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Siting classification of AWS
(Submitted by Dr Igor Zahumensky, Chairperson of ET-AWS and the WMO Secretariat)

_________________________________________________________________

Summary and purpose of document

This document contains the draft for guidelines for the siting classification of surface observing stations will be submitted for consideration as regards development of siting classification as a WMO/ISO standard.
_________________________________________________________________

Action proposed

The meeting is invited to consider the draft for guidelines for the siting classification of surface observing stations will be submitted for consideration as regards development of siting classification as a WMO/ISO standard
____________

Reference:
Final Report, CBS/OPAG-IOS ET-AWS-5 (Geneva, Switzerland, 5-9 May 2008), 
(http://www.wmo.int/pages/prog/www/OSY/Reports/ET-AWS-5_Geneva_2008.pdf)
Appendix:

Siting classification of surface observing stations.
DEVELOPMENT OF GUIDELINES FOR THE SITING CLASSIFICATION OF AWS

Background

1.1 WMO recommendations for the siting of instruments are well known, but sometimes it is difficult to implement them in field conditions. A poor siting can generate large errors that are much larger than the sensors’ uncertainties.
1.2 M. Leroy, Météo-France, recalled the classification developed and used by Météo-France and presented at TECO-98 and TECO-2006. France has applied this classification to about 4000 surface observing stations.
1.3 The ET-AWS agreed that this classification would provide a very good starting point to develop guidelines for the Siting classification of Surface Observing Stations (not only of AWS). Therefore, the ET-AWS recommended that further work be done on the Siting Classification, reproduced in the Appendix in close collaboration with CIMO, with the objective to be validated by CBS and then included in the Manual of the Global Observing System (WMO-No. 544) and Guide to Meteorological Instruments and Methods of Observation (WMO-No. 8). Following approval by CBS, a joint ISO/WMO standardization should be explored.
1.4 The ET-AWS agreed on the need to continue this task and recommended that the CBS and CIMO develop further the classification scheme presented in the Appendix for the inclusion in the Manual of the Global Observing System (WMO-No. 544) and Guide to Meteorological Instruments and Methods of Observations (WMO-No. 8). This classification scheme should subsequently be recognized as a joint WMO-ISO standard.
______________

SITING CLASSIFICATION OF SURFACE OBSERVING STATIONS
(Draft)

There are sites which do not respect the recommended WMO rules for siting. Consequently a classification has been established to help determine the given site’s representativity on a small scale (impact of the surrounding environment). Class 1 hence, adheres to WMO recommendations. Class 5 indicates measurement conditions which should never exist on a measurement site. Each measurement point on a site is subject to a separate classification.

By linking measurements to their associated uncertainty levels, this classification allows us to define the levels which a station needs to adopt in order to be included in Météo-France’s Radome network, or to be used for a given application.

Conventionally, for each parameter, all sites meeting WMO criteria will be Class I sites.
The site as a whole is classified based on all individual classification marks given to its measurements (marks often being different).

Site classification should be reviewed periodically as environmental circumstances can change over a period of time. In the following text, the classification is (occasionally) completed with an estimated error margin calculated on the given representativity.
Temperature and humidity


Sensors situated inside a screen should be mounted at a height of 1.5 m as standard. The height should never be less than 1.5 m. A higher level (up to 2 m) is admissible; although such a height does not have a major impact on measurement (the difference between 1.5 and 2 m placements is not higher than 0.2 °C). Projected shade from obstacles which are not part of the region’s natural landscape are taken into account.

The relative significance of perturbations caused by concrete surfaces and projected shade remains to be determined. It is possible that the criteria described below could be modified, particularly where they concern projected shade. This is why it is requested that, in the beginning, a separate classification is applied to projected shade, so as to allow for readjustment of the final classification in the future.
Class 1
· Flat, horizontal land, surrounded by an open space, slope less than 1/3 (19°).
· Ground covered with grass or low vegetation (< 10 cm) representative of the region (as well as its albedo).

