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GENERAL SUMMARY OF THE WORK OF THE SESSION

1.
ORGANIZATION OF THE SESSION

1.1
Opening of the session
The Expert Meeting on Requirements and Representation of Data from Automatic Weather Stations (Expert Meeting) was held with the kind invitation of the Royal Netherlands Meteorological Institute (KNMI) in De Bilt, Netherlands, from 19 to 23 April 1999.  The lists of participants and their addresses are attached as Appendices A and B to this report.

Dr H.M. Fijnaut, Director in Chief of KNMI and Permanent Representative of The Netherlands with WMO, opened the Expert Meeting on Monday, 19 April 1999, at 10.00 h.  He welcomed the delegates and was pleased that the KNMI was able to host this meeting.  He underlined the need for automation of all observations, among others, due to increasing pressure of budgetary constraints.  Furthermore, he informed the participants that KNMI had recently put into operation an Automated Weather Station (AWS), for test purposes, which is as far as possible equipped with sensors and algorithms for present weather observations.  Dr Fijnaut welcomed the objectives of the Expert Meeting, especially with regard to defining the requirements and representation of data for the purpose of making effective use of new technologies in the field of automation of visual observations.  He underlined the importance of involving manufacturers in this discussion because they are primarily responsible for meeting the needs of users with their systems and algorithms.  He was pleased to learn from the agenda that, through this Expert Meeting, a direct contact is being established between the users and the manufacturers and was convinced that the meeting would be of benefit to both.  He wished the participants a successful meeting and a pleasant stay in De Bilt and Utrecht, respectively.

Mr K. Schulze, Senior Scientific Officer of the WMO Secretariat, welcomed the participants to the session on behalf of Prof. G.O.P. Obasi, Secretary-General of WMO.  He also conveyed the best regards of Dr Srivastava, president of CIMO, and Mr Mildner, president of CBS, who wished the experts a fruitful session.  He expressed the gratitude of WMO to the KNMI for hosting the Expert Meeting at its Headquarters Building.  He was pleased to note that so many experts could arrange for their participation which clearly demonstrated the great interest in this important field.  Participation included representatives of seven out of the eight WMO Technical Commissions.  He further underlined that the 25 documents prepared for the session would be an excellent basis for the discussion at the session and for valuable results.  He wished the participants a successful session.

1.1.
Adoption of the agenda
The proposed Provisional Agenda was adopted for the work of the session with the understanding that it could be amended during the session if necessary.  The final agenda can be found in front of this report.

1.2.
Working arrangements for the session

The session determined its working hours and the participants were informed on the arrangements necessary for carrying out the session.  English was decided to be the working language at the session.

2.
PURPOSE AND SCOPE OF THE MEETING

The participants were informed that following the CIMO Expert Meeting on Automation of Visual and Subjective Observations, Trappes/Paris, France, May 1997 (see Doc. 3 which is attached as Appendix G to this report for ease of reference) and based on decisions of CIMO-XII (especially Recommendation 5) and of CBS-Ext.(98), issues related to the automation of meteorological observations including "present weather" as well as of visual and subjective observations will be discussed.  The information required on the needs of Members in this regard was expected to be provided by the representatives of technical commissions attending the Expert Meeting.  Furthermore, matters related to the application of WMO Codes for this purpose should be considered which would better enable the transmission of the data needed.  The main objective of the Expert Meeting was to develop recommendations in this regard which might further be refined by a CBS Expert Team on Requirements and Representation of Data from AWS with the ultimate aim to submit recommendations to Members through CBS and CIMO.  The discussion was based on the documents submitted to the Expert Meeting.  A List of Documents can be found in Appendix C.

3.
INFORMATION ON THE PRESENT SITUATION OF DETERMINATION "PRESENT WEATHER"

The automation of observations and, especially, that of visual and subjective observations was intensively discussed.  It was found that with regarding to subjective observations, there are serious limitations in the quality of data presently made available by human observers.  The main cause of for this is the lack of definitions for the variables required.  Although some definitions and thresholds for parameters are available at national levels, it is almost impossible for them to be applied objectively due to the non-availability of, or limitations in, the performance of both the conventional or sophisticated instruments and sensors.  The WMO alpha-numeric codes currently in use also do not make provision of all measurements presently already available.  An example related to the latter is the precipitation intensity.  This lead to the conclusion that several of the "present weather" observations could not adequately be performed neither in a qualitative nor quantitative manner and, therefore, not be made available as homogeneous and reliable data sets.  It was agreed that users' needs have to be reviewed in the light of future requirements and precise definitions have to be developed for the variables/parameters required.  The ultimate aim should be to define these parameters, as much as possible, in a quantitative manner which would significantly facilitate the automation of observations.  In further considering this matter, it was agreed that the automation of measurements will bring, in addition to increased cost effectiveness, the invaluable advantage of significantly improved data homogeneity.

3.1
Instrumental aspects

The delegates informed the Meeting on sensors and equipment presently available for measuring or determination of "present weather" and which are currently in operation in the various Services.  Their advantages and limitations compared with human observers were discussed.  It was found that single and multi-sensor solutions and the application of various combinations of sensors as well as sophisticated algorithms already meet a great range of data according to users' needs, as well as they could be determined presently.  More detailed information on the performance of automatic present weather sensors can be found in the WMO publication IOM No. 73 (WMO/TD-No. 887), entitled: WMO Intercomparison of Present Weather Sensors/Systems - Final Report, Canada and France, 1993 - 1995
.  The development of new and the improvement of existing sensors and algorithms is an ongoing task that could be significantly hindered by an inadequate statement of requirements and the lack of unique definitions for present weather variables currently measured.  Automation, although partly available, is still limited by WMO codes which are not as yet suitable for encoding automatically generated observations.

3.2
Procedures and algorithms used

It was agreed that the procedures and algorithms used for the determination of "present weather" are crucial for the data generated.  Several algorithms for single or multi-sensor solutions are already in application, although they still have limitations.  Some experts presented details of algorithms developed within their own Services to correct some erroneous reports or to overcome deficiencies in the ability of instruments to report certain phenomena, mainly related to "present weather" observations.  It was generally accepted that these were valuable additions to the process of making a representative observation.  However, the Meeting also recognised that these procedures have been developed, in many cases, from climatological records specific to the region in which they are being applied (e.g. defining the intensity of precipitation into classes).  They may therefore not be applicable without modification in other climatic regions.  Although they may only be pertinent to specific instruments or combinations of instruments, a continued development of these algorithms could make them applicable for more general use in the future.

It was therefore recommended that:-

a) The development and use of such algorithms be encouraged;

b) Members should always record details of the algorithms adopted;

c) Members should make details on algorithms available to data archivists and researchers;

d) Data archives should record original as well as amended (reported) data.

3.3
Matters related to WMO codes available for data transmission

The Expert Meeting considered that AWSs will be more frequently used in the future and reviewed in depth the advantages and limitations of the presently applied codes related to the encoding and transmission of "present weather" observations.  It was underlined that the Code 4680 "wawa" is presently the only WMO code which has specifically been developed for encoding information generated by AWSs and for transmitting them to users.  It was agreed that, for the present time, this code should, as far as possible, still be used.  It was in addition to this however proposed that some changes in other available alpha-numerical codes could be considered before new approaches to better meet user needs will be introduced.

In further discussing this matter it was found that one of the most important deficiencies of this 4680 code relates to the reporting of precipitation events.  It was agreed that for all further considerations in developing solutions in this regard, the liquid water content should be the criterion for all forms of precipitation, either for determining the intensity thresholds for the qualitative criteria, such "drizzle", "slight", "moderate", and "heavy", within the existing code, as far as this is still achievable for global applications, or for the direct transmission of the precipitation intensity values to users.  Where mixed precipitation is detected, the type of higher importance (higher code number) should be reported.  It was also noted that the intensity of snow is currently primarily based on visibility and that the intensity of freezing and frozen precipitation; e.g. ice pellets, is subjective.  Solutions in this regard have to be found.

It was noted that some Members are not using WMO codes for the transmission of data within their national networks, especially for data generated by AWSs.  This is mainly caused by the fact that the existing operationally used SYNOP, METAR, SPECI, and the 4680 "wawa" codes restrict the distribution of this information to users.  However, within the process of finding ways for better generating and transmitting present weather information, it was agreed that the binary BUFR or ASCII CREX codes, are suitable for meeting the present and, most probably, future needs as well.  These codes are self-descriptive, and as such can provide the data in physical units, can easily be supplemented according to needs, and they are very suitable for creating data bases.  It was, however, considered that the global introduction of these codes will still be a long-lasting process caused by several regional, and national limitations, such as a limited transmission capacity of telecommunication lines.  It was, furthermore, stated that AWSs which were put in operation and generally provide their messages in one of the above codes, could not easily adapted to any new codes, such as BUFR of CREX.

In conclusion, it was agreed that the current operationally used alpha-numerical codes must still be applied within the next decade, before they can globally be replaced by binary codes.  It also has to be considered that several of the required "present weather" variables / parameters are not yet implemented within BUFR or CREX because the main content of the presently available versions of these two code forms was generated by the transfer of the parameters so far contained in the SYNOP, METAR, and SPECI codes.  However, it was agreed that the needed supplements can be implemented without significant problems if the requirements are well defined and officially approved for application by the WMO bodies concerned.  In any case, care should be taken that in the interest of data users, such as in climatology, the continuity of the long-term time data series should be kept without any significant interruption or that there should be provision to categorize the impacts if implementing new equipment and/or software.

3.4
Present deficiencies and requirements from the point of view of instrument developers

The Meeting generally agreed that an AWS cannot report "present weather" or, more general, visual observations, in a manner as it is done by a human observer nor should an AWS be expected to do so since an AWS observes and reports weather differently.  It was noted that AWSs provide consistent information while human observers characteristically show significant subjectivity, uncertainty, and variation especially when the parameters to be observed are not well defined.

As already stated above, it was found that in many cases no clear and agreed to definitions of "present weather", visual, or subjective observations exist so far.  Even more significant, there is presently no clear statement available on the actual and future requirements of data users.  In considering this unfortunate situation and noting that many of the "present weather" variables were introduced several decades ago to overcome deficiencies in the direct observation or measurement of variables in the atmosphere, the requirements defined at that early time have to be significantly reviewed in the light of present and future needs.

It was agreed that individual sensors, multi-sensor systems, combination of available information or measurements, and sophisticated algorithms are already available or can be developed if there is a need for observing relevant parameters.  It has, however, to be considered that the automation of subjective and visual observation is an expensive undertaking and the requirements need to be evaluated thoroughly before considering their implementation.

4.
PRESENT AND FUTURE REQUIREMENTS FOR THE USE OF AUTOMATIC WEATHER STATIONS INCLUDING "PRESENT WEATHER" AS WELL AS VISUAL AND SUBJECTIVE OBSERVATIONS OF THE WMO TECHNICAL COMMISSIONS

As already stated above, the automation of visual and subjective observations has to be reconsidered within the light that automated systems perform differently from human observers (i.e. it has to be based on a more objective and well defined basis).  If this can be done, widely homogeneous observations can be achieved globally both within and outside of NMHSs.

The Expert Meeting considered in depth, the requirements relevant to WMO Programmes with the objective of developing a commonly agreed proposal for further consideration by the WMO bodies concerned.  To best handle this matter within the limited time available at the Meeting, it was agreed to establish three Ad-hoc Teams related to the main fields of concern.  The following teams comprised by representatives of technical commissions concerned were established to consider requirements related to their programmes:

· Team A:
CBS and CMM (mainly concerned with synoptic needs)
Convenor: D.W. Jones
· Team B:
CAeM (mainly concerned with aeronautical needs)
Convenor: M. Edwards

· Team C:
CCl, CAgM, and CHy (mainly concerned with the needs of data users)




Convenor: E. Rudel
Resulting from this work, a commonly agreed proposal of requirements was developed, as contained in the table reproduced below.  The variables / parameters proposed reflect the potential needs of users and should facilitate and foster further considerations in this regard.  Therefore, it was agreed that these suggested requirements do not yet have any official status and should be used as guidelines for any further consideration and refinement which should be done by the relevant commissions and programmes concerned.  In addition to this, some recommendations regarding further activities are given in Section 7. below.

