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Foreword
In 2017, the World Meteorological Organization (WMO) and the International Air Transport
Association (IATA) announced the decision to join efforts towards the enhancement of safety
and efficiency operations in the air industry, through the expansion of the Aircraft Meteorological
Data Relay (AMDAR) system.
This system, managed and administrated by WMO, relies upon partner airlines to generate and
share en-route near to real-time meteorological (MET) data on wind speed, temperature,
turbulence, and water vapour. Through its resulting availability on the WMO Information System
(WIS), these data can be accessed and used by national meteorological services within their
weather forecasting applications and services. These data and the resulting improved MET
products and services are of critical value to enhance safety operations, allowing airlines to
better assess and mitigate the potential effects of weather phenomena and events and at the
same time, incorporate important weather information into their flight planning to increase
accuracy in the route and time estimation that may lead to important fuel efficiencies from better
flight planning and fuel carried estimation (contingency fuel and pilot discretionary fuel
allowance).
The AMDAR programme provides especially valuable data and information when AMDAR reports
are provided from current data sparse areas (Asia, Africa, Central and South America and Middle
East) so the joint WMO and IATA efforts target those geographical areas as the focus to expand
the programme.
In 2020, WMO’s Secretary-General and IATA’s Director General and CEO respectively, signed a
working arrangement 1 formalizing the launch of the WMO-IATA Collaborative AMDAR Programme
– WICAP. This new arrangement has a main objective to promote, structure and facilitate the
expansion of AMDAR by incorporating new airlines, specially from currently data sparse areas,
using an enhanced regional approach.
The objective of this manual is to serve as a guide for airlines eager to know more about the
benefits that aircraft-based observations and specifically the AMDAR programme may bring to
their operations, safety, and efficiency, and how to proceed with their interest to join this
successful, global programme for the benefit of their own organization and the aviation industry.

https://wmoomm.sharepoint.com/:b:/s/wmocpdb/Ed1Kxf0gY8ZGqAVfAlkPdY8BJQgQusjkVLUsz_
npU4LG4g?e=lfsDK4
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1.

EXECUTIVE SUMMARY

The International Civil Aviation Organization (ICAO) Global Air Navigation Plan (GANP) over the
next decade will implement the initiatives to support a harmonized global Air Navigation System
(ANS). One of the identified pillars is the provision of accurate meteorological information
designed to underpin safe, progressively optimal aircraft efficiency with reduced emissions for
future flying operations. In this regard, there is a growing need to provide increased airborne
atmospheric observations to improve the quality of output from global Numerical Weather
Prediction (NWP) models and related applications and services. In addition, weather observations
play a vital role in climate monitoring, and the subsequent growing range of climate services.
The Aircraft Meteorological Data Relay (AMDAR) observing system is a well-established, World
Meteorological Organization (WMO) programme that has existed since the 1980s, producing
reports of meteorological observations that are transmitted from aircraft to the World Area
Forecast Centres and State MET Providers for use in global and regional NWP systems and other
meteorological applications. The resulting NWP model output provides the global wind,
temperatures and other meteorological information that can be used as input to operational and
safety applications, products, and services for aviation. Such applications include, for example,
products and information on turbulence, jet streams and other weather phenomena, as well as
flight planning systems to produce optimized aircraft tracks. In addition, real-time AMDAR
observational data is used for forecast verification and for aircraft tactical information directly
relating to airspace hazards such as wind shear and turbulence. Air Traffic Management (ATM)
also benefits from the utilization of improved NWP data in their ATM systems to optimize air
traffic flow.
AMDAR is an automated aircraft observing system, each day providing hundreds of thousands
of near real time reports of current atmospheric meteorological information on a global scale.
The AMDAR system supplements traditional, in situ, ground-based vertical profile observations
provided primarily by balloon borne radiosonde soundings. However, the resolution of AMDAR
data is much denser both spatially and temporally. Typical AMDAR reports include observations
of wind, temperature, pressure altitude, latitude and longitude and time. Additional software can
be added to the aircraft avionics suite to report real-time turbulence. Similarly, measurements
of water vapour can be reported through the addition of a supplementary airframe sensor and
software.
The WMO-IATA Collaborative AMDAR Programme (WICAP) brings together the strengths of the
well-recognized and extensive technical expertise of the WMO and the operational capability of
IATA to provide the framework to support and grow AMDAR. This joint initiative is designed to
increase the efficiency of the programme and to provide the programmatic and operational
framework for all airlines to participate. In doing so, the geographical coverage increases and
the amount and quality of the automated reporting of meteorological observational data from
commercial aircraft platforms improves.
Since its introduction, more than 40 airlines have joined the programme, significantly increasing
the number of aircraft-based weather observations and measurably improving the quality and
accuracy of NWP model outputs. However, the programme must expand to provide the necessary
geographical and temporal resolution and coverage to further improve the skill and accuracy of
NWP models and, as a result, weather services for aviation.
Some parts of the world, such as North America, Western Europe, Eastern Asia, and some areas
of the Pacific, are reasonably well supported with AMDAR observations. However, other areas,
such as South America, Africa, the Middle East, Asia, and most oceanic areas have a much
sparser coverage.
This evolving manual aims to provide airlines with the essential information about WICAP and
the AMDAR programme, to endeavour to meet a growing global need for aircraft data that
impacts and improves airline operations. It provides the necessary information for airlines to
make an informed decision to join WICAP and the technical information required to do so. It is
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intended to be a living document which will evolve over time and remain an authoritative source
for the continued operation, and future expansion of aircraft meteorological observation data
reporting.
2.

INTRODUCTION

2.1

Purpose of this Manual

This manual is intended for airline representatives and organizations supporting aircraft
operations and introduces airlines to aircraft-based observations (ABO) 2 and, specifically, the
Aircraft Meteorological Data Relay (AMDAR) observing system. The provision of these
observations by airlines is fundamental to improving meteorological forecasts and obtaining
significant benefit for their own airline operations, while also supporting the needs of the
developing future aviation system.
A specific focus is provided for airline financial and operational decision makers interested in
starting or expanding automated reporting of weather variables.
This manual is designed to be a roadmap for airline participation in WICAP and to have the
following questions answered:
What is AMDAR and WICAP?
What are the benefits and advantages of the programme?
How can an airline join?
What are the technical requirements?

•
•
•
•

Both WICAP and the underlying AMDAR observing system will be described in this manual. It is
important to be aware of the distinction between these two concepts. AMDAR is a wellestablished observing system coordinated by WMO and its members in cooperation with aviation
partners. AMDAR data has been used for several decades by WMO Members and others, as one
of many observation sources for NWP model input, and weather forecasting applications and
services.
WICAP is a relatively new framework developed by WMO and IATA to further support AMDAR
expansion and realize the full potential of aircraft-derived observations. A detailed description of
the benefit to airlines from expanding AMDAR participation using the WICAP framework is
provided.
WMO has a long and significant experience with the implementation of AMDAR observing systems
in partnership with national airlines. The experience gained has resulted in several WMO
documents on AMDAR being published 3, chiefly from the perspective of WMO Members’ i.e.
National Meteorological and Hydrological Services (NMHS), called State MET Providers in this
document. The focus of this manual is on providing the necessary information for airlines,
including the operational benefits of their participation derived from the overall improvement to
the wider air navigation system.
2.2

The AMDAR Observing System

The AMDAR observing system utilizes predominantly existing aircraft onboard sensors,
computers, and communications systems to collect, process, format and transmit meteorological
data to ground stations via satellite or radio links. Once on the ground, the data is relayed to

2
3

https://library.wmo.int/doc_num.php?explnum_id=4120
https://community.wmo.int/activity-areas/aircraft-based-observations/resources
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the State MET Provider, where it is processed, quality controlled and transmitted on the WMO
Information System (WIS) for use in weather and climate forecast processes and applications.
The AMDAR observations to be reported consist of the following fundamental meteorological
variables, to be provided along with the corresponding spatial and temporal information,
consisting of pressure altitude (flight level), time, latitude, and longitude:
•
•

Static air temperature
Wind velocity (speed and direction)

Two additional important variables are also optionally able to be measured and reported within
the scope of AMDAR:
•
•

Turbulence intensity
Water vapour content

The reporting of the four meteorological metrics of temperature, wind, turbulence, and water
vapour will be the focus of this manual.
It should be noted that the reporting of turbulence and water vapour requires additional
computational and processing software, and, in the case of water vapour, additional hardware
needs to be installed.
Temperature and wind, constituting the traditional set of AMDAR variables, require the
installation of standard AMDAR software in the avionics only – if not already available in the
aircraft. Their measurements are made and reported using the aircraft’s existing sensors,
computing, and communications capabilities to collect and transmit the data via the Aircraft
Communications, Addressing and Reporting System (ACARS) datalink networks.
The technical requirements for processing and reporting of all AMDAR variables are discussed in
detail in section 4. The Guide to Aircraft-based Observations 4 (WMO-No. 1200) provides a
comprehensive introduction to the design, implementation, and operation of the AMDAR system.
Further information, statistics and activities can be found in the WMO’s AMDAR website 5.

