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WMO Combined Intercomparison of Thermometer Screens/Shields 

in Conjunction with Humidity Measuring Instruments 

Ghardaïa, Algeria
beginning 2007 – beginning 2008

Objectives

1. The main objectives of the WMO field intercomparison have been reviewed and confirmed by the ET/IOC. In addition to the general rules and procedures for WMO Intercomparisons as defined in the Guide to Instruments and Methods of Observation, WMO-No. 8, Part III, Chapter 5, Annex 5.A and 5.B, the ET/IOC agreed on the rules and procedures as they are reproduced below:

2. The main objectives of the planned intercomparison are as follows:
a) To update the knowledge on performance characteristics and operational factors of radiation screens/shields tested in the intercomparison;

b) To update the knowledge on performance characteristics and operational factors of humidity sensors tested in the intercomparison;

c) To analyze performance characteristics (especially reliability, uncertainty and long-term stability) of tested humidity sensors;

d) To estimate an impact of radiation, wind speed, precipitation on humidity measurements inside the different screens/shields;

e) To improve the accuracy of the humidity measurements using the tested radiation screens/shields;

f) To make available the summary of initial results of the intercomparison within three months after the end of the testing period and to publish the Final Report of the intercomparison within the WMO IOM Report Series within twelve months after the testing is finished;
g) To draft recommendations for consideration by CIMO-XV.

Date and duration

3. Taking into account the preparation work, it is proposed to start the intercomparison in December 2006. Duration should be at least 9 months and if possible 12 months (custom constraints will be taken into account). The time schedule of the intercomparison is reproduced in Annex I of the Operational Aspects. Date and duration will be updated if necessary to allow for a proper preparation of the field site. 

Conditions for participation, type of the instruments

4. Both naturally and artificially ventilated screens will be considered. In both cases, a participation in the intercomparison will be accepted based on the following conditions:

a) Preference will be given to two identical instruments (screens/humidity sensors) of each type in order to increase confidence in the data; however this is not a condition for participation;

b) Preference will be given to the radiation screens/shields that are in operational use also taking into account new development in the area;

c) Preference will be given to the suitable humidity sensors that are in operational use also taking into account new development in the area;

d) As much as possible, preference will be given to use the same type of temperature sensor (Pt100) with a time constant of about 30 seconds, with a tolerance (IEC 751) of the probe equivalent to 0.1 K or less and/or an uncertainty of the temperature measurement of 0.1 K or less. For such purpose, temperature probe will be made available from Météo France.

e) Participants should agree that their humidity sensors and temperature sensors will be calibrated (if physically possible) in the laboratories of Météo France before and after the intercomparison. No adjustments will be made to the sensors. 
5. The number of instruments will be limited by capacity of the field site (about 20 radiation screens and 20 humidity sensors). If the number of instruments applying to participate exceeds capacity of the field site, based on the proposal of the Project Leader, the ET/IOC will select the instruments for participation based on the following criteria:

a) The instruments will be selected to cover a variety of measurement techniques;
b) Preference will be given to new promising measuring techniques;
c) Preference will be given to instruments that are widely used;
6. Participants are requested to calibrate their instruments against any suitable recognized standard before shipment and to provide appropriate calibration certificates. This can be a manufacturer’s certificate.

7. The ET/IOC will provide a detailed questionnaire in order to obtain the required information on each instrument proposed for the intercomparison. The Project Leader shall provide further details and prepare the final version of the questionnaire to the chairman of the ET/IOC. Participants will be requested to specify very clearly all sensors characteristics in their replies and to supply adequate documentation, both for the field test and for the laboratory calibration.

8. The ET/IOC requested Secretariat to invite, at the earliest convenience, Members of WMO and Association of the Hydro-Meteorological Equipment Industry (HMEI) to participate in the field intercomparison and to propose instruments to be tested. The invitation should include all relevant information agreed by ET/IOC.

Responsibilities of participants

9. Appropriate documentation including all detailed instructions and manuals needed for installation, operation, calibration, and routine maintenance have to be provided in advance in order to evaluate the feasibility of the intercomparison.