The following Table 1 provides information not only on potential new variables / parameters which might be applied in future systems, it also refers to currently available observations which are done by human observers and which calls for automation (even though limitations exist for coding in this regard).  In addition, some variables are also contained for which more frequent observations than once an hour are required, or some statistical values (such as average, variance, distribution, etc.) are needed which cannot yet be realised by the present coding and transmission procedures.

This table also provides proposals on the priority for introducing the variables concerned and informs on deficiencies in encoding related to presently available alpha-numeric codes.

Table 1 - Observational requirements

Variable/parameter

Reporting Interval
Priority

Type of observation
Codes

FM
Remark


(minutes)


12/14
15/16


1.
Precipitation (amount, type, intensity, duration, showers, etc.)







1.1
Precipitation accumulation (0.1 mm resolution)
60
H
average
yes a)
no
a)
within the regional part

1.2
Sub-hourly accumulations and rates
5
M

no
no


1.3
Precipitation intensity (quantitative)
1 b)
H
average, variance, minimum, maximum
yes c)
no d)
no
b)
for climatolog., agromet., & hydrological use

c)
if using 4677/4687

d)
if using 4680

1.4
Precipitation duration (incl. Intermitted precipitation, etc.)
5
H





1.5
Precipitation type (such as rain, drizzle, snow (incl. pellets, etc.), mixed and other types of solid precipitation (such as hail))
5
H

yes
yes


1.6
Fraction of solid precipitation within mixed precipitation (quantitative)
5
M

no
no


1.7
Radius of hydrometeors and aerosols
5
M
average, distribution
no
no


2.
Thunderstorm







2.1
Location, type, and intensity
5
H

yes e)
yes e)
e)
not yet suffic. covered

2.2
Discrimination between cloud to cloud and cloud to ground discharges
5
H

yes f)
no
f)
with 4687

2.3
Polarity of discharges
5
M

no
no


2.4
Intensity of discharges
5
M

no
no


2.5
Energy of discharges
5
M

no
no


3.
Visibility related variables (MOR, fog, type of aerosol, etc.) 








3.1
Horizontal visibility (MOR)
15
H

yes
yes


3.2
Horizontal visibility (such as sector visibility, prevailing visibility, etc.)


local, mean, variance
no
no


3.3
Vertical visibility
5
H

yes g)
yes g)
g)
for limit. conditions only

3.4
Slant visibility (future requirement for aeronautical application)
5
M

no
no


3.5
Fog & freezing fog
5
H

yes
yes h)
h)
inconsistent definition

3.6
Top height of fog
15
M

yes i)
no
i)
with 3778

3.7
Optical depth of fog
15
H
mean, variance
no
no


3.8
Mass mixing ratio (such as water, ice, aerosol)
15
M

no
no


3.9
Type, radius of aerosols / hydrometeors
15
M

no
no


3.10
Haze
5
M

yes
yes


4.
Obscurations







4.1
To be distinguished between dry, liquid, and freezing phenomena
5
M

yes
yes


4.2
Volcanic ash, blowing sand and snow
10
M

yes
yes


4.3
Diamond dust
15
M

yes
yes


5.
Clouds (cover, type, height) 








5.1
Height of cloud base
15
H
representative, variance
yes

no
yes

no


5.2
Total cloud cover (proposed to be distinguish between: none, ( 50%, > 50% only) (This might be sufficient especially for aeronautical applications.)
15
H

yes
yes


5.3
Cloud layers below 3000m (cover / top / height of base)
60
H

yes j)
no k)
j)
for one layer only.
k)
for the top

5.4
Optical depth of clouds (within each layer)
15
H
mean, variance
no
no


5.5
Cloud type (to be differentiated between convective type and others)
15
M

yes
no


5.6
Total of vertically integrated water contents (liquid and frozen)
60
M

no
no


5.7
Effective radius of cloud hydrometeors
60
M

no
no


5.8
Peak up-draughts / down-draughts
60 l)
M

no
no
l)
60 min. might be too long

6.
Specific surface, soil, and plant related variables







6.1
Soil-temperature & -moisture (volumetric or water potential)
60
H

no
no


6.2
State of ground (such as dry, wet, flooded, frozen, etc.)
60
H

yes
no


6.3
Runway conditions (such as dry, wet, ice, etc. and chemical treatment)
15
H

no
(yes) m)
m)
Regionally already applied within METAR (Europe)
(see Appendix F)

6.4
Bowen ratio (indicate discrimination between soil / vegetation)
60
M

no
no


6.5
Snow depth & density (liquid water content)
60
H

yes n)
no
n)
density with 3778

6.6
Leaf wetness o)
60
M

no
no
o)
Standards not yet defined

7.
Solar radiation / flux







7.1
Radiation balance
60
H

no
no


7.2
Irradiance on a horizontal surface (either flux or flux density)
60
M

no
no


7.3
Downward short-, & upward long-wave radiative flux 
(indicate discrimination between soil / vegetation)
60
M

yes
no


8.
Special phenomena







8.1
Tornado identification
5
M

yes
yes


8.2
Sandstorm identification
15
M

yes
yes


8.3
Squall
15
M

yes
yes


8.4
Ice accretion (quantitative, incl. dew, rime, and fog precipitation)
15
M

yes
no


8.5
Blowing snow
15
M

yes
yes


9.
Surface wind (especially for aeronautical purposes) o)





o)
Multiple observations might be needed at an airport.

9.1
Wind speed and direction
5
H
variance
no
no


9.2
Wind shear / profile (horizontally and < 500 m vertically)
5
M

no
no


9.3
Turbulence at low levels and wake vortex
5
M

no
no


10.
Temperature (especially for aeronautical purposes) p)





p)
Multiple observations might be needed at an airport.

10.1
Air temperature above the runway
60
M

no
no


10.2
Runway surface temperature
60
M

no
no


10.3
Height of an inversion
60
M

no
no


11.
Specific hydrological observations







11.1
Water level 
5
H

no
no


11.2
Water temperature
60
M

no
no


11.3
Ice phenomena (coverage, thickness)
daily
M

no
no


11.4
Ground water depth
daily
M

no
no


11.5
Flow discharge
5
H

no
no


11.6
Sediment load
5
M

no
no


In addition to the needs reflected in this table, some specific requirements calling for immediate interim solutions regarding the automation of some present weather elements and for aeronautical applications can be found in Section 6.2 below.

5.
IDENTIFICATION OF CAPABILITIES OF EXISTING AND FUTURE TECHNOLOGIES FOR THE AUTOMATION OF METEOROLOGICAL OBSERVATIONS

According to the common understanding of the experts attending the Meeting, visual or subjective observations were more urgently needed in the past than nowadays (or even in future) due to the previously insufficient or generally missing measurements of various variables in the atmosphere.  That is to say, the subjective observations were in several cases used as indirect means for characterising the status of the atmosphere, especially for forecasting purposes (such as the type, coverage, and height of clouds).  In addition, quantitative measurements were not sufficiently available or generally not yet possible at this earlier stage so that qualitative information had to be provided instead.  These mainly subjective observations were, especially if they were not well defined, very unreliable and subjective (such as the characterisation of precipitation as "drizzle", "slight", "moderate", and "heavy").

5.1
Sensors and algorithms

It is understood from representatives of manufacturers that improvements of presently available systems are ongoing and there are some individual sensors, multi-sensor systems, and sophisticated algorithms already available, in testing, or in development which may widely meet future needs.  However, before further efforts will be undertaken in this regard, the future requirements have to be defined clearly.  These representatives also stated that the necessity of them to have to engineer specific codes in their systems for each country that they have to deliver systems to, was inefficient, and that they would welcome a common and workable solution.

5.2
Use of the composite observing system

The Expert Meeting considered the progress made in recent times on measuring and observing meteorological variables by the application of direct and remote surface and space based techniques.  It further highlighted that the various types of instruments and equipment applied for these observations are already operated in automatic networks either on national or regional levels (see weather radar networks).  The Meeting recognized the significant work on examining approaches and benefits of composite observing methodologies which is being carried out in NAOS (North American Observing System) and within EUMETNET (Europe).  This approach enables the possibility that data obtained from different sources can be combined with the objective of achieving more complete and objective information on the status of the atmosphere.  In having considered this, the following considerations were made:

a.) Due to this possible combination of observations performed by various types of instruments which are mainly amalgamated at central points within the NMHSs concerned, the continued need for some (or several) visual or subjective observations traditionally done by human observers needs to be reconsidered.  These observations were urgently needed in the past for obtaining, as far as possible, a complete picture of the atmosphere.  They might significantly be reduced for those Services which are already applying these advanced techniques.  It was considered that it might be applied world-wide within the next 10 to 20 years.  The considerations may relate to such parameters as cloud cover, cloud type, but probably also to the intensity of precipitation and thunderstorms, etc.  These data could in several cases, now or in the near future, be obtained or derived either directly from sophisticated instruments, combinations of them, or by remote measurements, such as surface based remote observations (weather radars, windprofilers, etc.) or space based platforms (satellites).  However, the direct or remotely generated data and the combination of these measurements by sophisticated algorithms are no longer anymore available as "point observations" as obtained from observing stations.  The advantage of these "new" data is that they might be more representative for users than traditional point measurements since they provide a more integral picture of the area of concern and may make obsolete some of the traditionally needed visual observations.  This approach could replace, and perhaps extend, in the near future or in a longer-term, several traditional point measurements and, especially, visual observations.

b.) However, the Meeting considered that especially for the application of indirect or remote observing methods, such as weather radars when applied for precipitation amount and intensity measurements, and for satellite observations, surface observations are still crucial for now and the foreseeable future, for in situ calibration purposes and "ground truth".  The need for a higher quality of this kind of observations and real-time availability will increase.  These expected needs call for a clear statement of requirements of observations to be done automatically by AWSs.

In summarizing this issue, the Expert Meeting agreed that the proposals developed for future requirements have to be reviewed and refined carefully in relation to the Programmes concerned especially in the light of the future capabilities of the composite observing system.

6.
APPLICATION OF WMO CODES FOR TRANSMISSION OF "PRESENT WEATHER" DATA

6.1
Proposals for codes to be used for data transmission

With reference to the assessment on the possible application of the presently available WMO codes for transmission of automatically generated visual and "present weather" observations, as already given in Section 3.3 above, it can be reiterated that the operational use of alphanumeric codes SYNOP, METAR, SPECI, and 4680 "wawa" significantly restricts, or does not allow, the complete distribution all available information to users.  Having in mind that a general amendment or supplement of these codes is a long-lasting process before it can be introduced world-wide and will, in any case, not be capable of meeting all users' needs, it is suggested to develop and propose minor amendments for these codes in order to deal with the most immediate requirements.

In any case, the Expert Meeting unanimously agreed that it is possible to fulfil all present and yet to be determined future requirements, especially regarding the application of AWSs, through the application of BUFR and CREX, which allow, by nature of their flexibility, the ability to adapt to future needs.