4
5

https://library.wmo.int/index.php?lvl=notice_display&id=20116
https://community.wmo.int/activity-areas/aircraft-based-observations/amdar
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2.3

WMO-IATA Collaborative AMDAR Programme (WICAP)

The WICAP structure provides the programmatic framework for WMO and IATA to work together
to promote and expand the AMDAR observing system operationally with well-defined goals
including to:
Increase the reporting and coverage of AMDAR through more airlines joining the
programme, especially in data sparse areas
Develop centralized meteorological data management for increased cost efficiency
Implement a standardized WICAP Airline Participation Agreement which defines agreed and
specific terms for the operation of the programme under WICAP, including cost-sharing
arrangements and data policy (This agreement is signed between the airline and the State
MET Provider in case of a single state or with the WICAP Operator in case signed with a
provider with regional representation of State MET Providers)
Support the development and implementation of new and more efficient technical solutions
for onboard data processing and data relay in the near future
Increase turbulence and water vapour reporting

•
•
•

•
•

WICAP is underpinned by a partnership between WMO and IATA, with each partner playing
complementary roles based on their organizational responsibilities and capabilities.
Under WICAP, the operation of a number of aspects of the AMDAR observing system become
more centralized, including the establishment of requirements for data, the establishment of
agreements, the processing of AMDAR data and the sharing of programmatic costs and
infrastructure.
The WICAP Framework is described more in detail in section 5. Additional information can be
found in the WICAP website 6
2.4

Turbulence Reporting, WICAP and IATA Turbulence Aware

Turbulence reporting has been part of the scope of the WMO AMDAR system since its inception
as an important source of information to improve safety and efficiency for aviation and all airlines
through input to, or validation of, turbulence-related services and products. Turbulence reported
within the AMDAR system is used by State MET Providers to assist in the generation and
validation of weather and turbulence products as part of the ICAO Global Air Navigation Plan
(GANP).
Currently, there are some options available for airlines to report turbulence information and to
use the turbulence-related information to respond tactically to specific in-flight turbulence risks.
IATA made a significant contribution to automated reporting of turbulence information through
the development and operationalization of the IATA Turbulence Aware (TA) data platform 7. IATA
launched its TA data initiative in 2018 to help airlines in identifying, avoiding, and minimizing
risks associated with turbulence. TA augments an airline’s ability to monitor and avoid turbulence
by pooling and sharing (in real time) turbulence data automatically generated and downlinked
by participating airlines.
An airline can choose an appropriate means of generating and reporting turbulence observations
for its own operational and tactical use. However, it is through the wider sharing of these data,
and AMDAR data more generally, that an industry and community-wide benefit is obtained.
Availability of turbulence data allows all participating airlines to benefit from improved flight

6
7

https://community.wmo.int/activity-areas/wmo-iata-collaborative-amdar-programme
https://www.iata.org/en/services/safety-flight-operations/turbulence-platform/
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management and safety information. Availability of AMDAR and turbulence data together to
State MET Providers improve the current navigation services offered to airlines as a result of the
use of these data. The airlines participating in TA and AMDAR under the framework of WICAP
take advantage of these improved services and are able to translate them in better decisionmaking and operational efficiencies.
In the past, airlines having access to turbulence forecast products of State MET Providers, have
relied upon subjective, manual pilot reports (PIREPS) and weather advisories to identify, and
mitigate the impact of turbulence on their operations. These tools, while partially effective, have
limitations due to the short-lived nature and spatial variability of turbulence events, making
them difficult to forecast accurately, as well as the inconsistencies in the level and quality of
information available in the reporting of measurements of turbulence. Reporting of turbulence
can vary depending on the geographical area and is impacted by the lack of consistency and the
subjectivity of the reporting officer.
The advent of the Eddy Dissipation Rate (EDR) as an objective meteorological measurement of
turbulence, and its subsequent adoption as a standard metric by both WMO and ICAO, has led
to a significant improvement in the objectivity and standardization of the reporting of turbulence.
Both WICAP/AMDAR and the IATA TA programme have requirements for the reporting of EDR in
support of meteorological applications and airline operations respectively. More of turbulence
reporting is discussed in 4.1.2.
WMO and IATA are currently exploring ways in which the reporting of turbulence can be best
harmonized in the interests for both WICAP and TA, recognizing the benefits available to both
the MET and aviation communities and including possible efficiencies in onboard applications,
reporting schedules and the sharing of data.
WMO and IATA can advise airlines on the optimal ways in which they might participate in both
WICAP and TA.
3.

AMDAR BENEFITS TO THE AIRLINE INDUSTRY

AMDAR weather observations impact positively to the airline industry through the well-proven
and documented improvement of weather products and services for aviation. Airlines benefit
from these improvements, delivering safer and more efficient operations as an outcome of more
accurate and reliable weather information for operational decision-making and resulting
efficiencies.
The most economically efficient method of collecting high density upper air meteorological
observations with the highest impact per unit cost is attained by utilizing in-flight commercial
aircraft to observe winds, temperature, humidity, and turbulence 8. In a study 9, AMDAR data
were shown to be the third most important data set in terms of their impact on the overall
reduction of global NWP model error and resulting forecast improvement, which is consistent
with other similar studies. AMDAR is the primary contributor to wind forecast error reduction
(50%) at cruising flight level and has the greatest impact on the accuracy increase for the 3 to
48 hours wind forecasts. This time frame corresponds well with the usual forecast windows used
by airlines for operational purposes.

https://www.metoffice.gov.uk/research/library-and-archive/publications/science/weather-sciencetechnical-reports Report 593 – cost benefit studies for observing systems
9 On the current impact and future benefits of AMDAR observations in operational forecasting – Part 1: A
review of the impact of automated aircraft wind and temperature reports – Ralph Alvin Petersen –
Performed under contract to the World Meteorological Organization, University of Wisconsin-Madison,
Cooperative Institute for Meteorological Satellite Studies (CIMSS), Space Science and Engineering Centre
(SSEC)
8
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The impact can be direct, indirect, linear, threshold-based or can have a combination of these
characteristics. Of course, the realization of the benefits of increased weather forecast accuracy
depends upon the operational practices in place in airlines and for airports. Airlines can utilize
weather forecasts by integrating them into their operational practices to minimize additional
costs associated with detrimental or unfavourable weather conditions. Unlike aircraft which can
sometimes avoid unfavourable weather conditions, airports can only amend their operational
procedures to minimize the disruption caused by bad weather.
Delays caused by bad weather cost the air transport industry billions of dollars annually. Studies
undertaken by the USA Federal Aviation Administration (FAA) have indicated that more than half
of such delays can be prevented or mitigated with improved weather forecasts. Tangible
cumulative benefits and cost savings to the air transport industry due to the use of AMDAR data
in operational and weather forecasting, is substantial and potentially much greater than currently
realized. These quantifiable savings and identified benefits are over and above the additional
significant gains in safety, customer satisfaction and environmental protection and are far in
excess of the relatively small cost of the AMDAR programme’s initialization and operation.
Further improvement and additional benefits to the aviation industry can be achieved through
increasing the participation of more airlines, particularly those operating in currently data sparse
areas.
In this section a summary of benefits to the aviation forecast system and to the airlines is
presented to reinforce the positive impact achieved by participating in the programme.
3.1

Benefits to State MET Providers and the Aviation Forecast System

Through the use of aircraft-based AMDAR observations, especially from data sparse areas, the
global MET system in general, and the State MET Providers in particular, will benefit from:
•
•

High resolution of wind, temperature, humidity and turbulence reports
Dense temporal and spatial coverage as compared to other in situ observations

The WMO document The Benefits of AMDAR Data to Meteorology and Aviation 10 describes the
benefits of increased forecast accuracy achieved through the daily collection of atmospheric data
for airlines. Additionally, this document provides more detailed information about the impact of
the MET variables reported through AMDAR for the improved accuracy of aviation weather
services.
The benefits to weather prediction models can be well-quantified by running the weather model
both with the AMDAR data included and without, and then comparing the performance in each
case. The studies show that data collected from commercial aircraft are contributing to
significantly:
•
•

•

Reduce flight level wind/temperature forecast errors by nearly 50%
Improve three hour to 48 hour forecasts in regions where the automated reports:
o
Are most numerous
o
Cover a broad area
o
Are available at multiple levels (made during aircraft ascent and descent)
Reduce twelve hour temperature forecast error in the upper troposphere by 15% to 20%

Figure 1 below shows how the positive impacts of AMDAR data in weather forecasting leads to
both operational and financial benefits and outcomes for airlines and the aviation sector in
general.

