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1 About the AMDAR Program

Aircraft Meteorological DAta Relay is the automated measurement and transmission of meteorological data from an aircraft platform according to meteorological specification
 and predominantly utilizing existing onboard sensors and avionics.

The AMDAR observing system is now recognized by WMO as a critical component of the WMO Global Observing System (GOS
), supporting the World Weather Watch Programme
.

This document describes the benefits of AMDAR data to both the Meteorological and Aeronautical communities.
1.1 What is derived from an AMDAR Program?

High resolution
 vertical profiles of air temperature, wind speed, direction.

Regular real-time reports (e.g. every 5-10 minutes) of meteorological variables whilst en-route at cruise level;

Accurate measurement of coordinates (time, latitude, longitude and pressure altitude);

Measurement of turbulence:

DEVG (Derived Equivalent Vertical Gust); and/or,

EDR (Eddy Dissipation Rate: a meteorological turbulence parameter appropriate for direct assimilation into numerical weather models);

Measurements are compiled into a standard message format (ARINC 620) and transmitted to the NMHSs in as near-to real-time as possible.

	Variable 
	Uncertainty 

	Temperature 
	±1.0 C 

	Wind Vector 
	±2-3 m/s 

	Pressure Altitude 
	±4 hPa 


Optionally, water vapor, or humidity, may be measured if the aircraft is properly equipped (see Chapter 4).

1.2 Airline Participation in the AMDAR Program

The World Meteorological Organization (WMO) Global AMDAR Observing System is made up of many national and international airlines
 working in partnership with a National Meteorological and Hydrological Service (NMHS), National Aviation Authorities, or regional associations of these agencies. As of July 2013, more than 400,000 AMDAR observations per day are being produced by 38 participating airlines. Participation in the program has increased markedly over the past decade as shown in Figure 1 below, which shows the increase in the number of AMDAR reports per day being exchanged on the WMO Global Telecommunications System (GTS) since 2003. This indicates that the international airline industry recognises the benefits that the AMDAR Program offers to the industry and to the aviation community generally.
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Figure 1: International growth of AMDAR observations transmitted on the WMO Global Telecommunications System since 2003 and up to July, 2013.

Figure 2 below provides an indication of the data coverage currently provided by the AMDAR observing sysetem but also demonstrates that the program has considerable potential for expansion over many data-sparse areas of the globe.
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Figure 2: A depiction of the 24-hour international data coverage of aircraft-based observations, including AMDAR, June 30, 2013.
2 Benefits of AMDAR Data to Meteorology

2.1 Low Cost, High Quality Source of Data

An AMDAR Program complements and enhances the existing upper air observing programs of National Meteorological & Hydrological Services (NMHS) through provision of very high quality upper-air meteorological data at a lower cost relative to that derived from conventional radiosonde programs and at a considerably higher temporal frequency of vertical profiles (ascents and descents made at airports). This low cost, high quality, high temporal/spatial resolution are particularly valuable in areas that do not reliably provide radiosonde launches on a regular interval, usually due to budgetary reasons. While the radiosonde provides data to a higher altitude and incorporates a measurement of humidity as standard, the addition of a water vapour sensor can make an AMDAR program even more
2.2 Data Use

AMDAR data are used by meteorological agencies in a range of meteorological applications.

Meteorological forecasting, by either humans or computers, relies on being able to accurately
 describe the “initial state” of the atmosphere. The most vital parameters for this purpose are: air pressure, wind (direction and speed), air temperature and water vapour content. AMDAR routinely provides three out of four of these variables with water vapour measurement now becoming an operational component of AMDAR programs in the USA and Europe.

2.2.1 Use in Numerical Weather Prediction Models

The predictive ability and accuracy of numerical weather prediction models (NWP) relies heavily on the quality and quantity of data that can be assimilated into the “initial state field”.

Whilst AMDAR data are collected both in level flight and during ascent and descent, the largest and most significant contribution to NWP is from the vertical profiles derived on take-off and landing.

