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Operational Concepts for Applications 

of 

Aircraft Derived Meteorological Information

I. Background

In response to the national initiative to reduce fatal aviation accidents, both the FAA and NASA have proposed plans supporting implementation of a capability for automatic downlinking of weather data from commuter and low altitude general aviation (GA) operations.  Such data is available today from commercial airline operations through the Meteorological Data Collection and Reporting System (MDCRS) sponsored by the FAA and the National Weather Service (NWS).  Several major airlines participate in the MDCRS program and provide MDCRS reports during enroute flight operations and during approach/departure at major hub airports.  MDCRS reports are transmitted from the aircraft using the ARINC VHF ACARS data link.  MDCRS reports are an essential input to the NWS Rapid Update Cycle (RUC) aviation forecast model.  However, there are many geographic areas not covered by MDCRS reports, especially below 20,000 ft in the domestic enroute portion of the National Airspace System (NAS).
The FAA is committed to conducting a cost-benefit analysis to determine the appropriate roles of government and industry in implementing any national GA Automet capability.  NASA, through its Weather Accident Prevention Program, is conducting research and development on all elements of implementing a Tropospheric Airborne Meteorological Data Reporting (TAMDAR) capability.

The following paper provides an outline of operational concepts for applying or using TAMDAR reports of meteorological information.  Understanding these operational concepts is essential in establishing the characteristics and features of any system architecture necessary to support a national TAMDAR infrastructure.  The intent is to define the minimum essential system characteristics such that an affordable national capability could be deployed.
II. Overview – Basic Applications

The dynamics of weather systems, and the current limitations of the weather observing systems and weather forecasting models frequently cause unplanned impacts to flight operations, especially during hazardous or adverse weather conditions. The pilot and the aircraft represent very valuable sources of information concerning flight level weather impacts that can fill the gaps in the weather observing systems.  In addition, TAMDAR information can help provide alerts to other National Airspace System (NAS) users of weather hazards encountered in-flight; as well as provide in situ confirmation of the existing weather conditions during flight operations.

Following are specific comments concerning each of these applications. 

A. Gap Filler

The quality of all analyses and forecasts of weather conditions is directly related to the availability of reported weather conditions.  The greater the density in coverage, the better the fidelity in analyses and forecasts.  Unfortunately, for aviation support, the direct measurement of weather conditions at flight altitudes is limited.  All agencies responsible for producing aviation weather products, both analyses and forecasts, need TAMDAR information to help improve the quality of their products.  Since most analyses and forecasts are produced on specific production cycles, the timing for collection and dissemination of TAMDAR information should be sensitive to the cut-off times for such production cycles.

B. Hazard Alert

Whenever weather hazards are encountered in-flight, all aircraft in the immediate vicinity need immediate alerting along with all ATC and Flight Service agencies serving the area.  Today, pilots and ATC controllers rely on the “VHF party line” and pilot voice calls of such conditions.  In any TAMDAR system, the architecture must include provisions for either direct aircraft-to-aircraft relay of hazardous weather (HAZMET) reports, or immediate ground uplink of such reports.  

C. Validation

During preflight as well as during in-flight operations, pilots frequently rely on PIREPs (and future TAMDAR information, as well as MDCRS reports)) as valuable data points in checking the validity of the weather conditions forecast for their specific flight.  In a similar fashion, all other agencies supporting flight operations use or will use such information.  This includes ATC controllers, FSS specialists, airline dispatchers, and NWS aviation weather support agencies.  The Real-Time Verification System (RTVS), developed by the FAA Aviation Weather Research Program’s Aviation Gridded Forecast System Product Development Team led by NOAA’s Forecast Systems Laboratory, could make use of TAMDAR information in the validation of both human and computer-generated forecast products.
As a validation tool, “null” reports are as important as alerts of hazardous weather conditions. 

