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1. Background

1.1
For reference, the beginning paragraphs, 5.40 and 5.41 are taken from the Summary of Discussions, Twenty-Third Meeting of the Informal Pacific Air Traffic Control Coordination Group (IPACG/23) held 11-15 July 2005; Tokyo, Japan from Agenda Items 2 & 3: ATM and CNS Issues.
“Weather/Turbulence Reporting

“5.40
The group was advised that there appeared to be a reduction in CPDLC reporting of weather/turbulence.  CPDLC position reports can also be used for pilot reports (PIREPs) of turbulence.  ADS position reports do not have the capability to relay PIREPs.  

“5.41 Additionally, some operators were reporting turbulence in non-standard formats that cause CPDLC error reports.  One airline has long used a non-standard reporting lexicon that, though non-standard, seems to be very effective. The airline agreed to provide FAA with additional information on the current use of non-standard turbulence reporting protocols.  FAA will use that information to see what must be done to avoid error reports in the short term, but also to consider proposing changes to improve global turbulence reporting.   Many FANS airplanes, including 747-400, do not allow the provision of turbulence information in position reports.”

2. Introduction

2.1. Many airspace operators, as well as FAA and other air traffic service (ATS) providers follow ICAO standards and recommended practices (SARPs) and Federal Meteorological Handbook No. 12 United States Meteorological Codes and Coding Practices (FMH-12) for relay of turbulence and other weather information.  These manuals use standard phraseology for the transmission of manual and associated controller pilot data link communication (CPDLC) messages to describe turbulence as light, moderate or severe.  

2.2. Some oceanic airspace operators use non-standard phraseology and associated CPDLC free text message formats to relay turbulence and other pilot reported weather information to their own operations centers.  Because this phraseology and associated messages are not SARPs-compliant, other operators and ATS providers can misinterpret, lose, delay or otherwise not appropriately relay valuable turbulence and/or weather information.  

2.3. Some operators appear to use the following coded reporting system developed by Northwest Airlines (NWA), published, inter alia, in the NWA Flight Operations Manual, and intended for reporting within company meteorology, dispatch and maintenance organizations.  

0 - smooth

1 - occasional light turbulence

2 - light turbulence (intermittent or continuous)

3 - light, occasional moderate turbulence

4 - moderate turbulence (intermittent or continuous)

5 - moderate, occasional severe turbulence

6 - severe turbulence (intermittent or continuous)

7 - occasional extreme turbulence or greater
However, instead of the coded reports being relayed only in internal (non-ATS) messages through Air Operations Centers (AOCs), some operators send these reports to ATS providers as well.  These non-standard messages require special handling by ATC and consequently result in confusion and possible delays or inaccuracies in relaying potentially flight critical information.

2.4. All oceanic operators are encouraged to comply with ICAO SARPs when relaying information, but this requirement becomes even more important in a data link environment.  To optimize the use of standard messages and the relay of flight critical information, all operators and ATS providers should follow a common lexicon for reporting and/or relaying turbulence information.  

2.5. ICAO Annex 3 also provides information for turbulence indexing.  There has been extensive discussion and progress over the years in past ICAO Meteorological Data Link Study Groups METLINKSG/6/7/8 regarding the topic of reporting turbulence information, and is currently on the agenda for METLINKSG/9, July 2006.

3. Discussion

3.1. ICAO defines turbulence measurement (14th Edition of ICAO Annex 3 Standards and Recommended Practices "Meteorological Service for International Air Navigation" Appendix A) in terms of a derived quantity called the "Eddy Dissipation Rate" (EDR).  EDR is defined as an aircraft-independent, universal, objective measure of turbulence based on the rate at which energy dissipates in the atmosphere.  EDR metrics are a function of the atmospheric state, not of the characteristics of the aircraft computing EDR—a Cessna 172 should derive the same EDR turbulence metric value as a Boeing 747 when flying in the same turbulent air. 

3.2. It is to be noted that there is more than one method for computing EDR.  Three standard algorithms that exist are: one for the accelerometer-based, a second for vertical wind-based and a third for true airspeed-based (as in TAMDAR).  The difference between the vertical wind and true airspeed methods is just a single parameter, and the accelerometer-based method can be constructed to be very similar to the other two.

