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New  solar radiometry instruments designed in the frame of Russia and Belarus cooperation program and their intercomparison observations with ROSHYDROMET basic instruments are presented. In the frame of prospective technical re-equipment of  ROSHYDROMET observation network under IBRD project, the results obtained from ROSHYDROMET basic instruments and other commercially available sensors are compared to define possible suppliers for  ROSHYDROMET solar radiometry network. A new logger and software for solar radiometry based on MGO theory and algorithms has been designed by SI RPA “Typhoon”. The logger is a base for a new MF-19 automatic solar radiometry instrument, which is fully compatible with various commercially available sensors. Since October 2007 MF-19 has been testing on-site. Various facilities for solar radiometry, such as a shadow ring, an arm rack and calibration tubes are presented, as well.
In the post-USSR time solar radiometry in Russia faced serious technical re-equipment problems. As compared with the other spheres of meteorological observations, a situation for solar radiometry was the most difficult.  The only Soviet manufacturer of that equipment located in Tbilisi (Georgia) was closed. Because of lack of financial and technical support there was no demand for solar radiometry information, so many experts left their jobs.

However, the current decade shows us a noticeable improvement in the situation. Representing Russia, Central Design Bureau for Hydrometeorological Instrumentation (now a part of Research and Production Association “Typhoon” from Obninsk, Kaluga region) and Main Geophysical Observatory (MGO, St.-Petersburg) are taking part in several international and CIS countries scientific programs on solar radiometry.

Thanks to cooperation between MGO and “Peleng” company (Belarus Republic) the main problem regarding design and manufacturing of modern solar sensors for Russian observation network has been solved. The result of 2004-2007 years work is a full set of  sensors for solar radiometry – “Peleng SF-06” pyranometer, “Peleng SF-08” balance meter and “Peleng SF-12” actinometer, completed with electronic measuring unit and LED display (see fig.1). Such a set enables us to carry out standard solar observations using more accurate digital instruments. All the sensors have been certified for the State Register of measuring instruments and recommended for Roshydromet observation network. 
In addition to the above set, a new instrument – “Peleng BK-05” sunshine duration meter –have been designed by MGO and “Peleng” company (see fig.2). Sunshine duration is a part of general solar information, so  “Peleng BK-05”  is intended to replace an out-of-date and less accurate GU-1 heliograph. “Peleng BK-05” can display sunshine duration for various time intervals on operator’s request: 10, 30, 60 min, 3 or 24 h.
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Fig.1. 
Full set of “Peleng” instruments for solar radiometry: electronic measuring unit (left), LED display (right), “Peleng SF-12” actinometer, “Peleng SF-06” pyranometer, “Peleng SF-08” balance meter (top down).
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Fig. 2  “Peleng BK-05” sunshine duration meter.

To carry out solar observations, all the above instruments should be duly placed on observation sites using certain facilities for their mounting, shadowing and calibration. Design and production of the above facilities is an important question solving by RPA “Typhoon” and MGO. For example, M-41M shadow ring (fig.3) has been designed by RPA “Typhoon” and successfully tested on MGO site measuring diffuse radiation and radiation balance according to Roshydromet observation program. 
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Fig.3. М-41М shadow ring

The other example of MGO and “Peleng” Russia-Belarus cooperation is a newly designed  PSS-1 sun tracker. Its functions are both to aim the actinometer to the sun automatically and to shadow the pyranometer. The first PSS-1 sample is being tested on MGO site.

Thus, in the nearest future the full set of domestic Russia-Belarus instruments and facilities for solar radiometry will be set into production for Russian and Belarus weather services needs.

Besides application of the above tools, there is an idea to equip several Russian sites with foreign automatic solar radiometry stations in the frame of Roshydromet technical re-equipment program under IBRD credit.  The most possible supplier is a world famous company Kipp&Zonen (Holland) working in that market for over 150 years. Therefore, all the above facilities are intended for various types of sensors. The arm-rack can bear either Roshydromet basic sensors or Kipp&Zonen ones, including Kipp&Zonen long-wave and UV radiation sensors. The tube (fig.4) for pyranometers on-site calibration has two versions: PO-11-M1 for Roshydromet basic units and PO-11-M2 for Kipp&Zonen ones.
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Fig. 4. Calibration tubes: PO-11-M1 for Roshydromet basic pyranometers (left), 
PO-11-M1 for Kipp&Zonen pyranometers (right).