III. User Applications and Operational Concepts

The principal users of TAMDAR information include the following:

fellow pilots, 
all the NAS activities supporting flight operations (i.e., ATC controllers and traffic flow managers, FSS specialists, airline dispatchers and weather specialists), and 
all the NWS offices supporting aviation weather services (i.e., Weather Forecast Offices (WFOs), the National Center for Environmental Prediction (NCEP), especially the Environmental Modeling Center (EMC), the Aviation Weather Center (AWC), and the Storm Prediction Center (SPC)). 
  
Any automated used of the TAMDAR information requires stricter concerns for the quality of the sensor measurements compared to use of the information by individual users such as pilots, NAS personnel, or NWS forecasters. 

D. Pilots

Pilots use of TAMDAR information will be primarily for hazard alerting and validation of existing in-flight weather conditions.  They will use the information to assist in monitoring and/or changing their planned flight. 

Pilots are concerned about the uncertainty or unreliable availability of detailed weather information for their planned flight.  Even when weather information is currently available, many of the weather products are too generalized and/or inaccurate in their forecast impacts to support optimum flight plan decisions.  

Any improved flow of TAMDAR information will provide pilots with better “Nowcast” assessments and thus help mitigate the impact of the current inadequacies in the quality and availability of aviation weather products.  Filtering the information to that which is relevant to their planned flight (location and type of aircraft) would benefit the pilot users.

E. Federal Aviation Administration (FAA)

The FAA ATC controllers and FSS specialists will use TAMDAR information to advise and/or brief pilots on existing en route weather conditions.  Also, traffic flow managers at enroute centers may benefit from such information for optimal traffic flow management.
i. 
Air Traffic Control (ATC) Controllers

The ATC controllers are primarily concerned about hazard alerts.

ii. Flight Service Station (FSS) Specialists

The FSS specialists need the data to fill the gaps in analyses, for hazard alerts, and for validation of existing conditions in their preflight and in-flight briefing support to pilots.

F. Airline

The airline dispatchers are responsible for advising their flight crews of any changes in weather conditions for the planned flight.  Thus, the airline dispatch use focuses on hazard alerts and validation of existing conditions.  Additionally, many of the major airlines have dedicated weather departments which use all available weather information (to include possible TAMAR information) for optimal airline fleet operations management.
G. NOAA and the National Weather Service (NWS)

The NWS is responsible for production of aviation weather support analyses and forecasts.

iii. 
Forecast Offices

The Forecast Offices produce the terminal area forecasts (TAFs) for airports throughout the NAS.

iv. Aviation Weather Center (AWC)

The Aviation Weather Center produces the in-flight advisories such as SIGMETs, Convective SIGMETs, and AIRMETS.

v. Center Weather Service Unit (CWSU)

The Center Weather Service Units (CWSUs) produce Center Weather Advisories and other products to support the ARTCC ATC and Traffic Management Unit (TMU) operations.

vi. Environmental Modeling Center (EMC)
The Environmental Modeling Center (EMC, one of the NCEP centers, produces all the forecast model products including the products from the aviation Rapid Update Cycle (RUC) model.  Use of TAMDAR information as inputs to RUC model processing places specific quality concerns on measurement and reporting of the information.

vii. NOAA Forecast Systems Laboratory
FSL developed the Rapid Update Cycle (RUC) and continually maintains and improves it.  The RUC would assimilate all TAMDAR data every hour.  The Real-Time Verification System (RTVS) could make use of TAMDAR information in the validation of both human- and computer-generated forecast products.

H. Department of Defense (DOD)

TBD

I. University and Other Researchers

TBD

IV. System Requirements

J. Standardized Data Elements

The RTCA DO-252, Minimum Interoperability Standards (MIS) for Automated Meteorological Transmission (AUTOMET), January 11, 2000, provides message format types for encoding and decoding TAMDAR reports.  The Requirements Matrix in Section IV.A.iii (Appendix B) below outlines the specific data elements that need to be included in TAMDAR reports.

viii. 
Minimum Reporting Elements

At a minimum, all TAMDAR reports need to include:
latitude/longitude

flight altitude

time

aircraft type

aircraft identification (so that action can be taken when quality control uncovers instrument errors)

