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 METEOROLOGICAL WARNINGS STUDY GROUP (METWSG) 
 

FIRST MEETING 
 

Montréal, 20 to 22 November 2007 
 

  
SUMMARY OF DISCUSSIONS 

 
 

1. HISTORICAL 

1.1 The first meeting of the Meteorological Warnings Study Group (METWSG/1) was held 
at the International Civil Aviation Organization (ICAO) Headquarters in Montréal, Canada, 20 to 22 
November 2007. 

1.2 The meeting was opened by Dr. Olli M. Turpeinen, Chief Meteorology.  

1.3 The names and addresses of the participants are listed in Appendix A. Mr. Juan Ayon 
Alfonso was elected Chairman of the meeting.  The meeting was served by the Secretary of the 
METWSG, Raul Romero, Technical Officer in the Meteorological (MET) Section of the Air Navigation 
Bureau (ANB). 

1.4 The meeting considered the following agenda items. 

 Agenda Item 1: Opening of the meeting 
 
 Agenda Item 2:  Election of Chairman 
 
 Agenda Item 3: Adoption of working arrangements 
 
 Agenda Item 4: Adoption of the agenda 
 
 Agenda Item 5:  Review of the tasks of the study group 
 
  Agenda Item 6: Amendment to provisions related to the content and issuance of 

SIGMET to meet the evolving needs of flight operations 
   6.1  Methods to improve the implementation of the issuance of SIGMETs 
   6.2  Development of a set of quantitative criteria to be included in Annex 

3 for the threshold intensity of the weather phenomena to prompt the 
issuance of SIGMET  
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    6.3  Amend the template for SIGMET and AIRMET to allow only the 
use of a closed line of coordinates, location indicators of waypoints 
or aerodromes to describe the area of the phenomena in a 
SIGMET/AIRMET 

 
 Agenda Item 7: Amendments to provisions related to wind shear warnings and 

alerts 
    7.1  Provisions for inclusion in Annex 3 and guidance material for the 

observing and reporting low-level wind shear 
    7.2  Study the need for the development of the criteria for the provision 

of warnings for rotor zones in terminal area 
    7.3  Consider the need to provide information on low-level temperature 

inversion either in a specific warning or in the supplementary 
information appended to local reports and METAR/SPECI 

    7.4  Consider developing the necessary provisions that would enable the 
detection of low-level wind shear affecting aircraft operations along 
approach and take-off paths, and including new abbreviations for 
“headwind gain” and “headwind loss” in Table A6-3 and Doc 8400 

 
 Agenda Item 8: Future work programme of the group 
 
 Agenda Item 9: Any other business 

1.5 A list of study notes and information papers issued for the meeting is given at 
Appendix B. 

2. AGENDA ITEMS 1 TO 4:  OPENING OF THE MEETING 
ELECTION OF CHAIRMAN; ADOPTION OF WORKING 
ARRANGEMENTS; ADOPTION OF THE AGENDA 

2.1 These items are covered under Section 1:  Historical. 

3. AGENDA ITEM 5:  REVIEW OF THE TASKS OF THE 
STUDY GROUP 

3.1 The group noted that the ANC had tasked the Secretariat to progress the following issues 
with the assistance of the METWSG: 

1) development of draft Annex 3 provisions in view of resolving the persistent 
implementation problems with the availability of SIGMET by considering the 
consolidation of their issuance to a limited number of regional centres; 

2) address the issues listed in the ANIP under “Improvement of the content and issuance 
of SIGMET to meet evolving needs of flight operations”; and 

3) address residual issues listed in the ANIP under “Enhancements of wind shear 
warnings and alerts”, undertaken hitherto with the assistance of the WISTSG. 
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In this regard the group noted that the draft agenda developed by the Secretariat covered properly all the 
issues identified by the ANC. 

4. AGENDA ITEM 6:  AMENDMENT TO PROVISIONS 
RELATED TO THE CONTENT AND ISSUANCE OF 
SIGMET TO MEET THE EVOLVING NEEDS OF 
FLIGHT OPERATIONS 

4.1 Methods to improve the implementation of the issuance of 
SIGMETs 

4.1.1 The group recalled that SIGMET information issued by a meteorological watch office 
(MWO) provided information about the “occurrence or expected occurrence of specified en-route weather 
phenomena which could affect the safety of aircraft operations” (Definition in Annex 3 refers).  

4.1.2 It was noted that the implementation of SIGMET provisions had always been difficult for 
some States, and that ICAO planning and implementation regional groups (PIRGs) had raised the issue at 
regular intervals in order to ensure that SIGMET was issued in accordance with Annex 3.  

4.1.3 The group recalled that during the MET Divisional Meeting (Montreal, 2002), the 
problems related to the issuance of SIGMET highlighted by PIRGs had resulted in the formulation of 
Recommendations 1/11, 1/12 and 1/13, in which the MET Divisional Meeting attempted to address the 
issue, inter alia, by  

a) encouraging the organization of special implementation projects (SIP) related to the 
correct issuance of SIGMET; 

b) assessing the level of implementation through regional surveys,  

c) reviewing the regional guidance (i.e. regional SIGMET guides) related to the 
preparation of SIGMETs by MWOs; and  

d) assessing the feasibility of upgrading the volcanic ash advisory message to a 
“warning” to compensate for the deficient and missing SIGMETs on volcanic ash. 

4.1.4 It was also noted that since the MET Divisional Meeting (2002), three special 
implementation projects (SIP) had been conducted between 2002 and 2005 in two ICAO regions 
(CAR/SAM and ASIA/PAC), which  were intended to assist States in the implementation of the correct 
procedures for the issuance of SIGMET. The group also noted that updated regional SIGMET guides had 
been prepared by all the regional offices concerned, and were available to assist States in all ICAO 
regions.  

4.2 Persistent problems 

4.2.1 The group noted that in spite of the above efforts, problems had persisted. The group 
noted with concern that during the eruption of Grimsvotn Volcano (1 to 6 November 2004), the absence 
of appropriate SIGMET information in some European flight information regions (FIRs) had rendered 
international civil aviation subject to potential safety hazards and had resulted in delays and cancellation 
of flights. Due to the low level of implementation of SIGMET provisions, the group noted that the 
fourteenth meeting of the North Atlantic/Systems Planning Group (NAT/SPG/14) had decided to 
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undertake tests involving VAAC Toulouse and London which had been carried out in February and 
September 2006. The group noted that the results of these tests had been disappointing; e.g, only 32 per 
cent of all the European FIRs within the area of responsibility of VAAC Toulouse had issued correct 
SIGMET. The group noted that a similar test held in the ASIA/PAC Region in 2005 had similar results, 
e.g. only 26 MWOs out of 56 (46 percent) had participated in the test. 

4.2.2 The group noted that the Secretariat had been made aware by the International Air 
Transport Association (IATA) (March 2006), of the continuing operational problems being experienced 
with: a) issuance; b) dissemination; and c) formatting of SIGMET for all of the meteorological 
phenomena concerned.  

4.2.3 The group also took note of the results of recent monitoring (2007) carried out by the 
Bulletin Management Group (BMG) of the European Air Navigation Planning Group (EANPG) which 
had shown that, over a fourteen-day verification period, only 29 per cent of SIGMETs received had the 
correct identification of the FIR in the body of the message.  It was emphasized that in this monitoring 
only one feature of a SIGMET message was verified and that the results would have been considerably 
lower had a full verification been undertaken. 

4.2.4 Furthermore, the group also noted that during the third meeting of the International 
Airways Volcano Watch Operations Group (IAVWOPSG/3) (Bangkok, 19 to 23 March 2007), the 
continuing problems with the implementation of SIGMETs for volcanic ash had been noted with concern. 
It had been recalled that the volcanic ash advisory centres (VAACs) had become the primary operational 
source of information on volcanic activity to airlines and aircraft in flight; this shift was largely attributed 
to the poor implementation of volcanic ash SIGMET. The group noted that IAVWOPSG Conclusion 3/17 
invited the Secretariat to evaluate the feasibility and desirability of rationalizing the issuance of volcanic 
ash warnings (i.e. SIGMET) and advisories. 

4.2.5 Finally, the group noted that in response to the ASIA/PAC Air Navigation Planning and 
Implementation Regional Group (APANPIRG) Conclusion 17/42, a SIGMET seminar had been convened 
for the States and users in the ASIA/PAC Region (Bangkok, Thailand, 11 to 13 July 2007).  It was noted 
that the seminar had identified a few technical issues which could improve the issuance of SIGMET, in 
particular, the need to consider the following: 

a) alignment of the tropical cyclone (TC) SIGMET format with the TC advisory 
regarding the use of the 16 compass points for the direction of the movement of the 
TC centre and the use of NIL in the TC field; 

b) the reporting of more than one area in a FIR affected by the same meteorological 
phenomena (current provisions requires separate SIGMET); and; 

c) clarification of the sequence numbers in SIGMET messages. 

4.2.6 The group concurred that these issues needed clarification. 

4.3 Short term solutions 

4.3.1 It was concurred that the problems with SIGMET were complex and that resolving them 
needed further study.  However, the group agreed that, prior to any study on SIGMET, Annex 3 
provisions should be updated in order to render them current and to improve the implementation of 
SIGMET.  The group noted that such an update could also pave the way for future solutions. In this 
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regard the group reviewed proposals relating to Annex 3 which would, inter alia, address the issues 
identified under 4.2.5 a) to c) above.   

4.3.2 Furthermore, the group noted that the establishment of MWOs was de facto subject to 
regional air navigation (RAN) agreement since the MWOs serving FIRs were listed in the facilities and 
services implementation document (FASID) Table MET 1B in all air navigation plans (ANP)/FASID.  
Therefore, the group agreed that this situation should be reflected in Annex 3, 3.4.1 by clearly indicating 
that the establishment of MWOs were subject to RAN agreement.  This amendment would ensure that the 
possible delegation of the provision of MWO functions by States to MWOs in other States was 
appropriately reflected in the FASID Table MET 1B.   The group also noted that the boundaries of 
MWOs areas of responsibility were coincident with the boundaries of a FIR or a control area, or a 
combination of FIRs or control areas, and that all the ANP/FASID reflect this fact.  Therefore, the group 
agreed that there was no need to include the disclaimer “as far as is practicable” in Annex 3, 3.4.3.  The 
group also noted that all the ANP/FASID required continuous meteorological watch and agreed that no 
exceptions should be allowed for areas with low traffic density. 

4.3.3 CM pointed out that there was a need to introduce some changes in SIGMET provisions 
to render the use of “MT” in the volcano name as an option in VA SIGMET and to allow the use of 
“SFC” in reporting layer, i.e. SFC/FLnnn and to clarify on the use of sequence numbers for different 
meteorological phenomena.  In this regard the group agreed with the inclusion of these changes in the 
draft amendment to Annex 3. 

4.3.4 Finally, the group agreed to a proposal regarding the inclusion of the time of forecast in 
the SIGMET template, as an optional field to clarify the time of occurrence or commencement of the 
phenomenon. 

4.3.5 The group reviewed a proposal containing all the above elements and agreed to the 
following action : 

Action agreed 1/1 —  Amendment to Annex 3 regarding SIGMET provisions 
 
That the proposal to amend Annex 3 – Meteorological service for International Air 
Navigation regarding SIGMET provisions given in Appendix C be consolidated with 
other elements of Amendment 75 to Annex 3 by the Secretary. 

Note. ― The Secretary will develop guidance material, for inclusion in regional SIGMET 
guides, regarding the description of two geographical areas affected by the same 
meteorological phenomenon in one FIR.   

The group discussed a proposal to include, prior to the applicability date of Amendment 75, provisions in 
guidance material which would allow the provision of the time of the phenomenon in the SIGMET for the 
cases in which a phenomenon is forecast to enter into the FIR concerned.  This was in principle 
considered useful for such phenomena as tropical cyclones.  However, the group realized that this 
proposal could not be pursued since such guidance material would be in conflict with Annex 3. 

4.4 Long term solutions  

4.4.1 The group agreed that to improve the implementation of provisions for the issuance of 
SIGMET in longer term, a thorough assessment of the current system based on MWO was necessary.  In 
this regard, regional and operations groups had proposed different approaches, mostly for volcanic ash 
(and tropical cyclone) SIGMETs.  These proposals included: 
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a) the possibility of the volcanic ash and tropical cyclone advisory centres, rather than 
MWOs issuing volcanic ash and tropical cyclone SIGMETs for multiple FIRs or for 
their area of responsibility; or 

b) that the VAAC and TCAC prepare a VA and TC SIGMET, respectively and pass it to 
the MWO to formally issue it. 

In this regard, the group agreed that these proposals might have considerable merit but they also had 
serious implications in operational, regulatory and legal aspects, and thus they deserved a careful 
assessment. In case of SIGMET in general, proposals had been made to consider consolidation of the 
issuance of SIGMET which was reflected in the tasks allocated to the group by the ANC.  It was expected 
that any solution to these issues would involve complex technical and non-technical considerations 
including issues related to sovereignty, with connotations beyond the technical aspects.  The group noted 
the work being developed within the European Region on Single European Sky Functional Airspace 
Blocks and the impact that this approach will have in the provision of SIGMETs in the said region. The 
group agreed that this issue could not be resolved at this meeting and that any major change to the current 
framework would have to be subject to endorsement by a worldwide conjoint ICAO/WMO MET 
Divisional Meeting.  To prepare appropriate proposals, the group felt that an ad hoc working group should 
be established to undertake a feasibility study on the rationalization of the production of SIGMET in view 
of the consolidation of their issuance to a number of regional centres. The group was pleased to note the 
willingness of WMO to contribute to this task and its view that all possible ways to improve the situation 
in the existing framework and regulations should be considered.  The group also agreed that the ad hoc 
working group should also be tasked to consider how to improve the system, in the short term, based on 
the existing framework by improving training, regular testing and real-time monitoring. 

4.4.2 The group agreed to the following action: 

  Action agreed 1/2 —  Feasibility studies on the rationalization of 
the issuance of SIGMET 

That, an ad hoc working group composed of Nigel and Steve (Co-
Rapporteurs), Albert, C.M., Hervé, Herbert, Patrick and Tom be tasked 
to undertake a feasibility study  considering the rationalization and 
consolidation, of the issuance of SIGMET to selected regional centres 
to be designated by RAN agreement in time for the METWSG/2 
Meeting. 

Note. ─ The ad hoc group should also consider the improvement of the 
existing framework and the development of draft provisions with a view 
to use regional cooperation, in particular where resources at MWOs 
are deemed insufficient to cope with the requirements. In addition, the 
group should consider developing proposals to improve training 
related to SIGMET, regular testing and real-time monitoring and 
extend successful measures to all ICAO regions. 



METWSG/1-SoD 
 

 

- 7 -

4.5 Development of a set of quantitative criteria to be included in 
Annex 3 for the threshold intensity of the weather 
phenomena to prompt the issuance of SIGMET 

4.5.1 The group recalled that in 1996, when this issue was raised by the LIM MID 
(COM/MET/RAC) RAN Meeting (1996), there were already quantitative definitions for two of the 
weather phenomena prompting SIGMET, i. e. tropical cyclone (the 10-minute mean surface wind equal or 
greater than 63 km/h (34 kt)) and severe mountain waves (the accompanying downdraft of 3 m/s (600 
ft/min) or more and/or with observed/forecast severe turbulence). 

4.5.2 It was noted that as a result of actions taken as a follow-up of Conclusion 4/7 of the LIM 
MID (COM/MET/RAC) RAN Meeting (1996), requirements for the criteria related to phenomena 
included in SIGMET messages had been included in Annex 3 over the past ten years. The group was 
pleased to note that criteria for the characterization of the following weather phenomena prompting the 
issuance of a SIGMET were  included in Annex 3:  

a) areas of thunderstorms and cumulonimbus (OBSC, EMBD, ISOL, OCNL);  

b) area of thunderstorm (FRQ);  

c) squall line (SQL);  

d) hail (GR); 

e) severe and moderate turbulence (TURB); 

f) mountain wave (MTW); and 

g) tropical cyclone (TC). 

The group reviewed the list in Annex 3, Appendix 6, 4.2 and noted that some of the criteria are qualitative 
(e.g. presence or absence of hail); however, the group agreed that the criteria as stated were sufficient 
except for icing.  Furthermore, there were two phenomena for which there were no criteria: 

a) sandstorm; and  

b) duststorm.  

4.5.3 Regarding icing, the group noted that the World Area Forecast System Operations Group 
(WAFSOPSG) had been tasked to define such criteria. In this regard the group noted that the 
WAFSOPSG  had invited the World Area Forecast Centre (WAFC) Provider States to work on the 
feasibility of developing an objective icing index intended to improve the harmonization of icing forecasts 
provided by the WAFCs and also to assist meteorological watch offices (MWO) in the issuance of 
SIGMETs. In this regard it was noted that researchers continued to believe that the temperature, relative 
humidity, cloud liquid water content (LWC) and drop-size distribution remained the key meteorological 
factors contributing to airframe icing accretion. It was noted that the development of objective criteria for 
icing were expected to be completed with the operational introduction of GRIB2-coded WAFS forecasts 
for icing in 2010. 
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4.5.4 The group concurred that criteria for duststorm and sandstorm should be developed.  In 
accordance with the Working Arrangements between the International Civil Aviation Organization and 
the World Meteorological Organization (Doc 7475), it was considered that Herbert, in consultation with 
Tom should take the lead in this effort.  The group agreed to the following action: 

  Action agreed  1/3 — Quantitative criteria for “sandstorm” 
and “duststorm” 

 
That Herbert in consultation with Hervé and Tom be tasked to 
develop quantitative criteria for “sandstorm” and “duststorm”, to 
be used for the issuance of SIGMET in time for the METWSG/2 
Meeting. 

4.6 Amend the template for SIGMET and AIRMET to allow 
only the use of a closed line of coordinates, location 
indicators of waypoints or aerodromes to describe the area of 
the phenomena in a SIGMET/AIRMET 

4.6.1 The group then noted that the Air Navigation Commission, endorsed EANPG 
Conclusion 48/39, application and development of the template for SIGMET and AIRMET, which called 
for the consideration of the amendment of the template for SIGMET and AIRMET to allow only the use 
of a closed line of coordinates, location indicators of waypoints or airports in order to describe the area of 
the phenomena in a SIGMET and/or AIRMET. 

