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ABSTRACT

Within the WIGOS pilot project, an Ad-Hoc working group met to review and propose two classifications for land surface observing stations. The first one addresses the siting of stations and will be submitted for approval to CIMO members. Previous presentations were made during other TECOs by Météo-France (MF). 

This presentation first highlights the modifications made from the original project currently used by MF. Then, different tools and methods are described, to get in the field the necessary data to classify a site. Depending on the complexity of the site and on the parameters for which the classification is made, simple or complex tools may or have to be used. The easiest ones are some geometric forms allowing the estimation of elevation angles. More complex tools are needed for the measurement of the elevation, height and distance of obstacles with a good resolution, needed for some parameters.

THE GENESIS OF THE SITING CLASSIFICATION

In 1996, Météo-France decided to expand its national network of surface observation stations, by adding 400 Automatic Weather Stations (AWS) to the 150 exiting synoptic stations. These AWS had to be installed in isolated location. Explicit quality objectives were assigned. Amongst them, the siting environment was taken into account. In 1998, Météo-France defined a classification for some basic surface variables to document the nearby environment of a site. Class numbers are used, ranging from 1 (the best) to 5 (the worst). This classification was first applied to select the sites of 400 AWS of the new network, named RADOME. Obviously the objective was to select class 1 sites, but compromise were sometimes necessary and it was decided to accept sites with a maximum class number of 3.

This classification was presented is some international conferences (TECO, AMS). It is also applied, with some modifications, by the USA, to document their climatic reference network. Some other countries (Canada, Switzerland, …) got also an interest in this approach.

Finally, this classification was considered and discussed within WMO (CBS, CIMO).

An ad-hoc working group on the CIMO WIGOS Pilot Project was established by WMO/CIMO to review and agree on two proposed classifications for land surface observing stations for use within WIGOS. The first classification addresses the siting of stations and the second their maintained performance.

The Group held its session at the WMO Headquarters, in Geneva, Switzerland, from 8 to 9 October 2009. The meeting agreed that the siting classification was mature and should be submitted for approval to CIMO members and possibly proposed for further development as a common ISO/WMO standard if supported by Members.

CHANGES IN THE SITING CLASSIFICATION

A site as a whole has no single classification number. Each parameter being measured at a site has its own class, and is sometimes different from others. If a global classification of a site is required, the maximum value of the parameters’ classes can be used.

The rating of each site should be reviewed periodically as environmental circumstances can change over a period of time. A systematic yearly visual check is recommended: if some aspects of the environment have changed, a new classification process is necessary.

A complete update of the site classes should be done at least every 5 years.

The classification is (occasionally) completed with an estimated uncertainty due to siting, which has to be added in the uncertainty budget of the measurement. This estimation is coming from bibliographic studies and/or some comparative tests. This estimation was worded as: “additional estimated uncertainty added by siting up to xx”.

Compared to the siting classification defined and used by Météo-France, the following points were discussed and some modifications were introduced.

Air temperature and humidity

For the classification relevant to temperature measurements, the ad-hoc WG considered whether the classification should take into account the statistical wind situation at the site of the temperature measurement. Wind increases the air mixture and minimizes the effect of close artificial surfaces and shading and could in principle be taken into account. But, as low wind speeds may occur at the time of occurrence of extreme temperatures (i.e. daily minimum and maximum), the wind climatology of the site is not taken into account in the proposed classification criteria. Taking into consideration the present state of knowledge and the fact that the classification should remain as simple as possible to use, the meeting decided not to include the effect of wind on temperature measurements in the final version of the classification.

The threshold of sun elevation for projected shade was slightly increased.

Precipitation

Class 1 was modified to be either an area surrounded by obstacles of uniform height or to be an open area with low obstacles, but with a rain gauge artificially protected against wind (by a wind shield).

Wind

Class 1 was modified to have any obstacles at a distance of at least 30 times their height. This is more stringent that the current recommendations written in the CIMO guide and it was considered that the CIMO guide should be updated. This large distance to obstacles was justified by comparisons and studies, in particular from KNMI. Even the class 2 was proposed to be more stringent than the current 10 times distance and the proposed classification is a compromise between scientific justifications and a balanced classification. For class 1 and class 2 in some circumstances, corrections to measured wind can be applied to correct the influence of obstacles.

The height of obstacles which can be ignored was increased compared to the MF classification.

Solar radiation

Differences were introduced between a classification for global (and diffuse) solar radiation and another one for direct solar radiation and sunshine duration, for which only shading obstacles are of concern. Some sun elevation thresholds were changed.

Example of the classification for wind measurements

Conventional elevation rules 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 minimum distance equal to at least ten times their height.

Roughness

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

This is regarded as a reference wind for which exact conditions are known (10 m height and roughness length of 0.03 m).

Therefore, roughness around the measuring site has to be documented. Roughness should be used to convert the measuring wind to the reference wind, but this procedure can be applied only when the obstacles are not too close. Roughness related matters and correction procedure are described in chapter 5 of the CIMO Guide.

The roughness classification, reproduced from the CIMO Guide, is recalled here:

	Terrain classification by Davenport (1960),

adapted by Wieringa (1980) in terms of 

aerodynamic roughness length zo

	Class index
	Short terrain description
	Z0 (m)

	2
	Mud flats, snow; no vegetation, no obstacles
	0.005

	3
	Open flat terrain; grass, few isolated obstacles
	0.03

	4
	Low crops; occasional, large obstacles : x/H > 20
	0.10

	5
	High crops; scattered obstacles : 15 < x/H < 20
	0.25

	6
	Parkland, bushes; numerous obstacles : x/H ~ 10
	0.5

	7
	Regular large obstacle coverage (suburb, forest)
	1.0

	8
	City centre with high- and low- rise buildings
	2


Here x is a typical upwind obstacle distance and H is the height of the corresponding major obstacles. For more detailed and updated terrain class index descriptions see Davenport, et al. (2000).