Many studies and trials
 have been carried out that overwhelmingly demonstrate the positive impact of AMDAR data on numerical model skill. Observations System Experiments (OSE) that test the impact of the observational or measured data on the results or outcome of the predictive capability of models, have shown that AMDAR has about the same level of impact as data from radiosondes, which is considered to be the primary system for vertical profile meteorological measurement.

The general method for determining the impact of an observations system on NWP models (i.e. conducting an OSE) is to run the model both with the data included and without and then compare and contrast the performance in each case. Whilst this has been done on numerous occasions as stated previously, there have been several ‘real life’ occasions when the positive and significant impact of AMDAR data has become apparent as a result of operational disruption and unplanned data loss.

Two such examples that demonstrate the positive impact of AMDAR on NWP are the following:

· In the days after the recent Eyjafjallajökull eruption in Iceland, several regional European NWP models failed due to the complete lack of AMDAR data over Europe and parts of the Atlantic.

· In the aftermath of September 11, 2001, when all civil aviation operations were suspended in the U.S., the complete loss of AMDAR data during this period resulted in a 20% loss of wind forecast skill to the NCEP Rapid Update Cycle (RUC) high resolution NWP model, with the 3 hour RUC forecast skill minus AMDAR data dropping back to nearly that of the normal 12 hour forecasts
.

2.2.2 Use in Forecast Applications

In addition to the provision of AMDAR data for NWP model assimilation, high quality measurement of vertical profiles of temperature and wind are vital inputs to forecasting applications that can have significant impact on aviation operations, such as:

Surface and upper air forecasts of wind and temperature;

Thunderstorm genesis, location and severity;

Wind shear location and intensity;

Low cloud formation, location and duration;

Fog formation, location and duration;

Turbulence location and intensity;

Jetstream location and intensity;

Precipitation amounts and rates; and,

Conditions leading to aircraft icing.

The improvement to the accuracy of measurement and prediction of all of the above phenomena has an impact on the aviation industry in terms of both safety and economy of operations.

2.2.3 Use in Climate Applications

High quality upper air data are an important component of the meteorological community’s climate data archives. Such archives are a source of data input to many local, national and global climate monitoring and forecast applications as well as to research associated with issues such as Climate Change. Analysis of changes to the thermal structure of the atmosphere is key to monitoring and quantifying the effect of climate change and associating the changes with particular drivers, such as changes in the concentration of carbon dioxide.

2.2.4 Use in Verification of Forecast Products

AMDAR observations are used in the verification and assessment of NWP models and forecast products and diagnostics, the results of which contribute to a process of continuous improvement in model performance and predictive skill.

Aviation and public weather forecasters also make use of AMDAR data for both the verification and updating of forecasts in the shorter-term and in the periods between updates of NWP forecasts (usually 6 or 12 hours). This advantage and enhancement to forecast skill is derived from the higher temporal resolution of AMDAR data (often as frequent as one or more vertical profiles per hour) compared to radiosonde data, which usually will be available once or twice per day only.

3 Benefits to the Aviation Industry

3.1 Benefit to Airline Operations

3.1.1 Impact of Improve Weather Forecast Skill on Airline Operations

Weather accounts for 70% of all air traffic delays within the U.S. National Airspace System (NAS). Further, the Federal Aviation Administration (FAA) has determined two thirds of this is preventable with better weather information
.

As shown in the figure below, much of the benefit to airlines from participation in the AMDAR Program comes directly from improvements in the forecasting ability of meteorologists and meteorological agencies as a result of receiving and utilising the data. This leads to an improvement in the quality of the services and diagnostics provided to the aviation community, which in turn translates into benefits and cost savings to the airline.
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Figure 3: AMDAR Program Benefits to aviation arising from the the demonstrated positive impact on meteorolgogical operations.
Improved and more accurate weather forecasts, products and diagnostics and aircraft sensor performance monitoring for the aviation industry ultimately lead to significant cost savings to airlines and safer flight operations.
3.1.2 Improved Flight Operations

Greater confidence in and increased reliance on weather information to improve the accuracy of flight planning operations and, as a result, service levels to customers.

