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	Summary and purpose of document

The document provides proposals of data acquisition, processing and analysis methodology and publication of results for combined intercomparison of thermometer screens/shields, in conjunction with humidity measurements, in various climatic regions. 




Action proposed

The meeting is invited to consider proposals suggested in the document and agree on procedures of the intercomparison.
Introduction

The document that deals with data acquisition, processing and analysis methodology is a follow-up to the previous documents 6.1 and 6.2 respectively. The numeration of the individual paragraphs is in agreement with the CIMO Guide. 

5 Data acquisition

5.1 Equipment set-up

All the tested screens/shields should be installed above the level area covered by homogeneous natural ground cover. All the screens should be freely exposed to sunshine and wind according to the CIMO Guide. They should be installed at a minimum distance of 30 metres from any source of heat or other constructions that could artificially influence the air temperature or atmosphere humidity, such as concrete, asphalt, buildings, standing water, etc. The grass at the test site should completely cover the surface and it should be kept at a height below 10 cm. 

The screens should be set out on a regular rectangular grid if possible, with the distance between adjacent screens 3-4 metres. The separation between screens should be a compromise to make interactions between the screens insignificant while keeping them all on a small area of ground to minimise temperature and humidity gradients across the test site. Additional radiation shields should be installed at the four corners of the grid to act as a check for temperature/humidity gradients across the site.

All screens should be installed so that the sensitive parts of all sensors are at the same level, at 1.5 metres above the ground, with the maximum tolerance of ( 5% of the height. The screen manufacturer should state which point of the screen should be used for measurement of the representative height.  A questionnaire to manufactures should be prepared and sent.

5.2 Standards and references

Taking into account the previous carried out intercomparisons in conjunction with temperature or atmospheric humidity as well as WMO recommendation, it is suggested that the ventilated thermohygrometer VTP 6 (Thygan chilled mirror dewpoint hygrometer), produced by METEOLABOR AG, Switzerland, should be used as the reference sensor for both temperature and humidity measurements.

5.3 Related observations and measurements

The meteorological and environmental variables, in addition to the air temperature and humidity measurements, that should be measured or observed at the intercomparison site during the whole intercomparison period are as follows:

	Variable
	Type of observation
	Proposed type 

of the instrument

	Global solar radiation
	Automatic
	Pyranometer

	Direct solar radiation
	Automatic
	Pyrheliometer

	Long-wave radiation
	Automatic
	Pyrgeometer

	Sunshine duration
	Automatic
	Sun detector

	Wind speed and direction 1)
	Automatic
	Ultrasonic wind sensor

	Cloud cover
	Automatic 4)
	Ceilometer

	Hydrometeors 2)
	Automatic 4)
	Present weather sensor

	State of the ground 
(emphasis on the snow cover) 3)
	Manual
	Observer


Notes:

1) Two-minute wind speed and direction measured at the height closed as much as possible to the height of the temperature/humidity measurements. If the screens can shelter the wind sensors in certain wind directions then it is preferred to raise them slightly above the level of the top of the screens; Besides this, measurement of 10-minute wind speed and direction measured at 10 m height (representative measurement height) should be considered to enable comparison of the wind conditions during the intercomparison period to the climatological wind data; 

2) All types of precipitation, e.g. rain, snow, drizzle, dew, fog, rime, etc. (type, occurrence, and intensity). Manual observations may be required for this purpose;

3) Regular observations during daytime (at least every 3 hours); 

4) Additional manual observations may be required for this purpose, if possible.
Automatic measurements should have priority. All data should be recorded with date and time of the measurements or observations.  

During the intercomparison, regular manual checking of the screens is required to determine their cover states; in case of artificial ventilated screens checking of the aspirators is absolutely necessary. 

5.4 Data acquisition system

Usage of two independent data collection systems (a backup system) should be considered to avoid potential loss of data. Data from tested sensors/shields should be collected by a separate data logger, while data from additional measurements together with data from the reference sensors by other. Both data loggers should be connected to a PC where the data acquisition and storing software runs.  

Two types of automatic real-time quality control procedures of all measured data should be implemented:

· The monitoring of measurement range. The below listed limit values are used for checking both signal measurement data (samples) and one-minute average, in case of wind one-minute and 10-minute averages:

· air temperature: -45 °C ... +45 °C; 

· relative humidity: 1 ... 100 %;

· wind speed: 0 - 50 m.s-1 (one-minute average), 0 - 30 m.s-1 (10-minute average);

· global radiation: 0 ... 1600 Wm-2;

· precipitation intensity: 3 mm/minute.

· The time variance of the signal. After each signal measurement the current sample is compared to the previous one. If the difference of these two samples is more then the specified limit then the current sample is identified as suspected and not used for the computation of an average. However, it is still used for checking the temporal consistency of the samples; it means that a new sample is still checked with the suspected one. The result of this procedure is that in case of large noise one or two successive samples are not used for the computation of the average. The limits of the time variance of the samples are as follows: 

· air temperature: 2 °C; 

· relative humidity: 5 %;

· wind speed: 20 ms-1;

· global radiation: 800 Wm-2.

There must be at least 66 % of samples available in order to compute the one-minute average in case of temperature, humidity, or sum in case of global radiation and at least 75 % of the samples to compute a 1- or 10-minute average in case of wind direction and speed.
The system should enable to monitor data in real-time on the PC-screen, both as absolute values and as differences. All data should be recorded with date and time.

Other requirements for the data acquisition and processing system should be discussed and considered. Among them, the time synchronisation of all measured systems should be ensured. 

5.5 Data acquisition methodology

All parameters should be measured every 5-10 seconds. In case of the intelligent sensors used for the variables mentioned in 5.3 above the measuring frequency is predefined by the producer of the sensor. One-minute averages of all measured parameters with corresponding date and time should be logged. 

Besides one-minute data, statistical data such as means and data extremes over different time periods will be calculated.

The THYGAN (a proposed reference) is programmed to give a new dataset every ten minutes. The dataset from the THYGAN consists of averaged measured values for ambient temperature and dew point temperature. Relative humidity is calculated from the temperature and dew point measurements by the instrument itself and included in the data telegram from the sensor.

7 Final Report of the intercomparison

Final Report of the intercomparison shall be published in the WMO Instruments and Observing Methods Report series either in hard copy or electronically (CD-ROM). Final Report of the intercomparison should also be made accessible through WMO IMOP/CIMO home page. 

It will be highly beneficial to prepare a concise Summary Report containing the most important comparison results first (no later than 6 months after finalizing the intercomparison). The comprehensive Final Report should be published no later than 18 months after the intercomparison. 
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