PAGE  
CIMO/OPAG-SURFACE/ET-SBII&CM-2/IOC-2/Doc. 5.1, p.2 

	WORLD METEOROLOGICAL ORGANIZATION
____________________

COMMISSION FOR INSTRUMENT AND
METHODS OF OBSERVATION
OPAG-SURFACE 

JOINT CIMO EXPERT TEAM ON
SURFACE-BASED INSTRUMENT INTERCOMPARISONS
 AND CALIBRATION METHODS
Second Session

AND

INTERNATIONAL ORGANIZING COMMITTEE (IOC) ON
SURFACE-BASED INTERCOMPARISONS

Second Session

Geneva, Switzerland, 5-9 December 2005
	
	CIMO/OPAG-SURFACE/

/ET-SBII&CM-2/IOC-2/Doc. 5(1)

(2.XII.2005)

_________

ITEM: 5

Original:  ENGLISH ONLY


COMBINED INTERCOMPARISON OF THERMOMETER SCREENS/SHIELDS,

IN CONJUNCTION WITH HUMIDITY MEASUREMENTS,

IN VARIOUS CLIMATIC REGIONS

(Submitted by Michel Leroy, France 

& Igor Zahumensky, Slovakia)

______________________________________________________________

Summary and purpose of document

The document provides proposals of objectives, place, date, and duration of the intercomparison as well as procedures for combined intercomparison of thermometer screens/shields, in conjunction with humidity measurements, in various climatic regions.

A description of a possible host country (Algeria) is included.

Action proposed

The joint ET and IOC meeting is invited to further specify the organizational aspects proposed by the 1st session of the ET/IOC related to objectives, duration of the intercomparison, condition for participation, data acquisition, processing and analysis methodology, plans for the publication of results, intercomparison rules, and responsibilities of the host and participants.

Reference:

1. Final Report, CIMO/OPAG-SURFACE/ET-SBII&CM-1/IOC-1, Trappes, France, 24-28 November 2003
COMBINED INTERCOMPARISON OF THERMOMETER SCREENS/SHIELDS, 

IN CONJUNCTION WITH HUMIDITY MEASUREMENTS, IN VARIOUS CLIMATIC REGIONS

The first joint ET and IOC meeting defined and agreed on the organization of the combined intercomparison of thermometer screens/shields, in conjunction with humidity measurements, in various climatic regions, namely: main objective, date, duration, conditions for participation, data acquisition, processing and analysis methodology, publication of results, intercomparison rules, responsibility of the hosts and responsibilities of participants. For the reference, the extract of the Final Report, CIMO/OPAG-SURFACE/ET-SBII&CM-1/IOC-1, Trappes, France, 24-28 November 2003, is included in the Annex to the document. 

After two years period, taking into account the results of some official negotiation, there is a need to update some outcomes of the 1st meeting, especially: 

· Designation of host countries,

· Date, duration, conditions for participation,

· Responsibility of the hosts and responsibilities of participants,

· Identification of instruments for intercomparisons,

· Publication of results.

Algeria as a possible host country?

In the framework of a bilateral cooperation (France-Algeria), M. Leroy went to Algeria in September 2005, to check with the Algerian Meteorological Service (Office National de Météorologie, ONM), the possibility to host an international intercomparison of thermometer screens (including humidity measurements).

An objective of ONM is to develop the capacity of their RIC (Regional Instrument Centre). 

Several potential sites have been visited in South Algeria : Ghardaïa, El Goléa, Ourgla and Hassi Messaoud. Though not having the most extreme conditions, the site of Ghardaïa appeared to be the most convenient place to organize an intercomparison : a large protected test field, 2 kilometres far from the airport, a new observing station and building, an available local team with a visible motivation for such an operation. The other sites are directly located on airports and have constraints due to local military activities on the airport.

The climatology of Ghardaïa indicates maximum temperature up to 46°C in July, relative humidity ranging from less than 10% to 100% during the year.

WMO has written a letter to the permanent representative of Algeria to ask for the possibility of hosting an intercomparison. Algeria should answer positively.

The possible time frame for Algeria could be:

Designation of the hosting country: January 2006

Finalizing the questionnaire: February 2006

Answering the questionnaire: May 2006

Selection and Information of participants: July 2006

Installation of sensors/screens: October 2006

Beginning of the intercomparison: mid-November 2006 (after the end of the Ramadan).