Airline meteorologists also can and do make direct use of AMDAR data and information for internal forecasting activities in addition to those produced by government and other meteorological agencies.
Specific areas of flight operations improved by better forecast services and products include:

· Route planning associated with severe weather to reduce unplanned flight deviations;

· Flight level selection to optimize efficiency;
· Avoidance of severe weather that could increase maintenance requirements and costs;
· Avoidance of severe turbulence;
· Planning for crew scheduling, passenger notifications.
3.1.3 Improved Safety

Advanced and more accurate warning of severe weather phenomena will lead to reduced incidence of damage to aircraft and injury to customers and employees.

3.1.4 Operational Cost Savings

Improved accuracy of flight planning operations, reduced requirement for fuel-tankering and improved safety of operations can have significant cost saving benefits.

Near-real time wind data from AMDAR can be utilised directly in airline flight planning systems to improve safety and fuel efficiency and costs by modifying fuel loads based on updated flight route wind forecasts.
3.1.5 Aircraft Sensor and System Monitoring

One of the benefits of airline participation in the AMDAR program that is perhaps not fully appreciated is the provision of prompt feedback on the quality of data being produced by the aircraft. This information can be utilised to provide an early-warning that an onboard sensor or system may be in error or outside calibration limits. For example, in the figure below, a NMHS monitoring system, which compares the aircraft air temperature data with the temperature field from the NMHS’s numerical weather model, highlights when an aircraft temperature sensor, probably physically contaminated, shows a bias and an error of around +8.0C. Such an error can be detected by the NMHS within 1-2 days or sooner and before the error exceeds a magnitude of ±0.5C or less. 
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Figure 4: Monitoring of AMDAR data detects the malfunction of an onboard temperature sensor.

A temperature error of more than a few degrees can have a dramatic negative impact on engine performance, fuel efficiency, and safety of that aircraft.

Similar errors can be detected quickly for wind and pressure measurements from reporting aircraft.

Early detection of such errors in aircraft sensor performance allows a rapid response by aircraft maintenance teams, and can yield significant financial benefits for airline partners. Rapid resolution through appropriate aircraft maintenance actions will reduce flight operations costs, and potentially resolve an issue before it contributes to catastrophic failure. Cumulatively for an airline fleet, the savings offered from such early detection and early resolution of sensor issues provides a significant financial benefit to the operations of airlines participating in AMDAR.  This benefit is not available for air carriers that do not participate in AMDAR.

3.2 Air Traffic Management/Air Traffic Control 

The improved quality of meteorological information for aviation forecasting provides support for Air Traffic Control (ATC) en-route operations in such a way that more detailed and more accurate guidance can be provided. Activities like flight pattern management (horizontal and vertical separation), on-line flight plan updating and altitude change procedures (contrail production) benefit from the use of AMDAR information.

3.3 Airport Operations 

The Aviation Industry also benefits from improvement to ATC management of airport facilities associated with: departure and arrival management, avoidance of holdings and re-routings (accurate wind information needed), runway management and changes to conditions affecting runway management (wind, fog conditions, etc), and other aspects affected by weather-related phenomena. 

3.4 Environmental Aspects 

Aviation inevitably contributes to the problem of global warming associated with the production of Greenhouse Gases (GHGs). Environmental monitoring through the use and expansion of measurement systems such as AMDAR are obviously a critical aspect of researching and understanding climate and the effect that aviation has on it.

There is also research that suggests that aviation also contributes to global warming through the production of cirrus-like contrails. The effect is moderate during daytime, but much larger during night time because of the absence of a compensating reflection of short wave radiation. Contrails exist as a relatively thin layer of high humidity and could potentially be limited by avoidance of travel in areas conducive to their production. AMDAR temperature and humidity information are the essential parameters for the prediction of possible contrail production.

One way to reduce the emission of GHGs (e.g. CO2) is the introduction of so-called Green Landings, Tailored Arrivals or Continuous Descent Approach (CDA). In many countries such procedures are under test or in a pre-operational phase, using high frequency AMDAR winds directly, or products derived from them.

In the near future, it is possible that there will be an expansion and some degree of obligation related to aviation programs and procedures that seek to limit the effect or the contribution of GHGs on the environment. Airlines that participate in environmental monitoring programs and are equipped with systems that aid in the delivery of environmental impact minimisation programs will be well-placed to benefit from incentives and initiatives such as those mentioned above.