10

https://library.wmo.int/index.php?lvl=notice_display&id=16116#.YUxrv7gzaUl
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Figure 1. Impact of AMDAR data in forecasting and aviation
3.2

Benefits to airlines

Aviation and airline flight operations depend heavily upon the availability of accurate and
sufficiently high-resolution gridded information pertaining to both the current and near future
(i.e. to 48 hours) atmospheric wind and temperature fields. The greater the availability and
accuracy of the wind, temperature, turbulence, and water vapour observations from aircraftbased reports, the greater the potential for improved and more accurate aviation weather
forecasts. These improved forecasts are ingested into flight planning systems to be used for both
pre-flight and in-flight phases of flight, resulting in improvements to route selection and the
accuracy of fuel burn calculations.
This document contains detailed information and analysis on the benefits to aviation
communities of the provision and use of AMDAR data by State MET Providers. It also supports
the aviation community to better understand the effects and impacts of the resulting improved
forecasts of each AMDAR variable on individual aviation stakeholders according to their
characteristics and in relation with each operational activity performed by each air transport
industry sector and function.
As previously mentioned, airlines mainly benefit indirectly from AMDAR data through the
increased accuracy and reliability of the weather products and services available in the flight
operation systems. Airlines also benefit from better operational support provided by third parties
ingesting AMDAR data directly or indirectly in their own operations e.g. Air Traffic Management
(ATM) and ground handlers.
The benefit to airline operations includes improved:
•
•
•
•
•

Quality of weather services and products provided to the aviation industry
Flight operations brought about by better forecast services and products (e.g. avoidance
of severe weather and turbulence, optimized fuel usage planning, improved planning for
passenger notifications and crew scheduling)
Passenger and crew safety because of more accurate severe weather warnings which leads
to increased customer satisfaction, reduced injury severity and cost avoidance related to
weather incidents
Fuel efficiency and aircraft management and resulting operational cost savings
Aircraft sensor and system monitoring using AMDAR data as feedback on the quality of
data being produced by aircraft
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These improved and more accurate weather forecasts, products, and diagnostics as well as
aircraft sensor performance monitoring for the aviation industry ultimately led to significant cost
savings to airlines as well as safer flight operations.
Specific areas of flight operations improved by better forecast products and services include:
•
•
•
•
•
•
•
•
•

Route planning associated with severe weather to reduce unplanned flight deviations
Optimized alternate destination selection for fuel planning
Flight level selection to optimize efficiency
Avoidance of severe weather that could increase maintenance requirements and costs
Avoidance of severe turbulence
Optimized planning for fuel consumption, contingency fuel and refuelling
Impact on CO2 emissions reduction due to optimal fuel planning
Planning for crew scheduling and passenger notifications
Enhancement of short-term forecasting efforts relating to precipitation type for de-icing
planning activities

The benefits for airlines are described and divided to the following categories in this manual:
•
•
•
•
•
•

Benefits on pre-flight planning and potential fuel burn and CO2 emissions reduction
Benefits from in-flight information use
Benefits from improved services provided by Airport Terminal Operations
Benefits from the monitoring of aircraft sensors
Environmental benefits
Benefits from an improved customer perception

3.2.1

Flight planning phase benefits and potential fuel burn and CO2 emissions
reduction

Fuel load is a calculated element which depends in part on wind forecast accuracy. Part of the
extra fuel, or a fuel reserve, is always carried to account for various outcomes such as
inaccurately forecast winds. This fuel reserve itself causes extra fuel burn due to the added
weight. The more precise the wind forecasts are, the less reserve fuel is required to be carried
and the more the excess fuel burn can be reduced. This leads directly to fuel burn savings once
airborne, especially for flights longer than six hours and for trans-oceanic or routes with limited
traffic.
Based on the calculations described in the WMO document the Benefits of Aircraft-based
Observations and AMDAR to Meteorology and Aviation, it is estimated that because of improved wind
and temperature forecasts an airline conducting medium- to long-haul flights could see an annual
cost savings of US$ 4.2M (US$ 18 000 per aircraft) assuming a fuel price of US$ 0.5/kg. These
savings are brought about by a fuel burn reduction of approximately 8 400 tons [± 25%].
Additionally, the environment can benefit through a 26 500-ton reduction in CO2 emissions.
These improved fuel calculations prevent unnecessary fuel burn, and consequently, CO2
emissions. The Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) 11
scheme penalize airlines producing emissions above the baseline calculation year (2019). The
positive financial and operational impact of AMDAR data for flight planning purposes can assist
in potentially mitigating the need to purchase CO2 emissions credits.
The total cost of flight delays is the sum of expenses to airlines, passengers, lost demand, as
well as indirect costs. The FAA’s Office of Performance Analysis estimates show in 2018, the cost
of delayed flights in the US alone totalled US$ 28.2 billion. It is clear that significant performance

11

https://www.icao.int/environmental-protection/CORSIA/Pages/default.aspx
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gains, particularly economic savings/efficiencies, can be realized by airlines through improved
wind and other forecasts due to the use of AMDAR data.
In the next section the benefits arising from in-flight weather parameters optimization are
addressed, especially turbulence and weather vapour. While the near to real-time data feeding
from these parameters notably improve in-flight operations and tactical decision-making while
en route, it is important to mention that the historical records from these variables are also
valuable for flight planning purposes through the AMDAR system.
3.2.2

In-Flight parameters optimization benefits

Contrary to the flight planning phase, which directly benefits from every marginal weather
forecast improvement, especially in wind variables, the impacts once the flight is in process are
more difficult to assess, except if that improvement crosses a threshold value that leads to an
operational disruption.
Nevertheless, airlines have the capacity to perform a high-level estimation of the potential fuel
saving impact in kilos of fuel for a specific aircraft or flight, from the comparison of the in-flight
routing planned and routing resulted. The more accurate weather forecast enhances the
probability for correct route and fuel planning which can be extrapolated to give an idea of
average savings for an entire fleet, route, or time period.
The introduction of Continuous Descent Approaches (CDA) and four Dimensional Trajectories
(4DT) 4DT rely heavily on observed wind information in addition to local and short-term
predictions. AMDAR datasets are of prime importance to enable these new operational practices
which open the door for additional savings of up to hundreds of kilos of fuel per flight and can
help saturated airports cope with increasing traffic. Because of the numerous interdependencies
of parameters, the proportion of these savings that are directly attributable to AMDAR data have
not been quantified but they are likely to be substantial.
The Performance Based Navigation (PBN) provides the ability to use airspace more efficiently.
PBN also benefits from the use of improved wind information when AMDAR data is available for
weather models. This enhances predictability for operators facilitating the use of performancebased fuel policies.
Turbulence Reporting benefits
Turbulence information is used to inform aircraft flying in the same zone about conditions that
may be encountered in the near future. This can be especially important in severe turbulence
situations which can cause injuries to passengers and crew and sometimes even fatalities. Also,
airlines may face the economic cost of turbulence on their operations, if not mitigated.
Early and accurate detection of turbulence can help alleviate these effects. The most
straightforward benefit is improved turbulence avoidance and/or forewarning from enhanced
situational awareness from either the turbulence observations directly, or from turbulence
nowcast or forecast products which rely on them. This, in turn, can lead to:
•

•
•

Enhanced safety for the passengers and crew by:
o
Lowering the chance of injury thereby reducing costs associated with medical care
o
Reducing lost crew hours due to injury
o
Reducing the likelihood of lawsuits
Improved efficiency of airline routing
Increased efficiency of operations by mitigating aircraft structural damage and direct repair
costs incurred, which in turn may lead to cost savings by:
o
In the case of a diversion, reducing the need for a rescue flight, and/or, the need to
compensate passengers and crew for accommodations and meals
o
Minimizing increased insurance premiums
WICAP AIRLINE MANUAL
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Minimizing operational costs of the airline as a result of the aircraft being nonoperational or in an addition standard maintenance check for a longer period
Minimized costs associated with airline and government incident investigations.

o
•

Some operations efficiency departments also use automated turbulence reports for analytics and
research, allowing better estimations about flight times, delays, and scheduled arrivals with
positive operational impact.
Flight crew use turbulence reports for pre-flight and in-flight situational awareness and route
planning, with impact in fuel efficiency due to the increased or decreased probabilities of
additional flight time, diversions, alternative airport use, etc. Cabin crew can use the updated
reports to plan meal services, taking into account periods during the flight in which there is a
high expectation for seat belt activation. Managing passenger expectations of non-disturbed inflight service is an important aspect within the new commercial aviation environment.
Water Vapour Reporting benefits
Measuring and modelling water vapour and water-related processes in the atmosphere are
essential for improving the forecast and prevention of specific weather events that most affect
aviation operations negatively, especially:
•
•
•
•
•
•
•

Thunderstorm development, location, and severity
Low cloud ceilings as well as fog formation, location, and duration
Precipitation amounts, rates and type (frozen, freezing or liquid)
Conditions leading to aircraft icing
Wind shear location and intensity
Altitude of the boundary layer
Conditions for the production of the condensation trails, often called contrails

There are many potential future benefits having more accurate information of water vapour
content in the atmosphere, e.g. data could be used directly by the cockpit or onboard flight
management for:
•
•
•

Observing the water content of the air through which the aircraft flies and guaranteeing
the best conditions for the aircraft and engine performance
Observing a risk for supercooled water and aircraft icing in the air
Detecting the air conditions favouring ice saturation and suitable for contrail production
which could be avoided in real time.