The minimum meteorological data elements to be reported include winds (direction and speed) and temperature.
The desired meteorological elements include moisture, icing, and turbulence.  Moisture is an especially valuable element for predicting clouds, icing, and deep convection.
ix. Resolution, Accuracy, Precision

The specific spatial density of TAMDAR observations depends upon the number of equipped aircraft that are flying.  The mesoscale prediction models (i.e., RUC) can profitably use TAMDAR observations spaced as close as 20 km.  The nominal airspeed then dictates how often reports would be collected enroute.  The need for sounding data (i.e., TAMDAR observations) during takeoff and landing operations would be based on separate altitude spacing requirements.  See the Requirements Matrix for accuracy and precision of the TAMDAR measurements.
x. Requirements Matrix

Appendix B provides a summary of the minimum data elements that need to be included in TAMDAR reports.  These requirements are derived from the RTCA DO-252 reporting formats to include the current reporting criteria for MDCRS reports and modified to reflect the minimum reporting criteria and data input and processing needs of the National Weather Service.

K. System Architecture Concepts

The system architecture concept needs to support the collection, processing and dissemination of both routine TAMDAR reports and immediate impact hazardous meteorological reports (HAZMETS).  The routine reports will generally be collected over time and transmitted in batches at predetermined sub-hourly intervals.  HAZMETS such as reports of severe icing or turbulence warrant immediate transmission as individual reports.

i.

Air-Ground Data Collection

The current reporting formats (RTCA Do-252) provide separate protocols for three phases of flight:  Ascent Reports, En Route Reports, and Descent Reports.  Examples of the reporting protocols are included in Section IV.B.v below.

ii.
Data Latencies

The current cutoff time for observations that go into the Rapid Update Cycle (RUC) analysis, valid at the top of the hour, is twenty minutes past the hour.  In the future, however, analyses will probably be produced more often than once and hour, and the cutoff times will be more stringent.
Collection of TAMDAR data should be in five-minute bins and the availability of each observation should be not later than ten minutes after the observation time.  This implies that the latest observation in a given bin will be only five minutes old by the time observations in that bin are ready for use in diagnosis and prediction.
Such stringent cutoff times are consistent with the binning and availability of wind profiler data, Rapid Scan data from the GOES satellites, and reflectivity and radial velocity data from the WSR-88D Doppler radars.  In true mesoscale prediction, data that are not available within an hour of the original measurement are already marginally useful.

iii.
Non-Attribution / Non-Proprietary Considerations

The specific aircraft identification may need to be coded in a manner that protects the source but yet still provides a means to provide quality control feedback to the source.  Any data collected through GA TAMDAR reporting should be openly available to all aviation users.

xi. 
Ground Data Processing and Distribution

(Need discussion about providing “processing information” back to pilots rather than inundating the cockpit with individual reports.  Also that data needs to be converted into BUFR format before transmission to NWS.  Etc.)

An appropriate FIS data link cockpit product would be a simple cross-section along the pilot’s flight path showing expected flying conditions to convey the information derived from thousands of individual aircraft reports, MDCRS or TAMDAR.
xii. Collection Methodology Example
The following table summarizes current MDCRS reporting procedures as modified to represent the minimum reporting criteria for NWS support. (Need to convert the “time” intervals to “distance” intervals.)

	TAMDAR
	Sample Rate
	Reporting Frequency
	Reporting Method

	Routine Data Collection

	Ascent Report/Series 1
	3-20 sec intervals, default to 6 sec
	Collect for 30-200 sec, default to 90 sec
	

	Ascent Report/Series 2
	20-60 sec intervals, default to 20 sec
	Collect till top of climb (18-30K), default to 25K
	

	En Route Report
	1-60 min intervals, default to 3 min
	Collect six consecutive reports, then transmit
	

	Descent Report
	20-300 sec intervals, default to 60 sec
	Begin at top of descent (18-30K), default to 25K; collect 10 reports, then transmit.  Final report on touch down.
	

	Sig/Hazardous Event (HAZMET)

	Icing Report
	One report each min
	Begin when icing first encountered; collect five reports, then transmit.  Continue for duration of icing conditions.
	