10. The presence of participant’s staff is not required during the intercomparison. However assistance or participation for the installation is allowed, if it thought necessary (or required) by a participant. Documentation support should be provided in order to allow the intercomparison to be carried out properly and with minimum effort by the host country.

11. The participants will be responsible for the shipment and insurance of their instruments, and installation if requested by the field site.

Equipment set-up

12. 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 Guide to Instruments and Methods of Observation, WMO-No. 8. They should be installed at a minimum distance of 30 meters 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. 

13. The screens should be set out on a regular rectangular grid if possible with the distance between adjacent screens 3-4 meters. 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 minimize temperature and humidity gradients across the test site. Additional radiation shields of the same type should be installed at the four corners of the grid to act as a check for temperature/humidity gradients across the site.

14. All screens should be installed so that the sensitive parts of all sensors are at the same level, at 1.5 meters 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. 

15. When testing artificially ventilated screens, the probe orientation and the inlet/outlet orientations shall be documented as wind direction may influence the aspiration rate.
Standards and references

16. Taking into account the previous carried out related intercomparisons and relevant WMO recommendation, the ventilated thermohygrometer VTP 6 (Thygan chilled mirror dew point hygrometer), produced by METEOLABOR AG, Switzerland, should be used as the reference system for humidity sensors intercomparison.
17. For the temperature screen intercomparison, a relative reference should be chosen amongst the participating artificially ventilated screens. The coldest screens during day (with high solar radiation and low wind speed) will be the best candidates. The relative reference screen should be chosen after a first analysis of data.
18. For the intercomparison of the screens, it is preferred to use the same type of temperature probe. Météo-France has offered calibrated temperature probes, with characteristics given in the Attachment. Such a probe will be used in each screen with which it is compatible. At least two reference screens with identical thermometers shall be used.
Related observations and measurements

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

	Variable
	Type of observation
	Proposed type 

of the instrument

	Global solar radiation
	Automatic
	Pyranometer

	Wind speed and direction 1)
	Automatic
	Ultrasonic wind sensor

	Ground (surface) temperature
	Automatic
	Pt100 temperature sensor

	Temperature above ground 
(+ 10 and +50 cm)
	Automatic
	Pt100 temperature sensor

	Sun elevation and azimuth
	Calculated
	

	Direct solar radiation 5)
	Automatic
	Pyrheliometer

	Long-wave radiation 5)
	Automatic
	Pyrgeometer

	Sunshine duration 5)
	Automatic
	Sun detector

	Surface albedo 5)
	Automatic
	Albedometer

	Cloud cover 5)
	Automatic 4)
	Ceilometer

	Hydrometeors, Litometeors 2) 5)
	Automatic or Manual 
	Present weather sensor and/or visual observation

	State of the ground 3) 5)
	Manual
	Observer


Notes:

1) One-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 1 or 2 and 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, drizzle, dew, fog, as well as lithometeors (with the emphasis on the blowing sand), (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;

5) These parameters are supplementary.  
20. Automatic measurements should have priority. All data should be recorded with date and time of the measurements or observations.

21. The type of instruments used and their siting shall be documented. Instruments used shall be calibrated and regularly maintained, and should be installed and used following recommendations of WMO (Guide to Instruments and Methods of Observation, WMO-No. 8).

22. 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. All significant states/conditions should be written down. Digital pictures should be used to document any particular conditions (dust …).

23. All related observations and measurements data will be available to the ET/IOC along with the intercomparison data for diagnostic purposes.

Data acquisition system

24. Data from tested sensors/shields and from additional measurements should be collected by a data logger. Data loggers should be connected to a PC where the data acquisition and storing software runs. The time synchronisation shall be insured. 

25. The host country shall provide the necessary data acquisition system capable of recording the required analogue and digital (serial) signals from all participating instruments and additional measurements.

26. The data will be automatically transmitted daily for preliminary analysis. E-mail and/or ftp communication should be considered and used if possible.

27. The daily data will be backed up with an appropriate system.
28. The system should enable to monitor data in real-time on the PC-screen, both as absolute values and as differences.
29. Draft proposal of data acquisition system will be provided by the host country at its earliest convenience, but not later than May 2006. Météo France is ready to help the host country.