The Meeting, however, noted that the global introduction of BUFR / CREX will be a long process due to several issues in their application, namely:

a.) limitations in the capacity of telecommunication channels needed for data transmission,
b.) required software development, and
c.) due to the fact that various AWSs (which are in operation or are planned to be deployed in the next few years both within and outside NMHSs) cannot yet cope with these codes.
This calls for the development and introduction of an interim solution based on the currently available alpha-numeric codes.
6.2
Long-term strategy in application of codes

The Expert Meeting recalled that CBS at its extraordinary session held in 1998 (CBS‑Ext.(98)) considered the application of the newly developed and approved CREX in relation to BUFR as following: "… Although the Commission recognized that CREX could, in principle, represent all environmental data, it recommended the fundamental objective of CREX be to serve as a tool to avoid the proliferation of new alphanumeric code forms by permitting the exchange of observations for which no traditional character code existed and which, for various reasons, could not be transmitted in BUFR.  The conversion between CREX and BUFR had been facilitated by keeping the respective sets of tables closely related. …".
Although agreeing on the opportunity to apply BUFR and CREX universally, they have to be supplemented according to the specific needs, i.e. the variables, observations, parameters, etc. required for specific applications have to be accommodated if not yet done.

In considering this and the nearly unlimited opportunities of the BUFR code for encoding all kinds of observation by supplementing data table elements according to the needs, the Meeting concluded that not yet covered requirements should be implemented by using binary codes only.  Efforts to implement urgent users needs by amending the existing alpha-numeric codes should be done only, if the amendments entail slight modifications and which can be adopted for implementation in a short time span.  A proposal in this regard was developed and can be found in Section 6.3 below.

Besides the issue related to encoding automatically generated data for the international exchange of data, the experts considered in depth the application of existing codes, or the need for the development of new WMO codes, for facilitating the exchange of automatically generated observations at national levels within networks operated by NMHSs as well as with those run by other users.  It was noted that some NMHSs were already applying, within their Services, specifically developed codes for this purpose which were optimized according to their specific needs.  The Meeting recognized this approach with appreciation, however it agreed when considering the features and performance characteristics of BUFR and CREX, that these codes are universally applicable and capable to principally cope with all needs. The international exchange of data calls for unequivocal identification of observations for users on a global level by application of a significant amount of "overhead" information to be applied in these codes.  Very effective definitions of the structure and contents of messages generated by AWSs can easily be done at national levels and by using the BUFR or CREX codes, as defined by WMO, a very effective data transmission can be achieved.  Taking into account that these codes are designed for the international exchange of data, their application at national levels significantly facilitate the generation of messages for regional and global application.  These codes are furthermore very suitable for establishing data bases.  The Expert Meeting was of the opinion that there is no need for the development of a code(s) which is specifically designed to encode automatically generated observations, applicable either for national or for international exchange.

The Expert Meeting however felt that there is an urgent need to prepare very concise information and guidance material reflecting the main features of BUFR and CREX with the objective to inform potential users, within and outside of NMHSs, on the capabilities of these sophisticated codes for universal application.  It was found that the presently available material for introduction and application of these codes is still too complex and difficult to understand for non-specialists in this field because it has been developed to provide guidelines for code experts on the application of BUFR / CREX.  For information only, this currently available documentation is accessible through WMO's Internet Home Page with the following URL address:

http://www.wmo.ch/web/www/reports/Guide‑binary‑1A.html.

6.3
Interim solution

The Meeting considered that the global application of BUFR and CREX can probably not be done within the next decade, and noted that an amendment or supplement to the alphanumeric codes suitable for encoding automatically generated data, such as 4680 "wawa" may be difficult because this code is applied in several operationally used AWSs already.  The implementation of any amendment to this code would create difficulties because this would require software and / or hardware modifications at each of these AWSs.  Additionally such amendments could lead to issues from the climatological point of view related to maintaining the homogeneity of data in long-term time series in which the presently applied qualitative definitions for code figures are used.  Each amendment in this regard could create a break or inhomogeneity in these data series.  The Meeting, therefore, agreed not to amend the contents of the 4680 Code but it proposed other methodologies for making accessible to users as an interim solution some more measurements already done by various types of AWSs.

In carefully reviewing users' needs and the capabilities of AWSs as well as those of alpha-numeric codes, it was found that improvements regarding the encoding and transmission of precipitation data are still feasible.  A slight modification of FM12-X SYNOP, especially related to the Regulation of encoding Group 9SPSPsPsP within Code Table 3778, seems to be possible with the aim to have a place where information on precipitation intensity could be inserted within the SYNOP Code itself.  Following this, Group 9SPSPsPsP may allow the implementation of a newly created Code Table 4681 "iwaiwa" which provides the capability of encoding the intensity of precipitation for which the type is already encoded within Code Table 4680 "wawa".  Detailed information on this proposal can be found in Appendix D of this report.

The Expert Meeting noted the proposal of CAeM‑XI (Geneva, 1999) "… to consider the possibility of WMO and ICAO carrying out a study to investigate the operational use, the performance and quality of the automated visual observations at aerodromes and to develop relevant regulatory and guidance material.  The Commission (CAeM) recalled that CBS was considering the accommodation of Table 4678 w'w' – Significant present and forecast weather, and the codes form FM 15/16 - METAR/SPECI, to the automated observing system environment to speed up the process, in order to be able to accommodate any new requirements."  The Meeting agreed that some efforts should still be done to implement, as an interim solution, some urgently needed variables to facilitate automation of observations for aeronautical applications.  The president of CAeM should invite the president of CBS to consider, to refine, and to implement in the shortest possible time scale the proposals contained in Appendix E within FM 15 / 16 METEAR / SPECI.  In this context, it might be considered to also supplement BUFR / CREX by these variables.

7.
PREPARATION OF RECOMMENDATIONS

7.1
For submission to CBS and/or CIMO

With reference to the need for implementation of the requirements, the Expert Meeting proposed:

Recommendation 1
In noting the urgent need for making accessible some variables already measured by AWSs, CBS as an interim solution until BUFR / CREX can globally be implemented, is invited to consider approving that Code Tables 4687 and 3778 be permitted for the use with Code Table 4677 contained within FM 12 when reporting observations from AWSs, without any further amendment of the codes concerned, i.e. that these extra codes not be restricted to manually generated observations only.

Recommendation 2
Following to the above Recommendation 1, CBS may also consider to amend Code Table 3778 in a way that the still free Group "968" can be used for coding quantitative information of precipitation, as contained in the proposed new Code Table 4681 (see Appendix D)
.  This new Table 4681 should be used for enhancing Code Tables 3778 and 4680 as interim solution until BUFR / CREX can fully be implemented.  Its use should be mandatory if precipitation is recorded.

Recommendation 3
In considering the need for taking full advantage of the features of AWSs, CBS is invited to encourage Members to implement BUFR / CREX for operational use in the shortest possible time scale because these are the most appropriate codes that will enable the easy implementation of present and anticipated future requirements.  They will make full benefit of automatic observations.

Recommendation 4
In considering the need for effective acquisition and management of data at national levels, especially of those which are automatically generated, it was found that BUFR / CREX codes are entirely suitable for this purpose.  They can be applied by operators of meteorological networks within and outside of NMHSs.

Recommendation 5
In noting the difficulties to fully understand the advantages of BUFR / CREX and to facilitate their application, it is proposed that concise guidance material be developed to better explain the features of these codes.  This material should preferably be addressed to non-coding experts, such as operators of automatic weather stations within and outside of NMHSs, and should be made available as soon as possible to facilitate the implementation of these codes.

Recommendation 6
In considering the relevant decision of CBS-Ext.(98) to fully use the advantages of BUFR / CREX especially for transmission of automatically generated data and that of CAeM‑XI (Geneva, 1999) to investigate the operational use, the performance and quality of the automated visual observations at aerodromes and to develop relevant regulatory and guidance material, the Expert Meeting recommended that the president of CAeM should invite the president of CBS to consider, to refine, and to implement in the shortest possible time scale the proposals contained in Appendix E within FM 15 / 16 METEAR / SPECI.  In this context, it might be considered to also supplement BUFR / CREX with these variables.

Recommendation 7
Considering the proposals developed by the representatives of the various commissions at the Expert Meeting for future requirements related to the automation of visual and subjective observations, the Meeting invites the president of CBS to refine the requirements and to approve the final list at the earliest convenience, in close collaboration with the presidents of other commissions and WMO Programmes concerned.  This provides the opportunity to implement the variables / parameters needed in the WMO Codes concerned and to give a clear picture on the future requirements to instrument developers.

7.2
For further consideration and refinement by the CBS Expert Team on Requirements and Representation of Data from AWS

In considering:

· that preliminary work for developing definitions and requirements had already been undertaken at the CIMO Expert Meeting on Automation of Visual and Subjective Observations, Trappes/Paris, France, May 1997 (see Doc. 3 which is attached as Appendix G to this report for ease of reference),

· that proposals which were made at this Expert Meeting for definitions of phenomena reported within Code 4680 which have had not yet been approved for application,

· that the present requirements for visual and subjective observations are not fully defined or do not fulfil present needs,

· that significant limitations exist to the introduction of automatic observing systems due to continued lack of suitable codes for this purpose,

· the deficiencies of the alpha-numeric codes and the difficulties to amend them for observations which can be obtained from AWSs,

· the anticipated long time required for the global application of binary codes,

the Expert Meeting considered strategies and proposals on how to best cope with the anticipated increased requirements of users in this regard.

The Expert Meeting developed, on the basis of the anticipated needs of the WMO technical commissions, a set of observational requirements for further consideration, as reflected in Section 4.  These proposals need to be reviewed, especially with respect to their application by automated systems.  It is proposed that the CBS Expert Team on Requirements and Representation of Data from AWS (Expert Team) should consider these suggestions along with the recommendations of the CIMO Expert Meeting on Automation of Visual and Subjective Observations, Trappes/Paris, with the objective of reviewing them so that they can be submitted to the bodies concerned within and outside of CBS for refinement and approval.

Furthermore, proposals were developed for the amendment of existing WMO alpha-numeric codes to better cope with present needs.  Strategies have been proposed for the application of binary codes, especially for making available to users automatically generated observations.  The Expert Team is invited to review these proposals as contained in Section 6. so that they may further be considered and refined by the CBS Implementation / Co-ordination Team on Data Representation and Codes.

The main objective of this work should be to submit these refined proposals to CBS-XII (to be held in the year 2000) for so that they may be considered and approved for operational application in the shortest possible time scale.

In addition to this, the Expert Team may consider in this context the recommendations contained in Section 7.1.

8.
ANY OTHER BUSINESS

8.1
Guided tour in KNMI

The participants particularly expressed their appreciation on the opportunity to visit the facilities at the Headquarters of KNMI relevant to automation of observations and forecasting.  They were impressed on the performance characteristics of the Service in this regard.

8.2
Second International Conference on Experiences with Automatic Weather Stations (ICEAWS 1999)

Dr E. Rudel, Austria, informed the participants that the Second International Conference on Experiences with Automatic Weather Stations (ICEAWS 1999), organized by the Central Institute for Meteorology and Geodynamics (ZAMG) of Austria will be held in Vienna from 27 to 29 September 1999.  The Conference Themes are:

· Experiences with data of AWS in comparison with conventional meteorological stations

· Homogeneity in time series of different parameters

· Present weather sensors and manual observations

· Criteria for the quality control and management of data of AWS

· Standards for implementation and archiving of data of AWS

8.3
WMO Technical Conference on Meteorological and Environmental Instruments and Methods of Observation (TECO-2000) and Exhibition of Meteorological and Hydrological Instruments, Equipment, and Services (METEOREX-2000)
Participants were informed by Mr K. Schulze, WMO Secretariat, that a WMO Technical Conference on Meteorological and Environmental Instruments and Methods of Observation (TECO‑2000), organized under the auspices of CIMO, is planned to be held on the kind invitation of the China Meteorological Administration (CMA) in Beijing from 23 to 27 October 2000
.  An International Programme Committee will agree on the conference themes later in 1999.  As it is already a tradition, a comprehensive Exhibition of Meteorological and Hydrological Instruments, Equipment, and Services (METEOREX-2000) will conjointly be organized with TECO‑2000 by CMA.  The exhibition will be held from 24 to 26 October 2000 at the venue of the Conference.  This arrangement will ensure that users and providers of instruments will come together to discuss matters of mutual interest.  All arrangements for METEOREX‑2000 will be done by CMA while the scientific organization of TECO-2000 is in the responsibility of WMO.