Appendix A

Acronym List

ACARS

Aircraft Communications and Reporting System

ADS


Automatic Dependent Surveillance

AEEC


Airlines Electronic Engineering Committee

AFSS


Automated Flight Service Station

AGFS


Aviation Gridded Forecast System

AIRMET

Airmen’s Meteorological Information

AOC


Aeronautical Operational Control

ARINC


Aeronautical Radio Incorporated

ARTCC

Air Route Traffic Control Center

ATA


Air Transport Association of America

ATC


Air Traffic Control

ATN


Aeronautical Telecommunication Network

ATS


Air Traffic Services

AUTOMET

Automated Meteorological Transmission

AvSP


Aviation Safety Program (NASA)

AWC


Aviation Weather Center(NOAA/NWS/NCEP)
AWIN


Aviation Weather INformation element (NASA AvSP/WxAP)

AWRP


Aviation Weather Research Program (FAA)

CAA


Civil Aviation Authority

CNS/ATM

Communication, Navigational and Surveillance Air Traffic Management

COTS


Commercial of the shelf

CPDLC


Controller Pilot Communications

CWSU


Center Weather Service Unit

EDR


Eddy Dissipation Rate

EFAS


En Route Flight Advisory Service

EMC


Environmental Modeling Center (NOAA/NWS/NCEP)

FAA


Federal Aviation Administration

FANS


Future Air Navigational System

FIS


Flight Information System

FMS


Flight Management Systems

FSL


Forecast Systems Laboratory (NOAA)

FSS


Flight Service Station

HAZMET

Hazardous Meteorological Transmission

HF


High Frequency

IATA


International Air Transport Association

ICAO


International Civil Aviation Organization

IMC


Instrument Meteorological Condition

ISO


International Organization for Standardization

ITWS


Integrated Terminal Weather System

MASPS

Minimum Aviation System Performance Standards

MDCRS

Meteorological Data Collection And Reporting System

MODE S

Secondary Radar Surveillance

MOPS


Minimum Operational Performance Standard

NASA


National Aeronautics and Space Administration

NCAR


National Center for Atmospheric Research

NCEP


National Center for Environmental Prediction

NEXCOM

Next Generation Communications

NOAA


National Oceanic and Atmospheric Administration

PDT


Product Development Team

PIREP


Pilot Report

PSDN


Packet Switch Data Network

RTCA


Radio Technical Committee of America

RTVS


Real-Time Verification System

RUC


Rapid Update Cycle

SARPS


Standards and Recommended Practices

SATCOM

Satellite Communications

SPC


Storm Prediction Center (NOAA/NWS/NCEP)

TAMDAR

Tropospheric Airborne Meteorological Data Reporting

TDAM


Turbulence Detection and Mitigation (NASA/AvSP/WxAP+_

SIGMET

Significant Meteorological Information

SITA


Societe Internationale de Telecommunications Aeronautiques

TAF


Terminal Area Forecast

TDMA


Time Division Multiple Access

TECOM

IATA Technical Committee

TMU


Traffic Management Unit

VDL


VHF Digital Link

VDR


Data Radio

VHF


Very High Frequency

VMC


Visual Meteorological Condition

WAAS


Wide Area Augmentation System

Appendix B

Minimum Data Reporting Elements

	Element
	Required /Desired
	Reporting Range
	Measurement Precision
	Remarks

	Reporting Aircraft
	Any suitably instrumented aircraft that flies often, esp. if flights are routine and scheduled
	Biggest gaps in MDCRS reporting seem to be below 25,000 ft.
	Depends on parameter measured.
	

	I.D.
	Required
	
	
	May be encrypted.

