warning of
Intense Rainstorms in Localized Systems”) in the 1990s,

SWIRLS has proven beneficial in providing operational
warnings of landslides brought by heavy rain. It received
international recognition in forecast demonstration
projects during the 2008 Beijing Olympics and the 2010
Shanghai World EXPO. SWIRLS was further extended by
integrating data from a newly installed regional lightning
detection network championed by the Observatory in
the mid-2000s, spawning a number of new nowcasting
convection services in support of airport operations and
air traffic management. These were timely developments,
as increasing air traffic and the extension of its terminal
area has made HKIA more vulnerable to significant
weather. Hong Kong’s largest electric company has
also recently started to use the nowcasting applications

4

www.weather.gov.hk/hkonews/D4/news-20130830e.htm

5

Shun, C. M., and P. W. Chan, 2008: Applications of an Infrared
Doppler Lidar in Detection of Wind Shear. J. Atmos. Oceanic
Technol., 25, 637–655.
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The mobile app MyObservatory (www.hko.gov.hk/
myobservatory_e.htm) was developed in early 2010.
It provided weather observations and photographs
for the area closest to the location of the user as
determined by the mobile platform. Within a few
months, MyObservatory was upgraded to provide
a suite of weather information, including displays of
weather forecasts and warnings, radar and satellite
imageries, lightning data, tidal information, tropical
cyclone tracking, information on ultraviolet exposure,
Observatory videos on YouTube, and much more.
This was in response to the growing user expectation
generated by “MyObservatory”.
This new version quickly became a great success, and
the number of downloads and page views skyrocketed. The number of downloads of MyObservatory
on iOS and Android platforms have now exceeded
3.8 million. Recently the page views of MyObservatory exceeded the page views of the Observatory
website. The daily figure now exceeds 100 million
page views – that is an average of more than 14
page views per day per person, considering Hong
Kong’s population of 7.2 million. The peak daily figure

in their operations. The world’s first location-specific
rainfall nowcast service, the mobile phone application
MyObservatory, is also based on SWIRLS outputs.
Faced with ever-changing user needs and quickly evolving
and emerging technologies and media for communication,
the capability to innovate is an important key to success
for meteorological services, especially the Observatory.
Over the past fifty years, the Observatory has gone a long
way from utilizing “a pile of junk which gives million dollar
tracking results” to deploying the latest technology to
deliver weather information to virtually every person on
the move, thanks to its innovative spirit and the service
mindset that permeates the Observatory and its people.

reached 205 million on 22 September 2013 during
the approach of Severe Typhoon Usagi.
The success of MyObservatory in Hong Kong led
the Observatory to develop the world’s first official
weather forecast mobile app, MyWorldWeather, as an
extension of the World Weather Information Service
(WWIS) of WMO. MyWorldWeather is now available
in nine languages: Arabic, Chinese, English, French,
German, Korean, Polish, Portuguese and Spanish.

HKO

MyObservatory

MyObservatory mobile app is available on iOS and
Android platforms.

overseas. Observatory staff cooperate closely with
their counterparts in mainland China on projects of
mutual interest in order to pull together expertise and
resources – for example, for high-performance computing platforms and data sharing.

Considering the tremendous success of the WWW in fostering international cooperation in weather, climate and
water in the past fifty years, the importance of partnership to national meteorological services (NMSs) cannot
be overstated. This is particularly so for a modest-size
NMS such as the Observatory. In its quest to innovate
and serve, Observatory has sought out cooperation
with national hydrological and meteorological services,
universities and research institutions, both locally and
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HKO

Partnerships

Government Flying Service and Observatory colleagues
checking the meteorological data probe on the Jetstream-41
fixed-wing aircraft.

In the early years of the Observatory, local cooperation and partnership were instrumental in collecting
meteorological observations, especially from the sea
and upper air. Reception of weather reports from ships
by wireless telegraphy started in 1908 and was well
established in the 1920 and 30s with around 10,000
reports received per year. Partnership with the aviation
community commenced in the same period with the
first-ever survey of upper-air temperatures, conducted in
1924 in cooperation with the British military. A training
school for pilots commenced regular upper-air observations in 1938; thus, the provision of aircraft observations
had become a daily routine by 1939. Both the aviation
and marine communities benefited in return from the
Observatory’s weather services.
The partnership with the aviation community reached
a milestone in 2011 when the Observatory collaborated
with the Government Flying Service to start conducting reconnaissance flights into tropical cyclones over
the northern part of the South China Sea on a Jetstream-41 fixed-wing aircraft. Two years earlier, the
Observatory had equipped the Jestream-41 with a
meteorological data probe with the intention of making
regular data collection flights in support of wind shear
and turbulence studies for HKIA. Assimilation into the
operational Numerical Weather Prediction model at the
Observatory of the weather data collected near tropical
cyclones reduced tropical cyclone track forecast errors
and improved precipitation forecasts. The wind data
collected at low altitudes were also found useful in the

Community weather information
network (Co-WIN)
Co-WIN is a collaborative effort of the Hong Kong
Polytechnic University and the Observatory, aimed at
promoting weather and climate education based on
a learning-by-doing approach. Members of Co-WIN
can install a basic off-the-shelf automatic weather
station, fitted with software and an Internet connection, to contribute weather reports to the website weather.ap.polyu.edu.hk. A mobile application
permits members to share weather photographs on
the Internet at co-win.org and on FaceBook at www.
facebook.com/icwos.
The number of Co-WIN members has risen from 35
to 133 since it was established in August 2007. They
span a wide spectrum from primary and secondary
schools to geriatric centres, the Scout Association
and WWF of Hong Kong. Two new members from the
ESCAP/WMO Typhoon Committee - in Guam, USA,

operational assessment of the wind structure of tropical cyclones. Such reconnaissance flights have now
become more or less routine operations whenever a
tropical cyclone is expected to affect Hong Kong. The
data collected is shared with WMO Members. In the
coming year, a Challenger 605 jet that will also launch
dropsondes will replace the Jetstream-41, making
real-time data collection and downlink near tropical
cyclones over the South China Sea a reality.
The Observatory started its international cooperation
efforts in the 1930s when the Observatory hosted the first
Conference of Directors of Far Eastern Weather Services.
The aim of the Conference was a regional agreement
in standardizing tropical cyclone warning signals (then
known as non-local storm signal code). Following World
War II, Observatory staff played active roles in many
WMO activities, including capacity building, typhoon and
monsoon research, marine climatological summaries,
public weather services, aviation weather services, and
so on. These efforts culminated, in the last decade, in
establishing the Severe Weather Information Centre
(SWIC) 6 and the World Weather Information Service
(WWIS)7, which make official warnings and forecasts
from WMO Members more accessible to the public and
the media around the world. These could not have been
achieved by the Observatory without the cooperation
of, and partnerships with, Members.
6

http://severe.worldweather.wmo.int/

7

http://worldweather.wmo.int/

and in the Philippines –have made the membership
international. Co-WIN received the 2010 Vaisala Award
for Weather Observing and Instrumentation of the
Royal Meteorological Society (RMetS).