4.6.2 The group was aware that the format for SIGMET and AIRMET messages is set out by 
Table A6-1. Template for SIGMET and AIRMET messages and special air-reports (uplink) included in 
Appendix 6 of Annex 3.  In this regard the group noted that the proposal to introduce a new way to 
describe the phenomena in SIGMET and/or AIRMET had been raised by IATA when EANPG was 
discussing ways to improve the compliance with operational requirements. The requirement had been 
stated in order to improve the efficiency of automatic handling of information. However, the group felt 
that the proposal by EANPG would only take into account the needs of one type of users (i.e. users with 
automatic data processing). In addition it was indicated that the proposal would imply the removal, from 
the template, of the geographical features well known internationally from which no adverse comments 
had been received and would cause problems to other type of users (i.e ATC units).  Therefore, the group  
agreed that this issue needed further study and  agreed to the following action: 

  Action agreed 1/4 — Description of the area of phenomena 
in SIGMET/AIRMET 

 
That an ad hoc working group composed by Steve, Patrick, Nigel 
(Rapporteur) and Tom be tasked to assess the need of change the 
method to describe the area of the phenomena in a 
SIGMET/AIRMETin time for the METWSG/2 Meeting. 

   

4.6.3 With regard to the requirement to issue SIGMET for all cruising levels irrespective of 
altitude, the group noted that all cruising levels available in an FIR should be covered and no arbitrary 
lower limits should be established. 
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5. AMENDMENTS TO PROVISIONS RELATED TO WIND 
SHEAR WARNINGS AND ALERTS 

5.1 Provisions for inclusion in Annex 3 and guidance material 
for the observing and reporting low-level wind shear 

5.1.1 The group noted that the emphasis, in the ICAO Business Plan environment, was put on 
the implementation of the Standards rather than on the creation of new provisions.  Therefore, the group 
realized that its task was to develop only amendments considered essential and which would be of a 
global application. 

5.1.2 In this regard, the group reviewed a proposal presented by Steve to introduce standard 
phraseology to be used by air traffic units for the provision of wind shear information to aircraft in 
approach, take-off or climb-out area in accordance with the provisions included in the Procedures for Air 
Navigation Services — Air Traffic Management (PANS-ATM, Doc 4444).  The group concurred that in 
view of the limited scope of the meteorological information contained in Doc 4444, Chapter 12, ATC 
Phraseologies, only limited phraseology should be included in such a proposal. Therefore, the group 
agreed to the following action: 

  Action agreed 1/5 — Phraseology for the provision of  
wind shear alerts information 

 
That C. M., and Steve prepare a proposal for standard 
phraseology to be used by air traffic units for the provision of 
wind shear alert information to aircraft in approach, take-off or 
climb-out area. 
 
Note. ― Any proposal should be coordinated with the 
appropriate ICAO body. In view of the editorial policy of 
Doc 4444, the proposal should consist of no more than 2 or 3 key 
standard phraseologies. 

5.1.3 The group also reviewed a proposal presented by Tom for the introduction of the term 
“wind shear advisory”.  It was indicated that an airline in the United States had some concerns regarding 
the use of the term “wind shear warnings” to represent “observed or expected existence of wind shear” 
The FAA in the United States currently uses “wind shear alert” and “wind shear advisory”.  The group 
noted that advisories for wind shear were used only on the ATIS to provide pilots prior notice that there 
was a wind shear alert at the airport. The group agreed that the acceptance of the proposal would imply 
that the term “wind shear warning” would be changed to “wind shear advisory” throughout Annex 3. The 
group noted that a change of such a magnitude could be detrimental to the long-standing efforts by ICAO 
to implement wind shear warnings.  Therefore it was agreed that there was no need to propose changes to 
SARPs in this regard.  

5.1.4 Regarding the guidance material, i.e. the Manual on Low-Level Wind Shear (Doc 9817), 
the group noted that the first edition had been issued in 2005 and that the intention of the manual was to 
provide guidance regarding the latest available wind shear technology and the associated operational 
procedures.  In this regard, the group reviewed proposals from Italy, the United States, the (former) 
WISTSG Member from the United Kingdom, the (former) WISTSG Member from Hong Kong China, the 
Federal Aviation Administration (FAA) of the United States and Lockheed Martin Coherent. In this 
regard, the group felt that the material regarding the detection and measuring of low-level wind shear at 
Catania Fontanarosa International Airport and at Las Vegas International Airport, while being very 
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interesting, were not mature enough for inclusion in Doc. 9817.  The group concurred that the other 
proposals were considered mature enough for inclusion in Manual on Low-Level Wind Shear (Doc 9817) 
and agreed to the following action: 

  Action  agreed 1/6 —  Update of Doc 9817, Manual on Low-
Level Wind Shear 

 
That the Secretary include in the next amendment of Doc 9817, 
Manual on Low-Level Wind Shear, the material included in 
Appendix D. 
 

5.1.5 Continuing with the review of guidance material, the group noted that the tenth meeting 
of the CNS/MET SG of the ASIA/PAC Air Navigation Planning and Implementation Regional Group 
(APANPIRG) in 2006 had noted that the three existing ICAO posters on wind shear were outdated. At 
that meeting it was indicated that jointly published posters by WMO/IFALPA/HKO should be given the 
widest distribution within the aviation community for enhancement of safety and that ICAO should be 
involved therein. This initiative was subsequently supported by the APANPIRG/17 Meeting.  In this 
regard, the group reviewed the three draft wind shear posters as follows: Poster 1: Wind Shear-Their 
Causes, Poster 2: Wind Shear-Warning and Alerting and Poster 3: Wind Shear –Pilot’s Rules. The group 
congratulated the Hong Kong Observatory for the excellent work done and agreed to the following action: 

  Action agreed 1/7 —  Update of the ICAO wind shear 
posters 

 
That, the set of three draft new wind shear posters developed by 
the Hong Kong Observatory in collaboration with WMO and 
IFALPA, shown in Appendix E be endorsed by ICAO by 
distributing the posters to ICAO Contracting States through the 
ICAO regional offices. 

 
Note. ― The three new wind shear posters will replace the 
existing ICAO posters on wind shear. 

 

5.2 Study the need for the development of the criteria for the 
provision of warnings for rotor zones in terminal area 

5.2.1 The group noted that currently Annex 3 contained criteria related to the inclusion of 
mountain waves in SIGMET and AIRMET messages and special air reports (uplink) but did not make 
any explicit reference to rotor zones. In addition, the group noted that the Secretariat, as a follow-up to 
this task, had requested in 2005 the WISTSG members’ opinion regarding the need to develop such 
criteria for the provision of warnings. As a result of this consultation the Secretariat had received only one 
reply saying that there was not a pressing need in the United Kingdom for the development of criteria for 
the provision of warnings for rotor zones in the terminal area. The group concurred that rotor zones were 
going to be more of a problem for those airports whose terminal area lies close to the lee of a large 
mountain ridge. However, in the United States existing accident statistics did not support the need for the 
development of provisions of warnings for rotor zones. Therefore,  the group agreed to the following 
action: 
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  Action agreed 1/8 ―  Development of the criteria for the 
provision of warnings for rotor zones 
in terminal area 

 
That the sub-task be proposed by the Secretary to the Air 
Navigation Commission for deletion from the work program of 
the study group. 

5.3 Consider the need to provide information on low-level 
temperature inversion either in a specific warning or in the 
supplementary information appended to local reports and 
METAR/SPECI 

5.3.1 In this regard, the group noted the information presented by Raul on behalf of Hervé 
regarding the user point of view which called for the introduction of provisions regarding low-level 
temperature inversions in Annex 3.  The group noted that this issue had been regularly addressed over the 
years by the Air Navigation Commission (ANC).  In 1986 the International Air Transport Association 
(IATA) had called for the encouragement of better reporting of marked temperature inversion. The group 
noted that the ANC had agreed that provisions in Annex 3 were not required and that guidance material 
should be included in the Manual of Aeronautical Meteorological Practice (Doc 8896). The group noted 
that, subsequently the issue had been readdressed in 1994 during a preliminary review of an amendment 
proposal to Annex 3 in reply to a query from the International Federation of Air Line Pilots’ Associations 
(IFALPA).  At that stage the ANC had felt that there was no need for including temperature inversions in 
AIRMET/GAMET since they were mostly a problem in terminal areas and that guidance material had 
already been made available through the Manual of Aeronautical Meteorological Practice (Doc 8896) . 

5.3.2 The group was of the opinion that the situation had not changed and that temperature 
inversions needed not be subject to a stand-alone warning provided that warnings related to the 
accompanying wind shear were issued. Furthermore, the group agreed that specific local warning systems 
such as the one described in Doc 8896, Appendix 6 were satisfactory to cover operational requirements 
and that there was no need to develop Standards and Recommended Practices (SARPs). Therefore, the 
group agreed to the following action: 

  Action agreed 1/9 ― Provision of information on low-level 
temperature inversion either in a 
specific warning or in the 
supplementary information appended 
to local reports and METAR/SPECI 

 
That the sub-task be proposed by the Secretary to the Air 
Navigation Commission for deletion from the work program of 
the study group. 

5.4 Consider developing the necessary provisions that would 
enable the detection of low-level wind shear affecting aircraft 
operations along approach and take-off paths, and including 
new abbreviations for “headwind gain” and “headwind loss” 
in Table A6-3 of Annex 3 and Doc 8400 

5.4.1 The group noted that the seventeenth meeting of the ASIA/PAC Air Navigation Planning 
and Implementation Regional Group (APANPIRG/17), had taken note of the availability of high-
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resolution automatic aircraft reports received via aircraft communications addressing and reporting 
system (ACARS) along the approach and take-off paths, enabled the detection of low-level wind shear 
and the determination of its intensity in terms of changes in headwind across the affected region and that 
this information could be potentially included in the wind shear warnings. In this regard, the group invited 
ICAO to include new abbreviations “HWINDG” and “HWINDL” for “headwind gain” and “headwind 
loss” in the Procedures for Air Navigation Services — ICAO Abbreviations and Codes (PANS-ABC, 
Doc 8400) and to amend Table A6-3 in Annex 3 accordingly. 

5.5 The meeting agreed with the following action: 

  Action agreed 1/10  —  Amendments to Annex 3 and  the PANS-
ABC (Doc 8400), Procedures for Air 
Navigation Services — ICAO Abbreviations 
and Codes to enable the use of “headwind 
gain” and “headwind loss” in wind shear 
warnings 

That, 
 
a) the proposal to amend the template for wind shear warnings in 

Table A6-3 of Annex 3 to enable the inclusion of “headwind gain” 
and “headwind loss” information detected from automatic aircraft 
observations or orally reported to ATC, in the form of “nnKMH (or 
nnKT) GAIN nnKM (or nnNM) FNA RWYnn” and “nnKMH (or 
nnKT) LOSS nnKM (or nnNM) FNA RWYnn” respectively given 
in Appendix F be consolidated with other elements of 
Amendment 75 to Annex 3 by the Secretary; and 

 
b) the new abbreviations “GAIN” and “LOSS”, to stand for “headwind 

gain” and “headwind loss” respectively, be consolidated with other 
elements of Amendment 30 to the PANS-ABC (Doc 8400), 
Procedures for Air Navigation Services — ICAO Abbreviations and 
Codes by the Secretary. 

 
Note. ― “GAIN” and “LOSS” would also replace “ASPEEDG” and 
“ASPEEDL” and an appropriate explanation would be included in 
PANS-ABC (Doc 8400), Procedures for Air Navigation Services — ICAO 
Abbreviations and Codes. 

 

6. FUTURE WORK PROGRAMME OF THE GROUP 

6.1 In light of the progress made the group reviewed its work programme which is 
reproduced in Appendix G.  The group noted that the sub-task “assist in the development of decoding and 
encoding software for BUFR-coded SIGMET and develop related guidance material in coordination with 
interested provider States and WMO” had been suspended by the Air Navigation Commission until such a 
time that the results of the World Meteorological Organization Expert Team on Extended Mark-up 
Language (XML) were known.  Therefore, for the time being, this sub-task would not be addressed by the 
group.  The changes would be reflected in the ICAO Air Navigation Integrated Programme (ANIP).  
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7. ANY OTHER BUSINESS 

7.1 Regarding the inclusion of aerodrome warnings as meteorological information to be 
supplied to operators and flight crew members in Amendment 74 to Annex 3, it was noted that Annex 3, 
9.1.3 provided a full list of information which could be provided, however, the detailed information to be 
provided are to be established by the meteorological authority in consultation with operators concerned. 

8. METWSG/2  MEETING 

8.1 The group noted that the METWSG/2 Meeting would tentatively be held in May 2009 at 
the ICAO Headquarters, Montreal, Canada. 

 

 

— — — — — — — — 
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APPENDIX C 
 

 
PROPOSED AMENDMENT TO 

 
INTERNATIONAL STANDARDS  

AND RECOMMENDED PRACTICES 
 

METEOROLOGICAL SERVICE  
FOR INTERNATIONAL AIR NAVIGATION 

 
ANNEX 3 

TO THE CONVENTION OF INTERNATIONAL CIVIL AVIATION 
 

SIXTEENTH EDITION ― JULY 2007 
 
 

. . .  

CHAPTER 3.    WORLD AREA FORECAST SYSTEM 
AND METEOROLOGICAL OFFICES 

 
. . .  

 

3.4    Meteorological watch offices 

. . .  

3.4    Meteorological watch offices 
 
 3.4.1    A Contracting State, having accepted the responsibility for providing air traffic services within 
a flight information region or a control area, shall establish, subject to regional air navigation agreement, 
one or more meteorological watch offices, or arrange for another Contracting State to do so. 
 
 
. . .  

 3.4.3    Recommendation.— The boundaries of the area over which meteorological watch is to be 
maintained by a meteorological watch office should, be coincident with the boundaries of a flight 
information region or a control area or a combination of flight information regions and/or control areas. 
 
 3.4.4    Recommendation.— Meteorological watch should be maintained continuously. 
 
 
. . .  
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APPENDIX 6.    TECHNICAL SPECIFICATIONS RELATED TO 

SIGMET AND AIRMET INFORMATION, AERODROME WARNINGS 
AND WIND SHEAR WARNINGS AND ALERTS 

(See Chapter 7 of this Annex.) 
 
 
 

 Note.— Data type designators to be used in abbreviated headings for SIGMET, AIRMET, tropical 
cyclone and volcanic ash advisory messages are given in WMO Publication No. 386, Manual on the 
Global Telecommunication System. 
 
 

1.    SPECIFICATIONS RELATED TO 
SIGMET INFORMATION 

 
 

1.1    Format of SIGMET messages 
 
 
. . .  

 
 1.1.3    The sequence number referred to in the template in Table A6-1 shall correspond with the 
number of SIGMET messages issued for the flight information region since 0001 UTC on the day 
concerned. The meteorological watch offices whose area of responsibility encompasses more than one 
FIR and/or CTA shall issue separate SIGMET messages for each FIR and/or CTA within its area of 
responsibility. 
 
 1.1.4 Each phenomenon occurring, or expected to occur in an FIR and or CTA, shall be 
identified with a separate letter in the template in Table A6-1. 
 
 1.1.5    In accordance with the template in Table A6-1, only one of the following phenomena shall be 
included in a SIGMET message, using the abbreviations as indicated below: 
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Table A6-1.    Template for SIGMET and AIRMET messages and special air-reports (uplink) 
 
 Key: M = inclusion mandatory, part of every message; 
  C = inclusion conditional, included whenever applicable; 
  = = a double line indicates that the text following it should be placed on the subsequent 

line. 
 
 Note.— The ranges and resolutions for the numerical elements included in SIGMET/AIRMET 
messages and in special air-reports are shown in Table A6-4 of this appendix. 
 
 

Element as specified 
in Chapter 5 and 

Appendix 6 Detailed content 

Template(s) 

Examples SIGMET AIRMET 
SPECIAL 

AIR-REPORT1 

Location indicator of 
FIR/CTA (M)2 

ICAO location indicator 
of the ATS unit serving 
the FIR or CTA to which 
the SIGMET/AIRMET 
refers (M) 

nnnn  — YUCC3 
YUDD3 

Identification  
(M) 

Message identification 
and sequence number4 
(M) 

 
SIGMET n[n]n 

 
AIRMET n[n]n 

ARS SIGMET B5 
SIGMET A3 
AIRMET C2 
ARS 

Validity period  
(M) 

Day-time groups 
indicating the period of 
validity in UTC (M) 

VALID nnnnnn/nnnnnn — 5 VALID 221215/221600 
VALID 101520/101800 
VALID 251600/252200 

Location indicator of 
MWO (M) 

Location indicator of 
MWO originating the 
message with a 
separating hyphen (M) 

nnnn–  YUDO— 3 
YUSO— 3 

 

Name of the 
FIR/CTA or aircraft 
identification (M) 

Location indicator and 
name of the FIR/CTA6 
for which the 
SIGMET/AIRMET is 
issued or aircraft 
radiotelephony call sign 
(M) 

nnnn nnnnnnnnnn FIR[/UIR] 
or nnnn nnnnnnnnnn CTA 

nnnn nnnnnnnnnn 
FIR[/n] 

nnnnnn YUCC AMSWELL FIR3 
YUDD SHANLON 
FIR/UIR3 
 
YUCC AMSWELL FIR/23 
YUDD SHANLON FIR3 
 
VA812 

IF THE SIGMET IS TO BE CANCELLED, SEE DETAILS AT THE END OF THE TEMPLATE. 