	A/C Type
	Required
	
	
	

	Date/Time
	
	
	
	

	Date
	Required
	Year/Month/Day
	
	

	Time
	Required
	Hour/Minute
	Nearest Minute
	

	Second
	Optional
	
	
	

	Location
	
	
	
	

	Latitude
	Required
	- 90 to 90 Degrees/Minutes
	Tenths of Minute
	?? or Hundredths

	Longitude
	Required
	-180 to 180 Degrees/Minutes
	Tenths of Minute
	?? or Hundredths

	Pressure Altitude
	Required
	0 to 30,000 Feet
Need sufficient info to calculate the geometric altitude of the aircraft above sealevel.
	Nearest 10 Feet
	See Note 1

	Weather Elements
	
	
	
	

	Wind (environmental wind calculated with respect to the ground)
	
	
	
	

	Speed
	Required
	0 to 300 Knots
	Nearest Knot
	

	Direction
	Required
	0 to 360 Degrees
	Nearest Degree
	

	Temperature
	Required
	-50 to 50 Degrees C
	Nearest Degree
	?? or 0.1 Degree

	Moisture
	Desired
	
	
	See Note 2

	Humidity
	
	0-100 Percent
	Nearest 1.0 Percent
	

	Water Vapor Mixing Ratio
	
	??
	??
	

	Icing
	Desired
	How is intensity objectively measured?  Accumulation on the airfoil or supercooled liquid water content within the cloud?
	
	See Note 3

	Peak Liquid Water Content
	This and next two parameters only measured aboard research aircraft
	Grams/cubic meter
	0.01 Grams/cubic meter
	

	Average Liquid Water Content
	
	Grams/cubic meter
	0.01 Grams/cubic meter
	

	Super Cooled Large Droplets
	
	Yes/No
	
	

	Turbulence
	Desired
	
	
	See Note 4

	Average
	
	?? Eddy Dissipation Rate
	??
	

	Peak
	
	?? Eddy Dissipation Rate
	??
	

	
	
	
	
	

	Roll Angle
	Desired
	Yes/No
	Greater than 5 degrees
	See Note 5

	Phase of Flight
	Desired
	Ascent/En Route/Descent
	Specify Phase
	


Note 1.  If below 18,500 – would you need to report the altimeter setting since it would not necessarily be at 29.92??

What we really need is a way to calculate the height of the aircraft above sealevel (can be obtained directly from GPS).  Above 18,500 ft., the flight level (e.g. 350) is sufficient for us to calculate the geometric altitude because the flight level reading in the cockpit is referenced to the standard atmosphere.  Below 18,500 ft, we probably have to calculate the geometric height in a different way.  I will check to see how it’s done in the RUC when we handle ascent/descent data.
Note 2.  What variable should be specified: humidity, water vapor mixing ratio, other??
It probably should depend upon the physical measurement.  If the sensor uses capacitance to measure RH, we’ll take RH.  If the sensor is a chilled mirror, we’ll take dew point.  If the sensor is a laser diode, we’ll take mixing ratio.  We can always convert between the measurements, though to go from RH to dew point or mixing ratio requires that temperature be known (not a problem, of course).

Note 3.  Is there an “accepted standard” for automatically measuring and reporting icing??

I seriously doubt it.

Note 4.  Assume this should be reported as the “eddy dissipation rate”??

Eddy dissipation rate is an aircraft-independent measure of turbulence that is computed from accelerometer data and engineering data about the aircraft that experiences turbulence.  Software aboard the aircraft does the job.

Note 5.  Is the 5 degree Roll Angle applicable for all classes of aircraft or does the impact/parameter vary based on speed and Roll Angle rate??

No clue.

There are no accuracy requirements set in this document.  I presume this must still be done.

� The term electronic pilot report (E-PIREP) has previously been used to refer to GA Automet/TAMDAR plans.  GA Automet/TAMDAR reporting does not involve any pilot actions, rather the weather data are collected and transmitted automatically by aircraft systems without any pilot intervention.  Since E-PIREP infers some pilot interaction, that term will now be used to refer to any program that provides automation assistance in collecting or transmitting traditional pilot reports.  (Note:  The FAA program designation for TAMDAR reporting is GA Automet.)


� Note that the pilot or operator who transmitted the report is not generally the primary user of GA Automet/TAMDAR information.  Also, for cost-benefit analysis, many non-aviation users should also benefit from any improvements to forecasting due to use of GA Automet/TAMDAR information.








GAAutoConOpsV4.doc (4 May 01)
GAAutoConOpsV4.doc (4 May 01)