Co-WIN’s Community Weather Observing Scheme
FaceBook page for sharing of weather photographs
by members.
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The Observatory could present a plethora of examples
of partnerships, but the point is clear: the quality of
weather services to the general public would not be at
their current levels had national hydrological and meteorological services had to develop them on their own.
The partnerships formed through WMO are essential for
pulling together expertise and resources that may not
be immediately available in a specific weather service
eager to pursue new initiatives in weather, climate and
water. The results of such partnerships benefit the entire
NMSs community and, ultimately, society at large.
With the establishment of the Global Framework on
Climate Services (GFCS), the Observatory has started
to establish local projects in collaboration with partners,
such as the Geotechnical Engineering Office, Water
Supplies Department and electric and gas companies,
to develop climate information services for applications

China to fill Satellite Gap with FY-3 Series
The Chinese Government adopted a 10-year plan for
the launch of 11 operational satellites to develop the
Feng-Yun (FY) meteorological satellite programme.
Feng-Yun means “Wind and Cloud”.

Science, innovation and partnership are in the Observatory’s genes. Looking ahead, the Observatory will
endeavour to sustain its active contribution to the WMO
family, foster further collaboration with partners at all
levels, pursue development opportunities and meet the
challenges ahead. In a world faced with opportunities
and challenges of climate change, the Observatory will
continue to serve society by providing science-based
information.

China Meteorological Administration (CMA) has
been seeking to jointly operate an improved WIGOS
by working with other satellite operators. To this
end, in coordination with the WMO Space Programme and with the assistance of the European
Organisation for the Exploitation of Meteorological
Satellites (EUMETSAT) and the National Oceanic
and Atmospheric Administration (NOAA), CMA is
carrying out a feasibility study on, and analysis of,
the development of a series of FY-3 early-morning
orbit satellites to fill the gaps in polar-orbiting
meteorological satellite observation. This will be
an important contribution to improving global
numerical weather prediction.

CMA

FY-3C, launched on 23 September, is the third flight
unit in the FY-3 series of seven operational meteorological satellites in sunsynchronous orbit. The
design life time of the satellites is three years. The
replacement policy is based on launching satellites at
regular intervals, one every two years. The FY-3 polarorbiting series provides services to users worldwide.

in disaster risk reduction, the management of water
resources and the energy sector. These will contribute
to making society better prepared to respond to climate
change. The Observatory also stands ready to share the
experience it has gained from these collaborations with
the international community in order to mainstream
these new climate services into the portfolio of national
hydrological and meteorological services.

Satellites have a unique vantage point for global monitoring of weather and climate phenomena. Above is a mosaic
image acquired by a Medium Resolution Spectral Imager flying on a CMA FY-3A satellite.

24 | WMO Bulletin 62 (2) - 2013

Users are the Winners as
WMO Information System
comes of age

by Markus Heene1

The past two years have been marked by intensive
efforts to complete the WMO Information System (WIS)
and make it fully operational. The three major Global
Information System Centres (GISCs) that supported the
formal launch of WIS operations in January 2012 have
since been joined by 4 more and 8 others will come
online in 2014. Together, these 15 GISCS will play a key
role in bringing the global system for sharing data on
weather, climate and water into the Internet age. With the
system infrastructure now virtually complete, the next
few years will demonstrate the enormous value promised
by this innovative concept as all WMO Members actively
participate in WIS and make more data available.1
The implementation of the WIS concept responds to a
2003 resolution by the World Meteorological Congress
that sought to expand and strengthen the management
and distribution of the data of WMO Members. Until that
point, only World Weather Watch (WWW) and related
programmes could share that data via the WWW Global
Telecommunications System (GTS). Under WIS, other WMO
and international programmes can now also share and
access that data, and all users are benefiting from improved
data discovery and management services. To ensure a
smooth transition, WIS builds on the GTS infrastructure,
accommodates existing systems and investments, and
provides sufficient flexibility to allow participating data
systems to enhance their capabilities over time as their
national and international responsibilities grow.

Connecting the data centres
WIS was designed to accommodate existing GTS operations that are reliable, effective and strongly managed.
It also incorporates new systems based on modern
Internet technologies with faster turnover times. As a
result, WIS can be viewed as consisting of two parts:
1

WIS Focal Point Deutscher Wetterdienst

one part contains the GTS operations for time- and
operation-critical data, while the other part builds on
this by introducing new information technologies and
services that provide flexible data discovery, access and
retrieval services. This approach allows contributors
to reuse their existing legacy systems and to add new
WIS services to them. Furthermore, a WMO Member
can delegate the provision of certain services to other
Members. These two elements – the reuse of existing
legacy systems and the principle of delegation – offer
a simple entry into WIS for all Members.
WIS encompasses three types of centres. The Global
Information System Centres (GISC) are the main WIS
innovation. Each GISC operates a comprehensive metadata catalogue that is synchronized with the other GISCs.
It holds a 24-hour cache with all data and products
intended for global exchange, and it offers flexible subscription services for data and products. The GISCs are
connected through the WIS Core Network to ensure an
end-to-end delivery of warnings within two minutes of
initialization. The three GISCs that became operational
in January 2012 are hosted in Beijing, China, Offenbach,
German, and Tokyo, Japan2. Other operational GISCs
are in Melbourne, Australia, Toulouse, France, Seoul,
Republic of Korea, and Exeter, United Kingdom of Great
Britain and Northern Ireland. Presently in the process
of becoming operational are Brasilia, Brazil, New Delhi,
India, Tehran, Islamic Republic of Iran, Moscow, Russian
Federation, Jeddah, Saudi Arabia, and Washington DC,
United States of America. The GISCs in Pretoria, South
Africa and Casablanca, Morocco will come online in 2014.
The second category of WIS centre consists of National
Centres. All existing National Meteorological and
2