Icing has adverse effects on aircraft, for example, increased drag, decreased lift, reduced thrust
and increased weight which cause fundamental issues to the aircraft’s performance. By
measuring and reporting the amount of water vapour in the air, airlines will be able to not only
contribute to improved detection and prediction of areas of icing, but they could potentially also
use the information directly, making the prevention or mitigation of icing hazards even more
likely. Additionally, such information could also lead to improved efficiency and cost savings by
avoiding areas of icing and also by potentially reducing unnecessary power use associated with
sensor heating.
By knowing the distribution of water vapour content in the air, flight routes can potentially be
planned or modified in-flight so that aircraft can in the future avoid causing contrails.
3.2.3

Benefits from improved services provided by Airport Terminal Operation

An airline can directly benefit by reporting AMDAR observations to the State MET Providers during
climb and descent at many airports. States and third parties provide high resolution airport
terminal area (TMA) information for Air Traffic Management (ATM). Having ATM and Air
Navigation Service Providers (ANSP) using AMDAR data as part of their daily operations allows
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them to provide improved operational services for airlines. Also, it improves the quality of the
support received when performing efficient in-flight procedures such as continuous descent
approaches, flight separation minima and trajectory-based operations in a safer way. Accurate
aircraft-based observations such as AMDAR, are necessary to support the increase in global
traffic by providing ATM with the predictability and confidence to be safe and efficient.
Also, airlines will benefit from more accurate Terminal Aerodrome Forecasts (TAFs), which
provide aviation hazards warnings in the vicinity of an airport, including thunderstorms, low level
wind shear, freezing or frozen precipitation and, strong cross winds.
Through the utilization of AMDAR data, the aviation industry also benefits significantly from
improvement to ATM of airport facilities associated with:
•
•
•

Accurate estimated time of arrival (ETA) or infrastructure purposes
Avoidance of holdings and re-routings (for which accurate wind information is needed)
Runway management, and changes to conditions affecting runway management (wind
strength and shear, etc.); and many other aspects affected by weather-related
phenomena.

3.2.4

Benefits from the Monitoring of Aircraft Sensors

An airline participating in the AMDAR programme receives prompt feedback on the quality of the
data being produced by the aircraft sensors. These onboard sensors are examined regularly for
accuracy and are calibrated during routine maintenance checks by the airline. However, sensors
can malfunction, and this often is not quickly noticed or detected. The AMDAR quality information
is utilized to provide an early warning to the AMDAR airline maintenance staff.
For example, a temperature error of more than a few degrees can have a dramatic negative
impact on engine performance, fuel burn efficiency and safety of that aircraft. Similar errors can
be detected quickly for wind and pressure measurements from AMDAR reporting aircraft by the
data quality control system of the State MET Provider.
Early detection of such errors in aircraft sensor performance allows a rapid response by aircraft
maintenance teams and can yield significant financial benefits for AMDAR airline partners. Rapid
resolution through appropriate aircraft maintenance actions will reduce flight operations costs
and potentially prevent a larger issue before contributing to a system failure.
3.2.5

Environmental benefits

The aviation industry inevitably contributes to the problem of global warming associated with
the production of greenhouse gases (GHGs). Environmental monitoring through the use and
expansion of observing systems such as AMDAR obviously is a critical supplement to climate
research. The actual observation values from different levels of the atmosphere help
understanding the effect that aviation has on issues such as climate change.
Additionally, there is research that shows that aviation also contributes to global warming
through the production of cirrus-like contrails. Contrails can be produced by aircraft at cruise
altitudes with high humidity which could potentially be minimized by avoidance or reduction of
travel in areas conducive to their production. AMDAR temperature and humidity information are
two of the parameters essential for the prediction of atmospheric conditions in which contrail
production possibly can be initiated.
The CORSIA Scheme is one of the important aspects when considering the climate footprint of
an aircraft. The CORSIA related benefits of reporting AMDAR are realized through fuel savings
as explained in section 3.2.1.
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For a more detailed treatment of environmental and societal benefits, please view the WMO
WIGOS, WMO Integrated Global Observing System – Benefits to the Environment and Society
from the Availability and Use of AMDAR Data 12.
3.2.6

Benefits from the improvement in Customer Perception

There are several aspects of AMDAR participation that fall into the area of public relations and
can be used to derive a promotional and perceptional advantage for the airline. These include:
•
•
•

Showing leadership and commitment to improving environmental sustainability by sharing
data that impact positively on the scientific ability to monitor the environment and climate
The fact that AMDAR data are also used for wider public weather applications, advisories,
and warnings, in addition to aviation forecasting services, means the participating airline
can and should be seen as contributing to the public good
Demonstrating a commitment to reducing the aircraft environmental footprint through
improved efficiency of operations, reduced fuel use and lower emissions

Under WICAP, these benefits to the airline are expected to be enhanced and strengthened.
More information about all these benefits discussed in section 3.2 and demonstrated and
calculated savings are shown in the WMO document AMDAR Benefits to the Air Transport
Industry 13.
3.3

Summary of AMDAR Benefits

AMDAR provides benefits which can be individualized to each airline participating in the
programme based on the specific airline operations, procedures, routes, and decision-making
processes, including the cost avoidance of severe weather incidents. While airlines may find
difficulties relating these seemingly indirect benefits directly to their own operations, and in
estimating direct cost savings, it has been both qualitatively and quantitatively shown that
AMDAR data improves the quality and reliability of weather services delivered to airports, ANPS,
ATM and flight planning systems. Without doubt, this impacts positively on airline safety,
efficiency, and, as a result passenger experience.
Figure 2 summarizes the benefits both to airlines and for the meteorological community. The
benefits to aviation are in blue, while the benefits for the meteorology community are shown in
red.

WIGOS, WMO Integrated Global Observing System – Benefits to the Environment and Society from the
Availability and Use of AMDAR Data, 27 pp,
https://library.wmo.int/index.php?lvl=notice_display&id=20688
13 https://library.wmo.int/index.php?lvl=notice_display&id=19642
12
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Figure 2. AMDAR benefits related to Aviation (blue) and Meteorology (red).
AMDAR data facilitate three major sources of significant cost savings to airlines:
1.
2.
3.

The flight planning phase benefits from increased forecast accuracy which enables
optimization of the fuel load prior to take-off and delivers significant fuel burn savings
during the flight
In the air, flight crews can optimize their flight management system using updated
forecasts and actual weather observations made available through AMDAR validation and
correction
Major savings can be realized by avoidance of weather-related flight disruption, delays or
re-routing, made possible when operational decisions are being made based on more
accurate weather forecasts.

These benefits will certainly increase in the future under WICAP, with both the expansion in
coverage of AMDAR and through the wider implementation of water vapour measurement.
4.

AMDAR OBSERVING SYSTEM AND WICAP FRAMEWORK – TECHNICAL
OVERVIEW

This section provides a general description of the operational processes performed by the AMDAR
Onboard Software (AOS) installed on the aircraft to generate the four AMDAR variables
previously mentioned in this document: static air temperature, wind speed and direction,
turbulence, and water vapour. The technical overview describes data processes onboard, air-toground and in-ground, as well as potential enhancement of technical reporting capabilities under
WICAP.
4.1

AMDAR Onboard Software and Variables

4.1.1

Temperature and Wind Variables

The AOS generates and transmits AMDAR observations using the existing onboard avionics to
the ground. The primary functions of the AMDAR Onboard Software are:
•

Interface to and accept input data from a variety of aircraft innate avionics
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•
•
•
•

Perform a coarse quality check on the input data
Perform calculations upon the input data to derive the meteorological variables
At set frequency intervals, process collected data into standard output messages for
transmission to ground stations
Accept and process inputs, allowing users to alter the AOS behaviour.

The AOS is installed in the aircraft avionics system and relies on the communications protocols
defined for the Aircraft Communications and Reporting System (ACARS), which are specified
within the standards of the Aeronautical Airlines Electronic Engineering Committee (AEEC).
WMO currently provides two complementary meteorological standards for AMDAR Onboard
Software:
•
•

The AMDAR Onboard Software Functional Requirements Specification (AOSFRS) 14, and
The “ARINC 620” AMDAR Onboard Software versions 1 through 5, are defined within the
AEEC 620–10 Data Link Ground System Standard and Interface Specification (DGSS/IS),
which is maintained by the AEEC Data Link Systems Subcommittee 15.

The AOS uses the avionics inputs received such as, pressure altitude, wind speed, wind direction,
as well as aircraft specific information such as air speed, roll angle and localization. The AOS
processes these data inputs and convert them to AMDAR meteorological observations. The
observations are then packaged by the AOS and transmitted via suitable data link communication
system for delivery to State MET Providers, as depicted in Figure 4.
The airline, in collaboration with the State MET Provider, collaborates with the respective Original
Equipment Manufacturer (OEM) and its own Data Service Provider ensuring that the AOS is
installed, and any required adjustments are in place in the existing avionics. Often, a simple
software update of avionics completes the AMDAR reporting capabilities, whereas several new
aircraft families are already equipped with the required AMDAR software and it is simply a matter
of activating and configuring it for reporting.
4.1.2

Objective Turbulence Reporting

The reporting of temperature and wind speed and direction requires only the installation of the
AOS software, if not already equipped. Reporting of turbulence and water vapour usually requires
supplementary algorithms and the addition of a sensor, in the case of water vapour.
Additional software must be included within the aircraft’s avionics to report turbulence through
AMDAR. There are two methods for calculating turbulence defined in the AOSFRS: Eddy
Dissipation Rate (EDR) and Derived Equivalent Vertical Gust (DEVG).
The DEVG measure of turbulence is a legacy method which was initially implemented in the
1980s. The relatively newer WMO and ICAO preferred metric for turbulence is EDR.
DEGV is estimated from vertical acceleration, with consideration of aircraft information and
changes of aircraft mass, altitude, airspeed, and air temperature 16. In contrast, EDR is an
aircraft-independent measure of the turbulence condition of the atmosphere. A small aircraft will
normally experience a more significant response in comparison to a larger aircraft for the same
EDR value. In general, EDR varies from close to 0, “smooth”, to near 1, “extreme”.