3.3. EDR values can be related to root-mean-square (RMS) vertical accelerations, whereas most definitions of turbulence severity levels are given in terms of qualitative notions (e.g., coffee cup movement), or vertical accelerations, (e.g. 0.5g).  As noted in ICAO documentation and above, EDR is an aircraft-independent measure of turbulence intensity, and hence a given EDR level may mean a different impact on different aircraft—or even the same aircraft at a differing operating condition (e.g. altitude).  ICAO documentation indicates specific EDR levels that are to be used to define light, moderate, and severe as well as a nil category pending further calibration of the EDR index to various aircraft types and operating conditions.  See Appendix A for the current Annex 3 EDR information.

3.4. It is ICAO's goal to 1) report turbulence objectively and automatically using this atmospheric turbulence metric, EDR and 2) calibrate the EDR for impacts on specific airplanes.  The National Center for Atmospheric Research (NCAR) has done extensive research on EDR.  However, the calibration portion is still to be done. The National Aeronautics and Space Administration (NASA) has also done significant research; paying particular attention to the actual aircraft impact or calibration aspect.
3.5. The FAA, along with NASA is developing an In Situ turbulence sensing and reporting concept of use with ongoing research and development programs aimed at developing capabilities to acquire improved turbulence information in support of the National Airspace System (NAS) within the United States.  This concept of use is organized so that current capabilities and operational procedures are shown, followed by a current operational scenario of ‘how the system works’.  Then, a future concept of use, to include an illustration of a conceptual model of ‘how the system could work’ is revealed.  The document categorizes findings and needs, as well as identifies gaps in turbulence reporting.  It concludes with recommendations for R&D program follow-through.
3.5.1. The capabilities under development include enhanced methods of sensing and measurement of turbulence data that will provide turbulence reports as well as feed next-generation numerical weather prediction models and also feed hybrid systems which use both automation and meteorologists for human-in-the-loop production processes.  The numerical models will be used with turbulence prediction models to produce turbulence diagnostics and forecasts for the NAS decision makers. 
3.5.2. The concept of use outlines two major R&D efforts designed to observe and disseminate in situ turbulence information: 1) the NASA Aviation Safety and Security Program (AvSSP) and 2) the FAAs Aviation Weather Research Program (AWRP).

3.5.3. Within the AWRP, the capabilities under development include enhanced methods of sensing, reporting, and processing in situ derived turbulence data for use as discrete observations by end users and for use in next-generation numerical weather prediction models. 
3.5.4. Within the AvSSP, capabilities are being developed to acquire and disseminate aircraft encountered turbulence intensity and position information for ground-based decision makers and to exchange (cross-link) similar information between aircraft in-flight. 
3.5.5. Both agencies’ programs are aimed at achieving reliable and accurate in situ turbulence observations as well as dissemination to intermediate and end users.
3.5.6. The turbulence sensing and reporting concept of use has been coordinated with airlines and is planned for final publication in February 2006.
4. Conclusion

4.1. Several turbulence reporting methods are currently in use, and the use of light, moderate or severe appears inadequate.  The standardization of all ATS messaging is critical for safety and the correct dissemination of information.  The FAA encourages all operators to follow published ICAO SARPs in the relay of critical ATS information as well as follow existing procedures for turbulence reporting through ATC until new procedures are established.  

4.2. The FAA acknowledges that even when EDR is fully operational, manual turbulence reporting will remain necessary because some aircraft will not be operationally equipped to report EDR automatically.  Current manual procedures for reporting turbulence should remain in place and remain unchanged until EDR is implemented operationally. At that time, changes to manual reporting procedures may be made as necessary to achieve optimal consistency between automated (EDR) and manual turbulence reports.

Appendix A

This section taken directly from: 14th Edition of ICAO Annex 3 Standards and Recommended Practices "Meteorological Service for International Air Navigation" Appendix 4, section 2.6.

Author’s Note: Based on the last METLINKSG meeting, proposed changes to these sections and tables from Annex 3 have been agreed upon within the group and will be circulated for comment in amendment 74 to Annex 3.  What follows is the current wording in Annex 3.

2.6 Turbulence

The turbulence shall be observed in terms of the eddy dissipation rate (EDR).

2.6.1 Routine air-reports

The turbulence shall be reported during the en-route phase of the flight and shall refer to the 15-minute period immediately preceding the observation. Both the average and peak value of turbulence, together with the time of occurrence of the peak value to the nearest minute, shall be observed. The average and peak values shall be reported in terms of a turbulence index comprising seven intensity levels of EDR as indicated in Table A4-1. The time of occurrence of the peak value shall be reported as indicated in Table A4-2.