See also WMO Press Release No. 939, 2012: New Weather
and Climate Information System Becomes Operational, www.
wmo.int/pages/mediacentre/press_releases/pr_939_en.html
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Hydrological Centres of WMO Members were approved
by the WMO Executive Council in 2013 as WIS National
Centres. The implementation effort required to become
a National Centre is quite modest. Each Centre is associated with a GISC, to which it uploads or downloads its
data – via the Internet, the GTS or an intermediary GTS
Regional Telecommunications Hub. The only new task
for the National Centre is to upload discovery metadata
describing the data and products being provided so that
they can be searched.
The third type of centre is the Data Collection or Production Centre (DCPC). These Centres collect, disseminate,
add value to, and archive regional or programme-specific
data and products. Like National Centres, they also
offer data discovery and access and retrieval services.
They upload their discovery metadata to their Principal
GISC. Examples of these Centres include the Regional
Telecommunications Hubs, the European Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT), the European Centre for Medium-Range
Weather Forecasts (ECMWF) and the African Centre of
Meteorological Application for Development (ACMAD).
As of November 2013, the WIS structure consists of
around 230 National Centers, 130 Data Collection and
Production Centres, and 15 operational or pre-operational
Global Information System Centres.

discovery metadata records. Of these, 75 000 records
described GTS data and products and 60 000 other data
and products. Today, the catalogue contains almost
150 000 records.
The WIS discovery metadata profile is ISO 19139 compliant. The selection of a well-established ISO standard
makes it possible for WMO Members and other WIS
providers to reuse the discovery metadata in national,
regional and inter-regional programmes. For example,
the WIS discovery metadata can be re-used without any
modification within the Infrastructure for Spatial Information in the European Community (INSPIRE) or within the
Global Earth Observing System of Systems (GEOSS).

Serving the user
WIS serves a multitude of users by acting as a one-stop
shop for all activities related to data management.
For the first time, users with the appropriate access
privileges can easily find and retrieve all the weather,
climate and water data and products they need in one
place. Data and products that are of worldwide interest
remain available in the 24-hour GISC cache. Authorized
users can gain immediate access to the data and do not
need to wait indefinitely for their request to be routed
through various GTS hubs before the data are delivered.
Furthermore, they can easily modify their data subscription and maintain their discovery metadata as needed.

Discovering data through the catalogue
When WIS officially started in January 2012, it offered
a comprehensive catalogue containing roughly 135 000

26 | WMO Bulletin 62 (2) - 2013

Now that WIS has been in operation for almost two
years, the focus needs to turn to training users so that
they can become familiar with the services. The GISCs

are organizing user meetings and capacity-building
exercises to inform users about the WIS concept and to
review together with the users the discovery metadata
and the procedures for uploading data and products. The
GISCs also collect user requirements and obtain direct
feedback from their user community. This feedback is
crucial for improving the services offered. It creates
a win-win situation for both sides: users benefit from
a better service and a reduced daily workload, while
service provider can spend the support resources that
this frees up more efficiently, thus further improving
services and user satisfaction.
In addition to supporting National Meteorological and
Hydrological Services with their operational monitoring
and forecasting, WIS supports a wide range of other
users. To illustrate:
• A South African PhD student who is studying climate
anomalies of East Asia. - By issuing a single search
query at her GISC, she can retrieve all the observation
data and products matching her search. Through the
discovery metadata, she can identify the data format
and where she can find additional information for

the decoding of the data. After downloading a few
samples, successfully decoding and verifying her
import routines, she can create a subscription to
retrieve the data on a regular basis.
• A National Meteorological and Hydrological Centre
requiring metadata for all publicly available products
for its national Geo Data Portal, which also wants to
enhance the international visibility of its products. - A
data manager can sign into his Principal GISC and,
by using the online editor, creates metadata for the
meteograms published on the web. After he saves
the metadata record he downloads the records for his
national Geo Data Portal. In the meantime, the other
GISCs harvested the record and it is made globally
available.
The European Union-funded BALTRAD project, which
created a sustainable weather radar network for the
Baltic Sea Region, provides a tangible example. The
project requires 12-hourly accumulated precipitation
data from as many stations as possible from its Members. There data analyst can issue a combined search
of precipitation in the geographical region through
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Global Information System Centres in 2013
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-pre-operational (Source: Hermann Asensio, DWD)
The list of Operational GISCs is maintained online at www.wmo.int/pages/prog/www/WIS/GISCs.html
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WIS. After selecting the relevant data, he can set up a
subscription to retrieve the data.

Albert Brotzer, and Michael Dreiucker for their contributions to this article.

In two short years of operation, WIS has already succeeded in providing an overarching approach to data
management for all of WMO, including the emerging
WMO Integrated Global Observing System (WIGOS) as
well as related international programmes such as the
World Climate Research Programme. In this way, WIS
provides value to all people, projects, programmes and
organizations searching for weather, climate and water
information. As a further benefit, WIS will also increase
communication between WMO Members and inspire
new forms of co-operation in a range of emerging fields.
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Finding a Higgs Boson in
a Haystack

By Andrew Purcell1 and Alberto Pace2

As described in the previous article, the meteorological
community is rapidly advancing its capacity to manage
and distribute the growing amounts of data and information being generated by WMO Members and other
organizations. Not surprisingly, other technical and
scientific communities are also grappling with how best
to organize massive quantities of data. Like WMO, they
are tackling this challenge by taking advantage of the
rise of the Internet, the accelerating power of computers,
and the increasing sophistication of software.12
The following article describes the strategy being adopted
by the European Organization for Nuclear Research,
1

Editor of International Science Grid This Week, based at CERN

2

Head of Data and Storage Services group, IT Department,
CERN

known by its French acronym as CERN and located just
a few kilometers from WMO’s Geneva headquarters.
While the nature of CERN’s data-management needs is
in many ways different from WMO’s, its strategy offers
an interesting comparison to the approach taken by the
WMO Information System.
When particles collide, data explodes. The Large Hadron
Collider (LHC) at CERN produces roughly one million
gigabytes of data per second. Using sophisticated
selection systems, researchers at CERN are able to
filter out all but the most promising data, but this still
leaves the organisation with over 25 million gigabytes
of data to handle annually — this is the equivalent of
over 5 million DVDs. Analysing and understanding this
data in a meaningful way is a tremendous challenge,
requiring a global, collaborative effort. While the scale

The Grid never sleeps: this image shows activity on 1 January 2013, just after midnight,
with almost 250,000 jobs running.
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of the challenge at CERN may be larger than that faced
by many other organisations, important lessons may
be learned from how CERN handles this data.

preservation of data. CERN has both driven and profited
from this evolution, making it a prime example of how to
successfully deal with large amounts of scientific data.