14

https://library.wmo.int/index.php?lvl=notice_display&id=15413
https://www.aviation-ia.com/product-categories
16 Sherman, D. J., 1985: The Australian implementation of AMDAR/ACARS and the use of derived equivalent gust velocity
as a turbulence indicator. Aeronautical Research Laboratories Structures Rep. 418, 28 pp.)
15
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For EDR implementation by retrofit, the airline requires internal expertise or external support for
the configuring and tuning of the EDR algorithm. This will not be required in case EDR reporting
is included in the aircraft software by the OEM. The installation and configuration of the EDR
algorithm provided by the National Centre for Atmospheric Research (NCAR) requires specialized
configuration of parameters and tuning of the software configuration for each aircraft family.
4.1.3

Water vapour

Water vapour, like turbulence, is one of the AMDAR variables that requires a specific software
installation, and additionally, a sensor installation to enable reporting. The installation requires
structural changes to the body of the aircraft. Retrofitting of the FLYHT Water Vapour Sensing
System version two (WVSS-II) is straightforward and some new aircraft families are “upgrade
ready” for WVSS-II sensor deployment which makes the installation easier. The changes are
unique to each type of aircraft, and they are designed during the original Supplemental Type
Certificate (STC) process.
The STCs for FLYHT Water Vapour Sensing System version two (WVSS-II) are available for
several aircraft types (e.g. A321–100 and B737–800 families). Retrofitting of WVSS-II
straightforward and some new aircraft families are “upgrade ready” for WVSS-II sensor
deployment which makes the installation easier.
More information about water vapour measurements can be accessed in the WMO technical
report Tests, Comparisons and Operational Performance of the Water Vapour Sensing Systems
(WVSS-II) 17 which consolidates information on the basic operating principles of the WVSS-II
sensor, summarizes the technical evaluations and validations of the sensor and gives
recommendations for operational implementation.
4.2

Automated Downlink Options

4.2.1

Observation and Downlink Frequency

The configuration of the AMDAR data downlinking frequency is determined based on considering
both the specific AMDAR meteorological data requirements and the associated costs. Once an
observation is generated, it should be downlinked as close to real time as possible: the greater
the delay in downlinking the less valuable the observation is on the short-term forecast.
However, when the communications costs are an issue, observations can be retained and sent
in batches, particularly during higher frequency reporting, such as on take-off or landing. The
number of observations that can be made in a report and sent in an ACARS message may vary,
depending on the format and content but, often, cost savings can be realized by batching up to
ten observations for dispatch within an ACARS AMDAR vertical profile report.
4.2.2

Downlink Communication

At the current time, the vast majority of AMDAR reporting is facilitated via ACARS. The AOSFRS
and the ARINC 620 specifications both rely on the basic Datalink Ground Systems Standard and
Interface Specification (DGSS/IS) ACARS protocols and use the same standardized uplink and
downlink formats, which offer the possibility of data compression. Modern aircraft generally have
two possible solutions for communications to the ground: VHF radio communications allow both
voice and data transmission from the aircraft, while Satellite Communications provide the same
functionality with extensive global coverage but at a much greater expense. AMDAR software
applications are generally configured to use only the VHF communications channel for data
reporting. This can mean that en-route reports, compiled over locations where VHF coverage is

17

https://library.wmo.int/index.php?lvl=notice_display&id=21509
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not available, can be delayed by up to several hours and longer on long-haul international flights.
Such reports are still of value for meteorological forecasting purposes.
4.3

Ground-Based Data Reception and Processing

Given that ACARS air-to-ground data delivery relies on the Satellite and VHF communications
networks of the two major corporate, aviation Data Service Providers (DSP), it usually makes
sense to employ these same DSPs to provide a solution for ground-to-ground communications
depending on the data communications solution employed by the airline.
Fundamentally, there are two different options for relay of ACARS-relayed AMDAR data:
1.
2.

Directly from the aircraft via DSP, or,
Via the reporting airline to the State MET Provider.

The method for securely transferring the AMDAR data from the participating aircraft is agreed
between the airline and the State MET Provider and usually requires the establishment of a
communications link and messaging processing software by the State MET Provider, with
messages transferred using internet data transfer protocols (TCP/IP or FTP). In the first instance,
the communications links will be established by the DSP. In the case of the second option, where
data is delivered to the airline and then relayed to the State MET Provider, there are many
possible solutions, which may or may not involve the DSP. In both cases, considerations such
as data delivery reliability and timeliness need to be assessed.
The State MET Provider is responsible for ensuring that the necessary ground-based processing
system for receiving, processing, and managing the quality of the AMDAR data is developed,
implemented and operational by the time the airline starts downlinking observational data. This
includes the requirements to develop the necessary process for de-identifying AMDAR
observations in the case that they are relayed to other parties that are able to receive the data
in accordance with the WICAP Data Policy, adhered by the State MET Provider and the reporting
airline.
Under WICAP, arrangements may be made so that data is processed at the WMO regional level
by a WICAP regional data processing centre operated by a State MET Provider under the
authority of WMO. Such arrangements would be part of the airline/WICAP Operator agreement.
4.3.1

Data Management and Quality Control

AMDAR reporting from the aircraft complies with the standard observations formats which are
defined in the WMO AOSFRS specification. After receiving and decoding, the downlinked data
reports as transmitted from the aircraft using ACARS protocols, the State MET Provider
undertakes standard data quality assessment and control procedures for AMDAR data. It
reprocesses good quality data into WMO standard ground-based data exchange formats for
transmission on the WMO Information System (WIS).
Quality management practices aim at identifying and removing errant data from further
dissemination to users as quickly as possible, and the respective airline is alerted to any data
quality issues that require airline intervention to rectify. The airline and the State MET Provider
coordinate and investigate these data quality issues together to determine the cause of the
problem and the appropriate action as required.
Airlines can use this quality monitoring information for checking and verifying the stability and
compliance of their avionics system and the related onboard sensors.
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4.3.2

Data Optimization

An important aspect of AMDAR is the making and reporting of observations of variables so as to
meet meteorological requirements for data. Both the configuration of AMDAR software and,
potentially the operation of an optimization system can reduce the production and distribution
of redundant data. This ensures, as far as possible, that data are produced in accordance with
the spatial and temporal requirements of the State MET Provider, who are responsible for the
resulting optimization costs, while the airline facilitates either the manual or automated
procedures to reconfigure and report at the agreed frequency.
AOS software is able to be changed and optimized for reporting through either a manual process
or an automated remote uplink configuration and reconfiguration of a range of parameters,
primarily based on the user requirements for reporting according to geographical location and
temporal frequency.
AOS Manual Configuration
The AOS contains software configuration parameters and functions for optimizing or limiting
reporting. This includes limiting reporting within or outside of geographical areas, time limiting,
and vertical profile targeting by airport. For aircraft and airlines not participating in an automated
optimization system, these AOS parameters are configured and set manually by the airline or
the avionics provider, based on the State MET Provider requirements for AMDAR data and would
be rarely changed, unless used in conjunction with an automated uplink process.
Ground-based AOS Automated, Remote Reconfiguration
In many cases, the AOS software also allows for the remote uplink reconfiguration of parameters
and functions for optimizing data reporting. Given the significant communications costs
associated with the AMDAR system, some AMDAR programmes have made use of this AOS
functionality by developing and implementing ground-based AMDAR Data Optimization Systems
that automatically receive and process downlink trigger messages from AMDAR aircraft and
compile and send uplink commands in order to reconfigure the reporting configuration of the
AOS in near real-time based on assessment against data reporting and coverage requirements.
AMDAR Data Optimization Systems have been implemented in the European and Australian
AMDAR programmes and ARINC is able to provide this as a service to their AMDAR clients.
Those airlines that agree to the use of the ground-based optimization system give authorization
to uplink messaging to their aircraft based on operating schedules, thus allowing increased
AMDAR reporting in data sparse areas, and reducing input in other areas, as necessary. Such
optimization systems reduce data communication costs by up to 50% or more, which can be
critical to reducing communications costs to a level that is financially viable. With fleet sizes of
the order of fifty or more aircraft, it is highly recommended that AMDAR Data Optimization
Systems be incorporated as a component of the system.
5.