Because of variety of sensors types, intercomparison measurements has been held to define convergence of the results which is very important for prolongation of Roshydromet cumulative observation sequences. The automatic solar radiometry station for on-site intercomparison measurements was provided by Kipp&Zonen. All the compared instruments were assembled and put into operation by international team representing Kipp&Zonen (Holland), RPA “Typhoon”, MGO, Central Aerological Observatory and ATTEX company (Russia). 

table 1 shows the sensors compared. The sensors location is shown at fig. 5-8. Direct and diffuse radiation sensors and CM21 pyranometer for global radiation were placed on 2AP-GD tracker (Kipp&Zonen). Balance meters were placed on the arm rack at a height of 1,5 m.
Table 1. Solar sensors for intercomparison observations on MGO site

	Type of radiation measured
	Roshydromet sensors
	«Kipp& Zonen» sensors

	Direct solar radiation
	М3 (№ 5)
	СН1 (№ 020332)

	Global solar radiation
	М80 (№ 1264)

«Пеленг СФ-06»
	СМ21 (№ 031141)

CM3 (№ 020490)

	Diffuse solar radiation
	М80 (№ 581)
	СМ21 (№ 031142)

	Radiation balance
	М10 (№ 270)
	CNR1 (№ 020490),

NR-Lite (№ 980098)


The set of instruments compared on MGO site are shown at fig. 5-8:
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Fig.5 Set of compared instruments              
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Fig.6 «Kipp&Zonen» and “Peleng” pyranometers
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Fig.7 CH1 pyrheliometer and M3 actinometer
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Fig.8 Balance meters



Measurements were held automatically around the clock. All sensors except “Peleng SF-06” pyranometer were connected to data retrieving system based on “Combilog 1020” data-logger. Each 10 seconds the sensors output voltage was measured, saved to the logger internal memory and copied to PC for further analysis. Software was designed by RPA “Typhoon” and ATTEX according to MGO algorithms. 

Because of shortage of the logger input channels, “Peleng SF-06” pyranometer measured hourly and daily averages of global radiation by its own measuring unit. Diffuse radiation also was measured under manual shadowing and registration to provide intercomparison with CM21 respective data.

Comparative analysis of the results obtained from different sensors showed us convergence of the results in the limits of accuracy of the basic Roshydromet sensors. 

Because there was no modern measuring systems for solar radiometry in Russia, RPA “Typhoon” has designed a multi-channel data logger (BCI) for solar sensors specially. It is intended for input signals measuring, data storage and transfer to the user’s computer.   Number of input channels can vary from 4 to 28, digital output – RS232, RS485 or USB (fig. 9 and 10). BCI is compatible with various types of commercially available solar sensors. It can be used as an automatic recorder or as a part of Roshydromet weather stations including the automatic ones.
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Fig.9 BCI multi-channel data logger                         Fig.10 BCI in a weather protection shelter                                                          

Communication between the logger and the user’s computer is provided by special software intended for:

· data import, transfer into Excel daily files, comparative presentation in graphs and tables;

· setting current time of the logger, measuring range and time;

· setting factors for data converting into physical magnitudes for each measuring time;

· modification of calibration  tables.

In 2006 BCI was certified and put into the State Register of measuring instruments (pattern approval certificate of measuring instruments RU.C.34.001.А № 24910). It was tested successfully in the Arctic and Antarctic and now is being introduced into Roshydromet observation network.  
              The last stage of Russian solar observation network technical re-equipment is a newly designed MF-19 solar radiometry instrument. It consists of new commercially available sensors, BCI logger, mounting facilities and the operator’s workstation software. PSS-1 tracker will be included into MF-19 set also.  The first sample of MF-19 is being tested on-site since 2008. The software pilot version enables the operator to get either measured or calculated values.

Measured values are:

· direct solar radiation S;

· diffuse radiation D;

· global radiation Q;

· reflected radiation R;

· shadow radiation balance (excepting direct radiation) B;

· illuminance E.

Calculated values are:

· direct solar radiation on horizontal surface S’;

· full radiation balance Br;

· long-wave radiation balance Bd;

· global radiation Qr (calculated);

· surface albedo Ak.

MF-19 is intended to carry out any of basic Roshydromet observation program:

· short program for measuring daily global radiation; 

· continuous registration of direct, diffuse, global, reflected radiation and radiation balance;

· observatory program with increased or customary set of sensors.

MF-19 test results confirm its usability, reliability and wide potential of combination with various types of commercially available sensors. One of MF-19 versions is to be a part of a universal automatic station that is being designed right now and intended for meteorological, solar radiometry and thermal balance observations. 

Thus, MF-19 series production will provide Russian observation network with full sets of up-to-date automatic instruments of higher accuracy and on-line data processing.

A new idea for future is a universal  automatic station for meteorological, hydrological, solar and agricultural applications.
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