Modern scientific computing can be divided into three
main pillars:

A worldwide computer

• Processing — many computing cores may be required
to transform and analyse the data associated with a
particular research project. LHC data analysis, for
instance, requires computing power equivalent to
approximately 300,000 of today’s fastest PC processing cores.
• Networking — a fast network, including a large bandwidth to the Internet, is vital for providing geographically dispersed research centres and laboratories with
access to the computing infrastructure.
• Data handling — data needs to be stored, moved
to where processing resources are available at any
given time, and distributed among a large number
of stakeholders (universities, research laboratories,
etc.). Long-term preservation of data is also often
very important.

As far back as the late 1990s, it was already clear that
the expected amount of LHC data would far exceed
the computing capacity at CERN alone. This is why, in
2001, CERN initiated the Worldwide LHC Computing
Grid (WLCG) project, which is a distributed computing
solution connecting the data processing and storage
facilities of more than 150 sites in nearly 40 countries
around the world. Starting in 2003, the WLCG service
was gradually built up through a series of increasing performance challenges, before being officially
inaugurated in 2008.Today, it is used by about 10,000
physicists and, on average, well in excess of 250,000
‘jobs’ run concurrently.

Strength in numbers
WLCG uses a tiered structure, with the primary copy
of all the data stored at the CERN data centre, often

CERN

While computers are essential tools in almost all fields of
science, never have they been more integral to research
than today. Historically, scientific computing was focused
primarily on processing information, but recent years
have seen significant evolution in technologies relating to storage, processing, distribution and long-term

The CERN data centre has a computing power capacity of 3.5 megawatts and boasts a staggering 88,000
processing cores. Nevertheless, the organisation only
provides 15 per cent of the computing capacity required
to process the mountain of data generated by the LHC,
even after filtering by complex algorithms has discarded
all but around 1 per cent of the data.

The handling of the magnetic tape cartridges is now fully automated, as they
are racked in vaults where they are moved between the storage shelves and
the tape drives by robotic arms. Over 100 petabytes of data are permanently
archived, equivalent to 700 years of full HD-quality movies.
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referred to as Tier-0. From here, CERN sends out a
second copy of the data to 11 major data centres around
the world that together form the first level, or Tier-1.
Data centres in Russia and South Korea are set to join
in the near future, bringing the total number of WLCG
Tier-1 sites up to 13.

of severe operational incidents, to increase the number
of CPU cores able to process the data in parallel, or to
increase the available throughput for on-demand transfers (as multiple copies can serve the data in parallel).

Tier-1 sites have a responsibility for long term guardianship of the data and they provide a second level of data
processing. Each Tier-1 site links to a number of Tier-2
sites, usually located in the same geographical region.
In total there are around 140 Tier-2 sites, which are typically university departments or physics laboratories.
Although generally small, Tier-2 sites now regularly
deliver more than half of total resources. It is at these
sites that the real physics analysis takes place.

The LHC physics experiments at CERN provide a good
example of such data management activities. The data
generated by these experiments is regularly moved
from one storage pool to another, so as to minimize
costs or because the quality of service differs among
the different pools. A storage pool based on solid state
drives with multiple data replicas and fast networking
may, for instance, be used to store high-value raw data
that needs to be analysed. Once the data processing
has been completed, this same data can be moved
to a high-latency, low-cost archive repository, where
long-term reliability is key. Equally, some intermediate
analysis results, which can be recalculated if lost, will
likely be moved to a low-latency, high-throughput,
low-cost, unreliable temporary storage pool, known
as “scratch space”.

Earlier this year, CERN and the Wigner Research Centre for Physics inaugurated an extension of the CERN
data centre in Budapest, Hungary. About 500 servers,
20,000 computing cores, and 5.5 petabytes of storage
are already operational at that site. The two dedicated
and redundant 100 gigabits-per-second circuits connecting the two sites have been functional since February
2013 and are among the first transnational links at this
distance. The capacity at Wigner is remotely managed
from CERN and substantially extends the capabilities
of WLCG Tier-0.

Data distribution

Multiple pools

The data model of the LHC experiments is, of course,
much more complex than this rough outline and there
is a clear need for data pools with different qualities of
service (in terms of reliability, performance and cost).
Also, a variety of tools are required to transfer and
process this data across pools.

With a large distributed computing solution, the most
important factor limiting processing is that CPU resources
may not be close to the data storage location. This leads
to the transfer of large amounts of data, often across the
academic Internet or across private fibre-optic cables,
which leads to time during which some CPU resources
are idle. Consequently, a good data-placement strategy
is essential to maximise the computing resources available at all times.

The need for a multi-pool architecture to efficiently
handle complex data-workflows in scientific research
is evident by the fact that even the simplest computer
has multiple types of storage: L1 and L2 caches, RAM
memory, hard disk. Running a computer from a single
type of storage would be a simplification that would
lead to inefficiencies.

Overall efficiency is heavily influenced by data-caching
strategies as well as the speed of data transfer from
offline to online storage, from remote to local sites,
from data servers to local disk, and from local disk
to local RAM. Similarly, the strategies used for error
correction and data replication may have considerable
consequences on both the availability and reliability of
data. For these reasons, good data management — the
architecture, policies and procedures that manage all
data activities and lifecycle — is important in large-scale
scientific computing.

This requirement of having multiple pools with a specific quality of service is probably the major difference
between what may be termed “cloud storage” and ”big
data” approaches to handling large amounts of data:

In large research projects, data workflows can be
extremely complex: data can be duplicated across
multiple sites to reduce the probability of loss in case

Pooling pools?

