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	Summary and Purpose of Document

The document contains a number of issues related to the Manual on The GOS, the Guide on the GOS and Vol. A. These issues are related to (networks of) weather observing stations and variables to be measured at these stations.



ACTION PROPOSED

The meeting is invited to consider the contents and formulate text for insertion in the Manual on the GOS, the Guide on the GOS or Vol. A..
_______________
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1. Design of a weather station

The design of a station (or lay-out) deals with the installations of the measuring instruments or observing system and other equipment. For the next update of the Guide to Meteorological Instruments and Methods of Observation (WMO-No. 8), "the CIMO Guide", additional text was inserted in Chapter1. The content of this addition is purely based on par. 3.2.1.2.2 "Meteorological observing area" in the Guide on the GOS. Other references can be found in Doc 4.3(2), presented at the CIMO ET-ST&MT-1. The statements in this par. of the Guide on the GOS are clear and should not be altered. However there is a tendency that such a lay-out should not be necessary for automatic weather stations. Because it is stated (e.g. by CIMO) that there should not be any distinction in quality or performance between manned stations and (unmanned) automatic stations (AWS), the lay-out of an AWS should also comply to that as stated in the Guide. Typical developments of AWS are a single pillar, with some sensors fixed to it directly without taking into account any precaution (e.g. see Annex 1). In fact it looks as if it is taken for granted that modern Automatic Weather Observing Systems (AWOS) are identical to an AWS and it seems that the recommendations in both the Guide on the GOS and the CIMO Guide do not hold. 

A reason might be that AWS is not defined clearly enough in both Manual and Guide on the GOS. The most extended definition is given in the Guide (Par. 3.2.1.4.1):

"An automatic station is defined in the Manual on the Global Observing System as "a station at which instruments make and either transmit or record observations automatically, the conversion to code form, if required, being made either directly or at an editing station". Provision may also be made for the manual insertion of data.

The latter sentence makes that an AWS may be manned as well, in which case we have a manned AWS. On the other hand, a manned station on which use is made of instruments only and without any visual observations (i.e. instruments are read out only) should be regarded as an automatic station and not as a manned station. To overcome this issue, in both Manual as Guide it should be made clear that there is no differences between manned stations and automatic stations (AWS) and that the stated requirements equally hold for both types. In fact it is become questionable to make such a clear distinction in both Manual and Guide, because it is stated that the performances should be equal. Options are:

· To remove any distinction between manned and automatic station (functional specifications)

· To define very clearly both AWS and Manned Station and explain the possible differences (if any)

As a result, the list of variables (quantities to be observed at a station) will have to be modified as well (see item no. 3)

Furthermore, the example in the Guide on the GOS, par. 3.2.1.2.2 "Meteorological observing area" for a lay-out of a station is very useful and therefore taken over in the CIMO Guide. The question however is, should this Guide contain these recommend​dations or is the CIMO Guide a better alternative. In any case any appropriate functional standard concept on the lay-out of an weather station is welcome for any guide.

2. Design of  observing networks

In the Manual on the GOS general recommendations are given for the design of a network of weather stations. In the Guide on the GOS more specific details are given for consideration on such a design. A relevant part of the text from par. 3.1.1 from this Guide is given in Annex 2. Although these recommendations and advices are very useful, in common practice a more detailed overview is required. Issues like density and representativity are the typical points of concerns and a more quantitative approach will be very useful.

In particular, the stated reference The Planning of Meteorological Station Networks (Technical Note No. 111, WMO-No. 265) should be helpful in this sense. However, in this WMO doc. a number of mathematical formulas (21, …) are incorrect and the final recommendation in terms of network density is absolutely wrong! Therefore this reference should be withdrawn and a new and better doc. is required as alternative. Within this context special attention should be given to requirements from the NWP community.