Data acquisition methodology

30. All parameters should be measured every 5-10 seconds, if possible with the technology and characteristics of the sensor used. One-minute averages of all measured parameters with corresponding date and time should be logged. 
31. The use of two independent data collection systems (a backup system) shall be considered to avoid potential loss of data.
32. Besides one-minute data, statistical data such as means and data extremes over different time periods will be calculated.
33. 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.
34. Data quality control (QC) shall be carried out before and during the data analysis. Times and details of any interventions during the intercomparison that could cause erroneous data shall be noted so that such data will not be used in data analysis.

35. Automatic real-time QC procedures of all measured data will be implemented. The Guidelines on QC Procedures for data from AWS developed by CBS ET AWS will be considered and taken into account.

Data processing and analysis

36. Data analysis for temperature will be based on the Meteorology – Air Temperature Measurements - Test methods for comparing the performance of thermometer shields/screens and defining important characteristics, ISO/DIS 17714.
37. The database of one-minute data of all measured parameters is the basic presumption of later statistical analysis and processing of the weather conditions during the intercomparison period. Suitable database of all manually observed parameters and results (notes) of the instruments checks will be considered, too. 
38. All sensors used in the intercomparison will be calibrated at the beginning and at the end of the intercomparison period. During these calibrations, they will not be adjusted. The data shall be stored without correction. No corrections should be applied on the tested instruments during the data analysis. The results obtained should be interpreted in relation with the initial and final calibrations, to help to understand the possible differences observed. 

39. Near-real-time monitoring and data quality control shall be implemented and can consist of several procedures, e.g.:

· Missing data analysis;

· Time-series plots of all measured parameters on a daily (24-hour) basis;

· Detection of potential anomalies (extreme values of differences);

· Error data analysis.

40. During long-term continuous logging of data, there are always some values that are not representative and have to be rejected. In case of double installation of the same type of screens there is a possibility to reject any measurements in which the corresponding values in a pair of screens of the same type differ more than 0.5 ºC (only in case of temperature).

41. The reference temperature screens shall be compared to detect any differences between their measurements which could disturb the data analysis. Periods with differences between the reference screens larger than 0.2 K should be excluded from the data analysis, and periods with rapidly changing temperature more than 0.2 K per minute should be excluded. For remaining periods, the reference air temperature may be one of the reference screens or the mean value.
42. As global radiation can vary rapidly, the radiation data should be smoothed with a low pass exponential filter with a time constant of 20 minutes in order to reduce random errors.

Data analysis methodology

43. The ET/IOC agreed on the use of the following statistical procedures:
43.1 Analysis of mean values of temperature/humidity measurements:
a) Analysis of the daily profiles of the temperature and humidity;

b) Analysis of the differences of one-minute values of the measured temperature/humidity parameter (reference screen – tested screen). A histogram of these differences should be drawn for the whole period to give a first indication of the observed differences. The differences should be further analyzed. 
c) Analysis of one-minute data provides the information on the effect of solar radiation and wind speed respectively on the temperature/humidity parameter measured in each screen: means and standard deviations of differences in temperature/humidity in various screens for different classes of global radiation (with a span of 100Wm-2) and wind speed (with a span of 1ms-1) respectively should be analyzed. 
43.2 Analysis of mean values of differences of temperature/humidity measurements (reference   

             screen – tested screen):

a) Micrometeorological and short-term effects should be considered first, before any statistical analysis of the mutual differences of the temperature/humidity measurements, averaged over a specified time period (e.g. an hour, a day). The interest of such analysis will depend on the variability of temperature and humidity encountered on the test site.
b) Analysis of mean differences of humidity measurements: Analysis of deviation for the tested screen/shield as the function of the reference humidity measurements. The mean differences will be computed for humidity intervals of 5 % and for different temperature classes (with a span of 5 ºC).
43.3 Analysis of extreme differences of temperature/humidity measurements (reference screen  

        – tested screen):

a) The conditions leading to extreme measurement errors of temperature/humidity measurements are not readily apparent. This can be overcome by identifying extreme differences between the reference screen and the tested screen and then investigating the current meteorological conditions during these differences. If the screens have different time constants and temperature/humidity variation with time is high, this may be the cause of such differences. Therefore, such comparison should be conducted on daily extreme values, to be more representative.

b) Daily extreme values (minimum and maximum) with time of occurrence should be computed for each screen from the one-minute database. The histograms of the differences of corresponding daily extreme values (reference screen – tested screen) for the whole period should be drawn and the differences should be further analyzed.