• In the cloud storage model, all data are stored into a
huge, flat, uniform storage pool. As there is only one
pool containing all data (typically with three replicas
spread across multiple sites), there is no need to
move the data. This single-pool approach implies
a uniform quality of service, with the consequence
that this becomes rapidly suboptimal (and therefore
uneconomic) when the amount of data grows beyond
the point where storage contributes to a large fraction
of the cost of the whole scientific project.

WMO Bulletin 62 (2) - 2013 | 31

• Conversely, the big data approach goes beyond the
single unique storage pool. It introduces the concepts
of data workflows, data life time, data movement,
data placement and a storage infrastructure based
on multiple pools with variable quality of service,
whereby the cost of storage can be significantly
reduced and, hopefully, optimized.

of around 10,000 gigabytes, which is the equivalent
of about 5,000 average-sized user mailboxes per day.
This is clearly unacceptable and is why storing only one
copy of data on a single disk is not a viable strategy for
a storage service.

Media merits

The situation we measure for tapes is rather different.
Tapes come in cartridges of 4-5,000 gigabytes and have
a cost (€0.02 per gigabyte) comparable to disks. The
major drawback with tapes is that they have high latency
(long access time), as it can take a couple of minutes to
rewind a tape, demount it, mount another cartridge and
fast forward to the location where the data needs to be
read. Nevertheless, despite their reputation for being
slow, once a tape has been mounted and positioned,
data can actually be written or read at speeds that are
typically twice those experienced with hard disks. In
addition, tape drives have separate heads for reading
and writing, allowing the data to be read ”on the fly” just
after having been written, giving an additional factor
of two improvement in terms of streaming rates when
data verification is necessary. Unlike hard disks, tapes
consume no power when not being read or written.

Everybody using a computer at home or in the work
place has a clear picture of what can be expected from
hard disks. Common sense says that they are pretty
fast and cheap. A majority of laptop or desktop users
would also say that they are pretty reliable because
they have never experienced a loss of data due to disk
failure — although they are probably aware that this
can happen. Yet, at the CERN data centre, we have the
opportunity to measure the quality of the various media
systematically over a very large volume of data and we
have reached some surprising conclusions.

Another difference between disks and tapes comes when
comparing reliability. When a tape fails, the amount of
data loss is limited to a localized area of the tape, and the
remaining part of the tape remains readable. This ”tape
incident” generates a data loss that ranges from few hundred megabytes up to few gigabytes, thus representing

CERN

We have found that hard disks are a cost-effective (€0.03
per gigabyte) solution for online storage (without taking
into account the electrical consumption cost of a 24/7
operation) and their performance is acceptable (100
megabytes per second in reading and writing a single
stream with a few milliseconds of seek time). However,
their reliability is too low to ensure any acceptable service without data loss: the CERN data centre has 80,000
disks and we experience a typical failure rate of around
5 disks on an average day. This gives a daily data loss

Long live long-lived storage

The CERN data centre houses servers and data storage systems not only for ‘tier-0’ of WLCG and for other physics analysis,
but also for systems that are critical to the daily functioning of the laboratory.
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three orders of magnitude less than the data loss in a disk
failure. This figure is confirmed by the CERN data centre,
which, with more than 50,000 tapes, experiences a loss
of tape data of just a few hundreds of gigabytes annually.
This compares against the few hundred terabytes of data
lost due to disk failure every year.
Failures with tapes are also much less correlated between
each other: the probability of a read operation in tape
A failing is quite independent from the probability of a
failure on tape B. With hard disks, there is greater correlation when disks are in the same servers or under
the same controller – the probability of a second failure
after a first one is much higher than the probability of the
initial failure. Independence of failures is a key strategy
to increase the service reliability and this independence
is often missing when servers with large number of
disks are used in the infrastructure.

Conflicts and data integrity
The CERN Data Centre has so far recorded over 100
petabytes (equal to 100 million gigabytes) of physics
data from the LHC, which is roughly equivalent to 700
years of full HD-quality movies . Particle collisions from
the LHC have generated about 75 petabytes of this data
in the past three years alone. At CERN, the bulk of the
data (about 88 petabytes) is archived on tape. In total, the
organisation has eight robotic tape libraries distributed
over two buildings, and each tape library can contain up
to 14,000 tape cartridges. CERN currently has around
52,000 tape cartridges. The remaining physics data (13
petabytes) is stored on a system of hard disks optimized
for fast analysis and accessible by many concurrent
users. The data are stored on over 17,000 disks attached
to 800 disk servers.
In a multi-pool system, such as that used by CERN, it
is important to ensure that there are no discrepancies
between the multiple copies of the data replicated in
different pools. In a perfect world, where software always
behaves as designed, replication based on metadata
information should be enough to ensure a sufficient

level of consistency. However, where conflicts do arise
between data sets in different pools, it is important to
have a well-defined strategy in place to handle them.
Security is another vital aspect of ensuring long-term
data integrity. Every request that a storage service
executes needs to be mapped to a particular identity,
and this identity needs to be traceable to a person.
Security may, for example, involve the encryption of
data or placing limits on what data can be accessed
or modified by particular users. High security may,
however, require compromises to be struck between
performance, scalability and costs.

Conclusions
This article shows that while distributing petabytes
of scientific data 24/7 may be complex, it is certainly
possible. Components within such a large system will
inevitably fail, so it is important to build resilient systems.
It is worth bearing in mind that it took over a decade
to build WLCG. During the lifespan of WLCG, networks
have proven to be far more reliable than anticipated, as
well as more affordable. Global federated identities have
also been key to the success of WLCG, since researchers
regularly change organisations, but still want to access
‘their’ data.
CERN is at the forefront of handling extremely large
data sets, with sophisticated solutions existing for data
processing, distribution and analysis. The organisation
is now tackling challenges related to long-term data
preservation. Data preservation and sustainability require
permanent efforts, even after funding for experiments
ceases, with measures to achieve this now frequently
becoming a requirement of funding agencies. This
is a significant and welcome trend, since we have an
important duty to future generations to accurately
and efficiently preserve the data generated by CERN
experiments.
You can learn more about how CERN handles data in
this video: http://cds.cern.ch/record/1541893
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IMO Prize Winner:
Professor Zaviša Janjić