Environment classification

The presence of obstacles (almost invariably) means a reduction in average wind readings, but less significantly affects wind gusts.

The following classification assumes measurement at 10 m which is the standard elevation for meteorological measurement. 

When measurement are carried out at lower height (such as measurement carried out at 2 m, as is sometimes the case for agro-climatological purposes), a class 4 or 5 (see below) is to be used, with flag S (Specific situation). 

Where numerous obstacles higher than 2 m are present, it is recommended 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 minimised. This method represents a permanent solution for partly eliminating the influence of certain obstacles. It inconveniently imposes the necessity for higher masts which are not standard and consequently more expensive. 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 (e.g. for an anemometer installed at a 13 m height, the reference “ground” level of the obstacles is at a 3 m height; an obstacle of 7 m is considered to have an effective height of 4 m).

In the following, an object is considered to be an obstacle if its angular width is over 10°, except for tall thin obstacles, as mentioned below.

Changes of altitude (positive or negative) in the landscape which are not representative of the landscape, are considered as obstacles.

Class 1

· The mast should be located at a distance equal to a least 30 times the height of surrounding obstacles.

· Sensors should be situated at a minimum distance of 15 times the width of narrow obstacles (mast, thin tree) higher than 8 m.

Single obstacles lower than 4 m can be ignored.
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· Roughness class index is between 2 to 4 (roughness length ( 0.1 m).
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Class 2 (additional estimated uncertainty added by siting up to 30 %, possibility to apply correction)

· The mast should be located at a distance of at least 10 times the height of the surrounding obstacles.

· Sensors should be situated at a minimum distance of 15 times the width of narrow obstacles (mast, thin tree) over 8 m high.

Single obstacles lower than 4 m can be ignored.
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· Roughness class index is between 2 to 5 (roughness length ( 0.25 m).

Note: when the mast is located at a distance of at least 20 times the height of the surrounding obstacles, a correction (see CIMO Guide, wind chapter) can be applied. In case of nearer obstacles, a correction may be applied is some situations.
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Class 3 (additional estimated uncertainty added by siting up to 50 %, correction cannot be applied)

· The mast should be located at a distance of at least 5 times the height of surrounding obstacles.

· Sensors should be situated at a minimum distance of 10 times the width of narrow obstacles (mast, thin tree) higher than 8 m.

Single obstacles lower than 5 m can be ignored.
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Class 4 (additional estimated uncertainty added by siting greater than 50 %)

· The mast should be located at a distance of at least 2.5 times the height of surrounding obstacles.

· No obstacle with an angular width larger than 60° and a height greater than 10 m, within a 40 m distance.

Single obstacles lower than 6 m can be ignored, only for measurements at 10 m or above.
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Class 5 (additional estimated uncertainty cannot be defined)

Site not meeting the requirements of class 4.

TOOLS AND METHODS IN THE FIELD

A common criterion for each class is the elevation angle under which a nearby obstacle is seen.

In many cases, when no low elevation angles threshold are needed, a single visual inspection is enough to classify a site. The classification is mainly based on the angles under which the nearby obstacles are seen from each sensor. For the precipitation classification, the elevation angle thresholds are quite large: 14°, 26.5°, 45°. Wood rectangle triangles, with these angles, corresponding to the angle of sight of obstacles located at a distance of 4, 2 and 1 times their height, can be used. Set on the rain gauge opening itself, the eye aligned on the hypotenuse of the triangle allows to check if a given obstacle is under or above an elevation angle threshold.
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Developed for the solar energy market, there exist instruments with a fish eye camera and an automatic identification of obstacles compared to the sky. Elevation angles are automatically calculated. In one shot, elevation angles are evaluated, with a fish eye picture of the surroundings. But the uncertainty of the angle calculation is large for low elevation angles, due to the optical characteristics of the fish eye.

From the same manufacturer, a specific software exists to be run under an iPhone, using its internal camera and leveling sensor. 

When precise measurement of low site angles are necessary, optical instruments are required. An optical theodolite can be used. Météo-France is also using binoculars, with laser telemetry and magnetic compass. This instrument allows the measurement of distance, site and azimuth, for each target (obstacle). Information is sent on a serial link to a laptop PC. A dedicated software (developed by MF) allows to get the 3 coordinates and to transform them into horizontal distance, height and azimuth. These parameters can be plotted and the corresponding curves compared to the various threshold and the path of the sun in the sky.
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The primary objective of this classification is to document the presence of obstacles close to the measurement site. Therefore, natural relief of the landscape may not be taken into account, if far away (i.e. >1 km). The question in the field is the difference between “natural” relief and nearby obstacles to be taken into account for the classification. This question is typical in mountainous area for example. A method to judge if the relief is representative of the surrounding area is the following: does a move of the station by 500 m change the class obtained? If the answer is no, the relief is a natural characteristic of the area and is not taken into account.

Wind turbines have also an influence on wind measurement. How to consider them? A simple rule is to consider the diameter of the wind turbine and to use it as the height of the obstacle. Therefore, for a class 1, a wind measurement must be located at a distance of more than 30 times the diameter of the turbine (2 times the size of the blade).

In Météo-France, training courses are organized every year, on a period of 3 days. The principles of the siting classification are explained, with examples of errors associated with high class numbers. Practical exercises are made in the field, with different tools: simplified methods, use of optical devices.
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