Phenomenon (M)7 Description of 
phenomenon causing 
the issuance of 
SIGMET/AIRMET (C) 

OBSC8 TS[GR9] 
EMBD10 TS[GR] 
FRQ11 TS[GR] 
SQL12 TS[GR] 
 
 
TC nnnnnnnnnn or NIL 
 
SEV TURB13 
SEV ICE14 
SEV ICE (FZRA)14 
SEV MTW15 
 

SFC WSPD nn[n]KMH  
(or SFC WSPD nn[n]KT) 
 
SFC VIS nnnnM (nn)16 
 
ISOL17 TS[GR]9 
OCNL18 TS[GR] 
 
MT OBSC 
 
BKN CLD 
nnn/[ABV]nnnnM 
(or BKN CLD 

TS 
TSGR 
 
SEV TURB 
SEV ICE 
 
SEV MTW 
 
HVY SS 
 
VA CLD [FL nnn/nnn] 
VA [MT nnnnnnnnnn] 

SEV TURB 
FRQ TS 
OBSC TSGR 
EMBD TSGR 
TC GLORIA 
 
VA ERUPTION  
MT ASHVAL  
LOC S15 
E073 VA CLD 
 
MOD TURB 
MOD MTW 
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Element as specified 
in Chapter 5 and 

Appendix 6 Detailed content 

Template(s) 

Examples SIGMET AIRMET 
SPECIAL 

AIR-REPORT1 

HVY DS 
HVY SS 
 
[VA ERUPTION] 
[MT] [nnnnnnnnnn]  
[LOC  
Nnn[nn] or Snn[nn] 
Ennn[nn] or Wnnn[nn]] 
VA CLD 
 
RDOACT CLD 

nnn/[ABV]nnnnFT) 
 
OVC CLD 
nnn/[ABV]nnnnM 
(or OVC CLD 
nnn/[ABV]nnnnFT) 
ISOL17 CB19 
OCNL18 CB 
FRQ11 CB 
 
ISOL17 TCU19 
OCNL18 TCU19 
FRQ11 TCU 
 
MOD TURB13 
MOD ICE14 
MOD MTW15 

ISOL CB 
 
BKN CLD 120/900M 
(BKN CLD 
400/3000FT) 
 
OVC CLD 
270/ABV3000M 
(OVC CLD 
900/ABV10000FT) 
 
SEV ICE 
 
RDOACT CLD 

Observed or forecast  
phenomenon (M)25 

Indication whether the 
information is observed 
and expected to 
continue, or forecast 
(M) 

OBS [AT nnnnZ] 
FCST [nnnnZ] 

OBS AT nnnnZ OBS AT 1210Z 
OBS 

Location (C)25 Location (referring to 
latitude and longitude 
(in degrees and 
minutes) or locations or 
geographic features 
well known 
internationally)  

Nnn[nn] Wnnn[nn] or 
Nnn[nn] Ennn[nn] or 
Snn[nn] Wnnn[nn] or 
Snn[nn] Ennn[nn]  
or 
N OF Nnn[nn] or 
S OF Nnn[nn] or 
N OF Snn[nn] or 
S OF Snn[nn] or  
[AND] 
W OF Wnnn[nn] or 
E OF Wnnn[nn] or 
W OF Ennn[nn] or 
E OF Ennn[nn] 
or 
[N OF, NE OF, E OF, SE OF, S OF, SW OF, W OF, NW OF] 
[LINE] Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] 
or 
[N OF, NE OF, E OF, SE OF, S OF, SW OF, W OF, NW OF, 
AT] nnnnnnnnnnnn 
or 
WI Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
[Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]] 

NnnnnWnnnnn or 
NnnnnWnnnnn or 
SnnnnWnnnnn or 
SnnnnEnnnnn 

S OF N54 
N OF N50 
N2020 W07005 
AT YUSB3 
N2706 W07306 
 
N48 E010 
 
N OF N1515 AND 
W OF E13530 
 
W OF E1554 
 
N OF LINE S2520 
W11510 - S2520 W12010 
 
WI N6030 E02550 – 
N6055 E02500 – 
N6050 E02630 

Level (C)25 Flight level  
and 
extent20(C) 

FLnnn or SFC/FLnnn or FLnnn/nnn or TOP FLnnn or [TOP] 
ABV FLnnn or [TOP]  
 
or  21 
CB TOP [ABV] FLnnn WI nnnKM OF CENTRE  
(or CB TOP [ABV] FLnnn WI nnnNM OF CENTRE) or 
CB TOP [BLW] FLnnn WI nnnKM OF CENTRE  

FLnnn FL180 
FL050/080 
TOP FL390 
SFC/FL078 
TOP ABV FL100 
FL310/450 
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Element as specified 
in Chapter 5 and 

Appendix 6 Detailed content 

Template(s) 

Examples SIGMET AIRMET 
SPECIAL 

AIR-REPORT1 

(or CB TOP [BLW] FLnnn WI nnnNM OF CENTRE)  
 
or  22 
 
FLnnn/nnn [APRX nnnKM BY nnnKM] 
[nnKM WID LINE23 BTN (nnNM WID LINE BTN)] 
[Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]  
 – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] 
[ – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]] 
[ – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]]] 
(or FLnnn/nnn [APRX nnnNM BY nnnNM] 
[Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]  
 – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] 
[ – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]] 
[ – Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]]]) 

CB TOP FL500 WI 270KM 
OF CENTRE 
(CB TOP FL500 WI 
150NM OF CENTRE) 
 
FL310/350 APRX 
220KM BY 35KM 
 
FL390 

Movement or 
expected  
movement (C)25 

Movement or expected 
movement (direction 
and speed) with 
reference to one of the 
sixteen points of 
compass, or stationary 
(C) 

MOV N [nnKMH] or MOV NNE [nnKMH] or MOV NE [nnKMH] 
or MOV ENE [nnKMH] or MOV E [nnKMH] or MOV ESE 
[nnKMH] or MOV SE [nnKMH] or MOV SSE [KMH] or MOV S 
[nnKMH] or MOV SSW [nnKMH] or  MOV SW [nnKMH] or 
MOV WSW [nnKMH] or 
MOV W [nnKMH] or  MOV WNW [nnKMH] or MOV 
NW[nnKMH] or MOV NNW [nnKMH] 
(or MOV N [nnKT] or MOV NNE [nnKT] or  MOV NE [nnKT] or 
MOV ENE [nnKT] or MOV E [nnKT] or MOV ESE [nnKT] or 
MOV SE [nnKT] or MOV SSE [nnKT] or MOV S[nnKT] or MOV 
SSW [nnKT] or MOV SW [nnKT] or MOV WSW [nnKT] or 
MOV W [nnKT] or MOV WNW [nnKT] or MOV NW [nnKT] or 
MOV NNW [nnKT]) 
 or 
STNR 

 — MOV E 40KMH 
(MOV E 20KT) 
 
MOV SE 
STNR 

Changes in intensity 
(C)25 

Expected changes in 
intensity (C) 

INTSF or WKN or NC — WKN 

Forecast position 
(C)20,25 

Forecast position of 
volcanic ash cloud or 
the centre of the TC at 
the end of the validity 
period of the SIGMET 
message (C) 

FCST nnnnZ TC CENTRE 
Nnn[nn] or Snn[nn] Wnnn[nn] 
or Ennn[nn]  
or 
FCST nnnnZ VA CLD APRX 
[nnKM WID LINE23 BTN (nnNM 
WID LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] 
or Ennn[nn] 
 – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]  
[ – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]] 
[ – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]]  
[AND] 

— — FCST 2200Z TC CENTRE 
N2740 W07345 
 
FCST 1700Z VA CLD 
APRX S15 E075 –  
S15 E081 –  
S17 E083 –  
S18 E079 –  
S15 E075 
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Element as specified 
in Chapter 5 and 

Appendix 6 Detailed content 

Template(s) 

Examples SIGMET AIRMET 
SPECIAL 

AIR-REPORT1 

OR 

Cancellation of 
SIGMET/ 
AIRMET24(C) 

Cancellation of 
SIGMET/AIRMET 
referring to its 
identification 

CNL SIGMET [nn]n 
nnnnnn/nnnnnn  
or 
CNL SIGMET  
[nn]n nnnnnn/nnnnnn  
[VA MOV TO nnnn FIR]22 

CNL AIRMET [nn]n 
nnnnnn/nnnnnn 

— CNL SIGMET 2 
101200/10160024 
 
CNL SIGMET 3 
251030/251430 VA MOV 
TO YUDO FIR24 
 
 
 
CNL AIRMET 
151520/15180024 

 
 
Notes.— 
 
1. No wind and temperature to be uplinked to other aircraft in flight in accordance with 3.2. 
2. See 4.1. 
3. Fictitious location. 
4. In accordance with 1.1.3 and 2.1.2. 
5. See 3.1. 
6. See 2.1.3. 
7. In accordance with 1.1.4 and 2.1.4. 
8. In accordance with 4.2.1 a). 
9. In accordance with 4.2.4. 
10. In accordance with 4.2.1 b). 
11. In accordance with 4.2.2. 
12. In accordance with 4.2.3. 
13. In accordance with 4.2.5 and 4.2.6. 
14. In accordance with 4.2.7. 
15. In accordance with 4.2.8. 
16. In accordance with 2.1.4. 
17. In accordance with 4.2.1 c). 
18 In accordance with 4.2.1 d). 
19. The use of cumulonimbus, CB and towering cumulus, TCU, is restricted to AIRMETs in accordance with 2.1.4. 
20. Only for SIGMET messages for volcanic ash cloud and tropical cyclones. 
21. Only for SIGMET messages for tropical cyclones. 
22. Only for SIGMET messages for volcanic ash. 
23. A straight line between two points drawn on a map in the Mercator projection or a straight line between two points which crosses lines of longitude at a 

constant angle. 
24. End of the message (as the SIGMET/AIRMET message is being cancelled). 
25. In the case of the same phenomenon covering more than one area within the FIR, these elements can be repeated, as necessary. 

 
. . .  

. . . 



 
C-7 

METWSG/1-SoD 
Appendix C  

 

 
 

 
Example A6-4.    SIGMET message for severe turbulence 

YUCC SIGMET 5 VALID 221215/221600 YUDO – 
YUCC AMSWELL FIR SEV TURB OBS AT 1210Z AT YUSB FL250 MOV E 40KMH WKN 
 
Meaning:  
 

The fifth SIGMET message issued for the AMSWELL* flight information region (identified by YUCC 
Amswell area control centre) by the Donlon/International* meteorological watch office (YUDO) since 
0001 UTC; the message is valid from 1215 UTC to 1600 UTC on the 22nd of the month; severe 
turbulence was observed at 1210 UTC over Siby/Bistock* aerodrome (YUSB) at flight level 250; the 
turbulence is expected to move eastwards at 40 kilometres per hour and to weaken in intensity. 

 
* Fictitious locations 

 
 

. . . 
 

— — — — — — — — 



 

  
 
 

APPENDIX D 
 

PROPOSED AMENDMENTS TO THE  
MANUAL ON LOW-LEVEL WIND SHEAR (Doc 9817) 

 
 
 
 

Memo 
Safety Regulation Group 
Flight Ops Policy 

to R. Romero, Secretary, ICAO WISTSG 
 
12 February 2007 
 
 
Response to WISTSG-Memo/55 dated 14/12/06 
 
I have considered WISTSG-Memo/55 and have the following comments: 
  
MEMO ITEM b)- Low Level Temperature Inversion 
  
I am pleased to give my opinion on this subject although I do not think that the effect of temperature 
inversion on take off and landing performance is related to wind shear or turbulence. I believe this 
amendment would go into Annex 3 rather than Doc 9817. There is no doubt that low level temperature 
inversion can be a safety hazard. From the operational point of view the provision of this information is 
important, particularly before take-off, and the best place for such information is on the ATIS if the airfield 
provides such a service or, if not, the local MET report. Low-level temperature inversion information is 
already provided at some places. e.g. Dubai, where a temperature inversion warning on the ATIS is 
commonplace. I do not think it is necessary to provide low-level temperature inversion information 
globally, but such information should be specifically directed to key affected aerodromes. At those 
aerodromes where it can be a significant factor in affecting take-off or landing performance, information 
regarding low level temperature inversions should be provided as established by the Met Authority in 
consultation with the appropriate ATS authority and operators concerned.    
  
MEMO ITEM c) "headwind gain" and "headwind loss" 
  
Regarding the suggestion from the ASIA/PAC ANPIRG is that new abbreviations for "headwind gain" and 
"headwind loss" be included in Table A6-3 of Annex 3 and Doc 8400. I support this if the terms are to be in 
common use in terms of changes in headwind in connection with ACARS reports enabling the detection of low-level 
wind shear.  
  
MEMO ITEM d) new draft material received for inclusion in Doc 9817  
  
Material from Dr Walter Canestrim Italy (ENAV) 
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This report records the results of low-level wind shear measurement at Catania Fontanarossa in 2002. It shows that 
the equipment can measure wind shear at this airport and that concludes that use of this system would be useful in 
the forecasting of windshear (I think). Whilst this is an interesting piece of research, I would not believe that it 
is sufficiently mature to be included in Doc 9817. As the author states "a follow on study would be of great interest".  
  
Evaluation of Pulsed Lidar Wind Hazard Detection at Las Vegas Airport 
  
This report by Christopher Keohan an FAA Meteorologist looks at the use of both Terminal Doppler 
Weather Radar (TDWR) and lidar (pulsed Doppler light detection and ranging) at Las Vegas airport 
between July and October 2005. The combination of the two systems, using lidar for dry wind shear gust 
front outflows and TDWR for wet wind shear microbursts optimizes the overall wind shear detection rate. 
Use of a Machine Intelligent Gust Front Algorithm (MIGFA) with the lidar improves the detection 
performance, and, in addition, a Radar Data Acquisition (RDA) rehost for the TDWR is being developed 
to reduce the false alarm rate. Overall, this combination of equipment should give a wind shear detection 
rate of 91% with a false alarm rate of 5%. This meets the Las Vegas Airspace Users' Council (LUC) goal 
of a detection rate better than 90% and a false alarm rate of less than 10%. The report concludes that the 
study has applications beyond Las Vegas. Once again an interesting trial but, again, I would not have 
thought it is ready for inclusion in Doc. 9817. 
  
PROPOSED CHANGES to Doc 9817 
  
FAA Meteorologist Christopher Keohan has proposed a number of changes (17 pages of them). I have made some 
comments as follows: 
  
Page iii Suggest Option 2 
  
5.1.19 Agree new text. 
  
5.1.20 (1st Sentence) Agree new text. 
  
5.1.20 (last sentence) Agree new text. 
  
5.1.21 Agree new text. 
  
5.1.22 Agree new text. 
  
5.1.25 Agree new text. 
  
5.1.29-5.1.29 Agree new text. 
  
5.1.29 (1st Sentence) Agree new text. 
  
5.1.30 (third sentence) (actually it's the fourth sentence) Agree new text. 
  
5.1.31 Agree to update but how about: “…with completion of operational deployment in 2009" 
  
5.1.34 (4th sentence) Agree new corrected text. Page iv Suggest Option 2 with suggested text 
  
2.1.3 I am inclined to accept the additional text, but LLWAS-RS etc. do not seem to be defined anywhere (see later 
comments on the need for a glossary of terms).  
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3.5.24 Accept amendment but query …(484 km/h = 261 kt, but what is the 616 km/h and 69 kt). (see later comments 
on  conversion of kts to km/h) 
  
Figure 3-23 Suggest Option 2.  
  
3.8.2 Agree with new additional text. 
  
5.1.10 I agree with the proposal to amend the wording; however, 30 kt is 55.5 km/h and so the Text should be "A 
headwind loss of at least 55.5 km/h (30 kt) over 4 km is indicated as a microburst." (see later comments on  
conversion of kts to km/h) 
  
5.1.1.2 (4th sentence) Agree new text. 
  
5.1.12 (end of para.) Agree new text. 
  
5.1.13 Agree new text. 
  
5.1.14 I agree with the sentiment of changing the last sentence but would have said "……..are not currently used…" 
  
5.1.16 Agree to addition of Italy to list of countries using SODAR. 
  
5.1.34 (end para.) Don't like the expression "base-lined". Suggest "TCWF product has entered production and, at the 
time of publication, installation has commenced". 
  
5.1.34 a) Agree correction of spelling but suggest "co-ordination" (from the Concise Oxford Dictionary). 
  
5.1.35 last sentence) Agree new text. 
  
5.1.36 (2nd to last sentence) Agree new text. 
  
Table 5-3 Agree new text 
  
5.1.38 (3rd to last sentence) Agree new text. 
  
5.1.42 (2nd to last sentence) Agree new text on German system. 
  
5.1.42 Agree new text on LIDAR information. 
  
5.1.43 (2nd to last sentence) Agree change from VHF to UHF but to be grammatically correct, new text should be 
"France also has a UHF wind profiler in operation at Nice Cote D'Azur Airport".  
  
5.1.43 Agree to insert information on Juneau Airport Wind System. 
  
5.1.48 The author's suspicion of error is not really conclusive enough to warrant a change. There should be an 
appropriate expert who can provide an input on this. The reference paper quoted actually takes the equation from 
another paper written in 1988. My advice is to check before a definitive change is made.    
  
5.1.51 Agree new text. 
  
5.2.13 (last sentence) Agree new text. 
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5.3.15 Agree new text. 
  
GLOBAL SEARCH If the term "wind shear alert" has been adopted in Annex 3, it would seem appropriate to use it 
throughout Doc 9817. 
 
  
I have further comments arising from my review of the proposed amendments to Doc 9817: 
  
CONVERSION FROM km/h to kts in Doc 9817 
  
I have noticed that, throughout the existing Doc 9817, an incorrect conversion factor of 2 km/h = 1 kt has 
been used. In fact, 1.852 Km/h = 1 kt. So 28 km/h (rather than 30 km/h) = 15kt and 55.5 km/h (rather than 
60 km/h) = 30kt etc. It is important that the correct factor is used to avoid confusion. (Other ICAO 
publications use the correct ratio of km to NM (e.g. PANS ATM (Doc 4444) quotes 28 km as 15 NM and 
55.5 km as 30 NM). A large number of amendments throughout Doc 9817 are required for each occasion 
when speed is mentioned.  
  
I have detailed below all those paragraphs where amendments are required and the changes necessary to rectify 
these inaccuracies. With one exception (5.2.28), I have assumed the figure in knots (kt) is correct and have supplied 
the appropriate corrected figure in kilometres per hour (km/h): 
  
2.3.1, line 6: delete "60 km/h" and insert "55.5 km/h"; line 7 delete "20 km/h" and insert "18.5 km/h". 
 
2.4.1, line 1: delete "42 km/h" and insert "39 km/h"; line 3: delete "8.4 km/h" and insert "7.8 km/h". 
 
2.4.3, line 3: delete "42 km/h" and insert "39 km/h"; sub para a): delete "8.4 km/h" and insert "7.8 km/h"; 
sub-para c), line 2: delete "300 km/h" and insert "278 km/h"; line 3: delete "1.09 km/h" and insert "1.01 
km/h". 
 