3. Definition and selection of variables to be measured at weather observing stations, like optical extinction profile

The Manual on the GOS requires for each type of stations a specific set of variables to be measured (WMO has recommended to use the word 'variable', not 'element'). Some of these variables are required, but some are optional. Especially, this Manual gives a detailed set for synoptic weather station. Also for climate stations and aeronautical stations such a set is defined. Although extracting these sets from the Manual was not so easy, a matrix overview was presented at the ET-AWS 3 (see Annex 3). The idea behind this table is to establish one single set of variables to be measured at a 'standard' AWS, suitable for measurements for the various meteorological and climatological disciplines. Although also other Technical Commissions, like CCl, CHy, CAeM and CAgM should be consulted, any clear statements on what variable should be required and what not is welcome. Such statements should be helpful to reduce the discrepancies between 

· Required and optional

· Manned and automatic stations

Furthermore the overall set of variables should be reconsidered. In the first place these variables are formulated in the very early years of meteorology and new developments and techniques should stem for such reconsideration. Especially alternative technologies like with space based remote sensing may affect this list. It is becoming questionable if an AWS should report a variable, which is derived from satellite observations (e.g. cloud coverage). Due to automation and new instruments development, replacing the observers, alternative variables may be inserted as well. E.g., after a recommendation of the ET-AWS 2, CBS decided to modify the variable 'cloud base' into 'optical extinction profile' because it is such a profile that is measured by a modern ceilometer. From such a profile not only one or more cloud bases may be derived, but it informs on other upper air behaviour as well, which is very useful. It is therefore recommended to start a dedicated action on this matter.

4. Position of a station

The position of a station is usually given in lat/lon-coordinates. However, WMO never made a clear statement on the reference system of these coordinates (only the Greenwich meridian is mentioned somewhere in the Manual on the GDPS), and a clear definition such as formulated by ICAO is still missing (in e.g. the Technical Regulations). Moreover, differences in presenting these coordinates has introduced much confusion and mistakes, especially in the computer environment. A mix of degrees, minutes and seconds with degrees only, or with tenths of a minute, etc. may affect many computational results in NWP. 

The ET AWS 3 however has formulated recommendations to solve both issues. CBS XIII has agreed to these, and requested the OPAGs on IOS and on ISS to keep the implementation under review. Two recommendations, which were agreed upon are:

· The location of AWS installations should be described more accurately by representing latitude and longitude degrees in decimal notation, and with the accuracy of at least 1/1 000 of a degree; also Weather Reporting (WMO-No. 9), Volume A should be updated accordingly; 

· The Earth Geoid Model (EGM-96) should be adopted as a primary reference for horizontal positioning and GEOID99 as the primary reference for mean sea level determination.

According to the first recommendation only degrees should be used in future (in decimal notation) - use of minutes and seconds should be omitted. Choice is made of a 0.001 accuracy because it is in line with a size of a 100 m x100 m area, which is practicable for AWSs and also because any confusion with minutes or seconds will be avoided with such a notation

Note that the second recommendation was incorrectly modified by CBS XIII with respect to the recommendation, stated in the ET AWS 3 report. No Earth Geoid Model can ever be used as a reference datum system for lat/lon, it is only useful for defining MSL with respect to an appropriate datum system. The correct recommendation, which will be in line with ICAO and the ET AWS 3 should be:

· The World Geodetic System 1984 (WGS 84) should be adopted as a primary reference for horizontal positioning and the Earth Geoid Model (EGM-96) as the primary reference for mean sea level determination.

[ET AWS 3 recommended:

1.
CBS-XIII endorse adoption by WMO of the World Geodetic System 1984 [WGS 84] as primary reference for horizontal positioning,

2.
CBS-XIII endorse adoption by WMO of the GEOID99 as the fixed reference level for MSL determination, and

3.
The Technical Regulations and the appropriate Manuals and Guides are updated accordingly.]

It is recommended to copy these two recommendations into Vol. A.