National Meteorological/Hydrological Services will be informed in due course on the arrangements established for TECO‑2000, such as conditions for participation of experts as well as for submission and presentation of papers.

9.
CLOSURE OF THE SESSION

Dr van der Meulen thanked the participants for their active work and their valuable contributions provided at the session.  He highly appreciated the interest shown in the matter of concern and the support given contributed to the success of the Expert Meeting.

Mr Schulze thanked all experts for their participation in the session and their dedicated work.  On behalf of the participants, he thanked Dr van der Meulen for his excellent chairmanship.  Furthermore, he thanked the KNMI and, especially Dr van der Meulen and his staff members, for the facilities provided for the session and for the excellent hospitality extended to the participants.  He wished the participants every success in their work and a safe trip home.

The Expert Meeting was closed on 23 April 1999 at 4.30 p.m.
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Summary and Purpose of the Document

The document contains proposals for the SYNOP Code for Automatic Weather Station in reviewing Present Weather Tables and considering the possible introduction of objective parameters. 

Action proposed:

The Expert Meeting is invited to consider the proposal.
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SYNOP Code for Automatic Weather Stations

0. Introduction

The proposal takes into account the following:

a.) Slight modification of Code table 4680 wawa – Present weather reported from an automatic station;

b.) Creation of new Code Table 4681 iwaiwa – Intensity of the precipitation phenomenon (phenomenon being coded in Code table 4680 "wawa");

c.) Slight modification of Manual on Codes, FM12-X SYNOP, Regulation of encoding Group 9SPSPsPsP – Code table 3778 (Group 968 that is not used at present is proposed to be used for iwaiwa).

The reason for slight modification of Code table 4680 wawa is to remove qualitative information (slight, moderate, heavy) and to add entries that are not recognised by the code table (snow grains, ice crystal, hail).

The reason of proposing the implementation of the new Code Table 4681 iwaiwa is to give the possibility to encode the intensity of precipitation for which the type is already encoded within Code Table 4680 "wawa"

The reason for slight modification of Manual on Codes, FM12-X SYNOP, Regulation of encoding Group 9SPSPsPsP – Code Table 3778 is to have rules where to put information on precipitation intensity within the SYNOP Code itself.

0. Modification of Code table 4680 wawa – Present weather reported from an automatic station

The proposal is to replace entries 40 to 89 in Code Table 4680 wawa with the following entries:

Code figure
Present weather reported from an automatic weather station




40
UNKNOWN PRECIPITATION

50
DRIZZLE

51
Drizzle, not freezing

56
Drizzle, freezing




60
RAIN

61
Rain, not freezing

66
Rain, freezing

68
Rain (or drizzle) and snow




70
SNOW

71
Snow

76
Ice pellets

77
Snow grains

78
Ice crystals




80
SHOWER(S) or INTERMITTENT PRECIPITATION

81
Rain shower(s) or intermitted rain

85
Snow shower(s) or intermitted snow

89
Hail

0. New Code table 4681 iwaiwa - Intensity of precipitation phenomenon reported by wawa (Code table 4680 wawa) in group 7wawaW1W2
The proposal is to take analogy of Code Table 3570 (RR - Amount of precipitation or liquid water content of solid precipitation) so that after a slight modification the new Code Table 4681 iwaiwa. will be created.

Code table 4681 iwaiwa
The intensity r (measured in mm/h) iwaiwa of the present weather phenomenon (precipitation) reported by wawa (Code Table 4680) in Group 7wawaW1W2
Code Figure
mm/h*)
Code Figure
mm/h*)
Code Figure
mm/h*)

00
r = 0.0
34
33.0 < r ( 34.0
68
170.0 < r ( 180.0

01
0.9 < r ( 1.0
35
34.0 < r ( 35.0
69
180.0 < r ( 190.0

02
1.0 < r ( 2.0
36
35.0 < r ( 36.0
70
190.0 < r ( 200.0

03
2.0 < r ( 3.0
37
36.0 < r ( 37.0
71
200.0 < r ( 210.0

04
3.0 < r ( 4.0
38
37.0 < r ( 38.0
72
210.0 < r ( 220.0

05
4.0 < r ( 5.0
39
38.0 < r ( 39.0
73
220.0 < r ( 230.0

06
5.0 < r ( 6.0
40
39.0 < r ( 40.0
74
230.0 < r ( 240.0

07
6.0 < r ( 7.0
41
40.0 < r ( 41.0
75
240.0 < r ( 250.0

08
7.0 < r ( 8.0
42
41.0 < r ( 42.0
76
250.0 < r ( 260.0

09
8.0 < r ( 9.0
43
42.0 < r ( 43.0
77
260.0 < r ( 270.0

10
9.0 < r ( 10.0
44
43.0 < r ( 44.0
78
270.0 < r ( 280.0

11
10.0 < r ( 11.0
45
44.0 < r ( 45.0
79
280.0 < r ( 290.0

12
11.0 < r ( 12.0
46
45.0 < r ( 46.0
80
290.0 < r ( 300.0

13
12.0 < r ( 13.0
47
46.0 < r ( 47.0
81
300.0 < r ( 310.0

14
13.0 < r ( 14.0
48
47.0 < r ( 48.0
82
310.0 < r ( 320.0

15
14.0 < r ( 15.0
49
48.0 < r ( 49.0
83
320.0 < r ( 330.0

16
15.0 < r ( 16.0
50
49.0 < r ( 50.0
84
330.0 < r ( 340.0

17
16.0 < r ( 17.0
51
50.0 < r ( 51.0
85
340.0 < r ( 350.0

18
17.0 < r ( 18.0
52
51.0 < r ( 52.0
86
350.0 < r ( 360.0

19
18.0 < r ( 19.0
53
52.0 < r ( 53.0
87
360.0 < r ( 370.0

20
19.0 < r ( 20.0
54
53.0 < r ( 54.0
88
370.0 < r ( 380.0

21
20.0 < r ( 21.0
55
54.0 < r ( 55.0
89
380.0 < r ( 390.0

22
21.0 < r ( 22.0
56
55.0 < r ( 60.0
90
r > 390.0

23
22.0 < r ( 23.0
57
60.0 < r ( 70.0
91
0.0 < r ( 0.1

24
23.0 < r ( 24.0
58
70.0 < r ( 80.0
92
0.1 < r ( 0.2

25
24.0 < r ( 25.0
59
80.0 < r ( 90.0
93
0.2 < r ( 0.3

26
25.0 < r ( 26.0
60
90.0 < r ( 100.0
94
0.3 < r ( 0.4

27
26.0 < r ( 27.0
61
100.0 < r ( 110.0
95
0.4 < r ( 0.5

28
27.0 < r ( 28.0
62
110.0 < r ( 120.0
96
0.5 < r ( 0.6

29
28.0 < r ( 29.0
63
120.0 < r ( 130.0
97
0.6 < r ( 0.7

30
29.0 < r ( 30.0
64
133.0 < r ( 140.0
98
0.7 < r ( 0.8

31
30.0 < r ( 31.0
65
140.0 < r ( 150.0
99
0.8 < r ( 0.9

32
31.0 < r ( 32.0
66
150.0 < r ( 160.0
//**)
Measurement impossible

33
32.0 < r ( 33.0
67
160.0 < r ( 170.0



*)
Measured within the last 10 minutes prior to the full hour.  The 10 min value should be refreshed at least once every minute.  Events should be reported as quickly as possible when they last 30% or more of the 10 min period.
**)
No measurement is available because the precipitation sensor itself or the related equipment is not functioning.

Slight modification of Manual on Codes, FM12-X SYNOP Regulation:

It is proposed to amend the rules for inclusion of Group 9SPSPsPsP – Code table 3778, SPSPsPsP – Supplementary information.  It is suggested that the presently not used Group 968 should be applied as follows:

Group 968 iwaiwa - Intensity of present weather phenomenon (precipitation) reported by wawa (Code Table 4680) in Group 7wawaW1W2.

*******************


WORLD METEOROLOGICAL ORGANIZATION
CIMO&CBS/E-AVO-2/Doc. 24


_________________
(19. IV. 1999)


COMMISSION FOR INSTRUMENTS AND METHODS


OF OBSERVATION


&


COMMISSION FOR BASIC SYSTEMS


EXPERT MEETING
ITEM: 6.2


on


REQUIREMENTS AND REPRESENTATION

OF DATA FROM AUTOMATIC WEATHER STATIONS


De Bilt, Netherlands, 19 - 23 April 1999
ENGLISH ONLY

ADDITIONAL REGULATIONS WITH RESPECT TO THE FM 15/16 METAR/SPECI REGARDING DATA OBTAINED BY AN AUTOMATIC WEATHER STATION

(Submitted by W. van Dijk, Netherlands)
[image: image2.png]



Summary and Purpose of the Document
The document contains information on requirements for changes the METAR/SPECI Codes due to the ongoing automation of observations used for aviation.  The Expert Meeting may consider this matter.


Action proposed:
The Expert Meeting is invited to note the information contained in this document.

********************
INTRODUCTORY REMARKS

Due to the ongoing automation of the aviation observations and the need to amend the METAR/SPECI Codes, the Netherlands developed and presented in corporation with several other Members a proposal regarding code changes to the Meteorological Group (METG) meeting of the ICAO European Air Navigation Regional Planning Group (EANPG), held in October 1998.  ICAO, IFALPA
 and IATA
 stated that automation of the observations was not acceptable unless automated systems meet all the requirements set up in ICAO, Annex 3 / WMO Technical Regulations.  A MTEG conclusion was developed inviting the ICAO Council to establish a Study Group on the subject of the automation of aviation observations.  In the meantime, WMO was invited to consider the requested code changes already in order to gain time in view of the usually long-lasting ICAO approval process.

EANPG has already adopted at its most recent meeting, held in January 1999, the METG conclusion to establish a Study Group.  In addition, the Air Navigation Commission (ANC) which is a technical commission of the Council also adopted the conclusion and is now preparing a proposal for a relevant decision for consideration at the forthcoming meeting of the Council, planned to be held in June 1999.  The proposed Study Group which will include a WMO representative should report on the results to the Divisional Meeting, planned to be held in 2002.

In addition, automation of aviation observations was discussed at the eleventh session of the Commission of Aeronautical Meteorology (CAeM-XI), held in March 1999.  CAeM-XI was informed by ICAO on the proposed establishment of the Study Group and the need for WMO to consider amending the METAR/SPECI Codes as soon as possible.  The Commission agreed that the CAeM PROMET Working Group should also deal with the automation of observations.  Furthermore, the president of CBS stated that the relevant METAR Code will be considered by the forthcoming CBS session, to be held in 2000, as well as at the forthcoming AWS Expert Meeting, De Bilt, Netherlands, 19 - 23 April 1999.

The attached document provides information on the proposals developed for further consideration.
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ADDITIONAL  REGULATIONS  WITH  RESPECT  TO  THE  FM 15/16 METAR/SPECI  CODES
REGARDING  DATA  OBTAINED  BY  AN  AUTOMATIC  WEATHER  STATION

(Presented by The Netherlands)

WORKING PAPER

SUMMARY
This paper presents a proposal with additional regulations regarding the FM 15/16 METAR/SPECI codes.  It is intended to improve regulations concerning automatic observed and/or detected weather phenomena, cloud and visibility data by Present Weather Sensors.