· Measurement point situated:
· at more than 100 m from heat sources or reflective surfaces (buildings, concrete surfaces, car parks etc.);
· at more than 100 m from an expanse of water (unless significant  of the region); and
· away from all projected shade when the Sun is higher than 3°.

A source of heat (or expanse of water) is considered to have an impact if it occupies more than 10 % of the surface within a circular area of 100 m surrounding the station, makes up 5% of an annulus of 10m-30m, or covers 1% of a 10 m circle.
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Class 2

· Flat, horizontal land, surrounded by an open space, slope inclination less than 1/3 (19°)

· Ground covered with grass or low vegetation (< 10 cm) representative of the region (as well as its albedo).

· Measurement point situated :
· between 30 and 100 m from artificial heat sources or reflective surfaces (buildings, concrete surfaces, car parks etc.)

· between 30 and 100 m from an expanse of water  (unless significant  of the region) ;

· away from all projected shade when the Sun is higher than 5 °.

A source of heat (or expanse of water) is considered to have an impact if it occupies more than 10 % of the surface within a circular area of 30 m surrounding the station, makes up 5% of an annulus of 5m-10m, or covers 1% of a 5 m circle.
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Class 3 (error 1 °C ?)
· Ground covered with grass or low vegetation (< 25 cm) representative of the region.

· Measurement point is situated :
· between 10 and 30 m from artificial heat sources and reflective surfaces (buildings, concrete surfaces, car parks etc.) 

· between 10 and 30 m from an expanse of water (unless significant  of the region) 
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A source of heat (or expanse of water) is considered to have an impact if it occupies more than 10 % of the surface within a circular area of 10 m surrounding the case or makes up 5% of an annulus of 5m.
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Heat source
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Class 4
(error 2 °C or over ?)
· Artificial heat sources (buildings, concrete surfaces, car parks etc.) at less than 10 m.

· Projected shade when the Sun is higher than 5°.


Class 5 (error 5 °C or over ?)
• Case situated in the middle of artificial heat sources (in a car park, on the roof of a building).

If a heat source occupies an area of over 50 %
within a 10 meter radius around the station, or a 30 %
part within a 3m radius, the site will be classified as 5, otherwise it will be classified as 4.
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The indicated growth height represents the height of the vegetation maintained in a 'routine' manner. A distinction is made between structural vegetation height (per type of vegetation present on the site) and height resulting from poor maintenance. Classification of the given site is therefore made on the assumption of regular maintenance (unless such maintenance is not practicable). If a site is poorly maintained this aspect should be noted.
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Precipitation
Wind is considered to be the greatest source of disturbance in precipitation measurement. Ideal conditions for the installation, as described by the WMO, are those where equipment is set up in an area surrounded uniformly, by obstacles of uniform height. The distance between such obstacles and the pluviometer should be equal to one to two times the height of the obstacle (angular height of obstacles 30 - 45°). Ideal conditions therefore are those where the equipment is situated in a clearing, whereby the height of surrounding trees corresponds to the criteria described above. The choice of such a site is not compatible with constraints in respect of the height of other measuring equipment. Such conditions are practically unrealistic. If obstacles are not uniform, they are prone to generate turbulence which distorts measurements. This is exactly the reason why more realistic rules of elevation impose a certain distance from any obstacles. The orientation of such obstacles, in respect of prevailing wind direction, is deliberately not taken into account. Indeed, heavy precipitation is often associated with convective factors, whereby the wind direction is not necessarily that of the prevailing wind.
Class 1
· Flat, horizontal land, surrounded by an open area, slope less than 1/3 (19°). Flat terrain interacts with the larger area in such a way that the speed of the wind is not affected by the surrounding orography.

· Potential obstacles must be situated at a distance at least four times greater than the height of the obstacles (in respect of the catchment height of the pluviometer).

An obstacle represents an object with an angular width of 10° or over.
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Class 2 (error 5 % ?)
· Flat, horizontal land, surrounded by an open area, slope less than 1/3 (19°).