2.5.2, line 2: delete "42 km/h" and insert "39 km/h"; delete "8.4 km/h" and insert "7.8 km/h"; line 4 delete "42 km/h" 
and insert "39 km/h"; line 5: Delete "8.4 km/h" and insert "7.8 km/h"; line 6: Delete "8.4 km/h" and insert "7.8 
km/h"; line 7: delete "21 km/h" and insert "19.5 km/h".  
 
3.1.5, line 9: delete "120 km/h" and insert "111 km/h". 
 
3.1.6, line 10: delete "10 km/h" and insert "9.25 km/h"; delete "2 km/h" and insert "1.85 km/h". 
 
3.1.12, line 6: delete "400 km/h" and insert "37 km/h"; delete "30 m" and insert "300 m"; line 7: delete "40 km/h" 
and insert "37 km/h".  
 
3.4.1, line 9/10: delete "20 to 30 km/h" and insert "18.5 to 28 km/h"; line 10: delete "40 km/h" and insert "37 km/h". 
 
3.5.8, line 12: delete "20 km" and insert "22 km"; line 15: delete "100 km/h" and insert "93 km/h".  
 
3.5.9, line 3: delete "35 km" and insert "40.5 km". 
 
3.5.23, line 8: delete "70 - 124 km/h" and insert "65 - 115 km/h"; line 9: delete "454 - 552 km/h" and insert "420 - 
511 km/h". 
 
3.5.24, line 16: delete "270 km/h" and insert "250 km/h"; line 17: delete "400 km/h" and insert "370 km/h". 
 
4.1.8, line 9: delete "280 km/h" and insert "259 km/h". 
 



 
D-5 

METWSG/1-SoD 
Appendix D 

 

 
 

4.1.10    Figure 4-3. Thankfully the conversions of airspeed on this graph are correct!! 
 
4.2.3, line 1: delete "8.4 km/h" and insert "7.8 km/h". 
 
4.2.6, line 13: delete "6 km/h" and insert "5.6 km/h"; line 14: delete "6 km/h" and insert "5.6 km/h".  
 
4.2.7, line 17: delete "50 km/h" and insert "46 km/h". 
 
4.3.27, line 2: delete "40 km/h" and insert "37 km/h". 
 
4.3.28, line 2: delete "40 km/h" and insert "37 km/h". 
 
4.3.29, line 3: delete "40 km/h" and insert "37 km/h"; WARNING line 2: delete "40 km/h" and insert "37 km/h". 
 
5.1.5, line 10: delete "50 km" and insert "57.5 km"  
 
5.1.10, line 14: delete "30 km/h" and insert "28 km/h", delete "60 km/h" and insert "55.5 km/h"; line 15: delete "60 
km/h" and insert "55.5 km/h", line 17: delete "30 km/h" and insert "28 km/h.   
 
5.1.21, line 11: delete "30 - 50 km/h" and insert "28 - 46 km/h"; line 14: delete "40 km/h" and insert "37 km/h"; 
delete "30 to 40 km/h" and insert "28 - 37 km/h" 
 
5.1.30, line 19: delete "24 km" and insert "28 km"; line 20: delete "60 km/h" and insert "55.5 km/h" 
 
5.2.8, line 5: delete "6 km/h" and insert "5.6 km/h"; line 8: delete "50 to 60 km/h" and insert "46 to 55.5 km/h"; line 
10: delete "200 km/h" and insert "185 km/h"; line 11: delete "10 km/h" and insert "9.3 km/h"; line 12: delete "20 
km/h" and insert "18.5 km/h". 
 
5.2.13, line 6/7: delete "240-, 300- and 400-km/h" and insert "222-, 278- and 370 km/h". 
 
5.2.19, line 5: delete "90 km" and insert "93 km"; line 9: delete "40 km/h per 90 km" and insert "37 km/h per 93 
km". 
 
5.2.27, line 10: delete "200 km/h" and insert "185 km/h". 
 
5.2.30, line 10: delete "200 km/h" and insert "185 km/h". 
 
5.2.33 b), line 2: delete "40 km/h" and insert "37 km/h"; line 4: delete "40 km/h" and insert "37 km/h". 
 
5.2.28, line 4: delete "19.5 NM" and insert "19 NM". 
 
5.3.3, line 9: delete "50 to 100 km/h" and insert "46 to 93 km/h". 
 
5.3.27, line 6: delete "20 km" and insert "22 km". 
 
GLOSSARY OF TERMS 

Having worked my way through Doc 9817, I think it would benefit from a wind shear-related Glossary of 
Terms to make the material more digestible. Many of the acronyms used would not be familiar to the 
average flight deck crewmember. As a minimum the following acronyms should be defined: 

AIDS  Airborne Integrated Data Systems 
AVOSS  Aircraft Vortex Spacing System 
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AWAS   AVOSS Wind Analysis System 
CLAWS  Classify, Locate, Avoid Wind Shear 
EDR   Eddy Dissipation Rate 
FPI   Flight Path Indicator 
PFP  Potential Flight Path 
ITWS  Integrated Terminal Weather System 
JAWS   Joint Airport Weather Studies 
LATAS  Laser True Airspeed System 
LIDAR   Light Detection And Ranging 
LLWAS  Low-Level Wind Shear Alert System 
LLWAS-NE  LLWAS Network Expansion 
LLWAS-RS  LLWAS Relocation and Sustainment 
MBA   Micro-Burst Alert 
MIGFA  Machine Intelligent Gust Front Algorithm 
MIST   Microburst and Severe Thunderstorm 
NCAR  United States National Center for Atmospheric Research 
NIMROD Northern Illinois Meteorological Research On Downburst 
OWWS  Operational Wind shear Warning System 
SODAR  Sound Wave Detection and Ranging 
TASS  Terminal Area Simulation System 
TCWF   Terminal Convective Weather Forecast 
TDWR  Terminal Doppler Weather Radar 
TWIP   Terminal Weather Information for Pilots 
VIL   Vertically Integrated Liquid 
WSMD   Wind Shear and Microburst Detection 
 
 
I trust my comments are useful. 
 
Best regards   
 
Geoff Collins 
 
Geoff Collins 
Senior Flight Standards Officer 

— — — — — — — — 
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Contributions and Suggested Changes to the  
ICAO Manual on Low-level Wind Shear and Turbulence (Doc 9817)  

by Hong Kong, China (August 2007) 
 
Suggested Changes to Chapter 3 
 
3.7.3  One reason for mounting these projects was to provide data from which realistic wind shear 
models could be derived for use in testing aircraft control and display systems and airborne systems 
designed to detect and warn of low-level wind shear. At the same time, they provide invaluable data on 
the types and intensity of wind shear at many aerodromes throughout the world.k  The Woodfield and 
Woods paper discusses the variation of wind shear at different aerodromes as follows: 
 

At any level of exceedance the airport with the largest wind shears has speed changes of no more 
than about twice that of the airport with the smallest shears. The lowest shear levels among these 
airports were at Nairobi (NBO), Kuala Lumpur (KUL) and Singapore (SIN). Landings at NBO 
are mainly just after sunrise when weather activity is often at its quietest. KUL and SIN on the 
other hand have landings during the late afternoon and are also reknowned for their levels of 
thunderstorm activity during the summer.   
 
The largest shear levels were at Hong Kong  l (HKG, RW 31 only), New York (JFK) and London 
(LHR) for single ramps and Hong Kong (HKG RW 31 only) for double ramps. Hong Kong is 
surrounded by rugged mountainous terrain and is well known for the high level of turbulence on 
the approach. Only approaches to Runway 31 could be analysed because of the offset instrument 
landing system and the late heading change of 50 degrees required for landings on Runway 31 l. 
In general the shape of the distributions are well established, even with only just over 100 
landings at an airport. The large event in the distribution for double ramps at San Francisco (SFO) 
is expected to become part of the general pattern if a larger sample is taken. 
 
…. 

 
Add note l to the above paragraph: “The old Kai Tak airport in Hong Kong, China has since been 
replaced by the new Hong Kong International Airport in 1998.” 
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Suggested Changes to Chapter 5 
 
5.1.3  Anemometers. The use of anemometers to observe and measure wind shear in the horizontal plane 
(e.g. along a runway) is referred to in Chapter 2. At many aerodromes, in order to provide surface wind 
information that represents critical sections of the runway, such as take-off areas and touchdown zones, it 
is necessary to install a number of anemometers. Such multiple anemometer installations provide an 
immediate source of information on horizontal wind shear. This led to the development of a dedicated 
wind shear warning system, i.e. the low-level wind shear alert system (LLWAS)b, (see 5.1.7 to 5.1.14 for 
details).  Some States have also installed remote-sensing anemometers on existing television masts and 
towers located in the vicinity of the aerodrome in order to observe and measure wind shear in the vertical. 
In Finland and Sweden such installations, together with tower-mounted temperature sensors to detect and 
measure the intensity of low-level inversions, form the basis of wind shear warning systems (see 5.3.25). 
In Hong Kong, China, 2 the Hong Kong Observatory developed an anemometer-based wind shear 
warning system was developed for use at the old Kai Tak airport between 1979 and 1998 2, 75.  At the new 
Hong Kong International Airport (HKIA) which opened in July 1998, anemometers were installed on 
hills near the approach path to Kai Tak Airport (replaced by Hong Kong International Airport in 1998) to 
provide information for wind shear warnings.anemometers weare installed at the hilltops, valleys, valleys 
and outlying islands and weather buoys around the aHong Kong International Airport (HKIA) in the 
provision of wind shear warnalerting services (Appendix 4).  The Hong Kong Observatory (HKO) has 
Adeveloped an algorithm called AWARE (Anemometer-based Windshear Alerting Rules - Enhanced) 276 
using these anemometer data was developed at the airport, the outlying island and the weather buoys 
(Appendix 4) to generate wind shear alerts automatically, mainly for covering alerting wind shear 
associated with sea breeze and low-level shear lines (Appendix 4). 
 
…… 
 
5.1.16  Current SODAR equipment is restricted to sensing the atmosphere directly above the observing 
site, although the SODAR sound beam is being developed to be pointed at an angle which, if successful, 
could lead to continuous monitoring of all three components of the wind profile along the climb-out and 
approach paths at aerodromes.9 The equipment is especially suitable for observing area-wide and 
nontransitory wind shear, such as low-level jet streams associated with strong temperature inversions. 10 
SODAR is used operationally at aerodromes in several locations, including Canada; Denmark; France; 
Hong Kong, China; and Sweden. Turesson and Dahlquist have reported using multiple SODAR 
installations to observe and measure, with a data integration time of 20 minutes, a downburst that 
occurred at Copenhagen Airport; the resulting wind shear is shown in Figure 5-2.11 
 
…… 
 
5.1.30  The first step involved ensuring that pilots in the terminal area had access via data link to the 
same warning information being provided to ATC from the TDWR, including information on 
thunderstorms and wind shear. This service was designated terminal weather information for pilots 
(TWIP). TWIP software specification was drawn up by MIT/LL in 1995; the software package was built 
by Raytheon and accepted by the FAA in 1997, and the associated network and communications upgrades 
completed by the FAA and Aeronautical Radio, Inc. (ARINC) in 1997.19 TWIP is scheduled to be 
installed at 45 airports in the United States. Its use is a decision for each airline. There are two ways in 
which TWIP may be used: request/reply and send/cancel. TWIP messages are issued every minute in bad 
weather and every 10 minutes otherwise. Pilots using the request/reply method receive the latest message; 
therefore, in the absence of a request, no message updates when significant changes in the weather occur. 
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Pilots using the send/cancel service receive all TWIP messages, including messages warning of a 
significant change. This service uses the airline’s own distribution software, obtaining the messages from 
a central database. The drawback to receiving all TWIP messages is that they trigger aural and visual cues 
in the cockpit prompting the pilot to retrieve and read the messages. If the messages are frequent, this can 
be a nuisance particularly during heavy crew workload periods, when the aircraft may be some distance 
from the airport. Furthermore, this problem is exacerbated by false warnings. Some airlines go further by 
restricting the reception of TWIP messages to aircraft within 40 minutes of estimated arrival time and 
during taxiing and take-off. At least one airline stores all TWIP messages so they are accessible to the 
dispatchers and meteorologists, but it does not uplink to its aircraft messages indicating “no storms within 
24 km (15 NM)” and warnings of wind shear of less than 60 km/h (30 kt).  In 2007, the TWIP uplink 
service was extended at HKIA to also include LIDAR wind shear alerts generated by the LIDAR 
Windshear Alerting System (LIWAS) developed by HKO (see para. 5.1.43), in addition to the TDWR 
alerts.  
 
…… 
 
5.1.39  The foregoing paragraphs describe the development and deployment of automated TDWR in the 
United States, where the system was initially developed. A TDWR system has also been installed at the 
new Hong Kong International Airport (HKIA) at Chek Lap Kok to provide microburst and wind shear 
and turbulence alertwarnings.  The terminal area around the old Kai Tak International Aairport, replaced 
by HKIA in July 1998, had terrain-induced a wind shear and turbulence problem that wereas addressed 
using an anemometer network located on the surrounding hillsareas.  During planning for the new HKIA, 
MET analysis of the airport’s location indicated that it would be susceptible to convective cloud wind 
shear and terrain-induced wind shear and turbulence.29  Therefore, in 1993, the Government of Hong 
Kong, China, contracted the development of an operational wind shear warning system (OWWS) with the 
necessary algorithms, which later became the Windshear and Turbulence Warning System (WTWS). The 
OWWS WTWS was installed in 1997 and has been successfully operating since thenhas been 
progressively enhanced by HKO with implementation of the anemometer-based AWARE system (para. 
5.1.3) and Doppler LIDARs (para. 5.1.43) (see also Appendix 4 for further details on wind shear and 
turbulence alerting in Hong Kong, China). 
 
…… 
 
5.1.43 Continuous measurement of winds (all three components) up to the tropopause may be made 
using vertically pointing VHF and UHF Doppler radars.32 Of the two types, the UHF Doppler radar 
profiler is better suited to measuring winds in the boundary layer in near real time and provides hourly 
profiles of wind in the vicinity of the aerodrome. Profilers are of considerable research interest because 
their potential to augment and possibly replace the existing rawin network at a reduced recurrent cost, 
while also producing more frequent and higher resolution wind profiles, could revolutionize mesoscale 
forecasting. Profilers are useful for detecting and monitoring non-transitory wind shear such as that 
associated with low-level jet streams and terrain-induced wind shearturbulence. However, aside from 
providing additional data for forecasting severe thunderstorms, etc., they are not suitable for detecting 
convective wind shear along the approach and take-off paths. A number of research institutions, 
particularly in the United States, have installed VHF and UHF Doppler radar profilers for test purposes 
and the results are very encouraging. In addition, a wind profilers forms an integral partare used inof the 
OWWS WTWS at HKIA, which is described in 5.1.39 and Appendix 4. France also has in operation a 
VHF wind profiler at Nice Côte d’Azur Airport, which is highly useful for the appropriate ATC units. 
Information about the raw data and the visualization is provided in Appendix 5, Table A5-1. 
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Add the Following New Text, Figures and References to Chapter 5 and Re-number Para. 5.1.43 to 
5.1.44 
 
Doppler LIDAR 
 
5.1.43 Infrared coherent pulsed Doppler LIDAR could measure the radial wind up to 10 km away in dry 
(non rainy) weather conditions.  It has been proven to be useful for the detection of wind shear associated 
with terrain-disrupted airflow, sea breeze, and gust front in Hong Kong, China.  The Hong Kong 
Observatory (HKO) developed the LIDAR Windshear Alerting System (LIWAS) 77,78 for automatic 
detection of wind shear at HKIA based on the radial wind measurements from 2-micron coherent pulsed 
Doppler LIDARs (see Appendix 4).  LIWAS has been put into operation since 2005.  The LIDARs are 
configured to scan towards the glide paths (Figure 5-6), from which the profile of the headwind to be 
encountered by the arriving/departing aircraft is obtained.  Significant wind shear in the headwind profile 
is detected and alerts are generated automatically (Figure 5-7).  If several wind shear events (ramps) are 
found in a headwind profile, only the most significant event, based on the wind shear intensity factor 50 
(see para. 5.2.9), would be alerted.  The LIWAS alerts are ingested into the WTWS operated by HKO to 
provide wind shear alerts in the standard TDWR alert terminology.  WTWS integrates alerts from a suite 
of wind shear detection algorithms, including TDWR-based and anemometer-based algorithms.  After 
integration following a prioritization scheme 79, one single wind shear alert for each runway corridor will 
be displayed on operational WTWS displays for air traffic controllers to relay to the pilots. 
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Figure 5-6.  
Glide-path scan of the LIDAR 

(from HKO) 
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Figure 5-7.  LIWAS display showing the headwind profiles along the various HKIA runway corridors 

(blue curves) and the detected wind shear (highlighted in red) 
(from HKO) 
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Suggested Changes to Appendix 4 
 

Appendix 4 
WIND SHEAR AND TURBULENCE ALERTING 

IN HONG KONG, CHINA 
(5.1.39 refers) 

 
Note.— The text below is reproduced with the permission of the Hong Kong Observatory, 

Hong 
Kong, China. The figures have been renumbered by ICAO for use in this appendix. 
 

1. BACKGROUND 
 
1.1   The Hong Kong Observatory (HKO) is the designated meteorological authority in Hong 
Kong, China, responsible for the provision of aviation weather services to the Hong Kong International 
Airport (HKIA) at Chek Lap Kok.  It issues alerts of wind shear (for a change in 15 knots or more in the 
headwind or tailwind) and turbulence (for moderate or severe turbulence). 
 
1.2   Geographically, HKIA was built on reclaimed land to the north of the rather mountainous 
Lantau Island which has peaks rising to nearly 1 000 m with valleys as low as about 400 m in between. 
Figure A4-1 illustrates the terrain of the island and the location of HKIA relative to this terrain.  To the 
north-east of HKIA, there are a number of smaller hills with peaks rising to between 400 and 600 m.  
Under this coastal and hilly environment, a wide variety of weather phenomena can bring wind shear and 
turbulence to HKIA.  These include: 

a)  winds blowing across hilly terrain, i.e. terrain induced (Figure A4-2); 
b)  microburst and gust front, i.e. thunderstorm induced (Figures A4-3 and A4-4); 
c)  convergence of sea breeze with background winds (Figure A4-5); and 
d)  low-level jet stream (Figure A4-6). 