WICAP FRAMEWORK FOR AIRLINE ENROLMENT

In 2020, WMO and IATA signed a working arrangement formalizing the launch of the WMO-IATA
Collaborative AMDAR programme – WICAP. This updated working arrangement has as main
objectives to promote, structure and facilitate the expansion of AMDAR incorporating new
airlines, especially from currently data sparse areas, using an enhanced and more efficient
regional approach.
Under the WICAP framework, specific operational objectives have been agreed by WMO and
IATA which can be summarized as follows:
•

Expand the AMDAR programme, especially over data sparse areas:
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o
o

Seek to strategically increase the number of airlines, providing them with the
necessary information and support throughout the joining process
Increase the reporting of turbulence, water vapour

Provide standardized procedures for the establishment and operation of the AMDAR system
Safekeep the airline ownership of AMDAR data and define data management practices,
particularly for cost-efficient and secure data processing and exchange
Work with and promote the programme within the aviation industry to encourage greater
efficiencies in the development and deployment of AMDAR
Establish a more efficient business relationship between airlines, State MET Providers,
WICAP Operators, data users, data service providers and other stakeholders
Identify resource and funding sources to support programme development and
sustainability

•
•
•
•
•

5.1

Airline Perspective of the WICAP Working Arrangement

WICAP’s purpose is to increase the availability of AMDAR data collected and processed, thus
extending the mutual benefits to both the meteorological community and the end-user aviation
industry, while recognizing the significant resource investment of State MET Providers within the
existing AMDAR observing system and its operations.
While WICAP is not intended to replace existing national and regional AMDAR programmes, these
programmes will have the opportunity to migrate to WICAP, based on a decision, process and
timeline that is convenient to the operators.
WMO and IATA, through the collaborative programme, provide a WICAP Airline Participation
Agreement, as the standard agreement for AMDAR participation and operation which is described
in section 5.3. The WICAP Data Policy has been developed and established in consultation
between airlines and State MET Provider partners and forms the basis of the data-licensing
arrangement under which WICAP will operate. It is discussed more in detail in section 5.2.
In the process of expanding AMDAR, airline candidates are supported for assessing their
readiness to join, or to expand their current participation in the programme. Airlines operating
over AMDAR data sparse areas will be targeted to participate.
WICAP promotes an open discussion on cost sharing between airlines and State MET Providers,
or WICAP Operators, in the case of a collaborative, regional approach to programme operation.
In addition, WMO and IATA are taking a role in facilitating negotiations with independent airline
data service providers focused on increasing efficiency and more equitable arrangements for
AMDAR and airline data communication costs. More information about the existing relations and
organizational structuring of WICAP can be accessed on the WICAP website 18.
5.1.1

Role of WMO, the State MET Providers and WICAP Operators in WICAP

WMO and State MET Providers will have the primary operational role of reception, processing
and management of AMDAR data under WICAP. A fundamental aspect of this WICAP operational
framework will be the enabling of increased efficiency through a WMO regional approach to
activities such as planning, resourcing, and data management. Under this framework, designated
State MET Providers acting as WICAP Operators, are responsible for undertaking operational
activities, such as data processing, for example, on behalf of the region and its Members. This
is discussed in more detail in section 5.5.
From a high-level perspective, the WMO responsibilities within WICAP are:

18

https://community.wmo.int/activity-areas/wmo-iata-collaborative-amdar-programme
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1.
2.
3.
4.

Coordinating and supporting regional WICAP implementation and operation by airlines,
State MET Providers and WICAP Operators
Oversight of the formulation of global, regional, and national meteorological requirements
for AMDAR data
Development and implementation of the WICAP Data Policy, supported by relevant WMO
technical regulations and guidance materials
Coordination of the development and maintenance of standards for the operational aspects
of WICAP and AMDAR.

In addition to the role in the operational aspects of the programme, WMO and State MET
Providers will have the core responsibility to ensure continuous increase and optimization of the
use of AMDAR data for improving forecast accuracy and weather services to aviation and the
wider community.
5.1.2

Role of IATA in WICAP

There are three main IATA responsibilities under the WICAP Working Arrangement.
IATA supports the expansion of the global AMDAR programme by assisting in building
partnerships between airlines and State MET Providers and expanding technical capabilities for
airline reporting. IATA regional offices and technical working groups will provide support and
guidance on AMDAR expansion.
IATA will encourage airline participation by familiarizing them with ways to materialize safety
and efficiency benefits from the data, through the provision of a better and more widely
understood business case and justification for the participation of airlines in the programme.
IATA will explore the potential growth in the provision of AMDAR data by and to other aviation
stakeholders, e.g., Business Aviation and the unmanned aircraft vehicles (UAV) sector as well
as facilitating the involvement of third-party commercial providers that may benefit from the
commercial use of AMDAR data, to help achieve the long-term self-sustainability of the
programme.
IATA actions being taken to fulfil their responsibilities as described in the WICAP Working
Arrangement also include:
1.
2.

3.

Promoting the AMDAR observing system to the industry at large
Assisting WMO to continuously validate and prioritize at the regional level the list of
identified potential airlines that possibly could join the AMDAR system expansion, based
on their willingness, readiness, and financial and technical capacities
Working directly with participating and candidate airlines in the AMDAR observing system
to:
•
•
•

4.

Familiarize them with the operation and benefits of AMDAR
Foster airline engagement in WICAP
Promote and facilitate the utilization of AMDAR data by the airline community and
other industries

Educating other identified aviation and non-aviation stakeholders on the benefits of the
AMDAR observing system and the application of AMDAR data.

5.1.3

Role of the Airlines in WICAP

Under WICAP, the participating airlines are expected to fulfil the following roles and
responsibilities:
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1.
2.
3.
4.
5.

Enter into a WICAP Airline Participation Agreement, as the standardized agreement with a
State MET Provider or WICAP Operator to provide AMDAR data under the WICAP Data
Policy
Implement required AMDAR avionics software to support the collection and transmission
of AMDAR data
Facilitate the provision of AMDAR data to the WICAP Operator via agreed communication
channels
Endeavour to correct notified faults and issues with AMDAR data quality as notified by State
MET Providers
Work with WMO and AMDAR parties to widen the implementation of water vapour sensors
and the measurement of turbulence.

As part of the airline assessment and involvement in WICAP, the airline should consider involving
staff from data analysis and statistics sectors, such as the Flight Operations Manager, the
Avionics and Maintenance Engineering officer, as well as contributors from the IT data team
directly involved in the coordination of software developments with its external data service
provider. For airlines that have a MET expert in the organization, their involvement is strongly
recommended.
5.2

WICAP Data Policy

The WICAP Data Policy defines what AMDAR data is and establishes how it can be accessed,
utilized, and shared by WICAP airline participants, WICAP Operators and other authorized data
users, while protecting the interests and property rights of airlines as the original data owners.
Through the policy, WMO and IATA have agreed on matters such as intellectual property, data
protection, security, confidentiality, data ownership and licensing, ownership of technical
applications and equipment, property of onboard software, restrictions to the data use and
maintaining the integrity of data.
The WICAP Data Policy provides a basis for and is referenced to the WICAP Airline Participation
Agreement between the airline and the State MET Provider or WICAP Operator if the State MET
Provider has signed up for a regional collaboration for resourcing and processing AMDAR data.
According to the policy, airlines agree and commit to deliver, or facilitate delivery of agreed
AMDAR observations to the designated WICAP Operator on a best-efforts basis.
Further aspects of the WICAP Data Policy include:
WMO-related:
•
•

All State MET Providers are licensed and retain full rights to freely use all de-identified
AMDAR data for non-commercial meteorological applications.
State MET Providers retain full ownership of any meteorological products and services as
derived or developed by them, from the use of AMDAR data by their respective State MET
Provider and data users.

Third Party-related:
•

Authorized third parties such as research and education data users have free access to
AMDAR data on the following basis:
o
o
o

•

Access only to AMDAR information that is older than 48 hours
Access is facilitated via the WMO Information System (data arrangements provided
by WMO)
Data is used for non-commercial purposes only

Licensed private third parties, such as private-sector entities, can obtain licensed access
rights to AMDAR data either directly from a participating airline or from IATA.
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5.3

WICAP Airline Participation Agreement

To join WICAP and commence the reporting of AMDAR data so as to contribute to the mutual
benefits of the programme, the airline will enter into an agreement with a WICAP State MET
Provider, acting as a WICAP Operator. While the agreement has standardized aspects, including
the requirement to adhere to the WICAP Data Policy, other elements are negotiable with the
appropriate State MET Provider or WICAP Operator. The agreement covers, among others, the
following aspects:
•
•
•
•
•
•

5.4

Specification of responsible parties for one-time and ongoing expenditures
Granting the rights to receive, access and reproduce the AMDAR data contributed by the
participating airline
Where appropriate and agreed, terms for utilization of an AMDAR optimization system, to
allow reduction of communication costs for real-time messages
Intellectual Property and data ownership, as referred to in the WICAP Data Policy
Detailed list of participating aircrafts, configurations for observations and transmission of
reports, as well as agreed equipage and maintenance, among others
Confidentiality, ensuring the State MET Provider will not share nor disclose any information
or documents it might receive or learn from the participating airline
Benefits of WICAP Framework for Airlines

WICAP provides airlines with more standardized and formalized processes and arrangements for
the implementation and operation of their AMDAR system, while taking advantage of efficiencies
derived from a more organized, regional approach to planning, development, and operations.
With the involvement of IATA in WICAP, data policy and other airlines’ interests are better
defined and protected, and additional support for airlines to join AMDAR is provided.
A summary of the main benefits from the WICAP framework as the collaborative way to join
AMDAR are shown below:

Figure 3. Benefits of WICAP Framework for Airlines
As described in greater detail in section 5.3, WICAP supports the implementation of a
standardized WICAP Airline Participation Agreement between participating airlines and the State
MET Provider or WICAP Operator.
Through the WICAP Data Policy, as described in more detail in section 5.2, WICAP protects the
interests and data ownership of airlines.
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5.5