1.  Introduction

Comparing the FM 15/16 METAR/SPECI with the FM 12 SYNOP, the FM 12 SYNOP code has regulations, indicators and tables for encoding automatic observed phenomena. However, for the FM 15/16 METAR/SPECI there are no proper tables and regulations available, except the code word AUTO, to encode fully automatic obtained data of elements which otherwise should have been observed visual in the time that the observing site was manned. In the ICAO Annex 3 as well as in the WMO Manual on Codes tables and regulations should be available to encode reports for automated stations.

In a period wherein a lot of countries and/or meteorological institutes have started projects to automate the surface observations, the ICAO should reconsider the regulations regarding the until now (or near future) visual observed weather phenomena, visibility and clouds. 

One of the main reasons to create this Working Paper is the fear, that if no actions will start to develop new regulations and notes, on national decisi​on, a lot of new and different regulations are created now or in the near future and resulting in encoding of the FM 15/16 METAR/SPECI from which the user of coded messages (alphanu​meric or binary) do not know how to read the encoded messages.

This Working Paper contains:

-
A proposal of a reviewed code form FM 15/16 METAR/SPECI.

-
A proposal of a reviewed table w’w’ (table 4678 in the Manual on Codes), obtaining weather phenomena derived by a Present Weather Sensor and additional regulations. 

-
Additional regulations regarding automatic obtained horizontal visibility.

-
Additional regulations regarding automatic obtained cloud amount and cloud height data, special if no convective clouds can be identified or detected.

The proposed code form, regarding the FM 15/16 METAR/SPECI, the proposed and reviewed table and the proposed additional regulations and notes are listed in the annex to this working paper.

2.
Discussion
A.
General
The code table 4678 - w’w’, Significant and forecast weather, became after a review 6 new elements, concerning automatic obtained data from Present Weather Sensors and additional observing systems.

The reviewed regulations regarding the codes FM 15/16 METAR/SPECI are added to the code form, the code word AUTO, the code groups w’w’ and REw’w’, the groups VVVVDv and VxVxVxVxDv and  NsNsNshshshs.

Additional and/or reviewed notes are added where the existing regulations themselves do not need an addition, but for making the existing regulations more clear for the use of automatic obtained data.

B.
The code form FM 15/16 METAR/SPECI
Brackets are placed around some (parts of) groups to indicate that the expressed groups became regulations concerning the automatic observed and/or detected data. A note regarding the brackets is added to the code form.

The code word CLDNA is added to the code form.

C.
Horizontal visibility: The groups VVVVDv and VxVxVxVxDv
The group VVVVDv:

The encoding of Dv in the group VVVVDv is omitted for fully automated stations because the now in use being visibility sensors are unable to detect and/or indicate the directional variation of the visibility.

The group VxVxVxVxDv
For the same reasons, as mentioned for the group VVVVDv, the group VxVxVxVxDv is omitted for use by fully automated stations.

D.
Significant and recent weather and additional regulations
The groups w’w’:

Added to table 4678 w’w’ - Significant present and forecast weather:

Column 1 
Intensity or proximity:
  / 
=  Intensity unknown

Column 2
Descriptor
NN
=  Not defined

Column 3
Precipitation
HA
=  Hail, type and size unknown
PP
=  Precipitation, type unknown

Column 4
Obscuration
OB
=  Obscuration other than BR, HZ or FG

Extra field covering all columns: WXNA 
=
No data from the Present Weather Sensor available.

Together with the additional regulations and notes, the proposed table will give, as much as possible, the opportunity to the encode data into reports from manned as well as fully automated observing sites.

The profit of the proposed table, added regulations and notes is, that the table can be used even in the future, when the Present Weather Sensors become more capable in sensing and/or detecting phenomena.  (Maybe together with additional sensors and/or observing systems and more sophisticated algorithms).

Explanation of the proposed additional elements in table 4678 - w’w’:
“/” =
Intensity unknown:

This character is added to the table to create the possibility to encode the precipitation or other appropriate phenomena when the PWS is unable to indicate the intensity.

Example:
/RA = The precipitation is rain, while the intensity is unknown.

“NN” = Not defined:

is added to the table to report that the encoded weather phenomenon is not defined for the descriptor.

Examples:
1.
NNFG =
Fog at the time of observation, but the descriptor as PR, MI or BC, is unknown or not possible to indicate.

2.
NNRA =
Moderate rain at the time of observation, the descriptor as FZ or SH, is unknown.

Suggestion from the Finnish delegate Mr. Korhonen:
Use for NN also (//)

“HA” = Hail:
is added to get the possibility to encode hail when the type and/or size are unknown and the discrimination between GS and GR is not possible.

Example:

-HA =
Precipitation is light hail, size and/or type are unknown.

“PP” = Precipitation: 
is added to get the possibility to report precipitation when the PWS is unable to indicate the type of precipitation.

Example:

+PP =
Heavy precipitation at the time of observation, but the type of precipitation is unknown.

“OB” = Obscuration:
is added to get the possibility to encode reduced visibility other than BR, HZ or FG.

Example:

OB could be FU, but the PWS is unable to detect smoke, so the visibility is reduced by an unknown phenomenon.

“WXNA” = No data from the Present Weather Sensor available:
is added to indicate that no phenomena are detected and/or the PWS is out of order 

Examples:
1.
A shower in the vicinity shall be encoded as WXNA, because the PWS in use is unable to detect a shower in the vicinity.


2.
WXNA means that the PWS is out of order.

Note:
Even when a PWS detects a weather phenomenon, the user of the data is not always sure that other phenomena occur at the same time.
Example:

-TSRA = 
Thunder with light rain at the time of observation.

Remark:
It is however possible that a PWS is unable to detect, for example, an at the same time occurring phenomenon, as FC, and therefore the phenomenon will not be represented in the report.
Suggestions from the Swedish and Finnish delegates Mr. Lundval and Mr. Korhonen:

Discriminate the encoding between data not available due technical reasons and not to detect. For example:

WXNA = Data not available due technical reasons

WXND = No clouds detected

The groups REw’w’:

“Moderate or heavy precipitation”

is added to create the possibility to encode precipitation when the PWS is unable to indicate the type.

Example:

REPP =
Recent precipitation, moderate or heavy, type unknown.

E.
Clouds and additional regulations
“NsNsNshshshsCON”  = Significant convective clouds

The abbreviation CON replaces the ICAO abbreviations CB and TCU for fully automated stations when the Cloud Detecting System is unable to discriminate CB and TCU.

“NsNsNshshshs///”  = Significant clouds

The (///) are added for fully automated stations when the Cloud Detecting System is unable to discriminate significant convective clouds from other cloud types.

”CLDNA” = No data from the Cloud Detection System available
is added to the group NsNsNshshshs to  indicate that the Cloud Detection System is out of order or no clouds are detected.

Suggestions from the Swedish and Finnish delegates Mr. Lundval and Mr. Korhonen:

Discriminate the encoding between data not available due technical reasons and not to detect. For example:

CLDNA = Data not available due technical reasons

CLDND = No clouds detected

The code word SKC
The code word SKC is omitted for use by fully automated stations. All detected elements shall be encoded in the report.

Remark: 
In our opinion, omitting of the code word SKC in fully automatic generated reports is more proper with respect to the regulations.  It is not completely sure that all elements, with respect to regulations concerning the code word SKC, are detected properly in the (near) future.

F.
The code word CAVOK
The code word CAVOK is omitted for use by fully automated stations.  All observed or detected elements and phenomena shall be encoded in the report.

Remark: 
In our opinion, omitting of the code word CAVOK in fully automatic generated reports is more proper with respect to the regulations, because the regulations concerning the code word CAVOK are very strict.


It is not completely sure that all elements and phenomena, with respect to regulations concerning the code word CAVOK, are detected or observed properly in the (near) future.

G.
The Trend forecast

The reviewed and additional regulations concerning fully automated observations do not have influence on the existing regulations of the appropriate groups of the Trend forecast.

H.
Reviewed and/or added regulations and notes
All reviewed and/or added regulations and notes are described in the annex to the discussion.


Annex 1.:
Proposed additions to the  ICAO Annex 3


Annex 2.:
Proposed additions to the WMO Manual on Codes

The ICAO Abbreviations and Codes (Doc 8400) in the ICAO Procedures for Air Navigation Services needs to be enlarged.
3.
Action by the meeting
A.
The meeting is invited to discuss the above mentioned items together with the annex to the proposal.

B.
The meeting should consider the proposals for implementation in the ICAO Annex 3 and the WMO Manual on Codes Vol. 1.

C.
The proposed additions to table 4678 - w’w’ and the proposed additional regulations should be implemented in a rather short time to obtain the possibility to automate the observations and the encoding of the FM 15/16 METAR/SPECI for observing sites concerning.

***********


Annex 1 - ICAO ANNEX 3 [C.3.1]


Chapter 4 - Meteorological observations and reports

4.8
Observing and reporting of present weather
4.8.4

a)  Precipitation


Regarding fully automated stations:


Add:


Precipitation, type unknown 
PP


Hail


- Type and/or size unknown 
HA

b)  Obscurations (lithometeors)


Regarding fully automated stations:


Add:


Obscuration, type unknown
OB

4.8.5


Add:


Regarding fully automated stations:


Unknown
NN


- Used to replace the appropriate descriptors

4.8.6


Add:


Regarding fully automated stations:



(abbreviated plain language)
(METAR)


Unknown
         UNK
    /

Add:
4.8.8 


Regarding fully automated stations:

4.8.8
Recommendation - 
In reports of fully automated stations the present weather shall be replaced by the abbreviation WXNA when:

a.  The present weather sensor is out of order

b.  No weather phenomena are detected
4.9
Observing and reporting of clouds
4.9.5


Add:


Note: 
Regarding fully automated stations:

If there are no clouds detected the abbreviation CLDNA should be used.

Replace d) by:

d)
Cumulonimbus and/or towering cumulus clouds, whenever observed and/or detected and not reported in a) to c) above.


Add:


Note:
Regarding fully automated stations: 

The type of cloud should be given as “CON” when detected as significant convective cloud.

Add:
4.9.6 


Regarding fully automated stations:

4.9.6
Recommendation - In reports of fully automated stations the cloud groups shall be replaced by the abbreviation CLDNA when:

a.  The cloud detection system is out of order

b.  No clouds are detected
4.13.2


Add:


Note:
Regarding fully automated stations



The term CAVOK shall not apply

***************


Annex 2 - WMO Manual on Codes Vol I.1, Part A


Proposed symbolic code form FM 15/16 METAR/SPECI

METAR                   










KMH
                                









or

or     CCCC (YYGGggZ)* (AUTO) dddffGfmfmKT   dndndnVdxdxdx
                                









or

SPECI                           








MPS











RDRDR/VRVRVRVRi





NsNsNshshshs
}

                                       














or




} 

VVVV(Dv)** (VxVxVxVxDv)** or




w'w'   






VVhshshs

} or (CAVOK)**

                                     














or





}












RDRDR/VRVRVRVRVVRVRVRVRI

(SKC)**


}
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}
























(CLDNA)**

}













WS RWYDRDR
T'T'/T'dT'd  QPHPHPHPH  REw'w'
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WS ALL RWY










KMH                   






NsNsNshshshs

}











or     

VVVV


w'w' 


or





}

TTTTT TTGGgg dddffGfmfm
KT

or   



or    


VVhshshs


} or NOSIG










or     

CAVOK

NSW



or





}











MPS      









SKC




} 























or 





}























NSC




}

RMK 

* 
Brackets valid only for FM 15 METAR

** 
Brackets valid only for fully automated stations, using the code word AUTO

Note:
Proposed changes or additions regarding fully automated stations:

Changes:

1.  Dv in the group VVVVDv and the group VxVxVxVxDv are enclosed in brackets

2.  The group SKC is enclosed in brackets

3.  The code word CAVOK is enclosed in brackets

Additions:

4.  The code word (CLDNA)

Proposed additional regulations with respect to automatically obtained data by a Present Weather Sensor

1.
Proposed additional regulations with respect to encoding the code word AUTO:

Proposed additional regulation 15.4

1.
Delete the following parts of the text:

“two for the present weather group and three or six for the cloud group”

2.
Add: 
Regarding fully automated stations:


Note:
If no data is available from the PWS with respect to the present weather groups, w’w’ shall be encoded as WXNA.