3.5 Public & Customer Perception

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

· The fact that data derived from AMDAR are also used for wider public weather applications, advices and warnings in addition to aviation forecasting products and applications means the participating airline can and should be seen to be contributing to the public good.

· The airline demonstrates a commitment to improving the passenger experience by monitoring weather impacts to aviation above and beyond regular requirements and expectations.

· Demonstrating a commitment to reducing aircraft environmental footprint through superior and improved efficiency of operations, reduced fuel use and reduced emissions.

· Showing leadership and commitment to improving environmental sustainability for the region and global community by sharing data that impacts positively on scientific ability to monitor the environment and the climate.

4 Enhancement of AMDAR with Water Vapour Measurement

4.1 Background Information

Since early in the 20th century, the radiosonde has been and remains the primary system for in-situ measurement of vertical meteorological profiles of the atmosphere. The balloon-borne system measures the four essential parameters that describe the fundamental, underlying state of the atmosphere:

atmospheric pressure (for provision of a vertical coordinate);

wind (direction and speed);

air temperature; and

humidity (for water vapour content).

Whilst this technology, which has been developed and improved over time, has served meteorology well, its most consistent criticism is that the cost and the lack of recoverability (for reuse) means that it is rarely economically feasible to provide both the spatial and temporal coverage needed to meet modern day requirements of high resolution data for weather forecasting and monitoring applications. For this reason, scientists have looked to other systems to supplement the radiosonde data including: satellite-borne sensors; atmospheric radars; lidar and AMDAR.

Over the last decade or so, AMDAR, as a result of its dense spatial and temporal coverage, rapid growth and relatively low cost, has come to be recognised by the meteorological community as vital to the World Weather Watch Programme and the World Climate Programme, both World Meteorological Organization
 sponsored programs.

Modern jet aircraft operated by commercial airlines are already equipped with most of the infrastructure necessary to implement an AMDAR Program:

A suite of high quality sensors that provide accurate measurement of a range of parameters including the key meteorological parameters of wind direction and speed, air temperature;

Accurate and precise measurement of time and three dimensional position;

Computing systems to process and store data; and

Both air-to-ground and ground-to-ground communication systems and protocols to enable the transmission of data.

Most often, an AMDAR program can be implemented with the development and deployment of a software application only, that runs within the existing avionics system, utilising the data computer and communications systems.

However, until recent times, the one critical, missing element of the standard AMDAR measurement system has been the provision of a measurement of water vapour.

4.2 Why is Water Vapour Measurement Critical to Meteorology and Aviation Forecasting?

Water, in its gaseous, liquid and solid state is one of many constituents of the atmosphere. However, in terms of its contribution to the energy balance and budget of the atmosphere and therefore its contribution to both climate and weather, it is one of the most important. The primary reason for this is that water vapour plays two key roles in the earth/atmosphere system’s energy cycles:

By virtue of its properties of state and its thermal properties, water in the atmosphere is one of the most important parameters in all weather-related phenomena and at all temporal and spatial scales in which energy is translated from solar to thermal and kinetic energy.

Water is a strong Greenhouse Gas, which means that it absorbs the earth’s outgoing radiation at the molecular level, thereby significantly contributing to the regulation of the temperature of the earth/atmosphere system;

Water vapour is highly variable (temporally and spatially) in its distribution through the atmosphere and characterising this distribution is essential to understanding and characterising the current state of the atmosphere. Therefore, measurement and modelling of water vapour and water-related processes in the atmosphere are essential in detection and forecasting of those weather events that most affect aviation operations including: 

Thunderstorms and cyclones;

Cold and warm fronts;

Wind and wind shear;

Low cloud formation;

Fog formation and reduced visibility;

Icing;
Snow;

Turbulence; and,
Jetstreams.

4.3 Benefit to Meteorology

The addition of water vapour measurement to the AMDAR system would provide the following benefits in addition to the benefits already derived from the current program:

· Provision of the fourth and final fundamental parameter for meteorological measurement and modeling would make the AMDAR Program commensurate with the Radiosonde Program in terms of the parameters measured and the quality of the data obtained.