WICAP – Current and Future Capabilities

Under the collaborative AMDAR programme both WMO and IATA support the implementation of
wind, temperature, water vapour and turbulence reporting. In this section, technical
opportunities that have the potential for strengthening and streamlining data processing are
addressed.
5.5.1

Developing Aircraft Communication & Computing Capabilities

One of the important roles of WICAP is to influence future communication and/or computing
capabilities for AMDAR. Under their Working Arrangement on AMDAR, WMO and IATA are:
•
•

•

Working together to influence avionics providers to include AMDAR capabilities in new
aircraft families as well as to facilitate retrofits of aircraft systems to support WICAP
Investigating possibilities to take advantage of new and developing technologies for both
AMDAR, turbulence and water vapour reporting which could harmonize the technical
solutions for implementation and deliver cost efficiencies for operations, such as data
communications
Exploring ways to resource and sustain the programme, including the possibility to develop
a linkage with airline and aviation industry incentive schemes, such as CORSIA

5.5.2

WICAP Operators

Prior to WICAP, AMDAR programmes have been established between a single State MET Provider
and an airline under a national level arrangement. The transition to centralized data operations
through WICAP Operators is a core component of the WICAP operational framework, which
optimizes resources required for AMDAR data processing. WMO has established regional working
groups which oversee the regional development and implementation of WICAP Operators for a
more efficient approach to data processing and relay to data users.
Figure 4 highlights the importance of the WICAP Operator to receive and manage the flow of
AMDAR data. The WICAP Airline Participation Agreement is negotiated and agreed between an
airline and this WICAP Operator in line with the WICAP Data Policy. Under WICAP, other data
management systems and processes will also be centralized and made more efficient, including
the AMDAR Data Optimization Systems, for better control of, and reduction of redundant AMDAR
data reports received from contributing aircraft – see section 4 for more information.
5.5.3

Contribution to AMDAR Communication Costs

Under WICAP, State MET Providers are able to contribute to the funding of data communication
costs based on a global and regional approach to planning, operating, and resourcing via WICAP
Operators. Such approach can be used to support the establishment of a more efficient
arrangement for communication solutions with DSPs, as well as a more efficient and equitable
arrangement between State MET Providers for meeting communication costs. Efficiencies are
also derived through the planning process of WICAP associated with the strategic use of both
domestic and international operating fleets of participating airlines.
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Figure 4. AMDAR observing system data flow with new WICAP framework
highlighting WICAP Operator’s involvement
6.

AIRLINE PARTICIPATION IN WICAP – HOW TO JOIN?

This section describes the process required for joining WICAP.
The steps listed in Figure 5 provide a roadmap towards participating in the programme. The
steps can be classified under three main phases: Communication and Preparation, Evaluation
and Agreement and Sign off and Implementation, where the negotiation of the detailed terms is
the key element for the Evaluation and Agreement phase.

Figure 5. Airline Steps for WICAP Participation
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Any airline, whether they are already participating in AMDAR or an airline that has not produced
AMDAR observations yet, are encouraged and will be supported to participate in the WICAP
programme.
The WMO guide, Requirements for the Implementation and Operation of an AMDAR
Programme 19, provides additional technical guidance on the requirements for the establishment
and operation of a national or regional AMDAR observing system in collaboration with one or
more partner airlines, as summarized below.
6.1

WICAP Communication and Preparation

The Communication and Preparation phase includes the following key steps:
1.

Initial communication

The starting point for initiating a discussion on joining AMDAR and WICAP can come from either
party, from an airline or a State MET Provider. WMO and IATA are here to support finding the
right contact points from the counterpart for preliminary discussions.
Communicating with airline offices is a shared task between IATA and it’s regional offices, and
the support is given as most suitable in each case. WMO is also supporting through its
Secretariat, Regional Offices and regional working groups including national MET experts.
There is a lot of material available for a familiarizing with the concept, its benefits and concreate
actions required for joining, this manual as one of these.
2.

Gathering of Airline Information

The purpose of gathering airline information is to confirm the reporting capabilities from the
fleet(s) intended to participate in the AMDAR programme. The airline fleets targeted for WICAP
participation should be based on a number of considerations, including aircraft technical
capability, potential coverage of AMDAR and the requirements for implementing the AOS, among
others.
The airline, through input to a standardized WICAP survey request, confirms selected AMDAR
reporting fleets, variables, and routes, based on the destinations where more accurate MET data
would make a significant improvement to the data coverage. The selected aircraft fleets are
analysed to determine requirements for implementing or activating the AMDAR reporting
capability.
3.

Defining MET Requirements

The requirements cover, but are not limited to, measurements of aviation and meteorologically
relevant observed parameters, areal and temporal data coverage, and observed density for both
horizontal (en-route) and vertical (ascending and descending) data. As a baseline, regional and
global requirements for AMDAR observations are essentially formulated independently of the
operational system of reporting airlines for determining the most efficient and cost-effective
solution for the provision of the required observations.

19

https://library.wmo.int/index.php?lvl=notice_display&id=16115
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6.2
1.

WICAP Evaluation and Agreement
Develop the airline Business Case

In order to make the decision to join AMDAR, the airline should perform a business case analysis
to confirm the viability of, and any conditions for, participation in WICAP. As in any other
business case evaluation, the airline should consider:
WICAP expected benefits, as established in more detail in section 3, for the airline operations,
including:
•
•
•
•
•
•
•
•
•
•
•

2.

Impact of more accurate flight planning, in terms of potential maintenance and repair
requirements based on additional MET information incorporated and served by ANSPs.
Potential savings due to better fuel efficiency practices, mitigation of delays and better
management of contingency fuel.
Impact of health and legal cases’ mitigation for crew and passengers due to weather
episodes.
Impact in reputation, sales, and customer service due to a more accurate estimation of
times of arrival/departure due to the information used for flight scheduling at the airline
side, among others
Developing an enhanced relationship with the State MET Provider and WMO and a better
understanding of the impacts and possible tactical mitigation for severe weather.
Making a contribution to the overall reduction in impact of aviation on the environment.
Some cost categories involved, which are discussed more in detail in section 7:
Software implementation costs to enable fleet configuration for AMDAR reporting.
Hardware implementation to install sensing devices where required.
Communication costs to report AMDAR data.
Training costs to educate internally on the operation of the programme and the use of and
impact of AMDAR data in operations, if necessary.
Negotiation between airlines and WICAP Operators

While a standard WICAP Airline Participation Agreement forms the basis for participation in the
programme, some items, terms, and particular details can be negotiated with the WICAP
Operators, including:
•
•
•
•

6.3
1.

The number of fleets and aircraft to be equipped with AMDAR software for reporting AMDAR
data at an agreed reporting frequency
Cost sharing between the parties
Airline requirements to ensure data supply and quality
The term of the agreement and the programme, including an arrangement for contract
extension or agreement termination
WICAP Sign-off and Implementation
Execution of WICAP Airline Participation Agreement between the airline and the
State MET Provider or WICAP Operator

The execution of the agreement between the airline and the WICAP Operator follows the
finalization of the negotiable terms and conditions of the airline participation agreement and the
review and acceptance of the WICAP Data Policy.
The finalization of the agreement must be consistent and compliant with both national and
international laws and legislation and may involve some other complexities. For this reason, it
is highly recommended that parties consult with either their own or hired legal counsel to assist
in the process and ensure the final agreement is both compliant with the law and does not
unknowingly or otherwise disadvantage any parties to the agreement.
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IATA and WMO can facilitate the coordination required between the WICAP Operator and the
airline to clarify the provisions in the WICAP Airline Participation Agreement.
2.

Perform AMDAR Onboard System implementation and testing

From the airline side, the role of and procedures involved in implementing the AMDAR Onboard
Software and to link the current aircraft configuration with the required reporting configuration
is typically managed by a third-party service provider, depending on the existing supplier
contracts for the specific fleet and operational requirements.
The installed AOS undergoes testing and certification with the avionics manufacturer to ensure
that it complies with requirements and does not interfere with or adversely affect existing and
standard applications.
A plan and processes should be developed for verifying and validating the performance of the
AOS and its outputs. This can often be facilitated in large part by the third-party service provider
and the State MET Provider based on standard regional and global data assessment and
monitoring procedures.
As part of in-flight output testing, it is crucial to check, as a minimum, the quality of
meteorological and other observed or reported information and the validity of spatial and
temporal coordinates.
3.

Data Delivery, Processing and Quality Management

There are important but a limited number of quality control checks that can be applied to AMDAR
data in its pre-processing prior to further transmission to data users. The routine quality
assessment and control of data is conducted both at the national level by AMDAR programme
managers and by international data centres, which monitor AMDAR data quality and report on
issues when identified. As a result, the State MET Provider can contact the respective airline to
request the undertaking of appropriate and agreed corrective actions.
7.