3.
Note:
If no data is available from the Cloud Detection System with respect to the cloud groups, NsNsNshshshs shall be encoded as CLDNA.

Remark:
The code words WXNA and CLDNA are added to the regulations to inform  the user of the reports as proper as possible. Special for automated observations there is a need to report that not all expected data is available.  The addition of these code words to the FM 15/16 METAR/SPECI offers this opportunity.

2.
Proposed additional regulations with respect to encoding horizontal visibility

Proposed additional regulation 15.6

Add: 
Regarding fully automated stations:


Regulation 15.6.4 and 15.10 shall apply

Remark:
Regulation 15.10 also has an addition


Note:
Visibility is in general measured in one direction over a limited distance.

Proposed additional regulations 15.6.1 

Add:
Regarding fully automated stations:

Note:
Dv in the group VVVVDv shall not be used in combination with the code word AUTO.

Proposed additional regulations 15.6.3

Add:
Regarding fully automated stations:

Note:
The group VxVxVxVxDv shall not be used in combination with the code word AUTO.

3.
Proposed additional regulations with respect to encoding the weather phenomena
15.8.2 

add:

Note:
Regarding fully automated stations:


If the PWS does not detect a weather phenomenon, the group shall be encoded as WXNA.

15.8.4

Replace second sentence by:

“If the intensity of the phenomena reported in the group is either light, heavy or unknown, this shall be indicated by the appropriate sign (see code table 4678 and specially Note (5)).”

15.8.11


add:


Note:
Regarding fully automated stations:



The letter abbreviation HA shall be used when the type and/or size of the hail is unknown.

15.8.15


add:


Note:
Regarding fully automated stations:



For w’w’ = NNFG or FZFG the visibility shall be less than 1000 meters.

15.13.2.1


add:

Note: 
Regarding fully automated stations:



- Moderate or heavy precipitation (PP)


Note:
When the intensity of the recent precipitation is unknown, except for freezing precipitation, the appropriate phenomenon of the recent weather shall not be reported with the group REw’w’.

4.
Proposed additional regulations with respect to encoding the code word CAVOK

Proposed additional regulation 15.10

Add:
Regarding fully automated stations:

Note: 
The code word CAVOK shall not be used in combination with the code word AUTO. 

5.
Proposed additional regulations with respect to encoding clouds

Proposed additional Regulation 15.9.1.1

Add:
Regarding fully automated stations:

Note:
The code word SKC shall not be used in combination with the code word AUTO.

Proposed additional Regulation 15.9.1.3


Add:

Note:

(c.)
Regarding fully automated stations:

1.
If no significant convective clouds can be identified, the cloud group shall be reported as NsNsNshshshs///.

2.
If significant convective clouds can be discriminated from other cloud types, the group shall be reported as NsNsNshshshsCON.

3.
The groups NsNsNshshshs/// and NsNsNshshshsCON shall only be used in combination with the code word AUTO.

4.
The code word  CLDNA shall be used when:

a.
The cloud detecting system is out of order.

b.
No cloud data is detected.


Proposed additional regulation 15.9.1.4


Add:


Note:
Regarding fully automated stations:



When the cloud amount is not available, the group shall read as ///hshshs.

Proposed and reviewed table 4678 - w’w’: Significant present and forecast weather

Qualifier
Weather Phenomena

Intensity or proximity
Descriptor
Precipitation
Obscuration
Other

  -     Light

  ( )   Moderate 

      (no qualifier)

  +    Heavy

   (well developed

   in the case of 

   PO and FC)

  /      Intensity

         unknown

 VC - Vicinity

 
SH - Showers

TS - Thunder

FZ - Freezing

   (supercooled)

MI - Shallow

BC - Patches

PR - Partial

     (covering part

     of the

     aerodrome)

DR - Drifting

BL - Blowing

NN - Not defined


DZ - Drizzle

RA - Rain

SN - Snow

SG - Snow grains

IC - Ice crystals

   (diamond dust)

PL - Ice pellets

GR - Hail

GS - Small hail

       and/or

       snow pellets

HA - Hail

      type and size

      unknown

PP - Precipitation

     type unknown

       
BR - Mist

HZ - Haze

FG - Fog

FU - Smoke

VA - Volcanic 

         ash

DU - Widespread

         dust

SA - Sand

OB - Obscuration

        (other than 

        BR, HZ, 

        and FG)
PO - Dust/sand

        whirls

      (dust devils)

SQ - Squalls

FC - Funnel 

       cloud(s)

      (tornado or 

      water-spout)

SS - Sandstorm

DS - Duststorm



WXNA    No Data from the Present Weather Sensor Available

Note:
The shaded blocks are the proposed and additional phenomena, with respect to automatic obtained data by a Present Weather Sensor.
Add:

Regarding fully automated stations:
Notes:

(14).
WXNA shall be used when:

a.
The Present Weather Sensor is out of order.

b.
No weather phenomena are detected.
Additions to existing notes with respect to fully automated stations:

(5).
Note:
When the intensity is unknown, a (/) shall be encoded.

(10).
Read note (10) as:


The descriptor SH shall be used only in combination with one or more of the letters abbreviations RA, SN, PL, GS, GR, HA and PP, to indicate precipitation of the shower type at the time of observation. Examples: SHRA, SHPP.

(11).
Read note (11) as:


The descriptor TS shall be used only in combination with one or more of the letter abbreviations RA, SN, PL, GS, GR, HA and PP, to indicate thunderstorm with precipitation at the aerodrome. Examples TSRA, TSHA.

(12).
Read note (12) as:


The descriptor FZ shall be used only in combination with the letter abbreviations FG, DZ, RA and PP. Examples: FZRADZ, FZPP.

6.
Proposed additional regulations with respect to encoding the Trend Forecasts:

15.14


Add:

Note 2:
Regulations regarding the code word AUTO do not apply for the Trend forecasts.

Example: Difference in encoding:

Automatic Observation:
/PP
Precipitation type and intensity unknown

Manual Trend Forecast:
+RA
Forecast heavy rain

*************

Reporting of the State of the Runway
A Code Group for reporting the "State of the Runway" is contained within METAR for regional application within Region VI (Europe) and is already successfully used for many years.  However, this group is not implemented within WMO International Codes.

For information and for facilitating further activities in this regard, the coding procedures for this regionally applied "Runway State Message" group can be found below:

DRDRERCReReRBRBR

Wherein:

DRDR
Runway designator

ER
Runway deposits

CR
Extend of runway contamination

eReR
Depth of deposit

Specification of symbolic letters and tables:

DRDR
Number of the runway to which the “Runway State Message” refers

with:

DRDR
88 = All runways

ER
Runway deposits

0 Clear and dry

1 Damp

2 Wet or water patches

3 Rime or frost covered (depth normally less than 1 mm)

4 Dry snow

5 Wet snow

6 Slush

7 Ice

8 Compacted or rolled snow

9 Frozen ruts or ridges

/
Type of deposit not reported (due to runway clearance in progress)

CR
Extend of runway contamination

1 Less than 10% of runway covered

2 11% - 25% of runway covered

5 26% - 50% of runway covered

9 51% - 100% of runway covered

/
Not reported (due to runway clearance in progress)

eReR
Depth of deposit
00 < 1 mm

01 1 mm

02 2 mm

..

10 
10 mm

15 15 mm

..

90 90 mm

91 Not used

92 10 cm

93 15 cm

94 20 cm

..

98 >= 40 cm

99 No thickness reported, runway not in use due to snow and/or ice

//
Measurement impossible or the thickness of the deposit is not important due to operational significance

BRBR
Braking action

95 Good

94
Medium/good

93 Medium

92 Medium/poor

91 Poor

99

Unreliable

//

Braking conditions not reported; runway not operational

BRBR
Friction coefficient 
Measured or 
estimated braking action

calculated coefficient 

of friction


0.40 and above
Good

0.39 – 0.36
Medium/good

0.35 – 0.30
Medium

0.29 – 0.26
Medium/poor

0.25 and below
Poor

Unreliable
Unreliable

SNOWCLO
Airport closed due to extreme deposit (snow) conditions

*********
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Summary and Purpose of the Document
The document contains the Final Report of the Expert Meeting on Automation of Visual and Subjective Observations, held in Trappes/Paris, France, from 14 - 16 May 1997.  It provides an overview on the results achieved at the Meeting which are closely related to the objectives of this Expert Meeting.



Action proposed:
The Expert Meeting is invited to note the information contained in this document especially in the light of defining the Present Weather Elements" as well as towards the present and future needs of WMO Members in this regard.
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GENERAL SUMMARY OF THE WORK OF THE SESSION
1.
ORGANIZATION OF THE SESSION

1.1.
Opening of the session
The Expert Meeting on Automation of Visual and Subjective Observations was held on the kind invitation of Meteo-France at SETIM, Trappes/Paris, France, from 14 to 16 May 1997.  The lists of participants and their addresses are attached as Appendices A and B to this report.

Mr M. Leroy, Chief Engineer, SETIM, opened the Expert Meeting on Wednesday, 14 May 1997 at 13.00 h.  He welcomed the delegates on behalf of Mr M. Rochas, Director of SETIM.  He was pleased that the Meteo-France was able to host the meeting because of the availability of experts on the automation of visual observations.  He underlined that Phase II of the WMO Intercomparison of Present Sensors/Systems was carried out in Trappes and wished the participants a successful meeting and a pleasant stay in Trappes.

Mr. K. Schulze, Senior Scientific Officer of the WMO Secretariat, welcomed the participants to the session on behalf of Prof. G.O.P. Obasi, Secretary-General of WMO.  He also conveyed the best regards of Dr J. Kruus, president of CIMO, who wished the OC a fruitful session.  Mr. Schulze expressed the gratitude of WMO to Meteo-France for hosting the Expert Meeting at SETIM.  He underlined the importance of involving manufacturers in this discussion because they are mainly the responsible institution for meeting the needs of users by their designs and algorithms.  He was pleased that by this Expert Meeting a direct contact is realised between the users and the manufacturers.  He was convinced that the meeting would be of benefit for both.  He wished the participants a successful session.

Mr D. Dockendorff 
), Canada, Chairman of the Expert Meeting welcomed the participants.  He noted with appreciation that so many experts, representatives of five WMO Technical Commissions and of manufacturers of meteorological instruments could arrange for their participation.  He underlined that the documents available and the presentations of experts given will be a good basis for the discussion at the session.

1.2.
Adoption of the agenda
The proposed Provisional Agenda was adopted for the work of the session with the understanding that it could be amended at the session if necessary.  The final agenda can be found in front of this report.

1.3.
Working arrangements for the session

The session determined its working hours.  The participants were informed on the arrangements necessary for carrying out the session.  English was decided to be the working language at the session.

2.
PURPOSE AND SCOPE OF THE MEETING
Mr Dockendorff briefly introduced the issues related to the automation of visual and subjective observations according to the needs of Members with the objective of developing guidelines and recommendations in this regard which might also be submitted for consideration to the twelfth session of the Commission of Instruments and Methods of Observation (CIMO-XII), planned to be held in Morocco in May 1998.

