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Status. 

The implementation of the lake model FLake into the LM is basically completed. The F90 FLake code has become a part of the official LM code and modifications in a number of LM routines due to the presence of FLake have been made. Some minor changes are still to be introduced into several LM routines. Those changes have been successfully tested in the pre-operational LM version but are not yet incorporated into the operational LM version. This is being done at the moment (c/o Ulrich Schättler). FLake is implemented in such a way that in order to make the lake model “invisible” as if it were not present in the LM, it is sufficient to set the logical switch llake equal to FALSE. Scientific documentation of FLake is ready and a brief synopsis of FLake routines is prepared. Further information about the lake model FLake is available at the FLake web page http://nwpi.krc.karelia.ru/flake/index.htm, where a version of FLake for stand-alone applications can be found. That version is equivalent to the version implemented into the LM in terms of the model physics but differs in terms of the organisation of FLake routines. For example, the information contained in several modules of the stand-alone version is collected and put into a single module of the LM version. These changes are easy to trace as the FLake code contains comprehensive comments. The model documentation of FLake to be included into the LM model documentation will be prepared as soon as FLake becomes operational at DWD. 

Testing FLake in LM. 

A parallel experiment, hereafter referred to as Exp_5632, with the LM-FLake coupled system, including the entire LM data assimilation cycle, is performed at DWD. The main goal with the Exp_5632 is to see if the LM-FLake shows a reasonable performance with respect to the lake surface temperature (equal to the ice surface temperature if a lake is frozen), to the lake freeze-up and melting, and to the ice thickness. An important issue is the ice surface albedo-radiation positive feedback that may have a detrimental effect on the LM-FLake performance. In order to save computational resources, the LM1 numerical domain is used in Exp_5632, i.e. the LM domain that was operational at DWD prior to the implementation of LME. The experiment was started on 1 January 2006, using the lake surface temperature from the LM SST analysis as the initial condition. Other FLake prognostic variables (bottom temperature, mixed-layer depth, etc.) were initialised using reasonable common-sense estimates and assuming no ice cover. Once a cold start is made, the LM-FLake runs freely, i.e. without any correction of the lake surface temperature and of the other FLake variables. Although the SST from the LM analysis has no direct effect on the performance of FLake in LM, it is stored in the data bank for further comparison with the lake surface temperature forecasted by FLake. Six model months (from the beginning January to the end of June 2006) are now completed in the framework of Exp_5632. 

Results from Exp_5632 look satisfactory. In particular, many lakes present in the LM1 domain are frozen and the ice melts in a reasonable time span as can be judged on the basis of empirical data available from e.g. the World Lakes Database (http://www.ilec.or.jp/database/database.html). A potentially dangerous ice surface albedo-radiation feedback does not deteriorate the model performance, indicating that the LM-FLake is well tuned. 

A comparison of the lake surface temperature predicted by FLake with the lake surface temperature from the LM SST analysis indicates a substantial difference between the two temperatures. This difference is particularly striking during the period of ice cover when it often exceeds ten degrees. An explanation for the large temperature difference is provided by the LM SST initialisation procedure. In case the observational data for several water-type LM grid points are not available, these grid points are initialised by means of interpolation between the nearest water-type points for which the water surface temperature is known. Such procedure is not too harmful for sea points. Large horizontal gradients of the sea surface temperature are comparatively rare, so that the interpolated SST is expected to be a good approximation of the actual SST even though the points where temperature measurements were taken may be quite far apart. In contrast to open sea, lakes are enclosed water bodies. The lake surface temperature is a result of a complex interplay of physical processes in the lake in question. It has little or nothing to do with the surface temperature obtained by interpolations between the nearest water bodies. The water-surface temperature initialisation procedure mentioned above often yields a too high surface temperature for many lakes present in the LM1 domain. The effect is most pronounced when lakes are frozen and the lake surface temperature, which is then equal to the ice surface temperature, is well below the freezing point. The LM SST initialisation procedure does not explicitly account for the presence of ice, so that lakes that are frozen in reality remain ice-free in the LM. Then the SST obtained by means interpolation between the “nearest” water bodies (which may be far away from the lake in question) often yields the lake surface temperature well above the freezing point, leading to large surface-temperature errors. This does not happen if the lake model FLake is used. Since FLake allows the lake surface temperature to adequately respond to the atmospheric forcing, lakes eventually freeze and the ice surface temperature then drops in response to surface cooling. An overestimation of the water surface temperature increases the surface fluxes of sensible and latent heat. This may result in the development of artificial cyclones over water bodies, leading to a considerable degradation of the LM performance. The situation would not occur if the lake model FLake is used in the LM. 

It is suggested that the results from Exp_5632 (documentation, two-dimensional plots of external-parameter fields, two-dimensional x-y plots and time series of LM-FLake prognostic variables) are made available to the COSMO members through the COSMO web page. This will provide the developer-user feedback and will, among other things, help improve the FLake documentation. 

Outlook. 

In the near future, an effort should go into the (ultimate) testing of the LM-FLake over the DWD LME domain. To this end, the external-parameter fields of lake fraction and of lake depth for the LME domain are required. Ekaterina Kourzeneva from Russian State Hydrometeorological University of St. Petersburg is working on the development of the lake-depth data base and of the external-parameter fields for the LME domain. The work is approaching its final stage. As the external-parameter fields for the LME domain are developed, a parallel experiment with the LME-FLake will be started. Subject to a successful verification of results from that parallel experiment, FLake is expected to come into operational use. The FLake model documentation will then be prepared on the basis of the existing FLake scientific documentation. Furthermore, recommendation will be formulated as to how external-parameter fields should be generated in order to apply LM-FLake over an arbitrary numerical domain. Some advice can already be obtained from Dmitrii Mironov. 

The medium-term and the long-term prospects with FLake include the extension of the lake-depth data base in order to eventually cover the entire globe. The development of a global data base is a difficult task. It necessitates collaborative effort of several groups. Apart from the lake depth, it is advantageous to collect data on other lake characteristics, first of all, on the optical properties of the lake water. 

Further development of the LM version of FLake in terms of the model physics does not seem to be necessary in the immediate future. It is expedient in the long-term prospect, however. The issues of high priority are the explicit treatment of snow over the lake ice and the extension of the temperature profile parameterisation to include the abyssal layer below the seasonal thermocline. Such efforts are hardly possible in frames of COSMO due to limited human resources. Co-operation with other consortia as well as with universities and research institutes is required. 
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