The 57 th International Meteorological Organization
(IMO) Prize was awarded to Professor Zaviša Janjić in
recognition of his outstanding life-long contributions
to the advancement of theory and practice of atmospheric modeling and numerical weather prediction,
in particular, for the development of generations of
atmospheric models based on his innovative numerical
and parameterization schemes. Professor Janjić also
took a leading scientific role in the development of the
Hydrometeorological Institute and Belgrade University
(HIBU) model, the NCEP Eta model, the Weather Research
and Forecasting Nonhydrostatic Mesoscale Model (WRF
NMM) and the new, unified, multi-scale NMMB. These
have been used for research and weather forecasting
all over the world, inspiring the work of many scientists
and producing forecasts reaching millions of users. At
the award ceremony in May 2013, Professor Janjić gave
the Bulletin a brief interview.
Which of your notable achievements makes
you proudest?
“There have been many challenges in my career.
Some of them took me years to resolve, and some I
have not yet resolved. Apart from teaching, I spent

The award ceremony in May 2013
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most of my career working in weather services. In
such environments one is permanently exposed to
problems requiring immediate responses. It was
challenging, but also scientifically stimulating, and I
believe very beneficial since I was in position to see
a bigger picture and respond in a more coherent way
to various issues I had to deal with.
“Early in my career, I focused on numerical methods
for discretization of hydrostatic dynamics. As a graduate student, I found a stable and efficient solution
for the grid-decoupling problem on semi-staggered
horizontal grids by targeting only the most relevant
terms in the continuity equation. That was my first
scientific paper in a respectable scientific journal.
“Another problem I was looking at was the pressure
gradient force error in terrain following coordinate
systems and transformations of kinetic and potential energy through the “omega-alpha” term of the
thermodynamic equation. Here, I gave an explanation of the pressure gradient force error, proposed
a method for its minimization, and developed an
energy conserving scheme for the omega-alpha
term in the thermodynamic equation. Unlike with
conventional time splitting, I kept the advection of
pressure in the omega-alpha term in the fast mode
group. In this way the system was split into energy
conserving subsystems.
“However, the problem that always fascinated me
is the nonlinearity of atmospheric flows. My work in
this area was inspired by the work of Professor Akio
Arakawa. His energy, enstrophy and momentum
conserving Jacobian controlling the nonlinear energy
cascade is perhaps the most significant contribution
to numerical methods used in atmospheric models in
the twentieth century. However, when I started looking
at nonlinear flows, it was not even clear whether the

proper application of the Arakawa Jacobian was possible on the semi-staggered horizontal grids. The first
nonlinear scheme I designed conserved energy and
enstrophy, but as I soon realized, the formal conservation of energy and enstrophy on the semi-staggered
grids was not sufficient to provide effective control of
the nonlinear energy cascade throughout the spectral
range. Studying the Arakawa Jacobian further, I noticed
some of its previously unknown properties, and utilizing these properties I developed a new advection
scheme for the semi-staggered grids that conserved
a number of integral properties, and controlled the
nonlinear cascade more strictly than any other known
scheme. As I hoped, the reward came in the form of
remarkable computational stability and absence of
computational noise in all the models from the HIBU
model on, as well as in later successful replication of
the form of atmospheric spectrum that was not just a
cosmetic artefact produced by numerical filters. This
is the achievement that I have been most proud of.
“Later, following the feature of the Arakawa Jacobian
that each grid point exchanges fluxes with eight
neighbouring points, I “isotropized” all divergence
and advection operators. Also, I designed a temporary “minimum” physics. All these novelties I
implemented first in the HIBU model. The work on the
pressure gradient force error, omega-alpha term and
my first energy end enstrophy conserving scheme
were subjects of my D.Sc. thesis and a paper that
brought me the WMO Research Award for Encouragement of Young Scientists. For a paper describing
the technique preventing the sub-grid separation in
the HIBU model, I got the WMO sponsored Borivoje
Dobrilovic Trust Fund Award.”
What scientific challenges marked your
later career?
“The dynamics of the NCEP Eta model followed the
same principles as that of the HIBU model, but in
addition allowed the option of blocking the flow by
step-like mountains. There were two major challenges
for me here that marked the beginning of my more
than 20 years long affiliation with NMC/NCEP. One
was vectorization of the dynamics, and the other,
much more complex, was the development of a
comprehensive physics package (except radiation).
This package included then up-to-date procedures
for representing turbulence, surface processes, moist
convection and stratiform precipitation. Concerning
the step-mountains, I made a contribution to specification of internal lateral boundary conditions. The
resolution of this problem was a precondition for
application of the step-mountain blocking without
violating favourable features of the HIBU model. The

vectorized dynamics with the step-mountain option
and the comprehensive physical package would be
later known as the Eta model, which underwent
significant further evolution and upgrades over the
years of its service. Unfortunately, the representation
of topography in atmospheric models still does not
have a fully satisfactory solution, and still attracts
attention of scientific community.
“Even though I also developed a viscous sub-layer
model for the air-sea interface and a much more
advanced land surface model, in the long run, my
most notable contributions to the physical package
development have been in the area of turbulence
parameterization and the parameterization of moist
convection. Responding to problems with convection
in the Eta model, I generalized the scheme for deep
convection to encompass a wide range of convective
regimes and to provide a smooth transition to the
grid-scale precipitation. For the shallow convection, I derived the closure from the second principle
of thermodynamics. The Betts-Miller-Janjić (BMJ)
scheme with these extensions and generalizations
has been widely used.
“The issues I encountered with the Mellor-Yamada
Level 2.5 turbulence model were a tougher challenge.
The main problem was a singularity in the turbulence
kinetic energy production and dissipation equation in
case of convectively driven growing turbulence. Here,
I devised the realizability criterion and developed
a non-singular, unconditionally stable method for
solving the turbulence kinetic energy equation in the
unstable range. In the case of stable stratification, I
derived a criterion for the master length scale from
the internal relationships of the turbulence model.
This criterion replaced the popular criterion based
on stability. With the extended Mellor-Yamada-Janjić
scheme, seamless application has been possible
over the entire stability range, including convectively
driven growing turbulence and free convection.
What changes or new approach did you take in
your non-hydrostatic models for numerical weather
prediction?
“Within the Weather Research and Forecasting (WRF)
initiative, I developed a non-hydrostatic model suitable for numerical weather prediction (WRF NMM).
This is the model that replaced the Eta in operations
at NCEP, and provided one of the two existing WRF
model dynamical cores. The WRF NMM core is also
driving NCEP’s Hurricane WRF forecasting model.
“Most of the non-hydrostatic NWP models were
developed extending meso–scale non-hydrostatic
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modelling concepts to the synoptic scales and beyond.
In contrast, my approach was based on relaxing the
hydrostatic approximation in my earlier hydrostatic
formulation that was proven in operational weather
forecasting and regional climate studies. At the same
time I avoided over-specification of the non-hydrostatic
system of equations. The non-hydrostatic dynamics
are introduced through an add–on module that can be
turned on and off. The classical non-hydrostatic model
tests reconfirmed the soundness of the approach.