5. Siting, exposure and representativity of a station (only those issues, not typically part of CIMO), and/or Finding a suitable location for a station

In the CIMO Guide details are given on appropriate siting and exposure of meteorological instruments. A point of concern is that also the appropriate choice for a suitable location of an observing station is extremely relevant, especially for the representativity of the observations. For instance the requirements for locating an aeronautical station differs considerably from locating a synoptical or a climate station. In common practice it is a very challenging task to decide what location is most suitable to establish a weather station. Although the CIMO Guide gives some advises on this issue, there is no standard document (like a Guide), which is really helpful in finding a location or for decision-making. Moreover, if such a new location is found, then statements on the measure of regional representativity should be provided as well.

It is recommended to publish such documentation in either the Guide on the GOS or the CIMO Guide.

6. GCOS Surface Network (GSN) stations and Climate Stations

In par. 2.8 of part III of the Manual on the GOS details are given about Principle Climatological Stations, together with the many elements (should be 'variables') to be observed. In the following paragraph 2.9, the Global Climate Observing System Surface Network (GSN) stations are described. Although any overlap in functionality of both type of station may be expected, this will not be true in many cases. The reason is that GSN stations are Surface Synoptic Stations and confirm to the functional specifications of synoptic stations as stated in this Manual (par. 2.3). Such stations measure other variables than Climate Stations (see par. 2.8). As a consequence, confusion may arise when interpreting CLIMAT data obtained at Climate Stations and at GSN stations, although both are related to climatology. 

It is recommended to reduce any confusion by merging par. 2.8 and 2.9 (both dealing with observations for climatology purposes) and to inform on the variables to be measured at GSN stations. To solve this issue collaboration with both CCL and CGOS is necessary.

7. Averaging measured quantities

Although it is common practice to report observational data, averaged over time, clear arguments for averaging are not given in general in WMO Manuals and Guides. Moreover the mathematical technique for averaging is not commonly defined. Only in the CIMO Guide (Part III, Chap. 2 on Data Reduction, Par. 2.6) three variables are indicated for statistical averaging:

· wind speed and direction:
to be averaged: Cartesian components

· dew point
to be averaged: Absolute humidity

· visibility:
to be averaged: extinction coefficient

Two typical reasons may exists for averaging:

1) 
To present a value which is more reliable in case of fluctuating, noisy measurements (natural or artificial)

2) 
To present a value with a higher measure of spatial representativeness

For both cases, different mathematics may be chosen. For 1) a typical RC filter method will reduce the noise, not an arithmetical mean based on a time window. For 2) an arithmetical mean based on a time windows might be in favour, although the use of a constant weighting factor is questionable. Moreover the use of the median value (for observations within a period) is favourable because it's in the middle of 50%/50% of the data, so calculating the arithmetic mean should not be a recommended method in all cases. Note that averaging observational data to obtain Level II data is required in many circumstances.

Recommendation: Averaging of each observed value for further reporting should be based on a well-defined method, to be explained with good arguments. Detailed mathematical calculus to be used should be well described and explained.

_______________

Annex 1

· Typical example of an AWS, not suitable as nominal weather station (published on the front cover of WMO AGM report No. 3, WMO/TD No. 1074)
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Annex 2

· Text from the Guide on the GOS (WMO-No. 488) related to the design of observing networks
3.1.1 Desiqn of observinq networks 

In an observing network: 

·
The location of each station should be representative of conditions in space and time; 

·
The station spacing and interval between observations should correspond with the desired resolution of the meteorological parameters to be measured or observed; -" 

·
The total number of stations should, for reasons of economy, be as small as possible but as large as necessary to meet the various requirements. 

The various properties of the airmass should in principle be sampled at a station covering the smallest possible area, although instruments should be positioned so that they do not affect each other's measurements. In selecting sites for stations, the intention is to obtain data which are representative of a larger area.