· The temporal coverage of water vapour profile measurements at airports serviced by AMDAR aircraft would considerably increase, thereby greatly improving the skill of numerical weather prediction (NWP) models and weather analyses, forecasts and diagnostics at those locations.

· Increased temporal coverage of water vapour profiles and increased spatial coverage of water vapour measurement at cruise flight levels would significantly improve the accuracy of NWP models over those regions that implement water vapor measurement in conjunction with their AMDAR program.

· The NMHS would have the flexibility to reconfigure elements of its Radiosonde Program so as to provide a better and more optimal coverage of upper air monitoring, resulting in improved NWP model skill, weather detection and forecasts and aviation-related diagnostics and products. While realized results will vary based on many factors, preliminary analysis indicates the implementation of an AMDAR program with associated WVSS-II sensors can yield a cost per vertical profile of approximately 5% to 10% of the cost for radiosonde cost per vertical profile, or less.  With no recurring costs associated with expendable components, the cost per profile measure will generally go down over time.
· Improvement to the NMHS’s skill and accuracy in the detection and prediction of the weather phenomena listed in section 2.2.

An expert on NWP modeling data assimilation, Dr Peter Steinle makes the following statement:

The value of any observation to NWP is governed by data coverage, accuracy, the amount of similar data and how well the forecast model treats the related variables. In comparison with temperature and wind data, moisture observations suffer from poor data coverage, there is minimal related data, and the modelling of moist processes is widely acknowledged as much weaker in numerical models than general temperature and wind fields. It would therefore be expected that moisture data from sensors such as the WVSS-II will be of considerable benefit to NWP modeling and forecasting. 
This has been shown to be the case in the USA by Moninger et al. (Weather and Forecasting, 2010, pp.627-645). In this paper it was shown that the data from the WVSS-II 
was very accurate, and was especially useful below 600 hPa - particularly near temperature inversions. The value of WVSS-II will of course be enhanced by high time frequency sampling during ascent and descent.
4.4 Benefit to the Aviation Industry

The benefits to the aviation industry in participating with the NMHS in facilitating the water vapour measurement enhancement to the AMDAR Program are the following.
As outlined in section 2, the benefits to aviation are those direct and indirect benefits derived from the improvement in skill and accuracy of products and services provided by the NMHS to the airline and the aviation industry. Section 4.3 explains how the development of a water vapour measurement capability for AMDAR will benefit the NMHS, resulting in considerable improvement in addition to that already provided by the AMDAR Program. This will translate to even greater improvement in all those benefits to the aviation industry as described in Section 2.

Improvement in the NMHS’s accuracy and skill of both detection and prediction of those weather-related phenomena that can significantly affect airline and aviation operations, such as:

Thunderstorms and cyclones;

Cold and warm fronts;

Wind and wind shear;

Low cloud formation;

Fog formation and reduced visibility;

Icing

Snow;

Turbulence;

Jetstreams.

This will lead to further improvements to airline and aviation operations as described in Section 2.

By participating in this development, the airline has the opportunity to be and to be seen to be a leader in their markets with regard to better monitoring and managing the environment and demonstrating the benefits this brings to their customers, the public and the environment. They will also be well-placed to take advantage of the future programs, practices and initiatives associated with this aspect, as described in Section 3.4. Participation in AMDAR with the addition of reporting of water vapor data provides clear evidence of the airline commitment to understanding and preserving the environment we all share.
Potential Future Benefits
The measurement of water vapour by the aircraft platform potentially offers additional direct benefits to airlines that could be realised in the future.
Water vapour information could potentially be directly used by the cockpit or onboard flight management for the following applications: 

· It is well known that aircraft and engine performance vary with the water vapour content of the air in which the aircraft flies. It is possible that the fuel efficiency of the aircraft could be improved through the use of the water vapour data by input into the aircraft avionics and engine management systems.

· When the static temperature and the relative humidity are in the physically critical range (‑ 30 to + 5 °C and 80 to 100 % respectively), there is a greater probability of getting supercooled water. This critical information could lead to icing warning being safer and more reliable than with the use of conventional icing probes. When the static temperature and the relative humidity are outside of the critical range, this information would enable a more efficient and improved use of power for de-icing heaters of the wings and engines. 