latitude-longitude grid with local spatial and explicit
time differencing avoids the two-dimensional nonlocality inherent to Galerkin discretizations and
implicit time differencing, and also requires narrower
sub-domain halos. However, the polar filtering based
on conventional fast Fourier transforms requires
transpositions involving extra communications. So,
research aimed at finding a better way of handling
spherical geometry, and/or faster parallel Fourier
transforms is under way.

“The separation of the non-hydrostatic contributions
shows in a transparent way how relaxing of the
hydrostatic approximation affects the hydrostatic
equations and allows comparison of hydrostatic and
non-hydrostatic solutions. The remarkable computational efficiency of the full three-dimensional model
was achieved by avoiding time splitting and iterative
time differencing.

“Another challenge on the global scale is that the
limit of validity of the hydrostatic approximation is
rapidly being approached. Having in mind the sensitivity of extended deterministic forecasts to small
disturbances, we may need global non-hydrostatic
models sooner than we think, and that is likely to bring
additional problems with computational efficiency
of nonlocal schemes.

“Over the last few years, I have been developing
a unified multi-scale non-hydrostatic model for a
wide range of spatial and temporal scales (NMMB).
This model is based on the experiences with the
WRF NMM. The polar singularity problem in the
global version is addressed by filtering tendencies
of the basic model variables, thereby slowing down
the motions on the scales that would otherwise be
unstable. The regional NMMB already replaced the
WRF NMM in operations at NCEP.”

“On the other hand, the theory and practical results
indicate that uncertainties in forecasting atmospheric
processes can be reduced and statistically quantified
by ensemble forecasting. It is, however, not clear at
what point the potential of deterministic forecasting
will be exhausted, and when ensemble forecasting
will remain as the only approach that promises
significant improvements. In my opinion that point
has not been reached, and further improvements in
forecasting skill on all spatial scales are still possible
by improving deterministic forecasting systems.

What areas have you identified as requiring further
scientific research?
“Modelling of atmospheric processes has made a
huge progress since the first promising attempts
sixty years ago. However, there are a number of
issues that still need attention. Some of them I will
mention here, but this will not be an exhaustive list.
“The progress in atmospheric modelling has always
been closely connected to advances in computer
technology. The unprecedented computer power
that we now have allows operational application of
horizontal resolutions on the order of 10 km on the
global scale. The parallel computer architecture is
here to stay, and some widely adopted modelling
paradigms may need to evolve in order to productively
utilize the full power of parallel processing. Namely,
application of local Eulerian methods and explicit time
differencing is becoming more attractive in order to
minimize communications between the processors
working in parallel.
“On the global scales, the treatment of spherical
geometry remains an issue. The straightforward
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“Another longstanding problem, although with new
developments, is the parameterization of moist convection. Namely, the assumptions behind the most
widely accepted parameterization paradigm cease to
be valid at the horizontal resolutions already used in
operations. So, the search is under way for parameterizations with more realistic asymptotic behaviour
with increasing horizontal resolution.
“Another area that requires further research is cloud
prediction and interaction between clouds and radiation. This issue is related to both microphysics and
radiation parameterizations, and since the solar
radiation is the source of energy driving the atmosphere, it is particularly important for extended range
forecasting and climate studies.”
What challenges do you see for the young
generation of meteorologists?
“Nothing can compensate for atmospheric processes
that have been ignored, or for inaccurate or inadequate initial and boundary conditions. This is why in
the future I expect further system integrations, such

as coupling atmospheric, land, ice and ocean models,
and taking into account the effects of aerosols and
atmospheric chemistry with increasing complexity.
However, I believe that most of future improvements in deterministic forecasting will result from
further refinement of data assimilation techniques
and assimilation of more data types coming from
additional observed data sources. This is where I
think the contributions of younger generations will
be most welcome.”

Wiin-Nielsen, Lennart Bengtson and Eugenia Kalnay.
Also very important, and in many respects decisive,
was the favourable and productive working environment as well as the understanding and support that
I enjoyed at NMC/NCEP, particularly from Drs. Ron
McPherson, Louis Uccellini, Steve Lord and Geoff
DiMego. Lengthy discussions with Dr. Joe Gerrity
helped me clarify and develop several important ideas,
and I had a lot of help from other NCEP staff. I owe a
lot to numerous other people with whom I interacted
and cooperated, and to whom I am making an injustice
by not mentioning them by name. Unfortunately, any
list that I could make now would be incomplete, and
therefore even more unjust. However, my career would
have been much shorter, and all this would not have
been possible, without encouragement and help from
my family, and especially from my wife Gordana.”