2.6.2 Interpretation of the turbulence index Turbulence shall be considered:

a) severe when the turbulence index is between 15 and 27 (i.e. the peak value of the EDR is exceeding 0.5);

b) moderate when the turbulence index is between 6 and 14 (i.e. the peak value of the EDR is exceeding 0.3 while not exceeding 0.5);

c) light when the turbulence index is between 1 and 5 (i.e. the peak value of the EDR is between 0.1 and 0.3); and

d) nil when the turbulence index is 0 (i.e. the peak value of the EDR is less than 0.1).

Note. — The EDR is an aircraft-independent measure of turbulence. However, the relationship between the EDR index and the perception of turbulence is a function of aircraft type, and the mass, altitude, configuration and airspeed of the aircraft.
2.6.3 Special air-reports

Special air-reports on turbulence shall be made during any phase of the flight whenever the peak value exceeds the EDR value of 0.5. The special air-report on turbulence shall be made with reference to the 1-minute period immediately preceding the observation. Both the average and peak value of turbulence shall be observed. The average and peak values shall be reported in terms of a turbulence index as indicated in the shaded part of Table A4-1. Special air-reports shall be issued every minute until such time that the peak values of turbulence fall below the EDR value of 0.5.

Table A4-1. Turbulence index to be reported as a function of the average and peak value of turbulence

(Classes corresponding to severe turbulence are shaded)
	Peak value of turbulence

	Average value of turbulence
	EDR (m2/3 5-1)
	Nil report

	EDR (m2/3 5-1)
	<0.1
	0.1 - 0.2
	0.2 - 0.3
	0.3 - 0.4
	0.4 - 0.5
	0.5 - 0.8
	>0.8
	

	<0.1
	0
	1
	3
	6
	10
	15
	21
	

	0.1 - 0.2
	
	2
	4
	7
	11
	16
	22
	

	0.2 - 0.3
	
	
	5
	8
	12
	17
	23
	

	0.3 - 0.4
	
	
	
	9
	13
	18
	24
	

	0.4 - 0.5
	
	
	
	
	14
	19
	25
	

	0.5 - 0.8
	
	
	
	
	
	20
	26
	

	>0.8
	
	
	
	
	
	
	27
	

	Nil report
	
	
	
	
	
	
	
	28


Table A4-2. Time of occurrence of the peak value to be reported
	Peak value of turbulence occurring during the one-minute period

……minutes prior to the observation
	Value to be reported

	0 – 1
	0

	1 – 2
	1

	2 – 3
	2

	…
	…

	13 – 14
	13

	14 – 15
	14

	No timing information available
	15


Appendix B

This section taken directly from: Office of the Federal Coordinator for

Meteorological Services and Supporting Research, OFCM, Federal Meteorological Handbook Number 12, United States Meteorological Codes and Coding Practices.
FCM-H12-1998

NWS FMH-12

1.4.1.10 Turbulence (/TB). If reported, turbulence intensity, type, and altitude are entered as follows:

a. Intensity. This is the first element reported after the space following the TEI. The reportable intensities are LGT, MOD, SEV, and EXTRM. HVY is not a reportable intensity. A range or variations in intensity shall be entered as two values separated by a hyphen (e.g., MODSEV). If turbulence was forecast at any level, but none was encountered, enter NEG in the /TB TEI. 

b. Type. May be blank, or enter either CAT or CHOP, if reported by the pilot. "CAT" is Clear Air Turbulence. This type of turbulence is encountered in air where no clouds are present and is commonly applied to high-level turbulence associated with wind-shear, often in the vicinity of the jet stream. CAT intensity may be light, moderate, severe, or extreme. "CHOP" turbulence causes rapid and somewhat rhythmic jolts or bumpiness without appreciable changes in altitude or attitude and may be indicated as either light or moderate.

c. Altitude. Enter the reported turbulence altitude only if it differs from the value reported in /FL, or is reported as a layer with defined or undefined boundaries. When entering a layer use a hyphen between height values. Undefined lower and higher boundary limits are entered as BLO or ABV. Use a solidus to separate two or more layers of turbulence.

FORMAT: /TB_III(-III)(_CAT or CHOP_)_(hbhbhb-hththt )/III(-III) etc. 

"III" is the intensity of the turbulence and CAT or CHOP are the only two entries for type of turbulence permitted. "hbhbhb" is the base of the turbulence layer, if defined, or BLO or ABV, if  undefined; and "hththt" is the top of a defined layer or the boundary of an undefined layer.
Examples:

/TB_EXTRM_350

/TB_MOD-SEV_BLO_080

/TB_LGT_035

/TB_LGT-MOD_CHOP_310-350

/TB_NEG

/TB_NEG_220-280/MOD_CAT_ABV
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