 
2. WIND SHEAR AND TURBULENCE ALERTING 

 
2.1  Weather sensors for monitoring wind shear and turbulence in and around HKIA include: 

a)  a terminal Doppler weather radar (TDWR) strategically installed at about 12 km north-
east 

of the airport (Figure A4-7); 
b)  a network of anemometers on the surface, valleys and hilltops; 
c)  three five weather buoys (Figure A4-8) over the waters at around one to two nautical 

miles 
(NM) from the runway thresholds; 

d)  two wind profilers over Lantau Island; and 
e)  two units of a pulsed Doppler light detection and ranging (LIDAR) system at the airport 

(Figure A4-8). 
See Figure A4-1 for the location of these weather sensors. 
 
2.2   The TDWR is proven in detecting thunderstorm-induced microburst and gust front in the 
presence of precipitation.  The LIDARs Windshear Alerting System (LIWAS) developed by HKO is has 
beenare proven in detecting wind shear associated with terrain-disrupted airflow, sea breeze and low-
level shear line in dry (non-rainy) weather conditions, based on profiles of the headwind to be 
encountered by the aircraft obtained from LIDAR scans towards the glide pathsto supplement the TDWR 
in detecting wind shear under fine weather (non rainy) conditions.  Anemometers at different locations 
provide information on the horizontal and vertical wind shear.  The wind profilers measure winds at 
different heights to provide information on the vertical wind shear. 
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2.3   Alerts for possible wind shear and turbulence within 3 NM of the runway thresholds are 
automatically generated by computation algorithms using data from the suite of weather sensors. These 
alerts are updated at a frequency of at least once per minute for relay to aircraft. 
 
2.4  Actual pilot reports of wind shear and turbulence encountered below 500 m (1 600 ft) and 
received within a short time by HKO are also issued as alerts warnings for broadcast to ensuing aircraft 
via the Automatic Terminal Information Service (ATIS). They  include wWind shear reports 
determingenerated automatically from flight data obtained through the Aircraft Meteorological DAta Relay 
(AMDAR) are also included in the warnings.  Such alerts warnings are normally effective for at least one 
half an hour after the time of the pilotaircraft report concerned. 
 

 
Figure A4-1. Map of Hong Kong International Airport (HKIA) 

and its surrounding areas. Terrain contours are given in 100-m intervals. 
 

Wind shear alerts and warnings 
 
2.5   The automated alerts for wind shear are classified into two levels: “microburst alert” 
(MBA) for wind shear with headwind loss of 30 knots or greater and accompanied by precipitation; and 
“wind shear alert” (WSA) for wind shear with headwind loss or gain of 15 knots or greater (except MBA). 
A consolidated alert is given for each approach/departure corridor based on a priority system which takes 
into consideration the severity of the alerts and the confidence level of the different data sources which 
generate the alerts.  These aAlerts are passed to the pilots by the air traffic controllers. 
 
2.6   Utilizing data from the suite of weather sensors, the HKO aviation forecaster also issues 
wind shear alerts warnings to supplement the automated alerts based on objective techniques developed 
through studies of pilot reports of wind shear and the associated weather patterns. These techniques are 
progressively automated on the basis of their established performance upon verification with on-board 
flight data and pilot reports.  Wind shear wWarnings issued by the aviation forecaster based on objective 
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techniques or aircraft wind shear reports (see para. 2.4) are provided on Automatic Terminal Information 
Services (ATIS).  To assist pilots in evaluating the possible wind changes that may be experienced during 
the final phase of the approach under strong wind conditions, an estimated 2,500 feet wind from a hilltop 
anemometer to the south of HKIA is given in the “Arrival ATIS” when the wind speed exceeds 35 knots. 
 

Turbulence alerts and warnings 
 
2.7   The automated alerts for turbulence are classified into two levels based on the same 
intensity thresholds as those adopted for automatic aircraft turbulence reporting and are issued with 
reference to heavy category aircraft: “moderate turbulence” for turbulence with the cube root of eddy 
dissipation rate (EDR) falling between 0.3 and 0.5; and severe turbulence for turbulence with the cube 
root of EDR of 0.5 or above. The magnitude of the terrain-induced turbulence over the arrival/departure 
corridors is determined from the wind speed and direction and their fluctuations measured by the 
anemometer network.  These alerts are passed to the pilots by the air traffic controllers.  Turbulence 
warnings issued by the aviation forecaster based on pilot turbulence shear reports (see para. 2.4) are 
provided on ATIS. 
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Figure A4-2. A typical terrain-induced airflow pattern, with high-speed airstreams 

downwind of valleys and low-speed airstreams downwind of peaks 
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Figure A4-3. Wind shear brought by a microburst 
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Figure A4-4. Wind shear brought by a gust front 
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Figure A4-5. Wind shear brought by a sea breeze 
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Figure A4-6. Wind shear brought by a low-level jet stream
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Figure A4-7. The terminal Doppler weather radar in Hong Kong 
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Figure A4-8. Wind shear detection facilities implemented in the early 2000s —  

weather buoy (left) and LIDAR (right) 
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ICAO Manual on Low-level Wind Shear and Turbulence 
Proposed Changes to the 1st Edition 

 
 
Provisions for international civil aviation are adopted by a body of the United Nations, the International 
Civil Aviation Organization (ICAO), which is located in Montréal. These provisions are located in 18 
annexes depending on the subject. Annex 3 describes the meteorological service for international air 
navigation and corresponding international standards and recommended practices. One topic, wind shear 
warnings (section 7.4), references the Manual on Low-level Wind Shear and Turbulence document (doc 
9817) as a guide on the subject of wind shear.  
 
The previous document, Circular on Wind Shear, was published in 1987 at a time when wind shear was 
considered one of the greatest safety hazards to aviation. Moreover, wind shear detection systems were 
being developed and not mature at the time of this publication. Nevertheless, many fundamentals on the 
subject of wind shear were known and published in this Circular. During the past two decades, wind shear 
systems were deployed and matured, which resulted in an updated document on wind shear. This new 
document is the first edition of the Manual on Low-level Wind Shear and Turbulence published in 2005. 
Replacement pages to the first edition of the Manual will be issued next. 
 
The Federal Aviation Administration (FAA) weather products branches (AJW-144 and AJW-14A) under 
the guidance of the FAA Terminal Services (AJT) has over a decade of experience in maintaining various 
wind shear systems. Currently, wind shear systems provide wind shear alerts at 1210 U.S. airports. These 
FAA branches are honored to provide wind shear information for the replacement pages to the first 
edition of the Manual on Low-level Wind Shear and Turbulence. Wind shear and turbulence information 
was also gathered from various organizations, which include MIT/LL, NSSL, NWS, UCAR, the 
University of Oklahoma, Northwest Airlines, Lockheed Martin Coherent Technologies, and ENAV Italy.  
 
Nations acquiring wind shear systems will continue to benefit from the guidance provided by the ICAO 
through this document. Selecting the most effective wind shear system will increase aviation safety and 
contribute to cost savings to aviation services and airlines. Therefore, there is a mutual interest between 
the ICAO and the FAA in keeping this Manual current. 
 
Any questions in regards to the suggested changes to the manual can be sent to: chris.keohan@faa.gov 
(405) 954-0236 
 
 
 
 
Thank you for this opportunity. 
 
 
Christopher Keohan 
Meteorologist, FAA AJW-144 
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1 ICAO Manual on Low-level Wind Shear and Turbulence 
2 Proposed Changes to the 1st Edition 

 
Italics are used for quoting the text in the ICAO Manual on Low-level Wind Shear and Turbulence. 

The spelling in this document is U.K. English. 

 

Subjects of the proposed changes are given below: 

 

iii. Worldwide wind shear accidents 

iv. Forward-looking wind shear systems 

2.1.3 Wind shear in terms of headwind/tailwind components 

3.5.24 Maximum tornado wind speed measurement 

Figure 3-23 Worldwide wind shear accidents distribution 

3.8.2 Wake vortex avoidance systems 

5.1.10 Microburst threshold 

5.1.12 LLWAS-NE and LLWAS-RS coverage and nomenclature 

5.1.13 TDWR – LLWAS-NE Integration 

5.1.14 Pressure sensors and LLWAS 

5.1.16 SODAR – list of countries with operational use 

5.1.19 TDWR scan strategy 

5.1.20 TDWR MET algorithm development / headwind gain 

5.1.21 Add section on TDWR RDA 

5.1.22 TDWR rain attenuation 

5.1.25 LLWAS-NE – system count 

5.1.28-29 Add section on WSP 

5.1.30 TWIP status / NWA use of TWIP 

5.1.31 ITWS deployment 

5.1.34 TCWF change of resolution / base lined 

5.1.35 ITWS GF mosaic 

5.1.36 ITWS MB prediction 

Table 5-3 ITWS products 

5.1.38 ITWS GF product update 

5.1.42 LIDAR – Germany does not have an operational system for wind shear alerts 

5.1.42 LIDAR – add new information – Hong Kong, Japan, U.S. 

5.1.43 UHF Côte D’Azur Airport / Add section on Juneau Airport Wind System 

5.1.48 F-factor equation sign error 

5.1.51 Forward looking wind shear systems – % of fleet within operational requirements 

5.2.13 Wind shear scale length for ground-based systems 

5.3.15 Original LLWAS wind shear alerting 
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Page iii Worldwide wind shear accidents – 1st paragraph, 1st sentence: From 1964-1983, low-level wind 
shear was cited in at least 28 large transport aircraft accidents/incidents that together resulted in over 
500 fatalities and 200 injuries. 
 
Wind shear accidents have occurred post 1983 (i.e. Dallas and Charlotte). 
 
Option 1: Use updated ICAO accident/incident reporting data bank. 
 
Option 2: Use the Aviation Safety Network (exclusive service of Flight Safety Foundation) - total number 
of commercial wind shear / downdraught accident deaths since 1943 is 1438 (note this is not just large 
transport aircraft). 
The web address is  
http://aviation-safety.net/database/dblist.php?Event=WXW 
This site uses various sources such as the NTSB. 
 
Suggested text: 
 
Since 1943, low-level wind shear contributed to over 1 400 fatalities worldwide. 
 
Option 3: Combine the ICAO accident/incident reporting data bank and the Aviation Safety Network. 
 
 
Page iv Forward looking wind shear systems – 3rd paragraph…Similar advances have also produced 
forward-looking wind shear detection/warning systems to meet the operational requirements for airborne 
equipment.  
 
In the early-mid 1990s, airlines in the United States expected to have forward looking wind shear systems 
on 40% of all turbine-powered airplanes by 2007 (source: The Integrated Wind Shear Systems Cost 
Benefit and Deployment Study written by Martin Marietta – 1994). According to one major airline, only 
12% (44/376) of all turbine-powered airplanes have forward-looking wind shear systems (source: Tom 
Fahey, NWA) 
New information: Two major airlines and all regional airlines are well below the expected equipage rates. 
Used data from a recent report (Weber, Cho, Robinson and Evans, 2007: Analysis of Operational 
Alternatives to the Terminal Doppler Weather Radar (TDWR), MIT/LL, FAA Project Report ATC-332) 
and information on regional airline sizes. There is a ceiling of acquisition because regional airlines are 
largely comprised of regional jets which currently can not acquire forward-looking wind shear systems 
due to their size. This ceiling is approximately 2/3 of all aircraft and should be adjusted to the growth of 
regional airlines in relation to major airlines. 
 
Option 1: Leave the text alone. It is a factual statement. 
 
Option 2: Mention the current deployment of forward-looking wind shear systems. A common 
misconception is that the majority of the major airlines fleet is equipped with forward-looking wind shear 
systems. 
 
Suggested text: 
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Similar advances have also produced forward-looking wind shear detection/warning systems to meet the 
operational requirements for airborne equipment; however, at the time of this writing, the deployment of 
such systems is much lower than expected for some airlines. 
 
 
2.1.3 last sentence: Moreover, calculations of wind shear over the airport must take into account the 
orientation of the runways, which means resolving all shear vectors to the runway headings, thereby 
providing shears in the form of headwind/tailwind components. 
 
For TDWR, ITWS and WSP, a microburst (divergent) type wind shear is considered symmetric, which 
means the resulting wind shear is automatically represented in terms of runway orientation. The gust front 
(convergent) type wind shear, however, does not take into account runway orientation. For example, if a 
north south oriented gust front whose shear is 40K+ intercepts runway 18-36, this runway will receive a 
40K+ wind shear alert. An aircraft will experience a cross wind on approach to this runway, but not a 
headwind. At airports equipped with an LLWAS-RS, a wind shear alert gain is expressed in terms of the 
runway orientation. The LLWAS-NE provides a gust front product gain oriented to the runway; however, it 
is integrated with TDWR and/or ITWS, which results in a matrix of solutions in the table below. 
 
Wind Shear System ARENA description Gain Oriented to RWY 
LLWAS-RS  Yes 
TDWR  No 
ITWS  No 
WSP  No 
TDWR/LLWAS-NE Dual coverage – integration 

(Source LLWAS-NE) 
Yes 

TDWR/LLWAS-NE TDWR coverage only No 
ITWS/LLWAS-NE Dual coverage – integration 

(Source both systems) 
Sometimes 

ITWS/LLWAS-NE ITWS coverage only No 
 
In summary, based on the above table, wind shear gain alerts are expressed in terms of runway orientation 
at 40 U.S. airports. At 9 U.S. airports, some gain alerts are oriented to the runway and some are not. At 71 
U.S. airports, the gain alerts are not oriented to the runway. This may explain why sometimes pilots do 
not verify many weak wind shear gains. 
 
Suggested text after last sentence in 2.1.3: 
 
Many wind shear detection systems (TDWR, ITWS and WSP) do not resolve the gust front wind shear 
with reference to the runway headings. For these systems, the wind shear value is the gust front gain, 
which may be very different from the airspeed increase encountered by aircraft. The wind shear detection 
systems that resolve the gust front wind shear with reference to the runway headings are the LLWAS-RS 
and LLWAS-NE.  An LLWAS-NE is collocated with TDWR and/or ITWS and as a result of the 
integration techniques, some wind shear gain values are in relation to the runway headings, and some are 
not. 
 
 
3.5.24 The highest wind speed measured in a tornado was 270 km/h (135kt); however, the analysis of 
tornado damage to engineered structures where structural strength is known, the analysis of films of the 
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motion of debris rotating in the tornado, and the study of Doppler wind speed spectra indicate that 
maximum wind speeds approach or exceed 400 km/h (200 kt). 
 
Suggested text: 
 
The highest wind speed measured in a tornado was 484 km/h 6 16 km/h (261 kt 6 9 kt), which was 
measured by the University of Oklahoma Doppler on Wheels in Bridgecreek, Oklahoma on 3 May 1999 
(reference: J. Wurman et al., 2007: Low Level Winds in Tornadoes and Potential Catastrophic Tornado 
Impacts in Urban Areas. Bulletin American Meteorological Society, Vol 88, No. 1 pgs 31-46 – currently 
in press). This instantaneous measurement represents the reflecting particle speed at 32 m as opposed to a 
typical anemometer type measurement, which represents the 3-s average air molecule speed at 10 m. The 
variability of the radar measurement is expressed with the term 616 km/h (9 kt). 
 
 
Figure 3-23 World distribution of accidents/incidents in which microburst have been confirmed or 
suspected (from McCarthy and Wilson, 1984, and adapted by ICAO) 
 
Wind shear accidents have occurred post 1984 (i.e. Dallas and Charlotte). 
 
Option 1: Update the plot using updated ICAO accident/incident reporting data bank. 
 
Option 2: Update the plot using the locations of commercial wind shear / downdraught accidents since 
1943 according to the Aviation Safety Network (exclusive service of Flight Safety Foundation). 
The source web address is  
http://aviation-safety.net/database/dblist.php?Event=WXW 
This site uses various sources such as the NTSB. 
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Option 3: Create plot(s) that combine the ICAO accident/incident reporting data bank and the Aviation 
Safety Network. 
 
 
3.8.2 This section is on Wake Vortex Avoidance Systems (WVAS). At the end of the paragraph you may 
add recent works by Steven Lang et al. (FAA&MITRE&MIT/LL) and LMI Government Consulting, a non-
profit strategic consulting firm.  
 
Suggested text at end of paragraph: 
 
For example, potential air traffic capacity gains of 14% and 23% at Saint Louis and Detroit can be 
achieved by increasing the number the departures on closely spaced parallel runways (CSPR), runways 
that are less than 2 500 ft apart, when wind conditions are favourable (reference: Lang, Steven (FAA), 
and C.R. Lunsford, J.A. Tittsword, W.W. Cooper, L. Audenaerd, J. Sherry (MITRE), R.E. Cole (MIT/LL), 
2005: An Analysis of Potential Capacity Enhancements Through Wind Dependent Wake Turbulence 
Procedures. 6th USA/Europe Seminar on Air Traffic Management Research and Development, Baltimore). 
Capacity gains are achieved when the wind is above an airport specific crosswind threshold thereby 
allowing aircraft on the upwind parallel runway to depart without wake spacing constraints imposed by the 
downwind parallel runway. Therefore, capacity gains are greatest when aircraft types of Heavy Jet or 
B757 depart on the downwind parallel runway.  A wind forecast accuracy of 5 minutes is needed to 
conservatively meet the wake vortex spacing safety requirement in case the runway status changes from 
wake independent to wake dependent. For planning purposes, a 10-20 minute forecast of the crosswind 
threshold is desired. A display tool to indicate the wake independent / dependent status is being 
developed with the input of the Saint Louis air traffic controllers. The goal is to develop and refine this 

World distribution of wind shear 
accidents/incidents using the 
Aviation Safety Network database. 
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wind dependent wake turbulence procedure and deploy this system at numerous high traffic CSPR 
airports within the next 10 years. Improved wake vortex spacing techniques has been economically 
quantified to a potential savings of $952 million from 2002 to 2015 at Saint Louis and $9.6 billion at 18 
airports at only a cost of $7 million and $64 million, respectively. (Source: Business Case Analysis for 
NASA Wake Vortex Technology, Robert V. Hemm, Jeremy M. Eckhause, Virginia Stouffer, Dou Long, 
Jing Hees, Technology Assessment and Resource Analysis Group, 3/1/2004, LMI Report #: NS254T2) 
 
Research continues at CSPR airports in order to increase air traffic capacity at San Francisco, Houston 
Intercontinental, Frankfurt, and Paris Charles DeGaulle. In the future, LIDAR will be used to determine 
head wind criteria needed to reduce spacing at London Heathrow that may allow time spacing to replace 
distance spacing. A combination of all LIDAR wake vortex research could result in a new matrix of aircraft 
type that is not based on weight only, but may involve other aircraft attributes such as wingspan. 
 