****

Annex to the Doc. 5(1)

6. COMBINED INTERCOMPARISON OF THERMOMETER SCREENS/SHIELDS, IN CONJUNCTION WITH HUMIDITY MEASUREMENTS, IN VARIOUS CLIMATIC REGIONS

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 below rules and procedures:

6.1 Main objective, place(s), date and duration

6.1.1 Several different intercomparisons of radiation screens/shields in relationship with the temperature measurements were organized by WMO or National Meteorological Services, in temperate climatic regions, but not in artic and tropical regions. Knowledge of the characteristics of temperature measurements in such regions is particularly important for climatological studies and climate change. Many new screen designs are also used in conjunction with automatic stations.

6.1.2 Since the last humidity sensors Intercomparison held by WMO in the period 1985-1989, there is a need to update the knowledge about humidity sensors available on the market and widely used. 

6.1.3 Due to past intercomparisons already conducted in temperate climatic regions, the ET/IOC agreed that the priority should be given to thermometer screen intercomparisons in artic and tropical regions. To minimize effort related to the organization of two separate screens/shields and humidity sensors intercomparisons, respectively, a goal is to combine these two, considering the common technical environment needed for such intercomparisons.

6.1.4 The ET/IOC agreed on principles and basic procedures for the field intercomparison of thermometer screens/shields, in conjunction with humidity measurements.
Objective

6.1.5 The main objectives of the planned intercomparisons 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, accuracy 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-XIV.

Place(s), date and duration

6.1.6 Considering the priority given to artic and tropical regions, at least two test sites will be necessary: One in artic region and one in tropical or desert regions, the main interest being warm temperature and high solar radiation, as a combination of different conditions, e.g. warm/hot humid region, warm/hot dry region, cold region.

6.1.7 For the artic region, contacts will be taken by Ms Elizabeth Weatherhead and Mr Jitze van der Meulen to identify possible partners interested in organizing such an Intercomparison. 

6.1.8 Some Regional Instrument Centres (RICs) exist in tropical/desert regions. Organization of intercomparisons is in the scope of the tasks of a RIC, but many of the existing RICs have not yet developed facilities suitable for these activities. The organization of such an Intercomparison is thought as an occasion to both develop the expertise of a RIC and to fulfilling the objective of the Intercomparison. Possible assistance of another experienced RICs (e.g. Trappes) would be a great advantage, for organizing technically the Intercomparison and/or to calibrate the sensors. As direct funding by WMO/CIMO is not possible, funding by VCP could be a solution.

6.1.9 Other possibilities must be checked, based on existing willingness of WMO members or other organizations, such as ASECNA. Contacts will be taken by ET/IOC members, especially by the chairman as well as by the Secretariat of WMO.

6.1.10 It is desirable to start the intercomparison as soon as possible. But, taking into account the preparation work, including identification of host countries, it is proposed to start the intercomparison in 2006. The schedule will have to be updated after identification of host countries, considering also aspects influencing the intercomparison. The identification of appropriate host countries should start as soon as possible.

6.1.11 Duration should be at least 12 months. In case of a region with no significant changes during the year, duration can be shorter but not less than 6 months.

6.2 Procedures for intercomparisons

Conditions for participation

6.2.1 Both naturally and artificially ventilated screens should be considered. In both cases it is proposed:

a) To install two identical instruments of each type in order to increase confidence in the data;

b) To select the radiation screens/shields that are in operational use also taking into account new development in the area;

c) To select the suitable humidity sensors that are in operational use also taking into account new development in the area;

d) As much as possible, 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.

6.2.2 Here is a list of possible candidates for the intercomparisons (in the alphabetical order):

a) The naturally ventilated screens/shields: 

· MetSpec Ltd., thermometer screen

· Met One Instruments, Inc., Radiation Shield, model 5980;

· Meteoservis v.o.s., Radiation Shield, model MetCover3;

· Socrima, radiation shield, model BMO 1167A; 

· Vaisala, Solar Radiation and Precipitation shield, model DTR503A;

· Vaisala, Radiation shield, model DTR13;

· Vaisala, Radiation shield, model HMP243;

· Young, multi-plate radiation shield, model 41003.


b) The humidity sensors: 
· Campbell Scientific Ltd, Temperature and Relative Humidity Probe, model HMP45C;
· Delta-T, Relative Humidity & Air Temperature Sensors, types RHT2nl; 
· Rotronic, Temperature and Relative Humidity Probe, model MP101A;
· Vaisala, Temperature and Relative Humidity Probe, model HMP45A/D;
· Young, Relative Humidity/Temperature Probe, model 41372.
c) The artificially ventilated screens/shields: 
· Climatronics Corporation, Motor Aspirated Shield, model TS-10;
· Met One Instruments, Inc., Fan Aspirated Radiation Shield, model 076B;
· Yankee Environmental Systems, Inc., Precision meteorological thermo-hygrometer Model MET-2010;
· Young, aspirated radiation shield, model 43408

6.3 Data acquisition, processing and analysis methodology 

Equipment set-up

6.3.1 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, 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. The grass at the test site should completely cover the surface and it should be kept at a height below 10 cm. 