3.
PRESENTATIONS BY PARTICIPATING EXPERTS
Eleven experts, i.e. Ms Nadolski (USA) and Messrs Dockendorff (Canada), Evens (Australia), Jones (UK), Uekubo (Japan), van der Meulen (Netherlands), Gaumet (France), Olbrück (CBS, Germany), Boodhoo, (CCl, Mauritius), Heyn (Impulsphysik, Germany), and Utela (Vaisala, Finland) provided brief information on the work regarding automation of observation, on experience in testing and application of automatic observation or present weather parameters, on the state of the art of related developments, and on requirements.  For most of the presentations a concise written paper was distributed.

4.
PRELIMINARY RESULTS OF THE WMO PRESENT WEATHER SENSOR/SYSTEM INTERCOMPARISON
The session was briefed by the Mr Leroy, Project Leader, on the WMO Present Weather Sensor/System Intercomparison carried out from 1994 to 1996.  He informed on the objectives, which were mainly related to precipitation measurements only, on the structuring of the Trial, i.e. that it was carried out in three Phases (Phases I & II carried out in St. John's, Canada, and another Phase II was held in Trappes, France.

Preliminary results, deficiencies and problems related to uncertain definitions for the events were presented.  For the whole period of the Intercomparison, the routine hourly and special Canadian SA (Supplementary Aviation) and METAR observations were taken, while for specific forecast weather situations a so-called "clinical" observer was made available for making very fine observations.

The wawa Code 4680 was generally used to present the results although there were some detailed evaluations.  Several of the sensors had good precipitation detection performance, however deficiencies were observed related to the distinction of precipitation type.  It was also found that identical sensor pairs tested under the same conditions had significant deviations in their output.  Furthermore, it was stated that there was uncertainty in the subjective definitions for the events considered which relates to variability amongst human observers.  No significant sensor failures were detected.

5.
IDENTIFICATION OF CAPABILITIES OF EXISTING AND FUTURE TECHNOLOGIES FOR THE AUTOMATION OF VISUAL AND SUBJECTIVE OBSERVATIONS
5.1.
Definitions
It was the opinion of the experts attending the meeting that present weather related to precipitation events, should be based on a 10 minute sampling period and that the prevailing condition with the highest code number (according to the wawa present weather code) reported as the most significant event.

5.1.1.
Liquid precipitation
The threshold for detection of precipitation should be >0.05 mm/h.

For the definition of drizzle, the drop size should be <0.5 mm and the droplet distribution taken into account.  Furthermore, the fall speed should be considered.  The reporting should represent a sample period of 10 minutes as previously stated and this 10 min value should be refreshed at least once every minute.  Events should be reported as quickly as possible when they last 30% or more of the 10 min period.  The most significant (highest code figure ) rather than the predominant type should be reported.  The minimum averaging time should be 1 min.  This was also deemed to be appropriate for further developments.

5.1.2.
Threshold and intensity levels
Precipitation intensity should be reported whenever there is 0.05 mm/h water equivalent or more and the average of the highest 30% (not necessarily contiguous) of the 10 min period reported as the significant event. 

5.2.
Sensors and algorithms
Automatic weather stations (AWSs), utilize a variety of sensors to measure meteorological variables to derive or permit the determination of present weather information.  The Expert Meeting considered where sensor developments or improvements of existing equipment were required to better meet the needs of users; however, representatives of manufacturers indicated that it was more important to have users express their needs as these were not generally known and often had to be assumed.  It might be better not to ask for new sensors but for which variables there is a need as some of these variables might better be determined by calculation or other means; e.g. in a composite system.

The following questions, related to variables of interest, were discussed in depth and answered as given below:

a)
Measurement of visibility:

-
Should sensor heights be standardized?

No, due to various sensor types, local practice, and site climatology.
-
Should only one method of determination; e.g. forward scatter, be recommended?

No
b)
Present weather and precipitation observations:

-
Human observation of snowfall intensity are often based on visibility.  Should the determination of snowfall intensity by all systems be based on water equivalent?

Yes
-
Is there a need for the development of recommendations of an international standard for precipitation intensity and if so, how many intensity classes are needed and what should their thresholds in terms of water equivalent be?

Yes and no.  It was the opinion of the expert group that AWS's should report precipitation intensity as a value of mm/hr (water equivalent) and that users should determine their own intensity thresholds based on specific needs or national practices.  It was also felt that this might be handled by the ISO Subcommittee on Meteorology (SC 5) established within the Technical Committee TC 146 Air Quality.  For aeronautical purposes, the intensity thresholds proposed in the CAeM document (see section 5.5.1 below) were felt to be appropriate.
-
How should a thunderstorm be defined for determination by automated systems and on what basis should its intensity be determined?

The intensity thresholds specified in the wawa code were deemed to be appropriate; however, the lightning intensity thresholds are subjective and should be quantified.
-
Should automated systems report showers or intermittent precipitation or is it sufficient to report start and end times of detected precipitation?

Yes, they should report intermitted precipitation but in a new future code only.  Intermittent can be defined as no precipitation within 10 minutes of two consecutive precipitation events; i.e. if there is period of 10 minutes of no precipitation in a running 10 minute average of precipitation within the last hour, it should be reported as "intermittent".
-
What sorts of false alarm ratios are appropriate for AWS's?  Should this be parameter/sensor specific?

These should be specified by users.

-
How should partial obscuration be reported?  METAR has no provision for this, even though it is very relevant to forecast operations.

Users should be asked to identify their requirements.
-
Is it possible to propose a numeric intensity threshold above which precipitation should be detected?

Done (see 5.1.1 above)
c)
Cloud observations:

-
How should automated systems make decisions on cloud coverage?

Users should be asked to identify their needs considering that other relevant information may now be available or accessible; e.g. from satellites and radars.

-
Should recommended practices for clustering cloud layers be developed?

Not at this time.  Users need to identify cloud type and layer information required.
d)
Main application of present weather observations:

Should the further AWS development activities be focused on aviation or climatological applications?

All of the above and more as AWSs will also be used for synoptic purposes and the detection of natural disasters.
e)
Time average to be applied:

What time averaging and weighting is appropriate for visibility, cloud and present weather observations.

There is no standard at the present time.  Averaging time of 2 minutes was proposed for some variables used for aviation purposes and 10 minutes for others as well as for general meteorological applications if there are no specific need identified.
f)
Test methods for present weather sensors:

Should unified test methods be applied?

The most recent national and WMO intercomparisons of present weather sensors have shown that the relevant WMO Codes do not reflect the present capabilities of automated weather observing systems and are inadequate to meet many specialized data requirements.  It was the opinion of the experts that improved criteria should be introduced in this regard in order that user needs be better met and that test methods for evaluating the sensors be facilitated.  This work might be started with defining criteria for precipitation intensity.
Algorithms already applied for deriving present weather information from AWSs as well as those which might be proposed for future applications were considered by the Expert Meeting.  In summarizing matters already considered above, the following issues are essential in this regard and should further be considered:

-
Matters related to sensors:

Multi sensor applications and algorithms are highly recommended.

-
For which variables is the development or an improvement of sensors required?

Users should be asked to identify what the shortcomings are.
-
Can and should algorithms be standardized?

Yes, but to a limited extent and with care to not limit development.

-
How should algorithms be validated?

Validation of algorithms should be part of a national qualification process; however, results should be shared with Member countries and Members should coordinate these activities as much as possible.
5.3.
Users needs
The Expert Meeting appreciated the possibility of obtaining information on users requirements.  However, based on the outcome of the discussion of the above items, further investigations and activities should to be undertaken to obtain more objective information on future needs of users and to identify optimal ways for future developments in the sense of a composite observing system, application of new codes and information on other meteorological variables as input for the determination of present weather.

5.4.
Application of WMO codes
For the time being, the present weather information generated by AWS's is coded according to the WMO Code Table 4680.  The following questions were discussed in a sense of brain storming, to develop future approaches:

-
Are the existing WMO codes adequate for automated observations, or are amendments needed?  Should the BUFR code be considered for this purpose?

AWS's will be more frequently used in future.  It was felt that some Members are not using WMO codes nationally.  The existing wawa , METAR, SPECI and SYNOP codes restrict the distribution of information available to users.  However, within the process of finding ways and codes for better generating and transmitting present weather information, such as the BUFR code, care should be taken that in the interest of users, such as CCl, the continuity of the long-term time data series should be kept or that there be provision to categorize the impacts if implementing new equipment and/or software.  The Meeting agreed there is no way that an AWS can report in a manner as it was done by the human observer(nor should it).  An AWS observes the same weather differently and also reports it differently.  It was noted that AWSs are giving consistent information while human observers have shown some significant uncertainties and variations.
-
Is the information needed by the existing WMO codes still required?  What should be observed?

The 4680 code was felt to be very restrictive and does not permit the reporting of a variety of special data, such as radiation, stream flow, surface ozone, etc. which are required by other users which might be represented by other technical commissions or programmes.  In addition, there was doubt expressed as to the continued need for all of the information for present weather (according to the codes) due to the availability of much more information, such as radar, satellite and lightning network observations, than in the past when observational data requirements were determined.  When the 4680 code was introduced, the code figures provided for information on the physical processes because there was no other information available, especially for weather forecasting.  Some of the information contained in the 4680 code is no longer used by Numerical models while at the same time, there are data which could be assimilated but which the code does not provide.  Also, presently available observations and information can form a Composite Observing System which may make many subjective visual observations redundant.  The need for observations should reassessed by users, taking into account modern technical means, models, computers, etc. which now in generally used in forecasting, climatological and other data and service applications.  The BUFR or other similar code was felt to be more suitable than the present 4680 code.
It was confirmed that the capabilities of AWSs are now substantially increased compared with the past, especially for aviation applications where requirements are fairly well specified.  CIMO should make users more aware of the possibilities of obtaining additional physical data from AWS's and identify ways to provide these to them.  Having AWSs that report their data in element form using the BUFR code would be an appropriate way accomplishing this.  It was noted that the elements/parameters used in the BUFR code should be well defined which may not be the case at present.  Furthermore, the use of BUFR would still enable individual Members to generate national codes for internal use.

Communications capacities have increased significantly and may no longer be a limiting factor affecting AWS messages.  Real time measurements on a minute by minute basis could be transmitted to a central data collection facility where faulty measurements could be readily detected and rejected.  Furthermore, various messages for local, national and GTS distribution could be easily produced.  In addition, composite measurements from radar, satellites, and other measuring networks could be assimilated there and made available for supplementing information.  It was noted, however, that in some developing countries out-dated communication equipment is still in operation.  This should not be used as a reason to delay the introduction of new approaches.  Changes in the network structure; e.g. to make a better determination of the visual and subjective weather elements by combination of more than one information field at a central station, should be recommended by CIMO but any implementation would be a responsibility of CBS.

Recognizing that changing to BUFR would take a considerable amount of time and effort, it was felt that minor changes to the 4680 code and redefining some of its elements would be very appropriate.

Free exchange of information on present weather algorithms used in AWSs should be encouraged although it was recognized that this may not be totally possible due to the proprietary nature of some of the software.

Concerning the representativeness of present weather events, it was agreed that it might be well defined by a 3 minutes observing period.  This should be proposed to all commissions for immediate synoptic purposes.  In addition, the event of highest importance should be reported.  If users disagree they should give reasons for their deviated opinion and define their own needs.  It should be noted that at present all measurements available for the determination of present weather are still point measurements.  It was agreed that the highest running 3 minute average in the 10 minute period should be reported for present weather.