· With the additional use of particle measurements it would be possible to reliably detect the conditions of ice supersaturation and the cockpit could directly determine if the aircraft was or was likely to produce a contrail. Counter-measures taken in response would provide an additional environmental benefit and credential for the airline. 

· Government research using WVSS-II is currently underway to detect and warn against conditions that can cause High Ice Water Content engine icing phenomena.  Avoiding such conditions can yield significant benefits in reduction of engine maintenance and reduction of flight risks from this phenomenon.

It is possible that a conglomerate of airlines, aircraft manufacturers and NMHSs can work towards the future establishment of a humidity sensor as standard equipment for commercial jet aircraft, resulting in significant benefits to meteorology, airline operations and the environment. 

4.5 The Water Vapour Sensing System WVSS-II

4.5.1 WVSS-II Sensor Performance

Water vapour sensors have been used for measurement of water vapour content and humidity for many years. The radiosonde uses a thin-film capacitive sensor which, whilst adequate and reliable for that application, has proven to be inappropriate and unreliable in performance for application on an aircraft platform.

Whilst the first generation Water Vapour Sensing System (WVSS) initially used thin-film capacitive technology, it quickly became apparent that the physical performance and accuracy (particularly at high altitude and low water vapour concentrations) was inadequate, with the sensor performance degrading with physical wear within 3-6 months.

The second generation, WVSS-II
 system, utilises a laser diode, direct sensing technique that has proven to be capable of providing the measurement resolution and accuracy across the operational ranges of temperature and humidity.

The system has been developed in the USA by SpectraSensors Incorporated
 (SSI) in cooperation with both the Federal Aviation Administration (FAA) and the National Oceanic and Atmospheric Administration (NOAA).

The third and current version of WVSS-II has been deployed on over 100 aircraft in the USA to date, under partnership with United Parcel Service (UPS) and Southwest Airlines and on several aircraft in Europe with Lufthansa Airlines.

Both laboratory testing
 and operational assessment
 of the WVSS-II has provided strong evidence that the sensor is capable of meeting the requirements of data quality and operational robustness.

At the current time, the WVSS-II system is believed to be the only sensor that can fulfil these requirements.

WMO is satisfied that these results, and the stability and reliability of the development and manufacturing program of the supplier (backed by the support of the FAA and NOAA) provides confidence to continue with a program of global sensor deployment, with the cooperation of airlines and the aviation industry.

Several examples of the benefits WVSS-II brings to aviation may be found in the publication, “Studies of the Effectiveness of the Water Vapor Sensing System, WVSS-II, in Supporting Airline Operations and Improved Air Traffic Capacity.”

4.5.2 WVSS-II Certification

One of the critical issues and risks for a proposal and plan for a WVSS-II sensor deployment is that of testing and certification of the sensor for the target aircraft model by the regulating Aviation Authority.

FAA Supplemental Type Certificate (STC) certification for WVSS-II has been obtained in the USA for the 737-300, the 737-700, and airline-specific STC for the UPS 757-200.  SpectraSensors is currently evaluating FAA STC certification for the 737-800 and/or 737-900.  SpectraSensors also holds maintains an active FAA Parts Manufacturing Authorization (PMA) and an FAA certified Repair Station for WVSS-II.

An airline-specific STC for WVSS-II has been obtained with EASA for Lufthansa Airbus A320 family in Europe.

SpectraSensors has indicated a willingness to assist the NMHSs under contract in obtaining the appropriate STC required to facilitate and implement water vapour measurement programs. It is expected that this process will be simplified and the costs reduced due to the previous certifications obtained in the USA and Europe.  Aviation authorities have defined processes for the recognition of existing STCs from other nations, such as those approved by the U.S. FAA.  While this procedure varies by nation or region, it is generally much less difficult to get local recognition of an existing STC. 