WICAP FINANCIAL IMPACT AND COST SHARING

This section provides a summary of costs associated with the implementation and operation of
the AMDAR system.
7.1

WICAP Efficiencies, Resourcing and Cost Sharing

WMO and IATA as well as participating State MET Providers and airlines who share in the mutual
benefits of the programme, are all motivated to ensure the ongoing success, viability, and
resourcing of WICAP.
Financial transparency and cost sharing are considered to be an important component of the
sustainable operation of WICAP. While the WICAP framework establishes a recommended basis
and some principles for resourcing the programme, the final arrangements on cost sharing
should be reached by the Participating Airline and the WICAP Operator or State MET Provider.
Under WICAP, it is recommended that charges made by the airline should be no more than the
incremental (i.e., recovery) costs associated with equipping aircraft for AMDAR operation and
data transmission. Given the mutual benefits to partners in participating in WICAP, ongoing
administrative costs should generally be waived by both parties.
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Some of the main principles and considerations relating to cost sharing under WICAP are:
•
•
•
•
•
•

7.2

Minimization of redundant communications and related accounting costs. It is
desirable that WICAP data communications are facilitated directly from the DSP to the
State MET Provider or WICAP Operator when possible.
Cost reduction from data service providers. Airlines should drive efficiency and reduce
costs with application providers, if possible, to support the sustainability of the programme.
Effective cost sharing. WICAP recognizes the mutual benefits to participating parties and
encourages appropriate sharing of costs between partners so that the programme is made
more viable and sustainable.
Support for industry readiness for AMDAR reporting. When possible, participating
airlines should call upon OEMs to ensure that cost-efficient solutions for AMDAR and EDR
implementation are readily available for both new installations and retrofit.
Active promotion of the programme for third-party funders. Under WICAP, partners
should seek support for programme development and operation under relevant capacity
development projects and initiatives.
Support for emissions offsetting. When and where possible, airlines should seek to
offset WICAP costs through schemes such as emissions offsetting.
Costs for Joining and Operating the AMDAR system

The costs are primarily dependent on the following factors:
•
•
•

The volume of AMDAR data generated by the fleet
Existing technical solutions for reporting AMDAR
The communications solutions adopted

It is essential to determine during the Communication and Preparation phase, what are the
requirements and any costs to appropriately equip aircraft to establish an AMDAR system under
WICAP. In many cases, a simple update of avionics or even the activation of existing software,
completes the reporting capabilities for AMDAR data. Several more recent aircraft families are
already equipped with the required AMDAR software. OEMs can confirm the need for any
updates, developments or changes that might be required in the implementation, configuration
and/or activation of AMDAR reporting.
The costs should be calculated for each aircraft family specifically and cost sharing negotiated
between the operating parties. Once negotiated and agreed, the cost-sharing arrangements for
AMDAR implementation and operation should be formerly established in the WICAP Airline
Participation Agreement.
A more detailed description of costs associated with AMDAR implementation and operations
follows.
1.

Avionics, Hardware and Sensors

AOS uses onboard avionics and no additional sensors or hardware need to be purchased for
reporting winds and temperature aircraft data. While there are no restrictions on or costs
associated with the use of AMDAR protocols and algorithms, there may be charges by OEMs
associated with updating and/or integrating the AOS into the onboard avionics systems or with
making customized modifications and installations.
Turbulence (EDR) reporting requires a system upgrade unless the EDR algorithm is already
integrated, which is possible for some more recent fleet types. For water vapour, a software
upgrade and the installation of the water vapour sensor is required. Newly released aircraft might
be delivered as ‘upgrade ready’ which allows refitting of the water vapour sensor with minimal
resources. Additional technical information on this is provided in section 4 of this manual.
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Any installations or upgrades should be done during a regular maintenance period to minimize
costs and disruption to operations.
2.

Communication Infrastructure

The principle operational cost of any AMDAR system is in air-to-ground data communications.
The major cost component arises from the transmission of meteorological data to the State MET
Provider or WICAP Operator as per shown in Figure 4, through ACARS.
The DSPs provide 2-way communications over VHF, HF, and satellite systems, with each of these
modes respectively and progressively more expensive.
The cost of transmitting data will vary significantly according to a number of factors including:
•
•
•

The communications frequency over which data are transmitted
The packaging of observations within reports and downlink messages
The reporting and downlinking frequency required

This is an ongoing cost which should be negotiated under the WICAP Airline Participation
Agreement and jointly between the airline, WICAP Operator or the State MET Provider and the
airline’s Data Service Provider to assure sustainable resourcing of the programme.
VHF Transmission
Because of its lower cost VHF is most commonly and widely used for most AMDAR data
communications where possible. If the aircraft is operating out of range of a VHF ground
receiving station, the data are either stored onboard for later transmission using the VHF system,
or more commonly now, the data are transmitted through the satellite arm of the
communications system.
HF Transmission
HF is another developing alternative to VHF for remote communications that is available over
some remote areas and has been adopted by some airlines, particularly for communications in
higher latitude locations. It is less expensive than the satellite system but is still 2 to 3 times
the cost of VHF communications.
Satellite Transmission
The satellite data communications mode is significantly more expensive than the VHF system by
a factor of between 5 and 10 but it is normally the only option available over oceanic and some
remote areas of the world.
How much does data communication cost?
The cost of delivering data from an aircraft to the State MET Provider varies greatly based on
the factors mentioned above and generally ranges between 1 to 12 US cents per observation via
the VHF system. The very roughly estimated median value of all current operational systems is
around 4 US cents per observation.
This cost is usually reimbursed by the State MET provider preferably as a direct payment to the
airline communications provider. Some factors can influence this cost:
•
•
•

The contractual arrangements between the airline and its communications provider
The volume of communications traffic generated by the airline
The cost-sharing schema agreed between the airline and the State MET Provider
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•
8.

The implementation of the WICAP Optimization system
ADDITIONAL RESOURCES AND CONTACTS

The WICAP initiative provides a framework to strengthen and increase global participation in
AMDAR, especially in data sparse areas of the globe. It provides support for a locally coordinated
and centralized approach to planning, data processing and distribution, and establishment of
infrastructure and resourcing for long-term success.
WICAP assists airlines to determine requirements to participate in the programme, as well as to
establish and promote the benefits of the data to enhance not only their airline, but the aviation
community as a whole.
The long-term success of AMDAR and WICAP is fully dependent upon airline and aviation
participation. The WICAP infrastructure supports airline participation at every step, as we work
together to build and enhance a mutually beneficial partnership and programme.
Aligned with the support provided to new WICAP participating airlines, the following additional
information is recommended to this document:
•
•
•

WICAP Website. Includes guidance, communication and practical documentation developed
for the WICAP initiative – WMO-IATA Collaborative AMDAR Programme | World
Meteorological Organization. 20
WMO AMDAR. Includes technical documentation and implementation guidance for AMDAR.
– The WMO AMDAR Observing System | World Meteorological Organization. 21
AMDAR Data Benefits. Includes studies and reports on the benefits of Aircraft-based
Observation Systems to aviation – Aircraft-based Observations Benefits | World
Meteorological Organization (public.wmo.int) 22

For information and reference from the IATA regional offices, please access additional
information and contact directory from the IATA website 23.
The benefits of WICAP have been largely addressed in this document. Improved safety in
operations and increased efficiencies are the main premium for airlines joining the programme.
WMO and IATA are here to help.
If support is required or if you have any questions or comments on this document, please do not
hesitate to contact:
WMO
IATA at: wicap@iata.org

at:

wicap@wmo.int

https://community.wmo.int/activity-areas/wmo-iata-collaborative-amdar-programme
https://community.wmo.int/activity-areas/aircraft-based-observations/amdar
22https://community.wmo.int/activity-areas/aircraft-based-observations/data/benefits
23 https://www.iata.org/en/about/worldwide/
20

21
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APPENDIX: GLOSSARY
ABO: Aircraft-Based Observations
ACARS: Aircraft Communications and Reporting System
AEEC: Aeronautical Airlines Electronic Engineering Committee
AMDAR: Aircraft Meteorological Data Relay
ANSP: Air Navigation Service Providers
AOS: AMDAR Onboard Software
ASOFRS: AMDAR Onboard Software Functional Requirements Specification
ATM: Air Traffic Management
CDA: Continuous Descent Approaches
CO2 emissions: Carbon Dioxide Emissions (from fuel burning)
CORSIA: ICAO’s Carbon Offsetting and Reduction Scheme for International Aviation
DEVG: Derived Equivalent Vertical Gust. DEVG is a measure of aviation turbulence
DSP: Data Service Providers
E-ABO: EUMETNET Aircraft-Based Observations
EDR: Eddy Dissipation Rate
EUMETNET: European Meteorological Network
FMS: Flight Management System
GANP: ICAO Global Air Navigation Plan
NWP: Numerical Weather Prediction
IATA: International Air Transport Association
MET: Meteorology or Meteorological
NCAR: National Centre for Atmospheric Research
NMHS: National Meteorological and Hydrological Services
OEM: Original Equipment Manufacturer
PBN: Performance Based Navigation
PIREPS: Manual Pilot Reports
TA: IATA Turbulence Aware
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TAF: Terminal Aerodrome Forecast
TBO: Trajectory-Based Operations
TMA: Terminal Manoeuvring Area
TOD: Top of Descent
UAV: Unmanned Aircraft Vehicles (e.g., drones)
WICAP: WMO-IATA Collaborative AMDAR Programme
WIS: WMO Information System
WMO: World Meteorological Organization
WVSS-II: FLYHT Water Vapour Sensing System version two
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