· Possible obstacles must be situated at a distance at least twice the height of the obstacle (in respect of the catchment height of the pluviometer).

An obstacle represents an object with an angular width of 10° or over.
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Class 3 (error 10 to 20 % ?)
· Land is surrounded by an open area, slope less than 1/2 (≤ 30°).

· No obstacles within a distance equal to once their height.
< 30˚

^
(site < 45˚)
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Class 4 (error > 20 % ?)
· Steeply sloping land (> 30°).

· Adjacent obstacles (less than once their height).

Class 5 (error > 50 % ?)
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Obstacles situated above the pluviometer (tree, roof etc.).

Wind

Conventional elevation rules as set by the WMO (used in most countries, including France) stipulate that sensors should be placed 10 m above ground surface level and on open ground. Open ground here represents a surface where obstacles are situated at a distance equal to at least ten times their height (see class 1 for more details).

Wind measurements are not only disturbed by surrounding obstacles; terrain roughness also plays a role here. The WMO takes wind blowing at a geometrical height of 10m and with a roughness length of 0.03 m as the surface wind. 

This is regarded as a reference wind for which exact conditions are known.

The classification used for measuring the wind is therefore two-fold. The first classification takes into account the roughness of the surrounding terrain. The second concerns the immediate environment and any possible obstacles.

Roughness
Roughness length is by definition, calculated as height zo (above ground level) of the landscape to which the condition is applied (that is to say where the average vector wind is equal to vector zero). In respect of any wind direction, the roughness length will depend on terrain homogeneity, on the presence of obstacles as well as the distance over which these two factors intervene. Significant variations in roughness length are observed in different seasons, as a result of for instance, fallen leaves or snow cover. A characteristic of a wind measuring site is therefore expressed by its roughness length in each wind direction. As the exact calculation of roughness length is difficult to carry out, the data indicated in the table can be used for classification.

Based on a supposition that the wind measured at 60m (Wieringa, 1986) is represented on a mesoscale and using the logarithmic profile of the wind, we can set up a function, enabling us to go from a wind measured at a height z from the ground qualified by any roughness length, to a potential wind, measured at ten meters above the ground with a roughness of 0.03m (potential wind compliant with WMO recommendations).

	Terrain classification by Davenport (1960),
adapted by Wieringa (1980) in terms of roughness length zo

	
	
	

	
	Terrain description
	z o in m

	1
	Open sea, « fetch » at least 5 km
	0,0002

	2
	Flat, muddy terrain, snow ; no vegetation, no obstacles
	0,005

	3
	Open, flat terrain ; grass, infrequent and isolated obstacles
	0,03

	4
	Low growth ; occasional, large obstacles : x/H > 20
	0,10

	5
	Elevated growth; dispersed obstacles : 15 < x/H < 20
	0,25

	6
	Bordered terrains, shrubs ; numerous obstacles : x/H ~ 10
	0,5

	7
	Regular coverage by large obstacles (suburbs, forests)
	(1,0)

	8
	Town centre with different height buildings
	??

	Note : x represents the distance from the obstacle whilst H represents the height of the principal corresponding obstacles


Table II – Roughness class, by Wieringa
Potential wind Up (measured at 10 m above a terrain, roughness length of 0.03 m) is calculated based on wind Us, as measured at the station (at a height zs m above a terrain with a roughness length of zo m).
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For instance, wind measured at 10 m on a class 6 site (zo = 0,5 m) will be 20 % weaker than the potential wind. By using the classification and the given function (or formula) we obtain the following figures (average where the adjacent layer stability is compliant with the logarithmic profile):
Class 4 : 7 % less than the potential wind 
Class 5 : 12 % less than the potential wind 
Class 6 : 20 % less than the potential wind
Class 7 : weaker than the potential wind but difficult to calculate

Figure 1 - Function (Wieringa, 1986) based on the logarithmic profile of the wind and roughness length.
Roughness classification
The roughness of a wind measuring site is usefully described by roughness class in four sectors centered in the north, east, south and west. The roughness is estimated by analyzing the terrain in these four sectors using the table provided above. The roughness is estimated taking into account objects situated at up to 250 m from the measurement point.