Another obvious problem discussed were visual observations.  It was stated that the present observational practices are not well defined by the WMO regulations and guidelines or by national instructions.  The main reason for this is due to the fact that significant climatological variations prevent the standardization of light, moderate and heavy thresholds for certain present weather events as required for the code figures concerned.  This is of serious concern to instrument designers as they are not able to fulfil the requirements world-wide with their equipment when the 4680 code output is requested.  These uncertainties might be overcome by better definitions.  Information should be collected with support of CBS and reviewed with the objective of determining what could readily be standardized and what might be achievable in the future.  Intensity values based on a 3 minute measurement period were considered practical and feasible by the experts attending the meeting.

5.5.
Remarks for the application of the 4680 code
The Expert Meeting considered in depth the advantages and limitations of the 4680 code for generating present weather information by AWSs and transmitting them to users.  It was agreed that, for the present time, this code should still be used however, some changes should be considered before new approaches to better meet user needs are introduced.

5.5.1.
Some remarks to the present situation

One of the most important problems which needs to be addressed relates to the reporting of precipitation events using the 4680 code.

It was agreed that for all forms of precipitation the water equivalent should be the criterion for determining the intensity thresholds within the existing code.  Users may have to define different thresholds for their applications if the thresholds given below do not meet their needs.  This, however, would significantly limit the availability of equipment with standardized output.  Where mixed precipitation is detected the type of higher importance (higher code number) should be reported.  The determination of the intensity of mixed and solid precipitation should be based on the water equivalent, noting that the intensity of snow is presently based on visibility and the intensity of freezing and frozen precipitation; e.g. ice pellets, is subjective.  Where possible, definitions should not depend on the method of measurement.

It was agreed that as an interim solution, thresholds for drizzle, rain and snow should, (based on Doc. 4 (E‑AVO)), be defined as follows:

a.
Drizzle:


Intensity of Drizzle on rate of fall basis


Light
rate < 0.1 mm/h

Moderate
0.1 mm/h  rate < 0.5 mm/h

Heavy
rate  0.5 mm/h

Note:
When the drizzle rate exceeds 0.8 mm/h, it is usually rain, however it may be observed as drizzle.

b.
Rain:


Intensity of rain (incl. showers) on rate of fall basis


Light
rate < 2.5 mm/h

Moderate
2.5 mm/h  rate < 10.0 mm/h

Heavy
10 mm/h  rate < 50.0 mm/h

Violent
 50 mm/h

Note:
The term "violent", as it pertains to precipitation rate, is inconsistent with the other categories and confusing.  A term such as "intense" or "extreme" may be more appropriate.

c.
Snow:

Intensity of snow (incl. showers) on rate of fall basis


Light
rate < 1.0 mm/h


(water equivalent)

Moderate
1.0 mm/h  rate < 5.0 mm/h
(water equivalent)

Heavy
rate  5.0 mm/h


(water equivalent)


Guide for approximating intensity of snow


Light
Snowflakes small and spare, in the absence of other obscuring phenomena, snow at this intensity generally reduces visibility but not less than 1000 m.

Moderate
Larger more numerous flakes generally reducing the visibility to between 400 and 1000 m.

Heavy
Numerous flakes of all sizes generally reducing the visibility to below 400 m.

d.
Hail:
The present 4680 code does not permit the reporting of hail which is not associated with a thunderstorm, whereas the 4677 ww code has provision for this.  The same water equivalent thresholds as for rain should be used for hail.  This should also be applied to ice pellets, and mixed precipitation including showers.  Because, hail normally occurs in conjunction with rain and the rain might be the most important contributor for water equivalent, the higher code figure for hail should be reported.  For hail, an integration time < 10 min should be used and this phenomenon should be reported immediately, once it is reliably detected.  Resulting from this, hail should be treated separately from the intensities of rain and snow due to the criteria in time of the event.

e.
Thunderstorm:
Objective definitions of the classes of thunderstorms (see 4680 code, groups 12, 26 and 90 to 96.) do not exist although the one thing which must be present in all cases is lightning.  Even though it may not be seen, a lightning flash is required to produce thunder.  It was recommended that thunderstorm intensity be defined based on the number of lightning flashes within a specified time.  However, there was insufficient information available at the Expert Meeting to make any specific proposal in this regard.  The Rapporteur was tasked to investigate this with appropriate thunderstorm experts.  Precipitation type and intensity could then be used to determine the appropriate wawa code value to use.  The following table for the severity/intensity of thunderstorms was proposed for wawa reporting:

Flashes
Precipitation
slight & moderate
Heavy

???
None
91
94

???
slight & moderate rain or snow
92
95

???
heavy rain or snow
92
95

???
slight and moderate hail
93
96

???
heavy hail
96
96

Noting that the basis for the severity is based on lightning only, users may decide whether the intensity of precipitation might also be used as a criterion (see table above).  In addition, the occurrence of winds exceeding a defined threshold or hail exceeding a certain diameter could be used categorize a thunderstorm as "heavy" regardless to the frequency of the lightning or intensity of precipitation.  For aeronautical applications overhead; i.e. at the station, should be defined as from 0 to 10 km where as "distant" or "near by" should be based on flashes in the range 10 to 50 km.

In conclusion it was stated that users (e.g. CBS) should better define their needs for thunderstorm reporting as this activity is not something that CIMO is accountable for.  The transmission of physical values, such as number of flashes, intensity of precipitation, etc., will help resolve many problems and uncertainties.

f.
Freezing precipitation:
The accretion of freezing precipitation depends on the thermal capacity of the surface, on general temperature conditions, etc.  Therefore, the presently existing WMO definitions of freezing rain and freezing drizzle (see Manual on Codes and WMO Vocabulary) should be determined according to the needs.  For the latter, rime, rather than clear icing is much more appropriate for this purpose.  Qualification is as "freezing" and the quantification related to the accretion in 10 minutes.  The qualification should be done by rain and drizzle (see above) while the quantification should be according to the amount of water equivalent as defined with precipitation.  With "unknown" precipitation (freezing event codes # 25, 35, 47 & 48 (see # 57 & 58), the above table proposed for Drizzle should be used; however, for codes 57 and 58 the table for rain should be used because the differentiation of rain is more appropriate for this purpose.

g.
Frost:
Frost is not covered by the wawa code.

h.
Specific remark to the 00" code figure
The "00" code figure is misleading in its present definition (No significant weather observed).  It would be better defined as "No significant weather detected".  If an AWS is not equipped with appropriate sensors to detect present weather then "//" should be reported.  This still doesn't cover all possibilities as it does not allow one to distinguish between stations having a particular measurement capability but not a capability for all present weather classes.  In particular, code 40 allows for a positive report of precipitation occurrence but there is no means of positively reporting that there is no precipitation.  Using 00", a user doesn't know whether there is no precipitation occurring or whether there is no capacity of recording it.  Use of code # 49 (presently reserved) may be one way of dealing with this.  The meeting proposed to refer this to CBS for consideration.

5.5.2.
Outlook for the near future

Codes should be applied for the various types of precipitation, while the intensity should be reported separately in terms of the water equivalent.  This would permit users to define their own national thresholds.

5.6.
Guidelines and recommendations
The Expert Meeting felt that there were no international standards for certification and qualification of meteorological sensors and automated systems.  Some national meteorological agencies have developed and follow practices, procedures, and policies particular to their country.

It was agreed that WMO should attempt to establish standards for the automation of visual and subjective observations, however care should be taken that the introduction of new algorithms and other rules will not restrict the development of sensors, instruments and equipment for determination of present weather.

Based on the results of the intensive discussion on the previous items by the experts, who participated in the meeting, it was agreed that, for the benefit of Meteorological Services and manufacturers, there is a need to develop guidelines and recommendations on how to proceed on the following subjects:

-
Determination of users present and future requirements;

-
Development of relevant sensors/systems;

-
Support for the development of multi-parameter algorithms;

-
Evaluation, certification and commissioning automated systems and algorithms;

-
Codes to be used for present weather.

6.
CONCLUSIONS
In summarizing the results of the Expert Meeting, the following general tasks should further be considered:

a.
The proposals developed at the Expert Meeting for clarification of code figures and definitions regarding the 4680 code should be channelled to the relevant CBS working group for further consideration.

b.
Matters related to the introduction of new codes which better fits users requirements, such as BUFR, should be seriously considered by CBS together with CIMO.

c.
Users future needs for present weather observations should be determined in the light of composite observing systems.

The following more detailed tasks need to be further considered:

d.
Requirements and definitions of the state of the ground.

(This could possibly best be dealt with by an expert meeting.)

e.
Clarification is needed regarding fog situations, i.e. coming thinner or thicker, is not yet defined.

7.
PREPARATION OF GUIDELINES AND RECOMMENDATIONS FOR SUBMISSION TO CIMO‑XII
The meeting proposed, in assisting the CIMO Rapporteur on Automation of Visual and Subjective Observations, to submit the following proposals to CIMO-XII:

a.
To report to CIMO-XII on the outcome of the Expert Meeting which includes measures to be taken, if at all possible by a separate publication which may give more opportunity for explanation of the matter than it can be accommodated in the very concise CIMO-XII document.

b.
To propose that the work in this field should be continued by a Rapporteur within the Working Group on Surface Measurements.  A resolution with terms of reference similarly to the present one should be drafted and submitted.

c.
A recommendation might be drafted containing the following main issues:

-
Introduction of the proposed amendments to the 4680 code table

(Invite CBS to take action on it)
-
Collecting information on users future requirements in the light of a composite observing system

(Invite Members and technical commissions concerned to provide the information required.)
-
Collecting information on algorithms for determination of present weather
(Invite Members to provide the information concerned.)
-
Application of new codes, such as BUFR, for generation and transmission of present weather information.

(Invite CBS and other interested commission to support this work.)
8.
OTHER BUSINESS
8.1.
Next session of CIMO

The session was informed that the forthcoming session of CIMO (CIMO‑XII) will be held in Casablanca, Morocco, from 4 to 12 May 1998 
).

8.2.
Next technical conference of CIMO
Information was given that a Technical Conference (TECO-98) will be held directly following CIMO-XII from 13 to 15 May 19982) at the same venue.  Furthermore, conjointly with TECO-98, an exhibition of meteorological instruments (METEOREX-98) is intended to be organized.  The participants were invited to consider attending TECO-98 and to submit a paper(s) on the results of their work for presentation.  More detailed information on this will be made available in due course by WMO.

9.
CLOSURE OF THE SESSION
Mr Dockendorff thanked the participants for their active work and their valuable contributions at the session.  Furthermore, he thanked Meteo-France and, especially, Mr Leroy and his staff members for the excellent facilities provided for the session and for the warm hospitality extended to the participants.

Mr. Schulze thanked all experts for their participation in the session and their dedicated work.  On behalf of the participants, he thanked Mr Dockendorff for his excellent chairmanship.  He wished the participants every success in their work and a safe trip home.

The Expert Meeting was closed on 16 May 1997 at 4.00 p.m.
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�	This report was distributed to all WMO Member countries and to the individual members of CIMO.


�	It is understood that all basic variables which are already reflected in the Annex 1A of Part I of the CIMO Guide (WMO-No. 8) will not be considered here again.


�	Priority: H = High, M = Medium


�	Multiple observations might be needed at an airport.


�	Multiple observations might be needed at an airport.


�	See also Code Table 1860.


�	The precise date for holding TECO-2000 became known directly after the Expert Meeting.


�	All documents can be found via WMO’s Homepage within the Instruments and Methods of Observation Programme (Internet URL-Address: http://www.wmo.ch)


�	This proposal could no be accepted because an amendment of this presently operationally used code would create several problems for operators of these AWS on one hand and data users on the other hand.  Therefore, the not accepted related text below is stroke out.


� IFALPA:	International Federation of Airline Pilots Associations


� IATA:	International Airline Transport Association


� EANPG = European Air Navigation Regional Planning Group


�)	CIMO Rapporteur on Automation of Visual and Subjective Observations


�)	The information on the precise dates became available when finalizing this Report.
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