Web: 
http://www-mip.onera.fr/projets/WakeNet2-Europe/fichiers/pastEvents2004/frankfurt2004/fichiers/W1-1-
Hemm_KeyNote.pdf#search=%222002-2015%20Benefit%3ACost%20Ratios%20SFO%20STL%22 
Publication Web: 
http://www.lmi.org/publications/allreports.aspx?filtertype=4&search=Wake%20and%20Vortex 
 
 
5.1.10 3rd to last sentence: A headwind loss of more than 60 km/h (30 kt) over 4 km is indicated as a 
microburst.  
 
A microburst is 30 knot loss or greater, therefore, “more than” can be replaced by “at least”. 
 
Suggested text: 
 
A headwind loss of at least 60 km/h (30 kt) over 4 km is indicated as a microburst. 
 
 
5.1.12 4th sentence: Originally, five or six anemometers at each aerodrome were involved, but the latest 
enhancement programme will increase this number to cover 5.5 km (3 NM) beyond the runways, which is 
a major logistical task. 
 
Not all LLWAS-NE and LLWAS-RS sites cover to 3 NM beyond the runways.  
 
Suggested text: 
 
…will increase this number to cover up to 5.5 km (3 NM) beyond the runways… 
 
 
5.1.12 end of paragraph: Earlier, the enhanced system was referred to as the LLWAS relocation and 
sustainment (LLWAS-RS), although LLWAS-NE is being used in the literature to denote “network 
expansion”. Initially, the full enhancements will be applied to eight major United States aerodromes 
where TDWRs are installed (see below). 
 
The upgrade to the LLWAS carries two names, LLWAS-NE for an LLWAS collocated with TDWR and 
LLWAS-RS for an LLWAS not collocated with TDWR. The full enhancements were applied to the nine 
major United States aerodromes where TDWRs are installed. As a note: the LGA LLWAS-NE is 
integrated with the JFK TDWR.  
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New information: LLWAS-NE at Juneau was not included in the last proposal. This LLWAS-NE is the 
only one not collocated with TDWR and was commissioned in 2006. It is called an LLWAS-NE because 
the hardware is the same as those collocated with a TDWR. 
 
Suggested text: 
 
The enhanced system is referred to as the LLWAS relocation and sustainment (LLWAS-RS) at airports 
without a TDWR and as the LLWAS Network Expansion (LLWAS-NE) at airports with a TDWR, except 
for Juneau, Alaska. There are 109 LLWAS-NE systems and 40 LLWAS-RS systems in the United States. 
 
 
5.1.13 The enhancement (refers to LLWAS-RS and LLWAS-NE) will not be restricted to the siting or 
addition of anemometers. As mentioned above, new technology such as sonic anemometers will replace 
the customary vane anemometers. These new sensors have a much better reliability and maintainability 
as being solid-state instruments. The output displays in ATC units are also being upgraded to ribbon 
display terminals, which permit the replacement of earlier sector alerts by runway-oriented wind shear 
and microburst alerts (MBAs). Furthermore, the additional sensor sites can be accommodated in the ATC 
displays at Denver International Airport, which can display output from 32 sensors. The LLWAS-RS will 
use off-the-shelf components wherever possible; 40 operational systems and 3 support systems will be 
installed. Where both LLWAS-RS and TDWR are installed, their output will be integrated for issuance of 
warnings. This important development is detailed in 5.1.43. 
 
Change future tense to past tense. Also, 2nd to the last sentence: an LLWAS that generates wind shear 
alerts and is collocated with TDWR is called an LLWAS-NE. 
 
 
 
Suggested text: 
 
The enhancement was not restricted to the siting or addition of anemometers. As mentioned above, new 
technology such as sonic anemometers replaced the customary vane anemometers. These new sensors 
have a much better reliability and maintainability as being solid-state instruments. The output displays in 
ATC units were upgraded to ribbon display terminals, which permit the replacement of earlier sector alerts 
by runway-oriented wind shear and microburst alerts (MBAs). Furthermore, the additional sensor sites 
were accommodated in the ATC displays at Denver International Airport, which can display output from 
32 sensors. The LLWAS-RS and LLWAS-NE used off-the-shelf components wherever possible; 
operational systems include 40 LLWAS-RS, 109 LLWAS-NE and several support systems. The LLWAS-
NE and TDWR are integrated for issuance of wind shear warnings. This important development is 
detailed in 5.1.43. 
 
 
5.1.14 Pressure sensors (e.g. microbarographs) have also been tested as perimeter instruments to detect 
the associated “pressure jump” due to the cooler air of gust fronts, etc., and, in some circumstances, 
have detected an approaching gust front up to three minutes ahead of surface wind sensors. Combined 
surface wind/pressure sensors have been tested and may eventually be used to augment the LLWAS 
system. 
 
Presently, pressure sensors are not used with the LLWAS to help detect approaching gust fronts. 
 
Suggested text for last sentence:  
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Combined surface wind/pressure sensors have been tested but are currently not used to augment the 
LLWAS. 
 
 
5.1.16 3rd sentence: SODAR is used operationally at aerodromes in several locations including Canada; 
Denmark; France; Hong Kong, China; and Sweden. 
 
SODAR is also being used in Palermo, Italy. Therefore, Italy can be added to the list of countries above. 
(Source: Antonio Dal Muto and Salvatore Zappala – ENAV Italy) 
 
Suggested text: 
 
SODAR is used operationally at aerodromes in several locations including Canada; Denmark; France; 
Hong Kong, China; Italy; and Sweden. 
 
 
5.1.19 page 5-7: The technical characteristics of the TDWR are as follows: 
c) PPI volume scans over airport every 2.5 minutes, with surface scans every minute; 
 
As a result of the fairly new 360-degree hazardous scan strategy (to minimize the wear on the antenna), 
the volume time increased to 3 minutes. 
 
Suggested text: 
 
c) PPI volume scans over airport every 3 minutes, with surface scans every minute; 
 
 
5.1.20 1st sentence: The TDWR MET algorithms were developed by researchers at NCAR. 
  
Suggested text: 
 
The TDWR microburst detection algorithm was developed by MIT/LL while the TDWR gust front 
detection algorithm was jointly developed by MIT/LL and NSSL. Display development and scientific 
evaluation of the algorithms were conducted by NCAR. (source: Dr. Mark Weber, MIT/LL) 
 
 
5.1.20 last sentence: The headwind gain across the gust front is estimated and… 
 
Again the gust front algorithm for TDWR, WSP and ITWS does not produce a headwind gain in relation to 
the runway heading, it is simply the gust front gain.  
 
Suggested text: 
 
The gain across the front is estimated and… 
 
 
5.1.21 This paragraph explains TDWR data quality problems. Include at the end of the paragraph a future 
TDWR upgrade that is currently being developed. 
 
Suggested text at the end of the paragraph: 
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For example, to improve the TDWR data quality, MIT/LL and the FAA are developing the TDWR radar 
data acquisition (RDA) unit, which will upgrade the receiver and digital signal processing subsystems of 
the radar (reference: Cho, J. Y. N., G. R. Elkin, and N. G. Parker, 2005: Enhanced radar data acquisition 
system and signal processing algorithms for the Terminal Doppler Weather Radar, Preprints, 32nd Conf. 
on Radar Meteorology, Albuquerque, NM, Amer. Meteor. Soc.). This upgrade will allow the utilization of 
more advanced radar techniques such as pulse phase coding to a multiple-PRT waveform in order to 
improve range and velocity folding. In addition, clutter suppression will be improved using a wider 
receiver dynamic range of 105 dB, which will reduce stationary and moving ground clutter. Both the 
microburst and gust front products will immediately benefit from this future upgrade. In addition, external 
users such as ITWS and NWS will benefit from these product improvements. Deployment is expected 
from 2008 – 2011. The TDWR RDA combined with algorithm design changes, RPG capabilities, and 
other terminal weather information will allow for future wind shear product improvements such as 
microburst detection with less dependency on storm verification, decreasing the initial gust front time, 
more frequent gust front detections, head wind gain alerts, and crosswind alerts. 
 
 
5.1.22 last sentence: Normal rain attenuation from the return signal (from radar antenna to target and 
back) is flagged by the TDWR software, but even larger signal losses are experienced from rain on the 
radome itself (up to 20 dB), and research is determining the optimum way for the software to flag this 
occurrence and automatically lower certain thresholds based on the TDWR reflectivity values.  
 
Suggested text: 
 

The TDWR software calculates normal rain attenuation from the return signal, from radar antenna to 
target and back, called two-way attenuation. When the two-way attenuation is above 9 dB, the 
corresponding reflectivity value is flagged, which results in a grey-colour precipitation on the TDWR 
display. Below this threshold, the precipitation product is presented without adding the calculated 
attenuation. The ITWS precipitation product, however, does compensate for attenuation.  

 

TDWR radome attenuation caused by a sheet of rain on the radome has been observed to reduce the 6-
level precipitation product by 2 levels over the aerodrome (reference: Isaminger, M., E. A. Proseus, 2000: 
Analysis of the Integrated Terminal Weather System (ITWS) 5-nm Product Suite, 9th Conference on 
Aviation, Range and Aerospace Meteorology, Orlando, FL, Amer. Meteor. Soc.). TDWR radome 
attenuation is not accounted for and degrades the TDWR precipitation product. In addition, the base data 
used by the external users is degraded. Recommendations by Isaminger 2000 include adding the TDWR 
attenuation to the precipitation product when below the 9 dB threshold and to detect and warn of radome 
attenuation.  

 

Conformity of attenuation calculations amongst the TDWR and ITWS has been discussed but not 
implemented. Currently, the TDWR uses attenuation parameters that correspond to embedded 
thunderstorms in New England, as opposed to a hybrid of parameters that include a southern U.S. 
environment used by ITWS. As a result, the current attenuation calculations are more aggressive in 
ITWS than TDWR. 
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5.1.25 1st sentence: For these reasons, the LLWAS-NE systems were installed first at the eight airports 
that had TDWR.  
 
The “9th” LLWAS-NE is located at LGA, which is integrated with the JFK TDWR. 
 
Suggested text: 
 
For these reasons, the LLWAS-NE systems were installed first at the nine airports that had TDWR. The 
tenth and last LLWAS-NE commissioned at Juneau in 2006 is an exception to the rule in that it is not 
collocated with TDWR. 
 
 
5.1.28 – 5.1.29: Add section on WSP. This section may be added between 5.1.28 and 5.1.29 where a 
transition occurs from TDWR/LLWAS integration to the introduction of integrated weather systems. The 
introduction sentence and the concluding sentence were chosen for this text location. 
 
Suggested text: 
  
Therefore, the FAA has procured 45 TDWRs, 9 of which are integrated with an LLWAS-NE, that serve 46 
major airports to enhance the safety and efficiency of operations during convective weather. A hardware 
and software modification to existing Airport Surveillance Radars (ASR-9) - the Weather Systems 
Processor (WSP) - provides similar capabilities at a much lower cost, thus allowing the FAA to extend its 
protection envelope to medium density airports and airports where thunderstorm activity is less frequent.   
The FAA procured 34 WSPs to support the safety and efficiency of the NAS. 
 
The WSP provides Doppler estimates of low-altitude winds that are used to automatically alert controllers 
and pilots to the presence of microburst and gust front wind shear phenomena. The WSP also generates 
six-level weather reflectivity maps that are free of anomalous propagation (AP) induced ground clutter 
breakthrough.  Scan-to-scan tracking of storm cells and gust fronts provides estimates of their velocity, as 
well as 10- and 20-minute predictions of the future position of gust fronts. The output of the WSP is 
presented on a graphical situation display (SD) for use by Terminal Radar Approach Control (TRACON) 
and air traffic control tower (ATCT) supervisors.  Tower local controllers are provided wind shear alert 
messages on alphanumeric, or “ribbon” displays, for relay to pilots verbatim. These displays are similar to 
those used to depict the output of the Terminal Doppler Weather Radar (TDWR).   
 
The microburst and gust front product update rates are 30 seconds and 2 minutes, which is faster than the 
TDWR. The large fan beam of the ASR-9, however, results in a lower wind shear detection rate. The 
TDWR specification for wind shear loss detection is at least 90% for wind shear 〈15 kt. The WSP 
specification for wind shear loss detection is at least 70% (80, 90%) for wind shear 〈20 kt (30, 40 kt). The 
lower spatial resolution of the WSP results in a higher false alarm rate than the TDWR. The false alarm 
rate specification is [20% (15, 10%) for a wind shear loss of at least 20 kt (30, 40 kt). Nevertheless, the 
WSP provides comparable tactical information on microburst activity and strategic information for 
managing airspace and runways at medium-density airports.  
 
 
5.1.29 1st sentence: These developments were not isolated since they developed in the past 15 years, when 
airport and airspace congestion, and arrival/departure delays began to exercise considerable constraints 
on the aviation systems around the world, especially in North America and Europe. 
 
Change the introduction to this paragraph for a proper transition. 
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Suggested text: 
 
The TDWR, LLWAS and WSP all contribute to safety and management of airspace at medium and high-
density airports. Airspace efficiency became increasingly important when airport and airspace congestion, 
and arrival/departure delays began to exercise considerable constraints on the aviation systems around the 
world, especially in North America and Europe. Continue with second sentence of 5.1.29. 
 
 
5.1.30 3rd sentence: TWIP is scheduled to be installed at 45 airports in the United States.  
 
Suggested text: 
 
TWIP is installed at 43 of 46 airports in the United States and is currently being tested in Hong Kong. 
 
 
5.1.30 last sentence: At least one airline stores all TWIP messages so they are accessible to the 
dispatchers and meteorologists, but it does not uplink to its aircraft messages indicating “no storms 
within 24 km (15 NM)” and warnings of wind shear of less than 60 km/h (30 kt). 
 
Northwest Airlines wind shear alerts screening is for wind shear alerts less than 60 km/h (30 kt) that are 
associated with the message “no storms within 24 km (15 NM)”.  
 
Suggested text: 
 
…but it does not uplink to its aircraft messages indicating “no storms within 24 km (15 NM)” and wind 
shear alerts of less than 60 km/h (30 kt) when no storms are indicated within 24 km (15 NM). 
 
 
5.1.31 last sentence: Planning of ITWS began in 1991, full-scale development in 1995, with operational 
deployment in the 2000 to 2004 time frame. 
 
Suggested text:  
 
…with operational deployment through 2009. 
 
FYI: 151 are now commissioned (2 more in 2006, the remaining 19 should be commissioned by 9 more in 
2007, 6 more each in 2008 and 2009). 
 
 
5.1.34 4th sentence: The key attributes of TCWF include frequent updates (every six minutes), high spatial 
resolution (1-2 km), high resolution in forecast times (every ten minutes) and self-scoring to provide the 
user with a quantitative measure of its accuracy. 
 
The TCWF updates every five minutes and the TCWF product now has a 1 km resolution everywhere 
(Source: ITWS Pre-Planned Product Improvement Algorithm Description for Convective Weather 
Forecast, 22 March 2004, MIT/LL).  
 
Suggested text:  
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The key attributes of TCWF include frequent updates (every five minutes), high spatial resolution (1 km), 
high resolution in forecast times (every ten minutes) and self-scoring to provide the user with a 
quantitative measure of its accuracy. 
 
 
5.1.34 end of paragraph: TCWF was demonstrated at four airports in 1999-2000 and was well received 
by users.  
 
Suggested text after the above sentence:  
 
TThe TCWF product wasis  being base-lined in 2006 and 2007 and installed in 2006 and 2007. 
 
 
5.1.34 a) pre-plan severe weather avoidance procedures and avoid ground delays during coordinateon 
period; 
 
Spelling: change coordinateon to coordination. 
 
 
5.1.35 last sentence: There could be substantial improvements in forecasting wind shifts due to gust 
fronts, for example, at these airports if the data from all the Doppler radars in a terminal area could be 
combined and provided to ATC as a mosaic. 
 
Suggested text: 
 
The gust front product was improved at TRACONs (approach control units) with more than one TDWR by 
combining the gust front product from the various TDWRs. As a result, forecasting wind shifts due to gust 
fronts have improved at TRACONs with multiple TDWRs. 
 
 
5.1.36 2nd to last sentence: The ITWS microburst prediction algorithm provides a two- to three-minute 
warning of a microburst event, before the TDWR warning is available. 
 
The ITWS microburst prediction algorithm issues a microburst alert (〈30 kt) only if a wind shear alert (15-
25 kt) already exists in the same vicinity.  
 
Suggested text:  
 
The ITWS microburst prediction algorithm provides up to 2minutesat least a 1-minute warning that a 
particular wind shear will become a microburst. 
 
 
Table 5-3 Table 5-3. Current ITWS prototype products 
Wind Shear   Precipitation   General 
Microburst detection/forecast  Thunderstorm   Tornado detection 
Gust front detection/forecast  Thunderstorm motion  Lightning 
Surface wind shift estimate  Extrapolated position  LLWAS winds 
Timers    Thunderstorm cell information Terminal climb/descent winds 
Thunderstorm location and severity     Pilot text/character graphics message 
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Suggested text (add these two products under precipitation): 
    Anomalous propagation 
    30-60 minute probability of precipitation forecast 
and remove the term prototype. 
 
 
5.1.38 3rd to last sentence – in reference to the gust front product: This information is updated 
approximately every five minutes.  
 
The ITWS gust front product uses TDWR data as input and since the implementation of the TDWR 360-
degree scan strategy, the gust front product update changed to 6 minutes.  
 
Suggested text: 
 
This information is updated approximately every six minutes.  
 
 
5.1.42 This section is on LIDAR. 2nd to last sentence: In Germany, such a system was developed and is 
especially suitable for continuous measurement of the wind profile in real time and hence for monitoring 
many non-convective types of wind shear, such as low-level jet streams31. 
 
