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	Summary and purpose of document
This document provides information on the  first operational application of the passive microwave sounding of snow depth and snow water equivalent from board of snow mobile. The system consists with two radiometers 0.8cm and 21cm  wavelength, which are identical to those spaceborn instruments and are used for determining the same snow parameters. Purpose of the document is in providing information about activity of Roshydromet in the titled direction. 



Action proposed

The Meeting is invited to note the discussion on this paper and make a decision regarding development of this direction as a possible ET-NTTB activity for WIGOS Framework Implementation.
________________
I Introduction

1. Snow depth and density mapping is one of the power tool for numerical models for prediction of floating induced by snow melting. Insurances of the agricultural risks of freezing and draying of the soil is in direct dependence on the snow pack formation and melting periods. Snow pack related albedo of the Earth surface is the critical parameter for radiation balance of the planet and, due to this to the climate change.

2. Snow depth and density mapping is one of the very hard manual procedure for the technicians of NHMS of countries with regular seasonal snow pack formation. The technology of this procedure was not changed within last 200 years as the regular snow measurements was established in Europe. This technology can not be transferred to digital form in principle.

3. Very wide used in the 70’s and 80’s decade of XX century Gamma Ray snow mapping can not be applied in the central Europe since April 1986 after Chernobil catastrophe.
4. Alternative passive microwave measurements of snow pack parameters were developed successfully in Meteorological Service of Canada (MSC) with the use of stationary set of microwave radiometers and with the use of the same set installed on small aircraft “Twin Otter”. The physical principle of the measurement is based n the fact that emissivity of snow at different wavelength and polarizations depends directly on the snow depth and snow water equivalent. Emissivity is just a ratio of measured brightness temperature to the physical temperature of snow surface.
II Current status of satellite snow mapping

5. The set of the microwave radiometer used by MSC primarily was corresponding to those used by AMSU for satellite measurement of different atmosphere and hydrology parameters from the space. It includes microwave radiometers 93 GHz (0.3cm) two polarization, 36GHz (0.8cm) two polarization and 19 GHz (1.6cm) two polarization. The radiation was received from the direction 53degree to horizon, which provides maximum polarization divergence of brightness temperatures.

6. At the next step two more channels were used for aircraft measurements: 4.6GHz (6cm) two polarization and 1.4GHz (21cm) two polarizations. There was not any satellite with the same set of microwave radiometers on one board, but both this channels were presented in space on different space platforms. 
7. The satellite estimate f snow depth and snow water equivalent was made on the basis of regression algorithms and provides the accuracy not more then 100%. The main problem in such a high inconsistency of the results was decided the no uniformity of the ground surface within the food print of satellite antenna pattern.

8. The aircraft microwave measurements of snow pack parameters performed by MSC were aimed to minimize the antenna food print on the ground to get as much uniform under snow radiation as possible. On the basis of these measurements it was developed the fractal structuring correction of the satellite microwave data for now pack parameters.

III Microwave remote system for snow depth mapping with snow mobile

9. The microwave radiometer system composed with two radiometers: 1.4GHz (21cm ) two polarization and 36GHz (0.8cm) two polarization was developed and installed on board of snow mobile trailer by Roshydromet in 2012. The main purpose of the system creation was in autoimmunization of manual snow mapping procedure,
10. Two microwave radiometers were installed on the frame 1.5m tall, which allows to get antenna food print on the ground separated from the trailer edge, when looking at 53 degree to horizon.

11. The system was additionally equipped with: video camera looking at the same angle as microwave radiometers, GPS receiver, inclinometer, autonomous power supply and industrial computer. Data were duplicated: it was written on the flash memory on board and transferred by GPRS to the operational center in real time.

IV First results

12. The first tests of the system were made in winter season 2012-2013. Methodic of the tests was in direct comparisons of the manual measurements of snow depth and snow water equivalent and determining of the same parameters on the base of microwave radiometer data.

13. All the measurements were made on the base of Valday branch of State Hydrological Institute (Roshydromet) at a standard path for manual snow mapping. The preliminary results demonstrate the ability to determine snow depth with the accuracy about 10% and snow water equivalent with the accuracy  about 30%.

14. As the demonstrated accuracy is much higher then accuracy of determining of the same parameters by the same systems from space, it looks like that ground validation of satellite systems with the use of the developed system would be very productive.

15. In perspective of WIGOS implementation, it can be faceable to use both satellite and snow mobile microwave systems as complimentary units of integrated system for delivery of the joint hydro meteorological products as snow depth and snow water equivalent.  

16. Power Point presentation of the above described work will be presented during ET NTTB meeting 04-07 March 2013.

