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Numerous observational studies and model simulations have shown that snow cover affects atmospheric circulation, air temperature, and the hydrologic cycle. The adequate prediction of the melting rate of the snow and time of its complete ablation is of particular importance for the weather forecasting since these processes determine the moment, after which the ground temperature starts to rise above the freezing point value. This, in turn, affects the air temperature, too.
At the moment, many time series of different meteorological and hydrological characteristics have been accumulated from different field experiments and regular observations. It makes possible thorough evaluation and intercomparison of snow models to understand what snow processes must be represented in the coupled soil-snow-vegetation-atmosphere models.

The present study reports results of comparative analysis of the water-equivalent snow depth simulation obtained with two land surface schemes, namely the land surface scheme of the COSMO-model and the land surface scheme of the global circulation model of the Institute for Numerical Mathematics (INM), Russian Academy of Sciences (Moscow, Russia). 
There is an essential difference between formulations of the snow models of the COSMO and INM. The COSMO snow model is one-layered and state variables are snow temperature and snow density. The INM snow model is multilayered with an arbitrary number of layers and state variables are snow temperature, snow density and liquid water content (all for each layer). At the moment, this snow model includes description of the following processes: (i) percolation of the snow-melted water and rain through the snowpack and their freezing, (ii) refreezing of the water trapped within the snowpack, (iii) metamorphosis and gravitational compaction of snow, (iv) transfer of the solar radiation through the snowpack.
The intercomparison of these models is done by means of the meteorological data sets, which have continuously been collected at Valdai water-balance research station (Russia, European part) in 1966-1983 and at Yakutsk meteorological research station (Russia, East Siberia) in 1937-1984. These data sets include measurements of incoming shortwave and longwave radiation, precipitation, air temperature, humidity, pressure at 2 m and wind velocity components at 10 m with 3 hours temporal resolution. Continuous integration of two models was carried out for 18 years with Valdai data and for 48 years with Yakutsk data. Simulated snow water-equivalent depth (SWE) was compared with observed SWE (for Yakutsk, there is snow observation data for the years 1971-1973, for Valdai - for the whole time integration period, 1966-1983). 
The models under consideration have shown close results for Yakutsk. The moment of complete disappearance of the snow cover is represented very close to observations, but the simulated SWE is systematically overestimated by both models during late winter and spring. SWE simulated by the INM model is a bit more close to the observed SWE than SWE simulated by the COSMO model.
For Valdai, there are more differences in results of modeling. Time of the complete melting of snow obtained by the INM model is noticeably closer to the observations than that obtained by the COSMO model. In the COSMO model, the snow melts much earlier than in the INM model and than in reality. Mean errors are -14 (±2) days in the COSMO model versus -1 (±1) days in the INM model. This discrepancy can be explained by difference in the models descriptions of physical processes in snow. It is known that there is a delay between the onset of the snowmelt at the snow surface and decrease of the SWE. Before the melted water can leave a snowpack, the cold content, i.e., negative heat stored in snow, must be overcome, and the snow saturation must be increased to its irreducible liquid saturation. Even when the entire snowpack is at the freezing point and is saturated to its irreducible liquid content, the first amount of the melted water may need many hours to percolate from the snow surface to the snowpack base. Hence a snowpack can undergo many repeated cycles of the day-time snowmelt and night-time refreezing of liquid water, before any melted water leaves the snowpack.

Together with the liquid water percolation and refreezing, gravitational compaction and penetration of the solar radiation (which are also parameterized in the INM snow model) can affect the snow depth and the melting rate, too. In the report, the contribution of these physical processes into quality of modeling SWE, is discussed. 
In conclusion, some recommendations for the further development of the COSMO snow model, derived from results of the above presented analysis, are suggested. It is noted also that the Valdai observational data set includes data related to the snow density and albedo, as well as to the snow cover fraction. It is known that the two latter parameters have a considerable effect on the energy available for the snow ablation. Thus, this observational data allows to further evaluate the COSMO snow model and to understand to what extent the adequate simulation of these variables is important, in order to improve the prediction of processes of the snow accumulation and ablation.