43.4 Analysis of temperature measurements for typical conditions experienced during the  

        intercomparison period:
a) A statistical analysis of temperature differences (reference screen – tested screen) for different classes of meteorological conditions should be done with the goal to analyze the effects of the individual meteorological variables and their combinations. Below listed effects should be analyzed using the whole database and specific filters on the influence parameters and appropriate combinations of them:

· Direct solar radiation to be consider with the categories (to be adjusted to the region and/or converted to horizontal global solar radiation):

· radiation ( 1000 Wm-2 

· radiation > 1000 Wm-2
· Wind speed to be consider with the categories: 

· wind speed ( 1.0 m.s-1 

· 1.0 m.s-1 < wind speed ( 5.0 m.s-1
· wind speed > 5.0 m.s-1.

· Day/night (radiation effect); 

· Night time: clear sky/overcast (radiation effect);

· Hydrometeors occurrence, especially precipitation, fog (dry/wet conditions);

b) A graphical description of weather experienced during the intercomparison should be drawn, with temporal curves of temperature, relative humidity, global radiation, wind speed and significant precipitation occurrence. From this description, periods with typical conditions for the whole intercomparison period should be identified. Temperature/humidity differences (reference screen – tested screen) should be displayed for these typical conditions. These curves should help to explain the screen or sensor performance and to understand the origin of the differences. Differences plotted against time quickly show the changes with respect to changes in the weather conditions.

c) Another solution is to define typical meteorological conditions and then analyze the performance of the tested screens during periods with these conditions to get a detailed knowledge of the screen performance in known conditions. This may allow an extrapolation of the screen performance in climatic regions other than the test site. Typical meteorological conditions could be periods of at least 2 hours with:

· Direct solar radiation > 1000 Wm-2 and wind speed ( 1.0 m.s-1;
· Direct solar radiation > 1000 Wm-2 and 1.0 m.s-1 < wind speed ( 5.0 m.s-1;
· Direct solar radiation > 1000 Wm-2 and wind speed > 5.0 m.s-1;
· Direct solar radiation < 1000 Wm-2 and wind speed ( 1.0 m.s-1;
· Direct solar radiation < 1000 Wm-2 and 1.0 m.s-1 < wind speed ( 5.0 m.s-1;
· Direct solar radiation < 1000 Wm-2 and wind speed > 5.0 m.s-1;
· Humidity variation > 50 % and wind speed ( 1.0 m.s-1;
· Humidity variation > 50 % and wind speed > 5.0 m.s-1.
· Direct solar radiation values to be adjusted depending on the site.

43.5 Specific analysis of humidity measurements

a) A particularity of the hygrometers is the potential drift of such sensors which have generally to be regularly calibrated. That is the reason why the sensors are intended to be calibrated before and after the intercomparison. Conclusions shall be drawn from the laboratory calibrations.

b) A specific analysis should be conducted to identify possible drift during the intercomparison. A way how to do it is to analyse the differences (mean and standard deviation) for given identical classes of humidity and temperature, during different periods of time (first month, last month, intermediate month of the intercomparison). Humidity and temperature classes are to be chosen considering the conditions experienced during the intercomparison. It is interesting to cover the larger possible humidity and temperature ranges, but these ranges will be restricted to conditions encountered. 

c) An analysis should be conducted to identify the temperature influence on humidity measurement, for various classes of humidity (for example, with a 10% interval). This can be done by classifying the analysis for various classes of temperature (for example, with a 5° interval).

43.6 Analysis of special situations (selected periods containing events of particular 

     significance):

(a) Statistics calculated from a large number of observations can show small differences between screens and/or hygrometers and hide differences that occur in only a few, rather rare, circumstances.

(b) A combination of the daily profiles of those differences with temperature/humidity profiles can reveal these situations. Examples of those could be:

· a day with fog and rapid change of relative humidity;

· a day with precipitation occurrence and rapid change of relative humidity;

· sunrises and sunsets in case of clear sky, etc.