Environment classification
Measuring the angular height of obstacles surrounding the site enables us to characterize these obstacles. Methods and equipment used are described in a separate document.

The presence of obstacles (almost invariably) means a drop in average wind readings. Generally, wind extremes are also reduced but not always. Obstacles encourage turbulence and consequently may cause an (unpredictable) increase in instantaneous wind (from which maximum wind is derived).

The following classification assumes measurement at 10 m which is the standard elevation for meteorological measurement. Where measurement is carried out at 2 m, as is sometimes the case for agro-climatological purposes, we can use the same classification, simply replacing 10 m by 2 m. This generally produces higher class results, which tends to favor measurements at 10 m which are more representative (these measurements may be carried out at 2 m by employing a logarithmic profile hypothesis).

Where numerous obstacles higher than 2 m are present, the WMO recommends that sensors should be placed 10 meters above the average height of the obstacles. This method allows the influence of the adjacent obstacles to be minimized. This method has so far been used little in France, although it does represent a permanent solution for partly eliminating the influence of certain obstacles. It inconveniently imposes the necessity for higher masts (consequently more expensive) which are less standard. It must be considered for certain sites and where used, the height of obstacles to be taken into account is that above the level situated 10 m below the sensors.
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Class 1

· The pylon should be located at a distance equal to a least ten times the height of surrounding obstacles.

· An object is considered to be an obstacle if its angular width is over 10°.

· Obstacles should not exceed 5.5 m in height within 100 m of the pylon.

· Obstacles lower than 2 m can be ignored.

· Changes in the landscape within an area of 100 m are also considered as obstacles.

· Sensors should be situated at a minimum distance of fifteen times the width of narrow obstacles (mast,
thin tree) over 8 m high.
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Class 2 (error 10 % ?)
· The pylon should be located at a distance of at least ten times the height of the surrounding obstacles.
· An object is considered as such if its angular width is over 10°.

· Obstacles lower than 3 m can be ignored.

· Changes in the landscape within an area of 100 m are also considered as obstacles.

· Sensors should be situated at a minimum distance of fifteen times the width of narrow obstacles (mast,
thin tree) over 8 m high.

Class 3 (error 20 % ?)
· The pylon should be located at a distance of at least five times the height of the surrounding obstacles.
· Obstacles lower than 4 m can be ignored.

· Changes in the landscape within an area of 50 m are also considered as obstacles.

· Sensors should be situated at a minimum distance of ten times the width of narrow obstacles (mast,
thin tree) over 8 high.
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Class 4 (error 30 % ?)
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· The pylon should be located at a distance of at least 2.5 times the height of surrounding obstacles.
· Obstacles lower than 6 m can be ignored.

· An object is considered to be an obstacle if its angular width is over 60° within an area of 40m.
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Class 5 (error > 40 % ?)
· Site not meeting the requirements of class 4.

· Obstacles over 8 m high within an area of 25 m.

Radiation
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5˚

No projected shade

No obstacles > to 5˚

shading from reflected radiation

Class 1
· No shade projected onto the sensor when the Sun is at an angular height of over 2° (except from the natural landscape of the region).

· No obstacles with an angular height of over 5°.

Class 2
•
No shade projected onto the sensor when the Sun is at an angular height of over 5°.

•
No obstacles with an angular height of over 7 °.
Class 3
· No shade projected onto the sensor when the Sun is at an angular height of over 7°.

· No obstacles with an angular height of over 10°.
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Class 4
• Projected shade where obstacles are not compliant with the preceding classification, and not belonging to class 5.

Class 5
• Shade projected during at least 30% of the time (or an obstacle casting shade over at least 30% of the solar path).
_______________

Heat source S (concrete, car park, building)
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Obstacle casting shade over at least 30% of the solar path