The station spacing should be such as to provide sufficiently accurate values for the meteorological parameters required at any point between two stations by means of visual or numerical interpolation, taking due account of the effects of topography on the variation of parameters of interest. The same consideration applies to time series of observations obtained at the same location, which require a relatively short distance between observing sites and an accuracy of measurement higher than that to be obtained by interpolation. On the other hand, a very dense network or high frequency of observation could lead to more data than are necessary and thus to unnecessarily high cast. 

Variations in space and time differ for individual meteorological elements and also depend on the topography of the area. If any information is available or can be obtained on spatial or temporal variations, it can be used to decide upon the network configuration which is necessary to provide data of the required accuracy (see The Planning of Meteorological Station Networks, Technical Note No. 111, WMO-No. 265). For certain parameters such as precipitation, a separation of 10 km between stations may be required in same areas for several purposes (e.g. very-short-period forecasting, climatology, hydrological forecasting) although, in the case of rainfall, data from more widely separated weather radars will also satisfy many requirements. For parameters such as barometric pressure and upper winds, a separation of 100 km between stations will suffice. In general, a fairly homogeneous distribution of observing stations is most suited to support numerical analyses and forecasts. However, a relative1y higher station density may be necessary to support local or area forecasting (e.g. to reflect the differences between coastal and inland conditions or valley and mountain weather) whilst a lower density is likely to be sufficient in regions of low population and little --- topographical variation.

Annex 3

Basic set of variables to be reported by the standard AWS for multiple users

(from the report of ET AWS-3)

	ELEMENTS
	Principle [Automatic] SYNOP Land Stations
	Principle [Fixed Automatic] Ocean Weather Stations
	Aeronautical meteorological stations
	Principle climatological station
	STANDARD

	Atmospheric Pressure
	M A
	M A
	X 1)
	X
	A

	Pressure tendency & characteristics 
	[M]
	M     
	 
	 
	[A]

	Air temperature
	M2) A
	M A
	X
	X3) 
	A

	Humidity5) 
	M A
	M    
	X4) 
	X
	A

	Surface wind6) 
	M A
	M A
	X
	X
	A

	Cloud Amount and Type
	M    
	M    
	X
	X
	A

	Extiction profile/ Cloud-base
	M [A]
	M    
	X
	X
	A

	Direction of Cloud movement
	[M]
	 
	 
	 
	 

	Weather, Present & Past
	M    
	M    
	X
	X
	A

	State of de Ground
	[M]
	n/a
	 
	X7) 
	[A]

	Special Phenomena
	[M] [A]
	 
	 
	 
	 

	Visibility
	M [A]
	M    
	X
	X
	A

	Amount of Precipitation
	[M] [A]
	      [A]
	 
	X
	A

	Precipitation Yes/No
	    A
	    [A]
	 
	X
	A

	Intensity of precipitation
	    [A]
	 
	 
	 
	 

	Soil temperature
	 
	 
	 
	X
	 

	Sunshine and/or Solar radiation
	 
	 
	 
	X
	 

	Waves
	 
	M [A]
	 
	 
	 

	Sea temperature
	 
	M A
	 
	 
	 


	Explanation

	M = Required for manned stations

	[M] = Based on a regional resolution

	A = Required for automatic stations

	[A] = Optional for automatic stations

	X = Required

	Notes:

	1) Also QNH & QFE

	2) Optional: extreme temperatures

	3) Inclusive extreme temperatures

	4) Dewpoint temperature

	5) Dewpoint temperature and/or RH and air temperature

	6) wind speed and direction

	7) snow cover


� Automated Weather Stations for Applications in Agriculture and Water Resources Management: Current Use and Future Perspectives. 2001. Proceedings of an International Workshop held in Lincoln, Nebraska, USA, 6-10 March 2000. Edited by Kenneth G. Hubbard and M.V.K. Sivakumar.  AGM-3, WMO/TD No. 1074, Lincoln, Nebraska: High Plains Climate Center and Geneva, Switzerland: WMO.