What external factors contributed to your
scientific research?
“I have not been living and working in a vacuum.
During my career, I interacted with many great scientists, including my fellow IMO prize winners Aksel
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IMO Prize Winner:
Professor Zaviša Janjić

Project of the WMO Commission for Atmospheric
Sciences 1983-1988, Joint Working Group on Numerical Experimentation of the WMO Commission for
Atmospheric Sciences and International Council
of Scientific Unions 1985-1990, Scientific Advisory
Committee of the European Centre for Medium-range
Weather Forecasts 1985-1993

Born: 1949 in Čačak, Serbia

Overview of scientific activities
Education: 1971 B.Sc in meteorology, University of
Belgrade, 1974 and 1977 Master and D.Sc. degrees,
University of Zagreb
Main scientific interest: numerical modeling of the
atmosphere

Career highlights
1971-1973: Center for Atmospheric Sciences, University of Belgrade
1973-1985: Yugoslav Federal Hydrometeorological
Institute
1985-1986: Hydrometeorological Institute of Serbia
Professor at Belgrade University: 1978 Assistant
Professor, 1987 Associate Professor, 1991 full Professor. In 1987 took on full time position at the College
of Physics
1975-1976: European Centre for Medium-range
Weather Forecasts (ECMWF)

• Analysis and optimization of methods for calculating pressure gradient force in coordinate systems
that follow Earth’s surface and on other aspects
of incorporation of the effects of mountains in
numerical models.
• Development of energy and enstrophy conserving nonlinear advection schemes with controlled
nonlinear energy cascade on semi-staggered grids;
• Formulation and development of parameterizations
of physical processes, particularly those dealing
with turbulence, moist convection, viscous sublayer and solid surface processes;
• Development of an original approach to nonhydrostatic modelling for numerical weather prediction
(NWP) applications; and
• Development of several generations of atmospheric
models including a new multi-scale (from micro
and meso to planetary scale) model with several
innovative and unique features.

1989-1990: Head of UCAR [University Cooperation
for Atmospheric Research] scientific program at the
National Meteorological Center (NMC) in Washington, D.C.

Scientific awards

1994-2009: National Center for Environmental Prediction (NCEP) Washington through UCAR

1981: WMO Borivoje Dobrilović Trust Fund Research
Award in Meteorology

2009: joined NCEP

2007: American Meteorological Society Francis W.
Reichelderfer Award: “For outstanding contributions
to developments and implementation of NCEP limitedarea weather prediction models (Eta and NMM).
The numerical and parameterization schemes he
developed ideally combine theoretical solutions, as
well as a balance between elegance and practicality.”

Scientific memberships: Corresponding Member of
Serbian Academy of Sciences and Arts 2000
International scientific bodies: Working Group
on Short- and Medium-range Weather Prediction
Research of the WMO Commission for Atmospheric
Sciences 1982-1986, Chairman of the Steering Committee for Extratropical Limited Area Modelling
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1978: WMO Research Award for Encouragement of
Young Scientists from RA VI (Europe)

2012: 57th International Meteorological Organization
(IMO) Prize

Book Review:
Radar for Meteorological and
Atmospheric Observations
by Hiroshi Uyeda, Hydrospheric Atmospheric Research Center,
Nagoya University

The use of radar has greatly improved our ability to interpret weather phenomena and understand atmospheric
dynamics. It has also facilitated new observations and an
enhanced appreciation of our environment. The authors
of Radar for Meteorological and Atmospheric Observations – academician Shoichiro Fukao and industry expert
Kyosuke Hamazu – have collaborated on the development
of various types of weather and atmospheric radars,
ranging from middle and upper atmosphere radar to
boundary layer radar. Their routine exchanges with
colleagues convinced them that knowledge of weather
and atmospheric radars could be improved if they were
described comprehensively and systematically in one
volume using common approaches. Thus, the initial
discussion in Radar for Meteorological and Atmospheric
Observations focuses on identifying an appropriate
approach to distinguish between the atmospheric updraft
and fall velocity of precipitation particles in the Doppler spectrum using middle and upper atmosphere
radar, where an understanding of both weather and
the dynamics of the atmosphere are required. Based on
their experience in developing various types of radar
and performing a variety of weather and atmospheric
observations, the authors conclude that the scientific
and technical bases for atmospheric radar observations
could be treated in the same manner.
This first half of the book concentrates on the theoretical aspects of weather and atmospheric radar, while
the second half describes actual systems as well as

observations made using such systems. In first half,
the chapter on the reception and processing of signals
is precise and comprehensible, and contains original
figures and descriptions. In the second half, a variety of
radar systems and observational results are introduced,
accompanied by numerous photos and figures, to assist
the reader’s understanding. Dr. Richard J. Doviak, who
reviewed and edited the book, noted that “the authors
have done a remarkable job of combining the results of
research in weather and atmospheric radars to provide
readers with a comprehensive overview of the outstanding observations that have been made with radar
used as a remote sensor of weather and atmospheric
phenomena.”
The descriptions of the technical and operational background to radar observations contained in this book will
serve as a useful reference for all readers working in
radar-related fields, though descriptions of spaceborne
radar are limited. The book is aimed at scientists, engineers, students and others interested in meteorology
and atmospheric science. It will also be useful to weather
forecasters and river administrators who are engaged in
radar observations and monitoring. It may also serve to
promote collaboration among meteorologists, hydrologists and engineers with the aim of developing a common
approach to radar observations of weather and other
atmospheric phenomena, particularly in light of recent
public demands for such collaboration following issues
associated with destructive rainfall events.
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The World Weather
Open Science Conference
Montréal, Canada, 16-21 August 2014

The weather: what’s the outlook?
The overarching theme of WWOSC2014 is “ Seamless Prediction of the Earth System:
from minutes to months”. The conference is structured around two programs:
• The science program will cover basic weather research that extends our knowledge
of processes and systems as well as the applied research needed to put prediction
systems together and assess the impacts of weather and climate events.
• The user, application & social science program will consider the goods and services
economy and the role of government in disaster risk reduction and management and
the communication of weather information.

Abstract Submission Now Open!
• Deadline for submission: 24 February 2014
• Limit of one submission per first author; up to ten co-authors permitted.
• Notifications of accepted abstracts will be emailed the week of 21 April, after which the
presenting (or poster) speaker must confirm acceptance by 22 May.
• Note: travel support applications can be made during the abstract submission process.

Science plenary speakers to include:
• Mel Shapiro on the future scientific challenges of Earth-system prediction aligned with
the 2010 BAMS compendium of vision papers
• Al Kellie on the past, present and future of High Performance Computing and its
applications in weather prediction
• Philippe Bougeault on state-of-the-art mesoscale NWP and regional applications with
some background on PPP and HIW projects and other WWRP RDPs
• Julia Slingo on the seamless prediction problem, including bridging global NWP and
climate prediction through sub-seasonal to seasonal prediction
• Jean-Noël Thépault on the actual status and future challenges of data assimilation and
observing systems (global and regional)
• Alan Thorpe on global NWP with an historical perspective and future directions

wwosc2014.org
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