6.3.2 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.

6.3.3 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. Afterwards a selection of sensors has been done, a detailed questionnaire to manufactures and/or members should be prepared and sent, with the aim to receive all the necessary information.
Standards and references

6.3.4 Taking into account the previous carried out related intercomparisons and relevant WMO recommendation, it is suggested that the ventilated thermohygrometer VTP 6 (Thygan chilled mirror dew point hygrometer), produced by METEOLABOR AG, Switzerland, should be used as the reference system for both thermometer screens/shields and humidity sensors intercomparisons.
Related observations and measurements

6.3.5 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 should be 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

	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 2) 5)
	Automatic 4)
	Present weather sensor

	State of the ground 
(emphasis on the snow cover) 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 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;

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

6.3.7 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.
Data acquisition system

6.3.8 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. 
6.3.9 Two types of automatic real-time quality control procedures of all measured data should be implemented:

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

· Air temperature: -50 °C ... +50 °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.

b) 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.

6.3.10 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.
6.3.11 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. The time synchronization of all measured systems should be ensured.
6.3.12 Other requirements for the data acquisition and processing system should be considered.
Data acquisition methodology

6.3.13 All parameters should be measured every 5-10 seconds. In case of the intelligent sensors used for the variables mentioned in the section “Standards and references”, 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. 
6.3.14 Usage of two independent data collection systems (a backup system) shall be considered to avoid potential loss of data.
6.3.15 Besides one-minute data, statistical data such as means and data extremes over different time periods will be calculated.
6.3.16 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.
Data processing and analysis

6.3.17 Data analysis should be widely based on the methodology dealt with in the international standard, ISO 17714 (Test methods for comparing the performance of thermometer shields/screens and defining important characteristics).
Database and data availability

6.3.18 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. For the purposes of detailed analysis of the special situations, the database of all temperature/humidity samples (signal measurement data) would be useful. Suitable database of all manually observed parameters and results (notes) of the shield checks should be considered, too. 

6.3.19 All sensors used in the intercomparison should be calibrated at least at the beginning and at the end of the intercomparison period. The data should be stored without correction. All corrections should be applied later during data processing and analysis. The corrections will be obtained by linear regression from the calibration data taking into account all calibrations made during the intercomparison.

6.3.20 BUFR should be considered to be used as the common data format for data transmission as well as for data archiving.

6.3.21 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;

· Statistical analysis of means (10-minute, 1-hour, 24-hour);

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

· Error data analysis.

6.3.22 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 (in case of temperature) or more than 5 % (in case of relative humidity).

6.3.23 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

6.3.24 The ET/IOC agreed on the use of the following statistical procedures. 
6.3.25 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. 
6.3.26 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).
b) Analysis of mean diurnal/monthly 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).
6.3.27 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.

6.3.28 Analysis of temperature/humidity measurements for typical conditions experienced during the intercomparison period:
a) A statistical analysis of temperature/humidity 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):

· 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 ( 4.0 m.s-1
· wind speed > 4.0 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 ( 4.0 m.s-1;
· Direct solar radiation > 1000 Wm-2 and wind speed > 4.0 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 ( 4.0 m.s-1;
· Direct solar radiation < 1000 Wm-2 and wind speed > 4.0 m.s-1;
· Humidity variation > 50 % and wind speed ( 1.0 m.s-1;
· Humidity variation > 50 % and wind speed > 4.0 m.s-1.
· Direct solar radiation values to be adjusted depending on the site.

6.3.29 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 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.

6.3.30 The ET/IOC agreed on the time schedule of the intercomparison as synthesized in the following time chart.
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6.3.31 These dates assume appropriate preparations of the host countries and all participants.  If problems arise, the dates will be adjusted. The ET/IOC should agree on a more detailed outline of a time schedule for the intercomparison, including normal and specific tasks, and prepare a time chart. Details should be further worked out by the PL.

***