Currently, Germany does not have a LIDAR at an aerodrome that provides wind shear alerts (source: 
Lockheed Martin Coherent Technologies).  
 
Suggested text: 
 
In Germany, such a system was developed and was especially suitable for continuous measurement of the 
wind profile in real time and hence monitored many non-convective types of wind shear, such as low-
level jet streams31. This system, however, is not operational in Germany at the time of this publication. 
 
 
5.1.42 Add new LIDAR information at the end of the section. Also, suggest that an explanation be given 
on the Hong Kong LIDAR Windshear Alerting System (LIWAS) with the input being provided directly 
from Hong Kong. A distinction between alerts issued in the U.S. versus Hong Kong may be included in 
that section. That is, in the U.S. the wind shear alert location is the 1st encounter of a wind shear along the 
corridor while in Hong Kong the location is generalized to the corridor. Both express the wind shear 
intensity as the maximum wind shear intensity expected along the corridor. 
 
Suggested text:  
 
In Hong Kong the LIDAR is mainly used to detect terrain-induced wind shear in the absence of rain. A 
LIDAR is being acquired at Tokyo Haneda is used to improve the detection of obstacle wind shear caused 
by large hangars. Both locations have a Doppler radar that detects wind shear associated with rain; 
however, a supplement system such as the LIDAR is mainly used to detect wind shear not associated with 
rain.  
 
Another example of using the LIDAR as a complementary wind shear system was recently conducted in 
the United States. The FAA performed an evaluation of the LIDAR to detect dry wind shear at Las Vegas 
(LAS) in 2005 (reference: Keohan, Christopher, K. Barr, and S.M. Hannon, 2006: Evaluation of Pulsed 
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Lidar Wind Hazard Detection at Las Vegas International Airport. AMS 12th Conference on Aviation, 
Range and Aerospace Meteorology, Atlanta). The results of this evaluation showed the advantages of 
combining LIDAR with the existing TDWR. With algorithm improvements, a LIDAR/TDWR 
combination could increase the wind shear detection rate from 35% (current LAS TDWR stand alone) to 
more than 90%. With the proposed TDWR RDA improvements, the TDWR is expected to detect 90% of 
wet wind shear in the LAS environment. An upgrade to the LIDAR gust front detection would produce a 
dry wind shear detection rate of greater than 90%. The combination of the two systems is needed because 
more than half of the wind shear events that occurred during the LIDAR evaluation at LAS were dry and 
due to thunderstorm outflows. Therefore, an integration of the two systems will yield a probability of at 
least 90% of detecting all wind shear at LAS, which is the goal of the user community. Other 
southwestern U.S. locations that have a TDWR or WSP are expected to benefit from a LIDAR.  
 
Before pursuing a national program dealing with this regional issue, the FAA is examining this system 
further by conducting an Operational Evaluation at Las Vegas during the later half of 2007. This 
examination will provide the following: a more detailed wind shear analysis by examining all wind shear 
during the test (such as inversion wind shear), an evaluation from air traffic control supervisors, human 
factor analysis of the display system, and a system maintenance analysis.; however, funding has not yet 
been secured for this proposed dry wind shear detection solution. 
 
 
5.1.43 2nd to last sentence: France also has in operation a VHF wind profiler at Nice Côte D’Azur Airport.  
 
The title of Appendix 5, UHF WIND PROFILER AT THE NICE CÔTE D’AZUR AIRPORT, uses UHF 
instead of VHF. The wind profiler was also referenced as a UHF profiler in a paper published in Marseille, 
i.e. ANALYSE OPÉRATIONNELLE DES DONNÉES DU RADAR UHF DE MARIGNANE 
L’aéroport de Nice Côte d’Azur possède également un radar UHF 
http://www.airmaraix.com/files/Et/2002-MST-RADAR%20UHF-Ghislain%20Guyon.pdf%20 
 
Suggested text: 
 
France also has in operation a UHF wind profiler at Nice Côte D’Azur Airport. 
 
 
5.1.43 This section is on wind profilers. Add information on the Juneau Airport Wind System (often 
referred to as JAWS, however, the Manual already defines JAWS for the Joint Airport Weather Studies, 
thus the acronym is avoided in the proposed text below).  
 
Suggested text at the end of the wind profiler section 5.1.43:  
 
Wind profilers are used in the Juneau Airport Wind System developed by NCAR and the FAA (reference: 
Meuller, Steven et al., 2004: Juneau Airport Wind Hazard Alert System Display Products. AMS 11th 
Conference on Aviation, Range and Aerospace Meteorology, Hyannis). This system warns of various 
types of turbulence in certain regions near the Juneau airport. A combination of 7 wind sensors, 4 of 
which are located on mountain or hill tops, and 3 wind profilers were used to formulate regressions based 
on aircraft measurements of turbulence. Turbulence alerts are given based on the regressions developed 
and is expressed in text as well as on the geographic display by filling in the appropriate polygon with the 
alert level colour. The alert categories are: NONE, moderate turbulence for a B737-type aircraft (MDT 
B737), and severe turbulence for B737-type aircraft (SVR B737), which are updated every minute. These 
alerts may be expressed in terms of the Eddy Dissipation Rate (EDR) when the ICAO defines the EDR 
threshold values for moderate and severe turbulence for approach and take-off phases of flight.  Other 
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features on the prototype display include runway head and cross winds, profiler winds every 500 feet to 
an altitude of 6 000 feet, and sensor wind speed and direction that includesinclude the recent peak wind. 
Commissioning of this system in the form mentioned above is unlikely because the turbulence warning 
performance did not meet FAA expectations. As a result, wind anemometers on the mountain tops and at 
the airport will be used by the airlines as a guide to turbulent conditions based on the operations 
specifications published for Juneau.The Juneau Airport Wind System is scheduled to be commissioned by 
the FAA in 2008. 
 
 
5.1.48 3rd line of equations: where F = Ůx/g + w/Va  
 
Suspect a sign error for the w/Va term. This term should be negative because in a microburst, Ůx 
increases, thus the F-factor increases and the total energy decreases. In a downdraft, w is negative 
causing a double negative and positive F-factor, which is a total energy decrease as well. 
 
Another reference that describes the F-factor with the negative w/Va term is, “Numerical Simulations of 
Gust Front / Microburst Collision Dynamics”, by Leigh Orf of the Department of Atmospheric Science, 
University of North Carolina Asheville. 
http://redrock.ncsa.uiuc.edu/AOS/publications/SLS02/orf.gfmb.pdf#search=%22F%20factor%20wind%20
shear%22 
 
Suggested text: 
 
where F = Ůx/g - w/Va 
 
 
5.1.51 last paragraph 1st sentence: The operational requirements approved by the ICAO Air Navigation 
Commission in 1982 and reproduced in Appendix 1 could only be fully met by airborne forward-looking 
wind shear warning equipment.  
 
In the early-mid 1990s, airlines in the United States expected to have forward looking wind shear systems 
on 40% of all turbine-powered airplanes by 2007 (source: The Integrated Wind Shear Systems Cost 
Benefit and Deployment Study written by Martin Marietta – 1994). According to one major airline, only 
12% (44/376) of all turbine-powered airplanes have forward-looking wind shear systems (source: Tom 
Fahey, NWA). 
New information: Two major airlines and all regional airlines are well below the expected equipage rates. 
Used data from a recent report (Weber, Cho, Robinson and Evans, 2007: Analysis of Operational 
Alternatives to the Terminal Doppler Weather Radar (TDWR), MIT/LL, FAA Project Report ATC-332) 
and information on regional airline sizes. There is a ceiling of acquisition because regional airlines are 
largely comprised of regional jets which currently can not acquire forward-looking wind shear systems 
due to their size. This ceiling is approximately 2/3 of all aircraft and should be adjusted to the growth of 
regional airlines in relation to major airlines. 
 
 
Therefore, only 1/312% of a major U.S. airline fleet meets the operational requirements approved by the 
ICAO Air Navigation Commission in 1982. That is, provide the pilot with a timely warning and the 
information necessary to safely maintain the desired flight path or the action to take to avoid it (Appendix 
1, 3-a). 
 
Suggested text:  
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The operational requirements approved by the ICAO Air Navigation Commission in 1982 and reproduced 
in Appendix 1 could only be fully met by airborne forward-looking wind shear warning equipment. In 
2006, approximately 1/3 of in 10 aircraft meet this requirement (combination of sources, MIT/LL and 
personal researchreference is only to one major U.S. air carrier; however, it represents the current 
deployment of airborne forward-looking wind shear systems) with a current acquisition ceiling of 2/3. 
 
 
5.2.13 last sentence: Otherwise, in warnings (especially those derived manually) wind shear “intensity” 
will continue to be stated in airspeed (kt) loss/gain over a suitable scale length such as 1 km and in the 
case of strong vertical components, simply as “microburst”. 
 
Most ground-based wind shear systems use a scale length of 1-4 km in calculating the estimated airspeed 
loss/gain. 
 
Suggested text:  
 
…over a suitable scale length from 1-4 km… 
 
 
5.3.15 At some aerodromes, notably in the United States, an LLWAS has been installed (see 5.1.7 to 
5.1.14). In these circumstances local arrangements have been made to pass system-derived wind shear 
alerts from ATS units to aircraft. When a significant shear is detected (〈30 km/h (15-kt) vector difference) 
between a perimeter anemometer and the centre-field anemometer, an alert is sounded and both wind 
values are displayed and passed to the aircraft. Information on the actual vector difference is not passed 
to aircraft. Examples of such reports are as follows: 
 
“WIND SHEAR (ALERT) CENTRE FIELD WIND 270 DEGREES 20 KNOTS WEST BOUNDARY WIND 
180 DEGREES 25 KNOTS”; or 
 
“WIND SHEAR (ALERT) ALL QUADRANTS CENTRE FIELD WIND 210 DEGREES 14 KNOTS WEST 
BOUNDARY WIND 140 DEGREES 22 KNOTS”.  
 
This whole section is not relevant to the majority of LLWAS in the United States. As mentioned in 
previous sections, the LLWAS was upgraded to an LLWAS-NE at airports with a TDWR (9 & 1 
standalone LLWAS-NE at Juneau)9) and to an LLWAS-RS (40) at airports without a TDWR. There 
are 34 systems left in the United States (Las Vegas, Tucson, Albuquerque, El Paso) that follow this 
description in 5.3.15 and plan to be decommissioned in the near future.  
 
This section may be relevant to other LLWAS outside of the United States and may be of importance 
from a historical perspective.  
 
Suggested text for the opening paragraph:  
 
At some aerodromes, an original LLWAS still exists (see 5.1.7 to 5.1.14). 
 
 
In reference to the 3rd sentence: The LLWAS vector difference is not restricted to the centre-field 
anemometer. 
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Suggested text for 3rd sentence: 
 
When a significant shear is detected (〈30 km/h (15-kt) vector difference) between two anemometers, an 
alert is sounded and both wind values are displayed and passed to the aircraft. 
 
 
GLOBAL SEARCH: The United States and Hong Kong use wind shear alerts (versus warnings) 
generated by automatic ground wind shear detection systems. The proposed amendment (2007) to Annex 
3 addresses this fact. Therefore, the term warning may be replaced with alert in reference to ground wind 
shear detection systems referenced throughout this document. 
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From: Jim Roby [mailto:Jim.Roby@ctilidar.com]  
Sent: 19 October 2005 11:20 
To: Romero, Raul 
Subject: Updated list of wind sensing articles 

Dear Mr. Romero,  
  
In reviewing the WIST manual, it appears that some very important articles concerning wind 
measurement were not considered.  I have attached a list of publications that are pertinent to the WIST 
manual, particularly in regards to the use of lidar to detect windshear.  In researching one of the 
references in Chapter 5, I noticed a reference on page 25  to the use of a CW system in Germany with 
the reference, 36 from 1984.  The article referenced, No. 36, is from 1984 and is no longer available.  In 
checking into this further, I found no use of a CW lidar system operationally in Germany.  The statement 
in the WIST is: 
  

"In the Federal Republic of 

Germany, such a system has been developed which is especially suitable for continuous 
measurement of the wind 

profile in real time and hence for monitoring many non-convective types of wind shear such as 
low-level jet 

streams 36." 

Much work has been done using lidar, and the attached list may be helpful in your development 
of the latest technology available for the detection of wind shear.  

 Best regards,  

 Jim Roby 

Lockheed Martin Coherent Technologies 

(303) 729-5419  (Direct) 
(303) 931 6445  (Cell) 
(303) 729-5400  (Fax) 

 655 Aspen Ridge Drive 
Lafayette, CO 80026 
  
From: Jim Roby [mailto:Jim.Roby@ctilidar.com]  
Sent: 19 October 2005 11:20 
To: Romero, Raul 
Subject: Updated list of wind sensing articles 
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Dear Mr. Romero,  
  
In reviewing the WIST manual, it appears that some very important articles concerning wind 
measurement were not considered.  I have attached a list of publications that are pertinent to the WIST 
manual, particularly in regards to the use of lidar to detect windshear.  In researching one of the 
references in Chapter 5, I noticed a reference on page 25  to the use of a CW system in Germany with 
the reference, 36 from 1984.  The article referenced, No. 36, is from 1984 and is no longer available.  In 
checking into this further, I found no use of a CW lidar system operationally in Germany.  The statement 
in the WIST is: 
  
"In the Federal Republic of 

Germany, such a system has been developed which is especially suitable for continuous 
measurement of the wind 

profile in real time and hence for monitoring many non-convective types of wind shear such as 
low-level jet 

streams 36." 

Much work has been done using lidar, and the attached list may be helpful in your development 
of the latest technology available for the detection of wind shear.  

 Best regards,  

 Jim Roby 

Lockheed Martin Coherent Technologies 

(303) 729-5419  (Direct) 
(303) 931 6445  (Cell) 
(303) 729-5400  (Fax) 

 655 Aspen Ridge Drive 
Lafayette, CO 80026 
  



 
D-45 

METWSG/1-SoD 
Appendix D 

 

 
 

Hannon, S. M., J. V. Pelk and P. Benda: “Autonomous Doppler LIDAR Wind and 
Aerosol Measurements for Pentagon Shield,” Proc. 2nd Symposium on Lidar 
Atmospheric Applications, 9-13 January 2005, San Diego, California, Amer. Meteor. 
Soc.   

 
Hannon, S. M., 2004:  “Pulsed Doppler LIDAR for Terminal Area Monitoring of Wind and 

Wake Hazards,” Proc. 11th Conf. on Aviat., Range and Aerosp. Meteorol., 4-8 October 
2005, Hyannis, Massachusetts. 

 
Chan, S. T. and C. W. Mok, 2004: “Comparison of Doppler LIDAR Observations of 

Severe Turbulence and Aircraft Data,” Proc. 11th Conf. on Aviat., Range and Aerosp. 
Meteorol., 4-8 October 2005, Hyannis, Massachusetts.  

 
Shun, C. M., 2003:  “Ongoing research in Hong Kong has led to improved wind shear 

and turbulence alerts,” ICAO J., November, 2003, 58, pp. 4-6.   
 
 
Wang, Y., C. Klipp, C. Williamson, D. Ligon, M. Felton, S. Chang, 2004:  “Doppler lidar 
data fusion with a 3-dimensional wind field model in an urban domain.” Paper 2.4 in 
Proc. 2nd Symposium on Lidar Atmospheric Applications, 9-13 January 2005, San 
Diego, California, Amer. Meteor. Soc. 
 
Calhoun, R., R. Heap, M. Princevac, J. Sommer, H. Fernado, D. Ligon, 2004: 
Measurement of wind flowing toward an urban area using coherent Doppler lidar, AMS 
fifth conference on urban environment, Vancouver, Canada, Amer. Meteor. Soc.   
 
Crook, N. A., A. Didlake, J. Sun, Y. Zhang, 2004:  Evaluating various lidar-based wind 
analysis schemes against independent observations, Paper 2.3 in Proc. 2nd 
Symposium on Lidar Atmospheric Applications, 9-13 January 2005, San Diego, 
California, Amer. Meteor. Soc.  
 
R. Frehlich and L. Cornman, “Estimating Spatial Velocity Statistics with Coherent 
Doppler Lidar,” J. Atmos. Oceanic Technol., 19, pp. 355-366 (2002).   
 
R. Frehlich, S. M. Hannon and S. W. Henderson, “Coherent Doppler lidar 
measurements of wind field statistics,” Boundary-Layer Meteorol. 86, pp. 233-256 
(1998). 
 
R. G. Frehlich, S. M. Hannon, and S. W. Henderson, "Performance of a 2-micron 
Coherent Lidar for Wind Measurements," J. Atmos. Oceanic Technol. 11, pp. 1517-
1528 (1994).   
 
 
Banakh, V.A., and I.N. Smalikho, 1997;  Estimation of the turbulence energy dissipation rate 
from pulsed Doppler lidar Data.  Atmos. Oceanic Opt.. 10, 957-965. 



METWSG/1-SoD 
Appendix D  

 

D-46 
 

 

 
 

 
Eberhard.  W.L.. R. E. Cupp, and K. R. Healy, 1989;  Doppler lidar measurements of profiles of 
turbulence and momentum flux.  6 J. Atmos. Oceanic Technol..,809-819. 
 
Frehlich, R.G., 1996; Simulation of coherent Doppler lidar performance in the weak signal 
regime. J. Atmos. Oceanic Technol.. 13,646-658. 
--, 1997; Effects of wind turbulence on coherent Doppler lidar performance. J. 
   Atmos. Oceanic Technol.. 14,54-75. 
--, 2000:Simulation of coherent Doppler lidar performance for space-based 
   platforms. J. Appl. Meteor..39,245-262. 
--,200la: Errors for space-based Doppler lidar wind measurements: 
   Definition, performance, and verification. J. Atmos. Oceanic Technol.. 18,1749- 
   1772. 
--,2001 B: Estimation of velocity error for Doppler lidar measurements. J. Atmos. 
   Oceanic Technol.. 18,1628-1639. 
--, and M.J. Kavaya, 1991:  Coherent laser radar performance for 
   general atmospheric refractive turbulence.  Appl. Opt.. 30,5325-5352  
--, and M.J. Yadlowsky, 1994:  Performance of mean frequency estimators for  
    Doppler radar and lidar. J. Atmos. Oceanic Technol.. 11, 1217-1230..  
    Corrigendum, 12,445-446. 
--, S. Hannon and S. Henderson, 1994: Performance of a 2-μm coherent Doppler  
    lidar for wind measurements. J. Atmos. Oceanic Technol., 11, 1517-1528. 
 -, and 1997: Coherent Dopopler lidar measurements of winds in the weak signal 
    regime.  Appl. Opt.. 36,3491-3499. 
-- and, Coherent Doppler lidar measurements of wind field statistics.  Bound.- 
    Layer Meteor.. 86,233-256. 
--,L. Cornman, and R. Sharman, 2001: Simulation of three dimensional turbulent 
    velocity fields. J. Appl. Meteor.. 40,246-258.  
 