4.6 Implications of a Sensor Deployment 

The AMDAR Program, up until recently, has involved a software deployment only. It is understood by NMHSs that there are many implications and issues associated with a proposal to develop a program that incorporates a sensor deployment, including:

Certification;

Installation process, procedures and costs;

Requirements and effect on airline maintenance procedures;

Additional aircraft load and cost for carriage;

Integration and data delivery;

Requirements and cost for return to initial state or “make good”.

It will therefore be necessary to ensure that a cooperative arrangement between the NMHS and the airline is based on a project management framework that incorporates planning and costing for each of these aspects.

4.6.1 Low Risk and Low Impact on Airline Operations

The following aspects of the sensor deployment and maintenance requirements will reduce the risks and ensure low impact on airline operation:

· The sensor package is only 4.75 kg, uses standard 28VDC aircraft power, and typically fits in a position under the forward door on either side of the aircraft.  The external air sampler is the only component visible from the outside, and is designed to have a low profile with very low drag to ensure there is no impact to aircraft performance or efficiency.  This design causes no risk of ice accretion eliminating the need for heating of the probe.  These characteristics ensure there is no discernable impact to airline operations.

· Sensor deployment would be managed by the airline and subject to the required certification and aircraft maintenance practices and procedures.

· The installation process has been refined through operational experience in the USA and is estimated to involve only 40 - 50 labour hours during a heavy maintenance check.

· There are no routine maintenance requirements for daily operations.  Units have remained in operations for as long as four years with no maintenance whatsoever.  If performance indicates a need for service, the replacement of the sensor may be scheduled for service at the convenience of the air carrier, in coordination with their NMHS partner.  The primary unit is easily swapped out with only a few hours of labor, allowing the aircraft to be returned to service without disruption in revenue generation.

· Malfunction of the sensor has no impact on the operations of the aircraft or airline.  The sensor installation adds no demand or requirements for extensive service outside of routine aircraft operations and maintenance checks.  

Annex 1 Examples of Benefits to Aviation Forecasting Applications

Example 1 Derivation of Observations of Upper Winds

The figure below shows 24 hours of AMDAR winds (darker indicates more recent) over the Australian region, filtered for provision of a 2 x 2 degree grid and demonstrates the coverage of winds that can be utilised to contribute to and improve forecasts used by operational flight planning.
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Annex 2 Examples of Direct Benefit to Airline Operations

Whilst the chief benefit of participation in the AMDAR Program to airlines is from the resultant overall improvement to the level of forecast skill that is returned through weather-related services and diagnostics, there are examples of case studies that demonstrate particular instances where the benefits are of a more direct nature and can result in large economic or safety-related dividends, or both.

Example 1: Airliner low on fuel over the ocean (Ref. Bulletin AMS, 84, pp 203-216)

At about 1200 UTC on 6 February 1998 the Miami Centre Weather Service Unit (CWSU) was notified that an airliner had encountered sustained, strong headwinds over the Atlantic that were not taken into account when the plane was fuelled in Italy. The pilot was concerned that they might suffer fuel exhaustion en route. He needed an altitude that offered substantially smaller headwinds because he was approaching critical fuel. Fortunately recent information collected by AMDAR reporting aircraft showed a flight track over the Bahamas less than one hour old with headwinds 40 knots (21 m s-1) less than the winds that the airliner was reporting. Controllers immediately assigned the airliner to that altitude and flight path and the aircraft was able to complete the flight without incident. The figure below shows wind reports from three aircraft over the Bahamas for 1500-1659 UTC that day (the aircraft with low fuel did not generate reports). 
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The
 availability of AMDAR data is conservatively estimated to have saved this airline over $10,000 in this one case alone and potentially averted a significant incident.  Fuel savings from avoiding an extra descent and ascent for diversion is typically in the range of $3,000.  Extra cost of ground support at the diversion point, crew duty limits, passenger accommodations, extra airline operations support, and other costs contribute the remaining.

Annex 3 Impact on Meteorological Numerical Weather Prediction Models

Annex 4 AMDAR Cost Information

Annex 5 References

� WMO Specifications and standards for AMDAR are available at: � HYPERLINK "http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html" ��http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html�


� More detailed information on the WMO AMDAR observing system is available from the WMO AMDAR website: � HYPERLINK "http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/" ��http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/�


� � HYPERLINK "http://www.wmo.int/pages/prog/www/OSY/GOS.html" ��http://www.wmo.int/pages/prog/www/OSY/GOS.html�


� � HYPERLINK "http://www.wmo.int/pages/prog/www/index_en.html" ��http://www.wmo.int/pages/prog/www/index_en.html�


� Vertical resolution of around 100 metres in the lower troposphere (to 700 hPa) and temporal resolution of up to around 1 profile per hour depending on fleet size and configuration for reporting and AMDAR fleet  traffic at individual airports.


� See: � HYPERLINK "http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/AMDAR_Airlines.html" ��http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/AMDAR_Airlines.html�


� Accuracy of data for assimilation into weather models particularly, is a critical aspect as poor data will generally have much more of a detrimental impact on the performance of the model than good data has a positive impact.


� See Appendix 1 for a list of references to published papers.


� � HYPERLINK "http://www.weather.gov/ost/S&TRoadmap/docs/NextGen_NWS-OAR%20retreat%20Oct_14_2009.pdf" ��http://www.weather.gov/ost/S&TRoadmap/docs/NextGen_NWS-OAR%20retreat%20Oct_14_2009.pdf� 


� The World Meteorological Organization (WMO) is a specialized agency of the United Nations. It is the UN system's authoritative voice on the state and behaviour of the Earth's atmosphere, its interaction with the oceans, the climate it produces and the resulting distribution of water resources. [See: http://www.wmo.int]


� � HYPERLINK "http://www.spectrasensors.com/wvss/" ��http://www.spectrasensors.com/wvss/�


� � HYPERLINK "http://www.spectrasensors.com/" ��http://www.spectrasensors.com/�


� WVSS-II Assessment at the DWD Deutscher Wetterdienst / German Meteorological Service Climate Chamber of the Meteorological Observatory Lindenberg, Axel Hoff, September 2009; and, Retest and Evaluation Report For the SpectraSensors Water Vapor Sensing System II (WVSS-II) October, 2009, NOAA


� Initial Early-Look Assessment of WVSS-II vs. Rawinsonde Inter-comparisons during April-May 2010 at Rockford, IL, Ralph Petersen, Lee Cronce, Wayne Feltz, Erik Olson CIMSS - University of Wisconsin-Madison


�This article made available through the WMO AMDAR website: � HYPERLINK "ftp://ftp.wmo.int/Documents/www/amdar/papers/humidity/WVSS%20Benefits%20-%20AMS%20Jan%202011%20-%20Final.pdf" \o "blocked::ftp://ftp.wmo.int/Documents/www/amdar/papers/humidity/WVSS Benefits - AMS Jan 2011 - Final.pdf" �ftp://ftp.wmo.int/Documents/www/amdar/papers/humidity/WVSS%20Benefits%20-%20AMS%20Jan%202011%20-%20Final.pdf�








�Need to consider here and in the document whether and how to widen the scope to all aircraft-based observations.


�S.Stringer: In section ‘Use in NWP models’ – could the 11 Sep’01 example be expressed in terms of years of forecast skill lost rather than ‘dropping back to ..normal 12 hr f/cs’? I don’t even know how good 3hr vs 12hr f/c are but if one can express in terms of number of years of forecast skill lost, i.e loss of AMDAR data puts forecast skill back by 5 or 10 years - it may give a better feel for the impact!


�Neil Jaoobs points out that this paper is based on an analysis of the impact of TAMDAR humidity data and not WVSS data – this needs to be corrected. May be best to remove the comment as a quote cannot be changed?


�New Zealand (via Wim Vandijk) have provided several forecaster “testimonials” of data use in forecasting – these can be considered for input here.


�This data should be validated by someone who has real experience in these matters.  But we should begin to monetize each beneficial event whenever possible, even if only an estimate.  Otherwise this benefit is “nice” but doesn’t demonstrate as much benefit as it really can.   Even if the estimate is off, it engages the community in the conversation, and as a result we will get better in the estimation process over time.





Biggest concern in this example –  it does not appear this was an AMDAR participating  airline.