Huffaker, M.R., and R. M. Hardesty, 1996:  Remote sensing of atmospheric 
    wind velocities using solid-state and CO, coherent laser systems.  Proc. IEEE. 
    84, 181-204. 
       
 
 

— — — — — — — — 
 



WIND SHEAR - THEIR CAUSES
(Poster 1 of 3)

MICROBURST GUST FRONT

SEA BREEZE FLOW PAST TERRAIN

TRANSIENT AND SPORADIC NATURE OF WIND SHEAR

MICROBURST is the most violent form of wind shear brought by 
thunderstorms.  A typical sequence of events associated with the
microburst is headwind gain followed by downdraft and headwind 
loss, leading to loss of lift and sinking of aircraft.  Pilots should 
be prepared to go around to avoid penetrating the microburst.  
Pilots should also be aware that microburst could be asymmetrical 
and thus the sequence of events may appear different.

GUST FRONT is the leading edge of the cool air outflow from a 
thunderstorm after the downdraft reaches the ground and spreads 
out.  Aircraft flying across a gust front may encounter increased 
headwind and lift .  Pilots should be prepared to go around in the 
event of landing long under such situation, especially on wet runway.

SEA BREEZE usually develops under fine weather and light wind 
conditions, but could bring significant wind shear if sea breeze
opposes the prevailing flow, as in the case illustrated in the inset.  
Pilots should be prepared to encounter an increase of headwind 
and lift under such situation, but in a few occasions, headwind 
loss could also occur.

FLOW PAST TERRAIN could bring significant wind shear in the 
downwind areas under strong wind conditions such as the passage of 
tropical cyclone and in the strong monsoon.  In mountainous areas and 
stable atmosphere (e.g. with low-level temperature inversion or over 
very cold ground surface), wind shear could occur in weaker winds.  An 
example is strong gap flow arising from channeling effects by valleys in 
the Alpine region.  Pilots should be prepared to encounter both 
headwind loss and gain when traversing terrain-inducted wind shear.

The transient and sporadic nature of small-scale wind shear and turbulence is vividly revealed by the above images of a Doppler LIght Detection 
and Ranging (LIDAR) system* – under a strong southerly airflow blowing across high terrain to the south of the airport, small-scale features are 
observed to emerge from the terrain and, in a space of a few minutes, moved quickly across the runway corridors and dissipated. Aircraft 
traversing these small-scale features would encounter a sequence of headwind changes.  Headwind loss and gain may be encountered.
*In the LIDAR images, the cool/warm colours represent winds towards/away from the LIDAR (see scale at the bottom).  The arrows indicate the 
movement of the wind shear features marked by circles within the subsequent 4 minutes.

Disclaimer
The Government of the Hong Kong Special Administrative Region (including its servants and agents), the International Federation of Air Line Pilots’ Associations, 
the International Civil Aviation Organization and the World Meteorological Organization make no warranty, statement or representation, express or implied, with 
respect to the accuracy, availability, completeness or usefulness of the information, contained herein, and in so far as permitted by law, shall not have any legal 
liability or responsibility (including liability for negligence) for any loss or damage, which may result, whether directly or indirectly, from the supply or use of such 
information or in reliance thereon.
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WIND SHEAR - WARNING AND ALERTING
(Poster 2 of 3)

TERMINAL DOPPLER 
WEATHER RADAR (TDWR)

LIGHT DETECTION AND 
RANGING (LIDAR)

ANEMOMETER 
NETWORK

AUTOMATIC ALERTS VIA ATC
(BASED ON SYSTEM DETECTION)

WARNING VIA ATIS
(BASED ON REPORT AND FORECAST)

Disclaimer
The Government of the Hong Kong Special Administrative Region (including its servants and agents), the International Federation of Air Line Pilots’ Associations, 
the International Civil Aviation Organization and the World Meteorological Organization make no warranty, statement or representation, express or implied, with 
respect to the accuracy, availability, completeness or usefulness of the information, contained herein, and in so far as permitted by law, shall not have any legal 
liability or responsibility (including liability for negligence) for any loss or damage, which may result, whether directly or indirectly, from the supply or use of such 
information or in reliance thereon.

UPLINK TO COCKPIT
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WIND PROFILER

O
B

SE
R

VA
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O
N

S
TE

C
H

N
IQ

U
ES

TERMINAL DOPPLER 
WEATHER RADAR (TDWR)

LIDAR WIND SHEAR 
ALERTING SYSTEM (LIWAS)

ANEMOMETER 
BASED SYSTEM

Specifically for detection of horizontal shear 
near ground level or vertical shear between 
hilltop and ground level
Effective for low-level shear line
e.g. land/sea breeze and gust front

Specifically for detection of sea 
breeze induced shear

WEATHER BUOY

ANEMOMETER (on airport 
level or nearby hilltop)

Specifically for detection of vertical wind shear (e.g. low-level jet)
Be mindful on data quality

Specifically for detection of thunderstorm induced wind shear
Well-proven for microburst and gust front

Specifically for detection of wind shear in clear air
Effective for detecting headwind change along glide paths
Proven for terrain-induced wind shear, sea breeze, gust front and low-
level shear line

Provide “sky truth” of wind shear via ATC and local arrangements (e.g. wind shear reporting form)
Mandatory for ATC to warn subsequent aircraft 
Aircraft Meteorological DAta Relay (AMDAR) can provide high-resolution wind data for wind shear reporting

Need careful siting of the radar relative to airport and 
runways
Use low elevation scans for the lowest 100-300 m
Ground clutter and moving targets need to be removed to 
ensure data quality
Detection of shear along the radar beam (radial) direction
Algorithm enhanced by knowledge of the microburst model

Need careful siting of the LIDAR relative to runways and glide paths
Optimal performance depending on alignment of laser beam with the runway
Conduct scans towards glide paths
Derive headwind profile to be encountered by aircraft along glide paths
Automatic direct detection of wind shear from headwind change

Install the anemometers at strategic locations
Calculate head wind difference between adjacent 
anemometers, or divergence/convergence within areas 
bounded by anemometers
Works best for low-level shear line
Small-size microburst/wind shear might be missed

FU
TU

R
E 

D
EV

EL
O

PM
EN

T

Uplink of textual and graphical wind shear alert and warning to the 
cockpit directly in future
Terminal Weather Information for Pilots (TWIP) messages being 
used at some airports

Pilot report based warning (ICAO Annex 3)
Objective forecasting methods:
• based on broad meteorological conditions
• based on real-time data from weather sensors
• warning thresholds tuned with reference to reports

MET
FORECAST

07RD MBA2 -30K 3MF SEV T4 (Hong Kong)1

07LA WSA3 20K- RWY (USA)1

Runway Designator [MBA2|WSA3] [+|-]nnK [RWY|nMF|nMD] [SEV|MOD] [T4] (Hong Kong)1

Runway Designator [MBA2|WSA3] nnK [+|-] [RWY|nMF|nMD] (USA)1

WARNING FOR ATC2

WS WRNG 10: 150830 VALID TL 151030 SIG WS 
APCH RWY07L FCST. WS APCH RWY07L REP AT 
0942 B747 15KT ASPEEDL FNA

[MBST AND|SIG WS] [FCST|FCST AND REP] Runway Designator1

LLWAS I

Notes:   1. Alert format subject to local agreement
2. MBA: Microburst Alert
3. WSA: Wind Shear Alert
4. T: Turbulence

WIND SHEAR WARNING

Notes: 1. ATIS (Automatic Terminal Information Service) warning format    
subject to local agreement

2. Wind shear warning format should follow ICAO Annex 3 template
3.  Separate ATIS warning for arrival and departure

LLWAS EN

PILOT/AIRCRAFT REPORT

WARNING FOR ATIS1,3

SIG WS FCST AND REP 07L
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WIND SHEAR - PILOT’S RULES
(Poster 3 of 3)

AVOID, AVOID, AVOID!
GO AROUND

WIND SHEAR PROCEDURE & 
RECOVERY

SIMULATOR TRAINING REPORTING

ON-BOARD INSTRUMENTS

MICROBURST is the most violent form of wind shear produced by 
thunderstorms.  Pilots should AVOID flying into a microburst 
Microburst could be symmetric or asymmetric - pilots should not expect to 
always experience the standard sequence of microburst encounter, i.e. an 
increasing headwind and lift, then a downdraft from above the aircraft, 
followed by an increasing tailwind and sink
To overcome the adverse effects of the microburst, pilots need to take 
timely corrective action to ensure aircraft safety, especially to go around

Evaluate the “THREAT” (warning from ATIS/alert from ATC)
Divert/delay or depart/approach

• Rehearse “WIND SHEAR RECOVERY” Procedure
• “BUG UP” the airspeed

Depart/approach
• IF wind shear encountered and/or onboard warning triggered,

carry out “WIND SHEAR RECOVERY”

Practice “WIND SHEAR RECOVERY”
Know your DRILLS
Any Doubt - AVOID or GO AROUND

Don’t forget to report wind shear and turbulence encounter for relay
via ATC to subsequent aircraft and to MET office
Make reference to:

• Airspeed indicator (airspeed change)
• FMS wind vector
• BUT remember the YELLOW TREND ARROW may be 

affected by transient (temporal) fluctuation due to turbulence

EDUCATION

RESOURCES:
ICAO Annex 3 to the Convention on International Civil Aviation
ICAO Manual on Low-level Wind Shear and Turbulence (Doc 9817)
US Federal Aviation Administration’s Advisory Circular No.00-54 “Pilot Windshear Guide”
http://www.weather.gov.hk/aviat/
http://www.ifalpa.org

REACTIVE WIND SHEAR VS. PREDICTIVE WIND SHEAR WARNINGS

HKO/IFALPA WIND SHEAR BOOKLET
IFALPA SAFETY BULLETIN
US FAA WIND SHEAR TRAINING AID

Disclaimer
The Government of the Hong Kong Special Administrative Region (including its servants and agents), the International Federation of Air Line Pilots’ Associations, 
the International Civil Aviation Organization and the World Meteorological Organization make no warranty, statement or representation, express or implied, with 
respect to the accuracy, availability, completeness or usefulness of the information, contained herein, and in so far as permitted by law, shall not have any legal 
liability or responsibility (including liability for negligence) for any loss or damage, which may result, whether directly or indirectly, from the supply or use of such 
information or in reliance thereon.

Speed indicator

XX008, WS -15KT, 
MOD TURB, 200FT, 

3NM FINAL

Navigation Display

Reactive Wind Shear Predictive Wind Shear

Purpose •Detect IN the wind shear
•Guidance to RECOVERY

•Detect AHEAD of the aircraft
•Guidance to AVOID 

Principle Comparison between inertial 
and aerodynamic data

Onboard Doppler weather radar
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APPENDIX F 
 

PROPOSED AMENDMENT TO 
 

INTERNATIONAL STANDARDS  
AND RECOMMENDED PRACTICES 

 
METEOROLOGICAL SERVICE  

FOR INTERNATIONAL AIR NAVIGATION 
 

ANNEX 3 
TO THE CONVENTION OF INTERNATIONAL CIVIL AVIATION 

 
SIXTEENTH EDITION ― JULY 2007 

 
 

. . .  

APPENDIX 6.    TECHNICAL SPECIFICATIONS RELATED TO 
SIGMET AND AIRMET INFORMATION, AERODROME WARNINGS 

AND WIND SHEAR WARNINGS AND ALERTS 
(See Chapter 7 of this Annex.) 

 
 
 

 Note.— Data type designators to be used in abbreviated headings for SIGMET, AIRMET, tropical 
cyclone and volcanic ash advisory messages are given in WMO Publication No. 386, Manual on the 
Global Telecommunication System. 
 
 
. . .  

Table A6-3.    Template for wind shear warnings 
 
 Key: M = inclusion mandatory, part of every message; 
  C = inclusion conditional, included whenever applicable. 
 
 Note 1.— The ranges and resolutions for the numerical elements included in wind shear warnings are 
shown in Table A6-4 of this appendix. 
 
 Note 2.— The explanations for the abbreviations can be found in the Procedures for Air Navigation 
Services — ICAO Abbreviations and Codes (PANS-ABC, Doc 8400). 
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F-2 
 

 

 
 

 
Element Detailed content Template Example 

. . .     

Observed, reported or forecast 
phenomenon (M) 

Identification whether the 
phenomenon is observed or reported 
and expected to continue or forecast 

REP AT nnnn nnnnnnnn or  
OBS [AT nnnn] or 
FCST 

REP AT 1510 B747 
OBS AT 1205  
FCST 

Details of the phenomenon (C)2 Description of phenomenon causing 
the issuance of the wind shear 
warning 

SFC WIND: nnn/nnKMH (or nnn/nnKT) nnnM 
(nnnFT)-WIND: nnn/nnKMH (or nnn/nnKT) 
 
or  
 
nnKMH (or nnKT) LOSS nnKM (or nnNM) 
FNA RWYnn 
 
or 
 
nnKMH (or nnKT) GAIN nnKM (or nnNM) 
FNA RWYnn 
 
 

SFC WIND: 320/20KMH  
60M-WIND: 360/50KMH 
(SFC WIND: 320/10KT 
200FT-WIND: 360/25KT) 
 
60KMH LOSS 4KM  
FNA RWY13 
(30KT LOSS 2NM  
FNA RWY13) 
 

OR    

Cancellation of wind shear warning3 Cancellation of wind shear warning 
referring to its identification 

CNL WS WRNG [n]n nnnnnn/nnnnnn CNL WS WRNG 1211230/2113303 

 
 
Notes.— 
 
1. Fictitious location. 
2. Additional provisions in 6.2.3. 

 
 

Editorial Note.—  PANS-ABC (Doc 8400), Procedures for Air Navigation Services — ICAO 
Abbreviations and Codes will have to be amended accordingly to replace “ASPEEDL”
and “ASPEEDG” by “LOSS” and “GAIN” respectively, with the explanation that 
“LOSS” means “airspeed loss or headwind loss” and “GAIN” means “airspeed gain or 
headwind gain”. 

 
 
 

— — — — — — —  



  
 
 

APPENDIX G 
 

WORK PROGRAMME OF THE METEOROLOGICAL  
WARNINGS STUDY GROUP (METWSG) 

 
1-SMP.4 ─  Response to Hazards to airports, ATM and flight safety 
 
Amendments to provisions related to the content and issuance of SIGMET to meet the evolving needs of flight operations 
(MET-9801) 
 
Group: METWSG 

ID Task Source Recent progress 
Next milestone, its deadline and status 

Final results (completion) 

1. study of methods to improve the implementation of 
the issuance of SIGMET by considering the 
consolidation of their issuance to a limited number of 
regional centres 

175-8 
APANPIRG 18/46 
176-…. 

Draft amendment to Annex 3.  Establishment of 
an ad-hoc WG. 

Amendment 75 

SN for METWSG/2 
(ad-hoc WG) 

1/02/09 P 

2. develop a set of quantitative criteria to be included in 
Annex 3 for the threshold intensity of the weather 
phenomena to prompt the issuance of SIGMET 
messages 

LIM MID Rec 4/7 provisions in Amendment 71, 72 and 74.  
Development of draft provisions related to SS 
and DS allocated to WMO. 

Amendment 75 

SN for METWSG/2. 1/02/09 P 

3. assist in the development of decoding and encoding 
software for BUFR-coded SIGMET and develop 
related guidance material in coordination with 
interested provider States and WMO 

153-8 BUFR tables completed by WMO CBS ET on 
DR & C; suspended by ANC/176 until results 
from ET on XML are known 

Guidance material (2013) 

Results from the CBS ET 31/12/08 P 

4. Amend the template for SIGMET and AIRMET to 
allow only the use of a closed line of coordinates, 
location indicators of waypoints or aerodromes to 
describe the area of phenomena in a 
SIGMET/AIRMET 

EANPG 48/39,  
175-3 

Establishment of an ad-hoc WG to assess the 
need for change. 

Amendment 75 
 

SN for METWSG/2. 1/02/09 P 
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A1-SMP.4 ─  Response to Hazards to airports, ATM and flight safety 
 
Amendments to provisions related to wind shear warnings and alerts  
(MET-6201) 
 
Group: METWSG 

ID Task Source Recent progress 
Next milestone, its deadline and status 

Final results (completion) 

1. develop provisions for inclusion in Annex 3 and 
guidance material for the observing and reporting 
low-level wind shear 

AN-Conf/8; 
129-8; 
APANPIRG 17/44 

Wind shear poster updated by Hong Kong, China 
endorsed; draft amendment to Doc 9817. 

Amendment to Doc 9817 

Declare the ICAO wind 
shear poster obsolete; 
Finalize amendment to 
Doc 9817 

31/12/07 
 
31/1/07 
 

P 
 
P 

2. study the need for the development of criteria for the 
provision of warnings for rotor zones  in the terminal 
area 

EANPG 32/23; 
132-13 

Proposed for deletion. Sub-task to be deleted. 

Proposal in draft AN-WP 15/12/07 P 

3. consider the need to provide information on low-level 
temperature inversion either in a specific warning or 
in the supplementary information appended to local 
reports and METAR/SPECI 

EANPG 47/32; 
172-11 

Proposed for deletion. Sub-task to be deleted. 

Proposal in draft AN-WP 15/12/07 P 

4. consider developing the necessary provisions that 
would enable the detection of low-level windshear 
affecting aircraft operations along approach and take-
off paths, and including new abbreviations for 
“headwind gain” and “headwind loss” in Table A6-3 
and Doc 8400 

APANPIRG 17/50; 
174-2 

Draft amendment to Annex 3 and PANS-ABC. Amendment 75 
Amendment to PANS-ABC 
Amendment to Doc 9817 

Proposal in draft AN-WP. 15/12/07 P 

 
 

 
— END — 
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