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This document is a technical description of the global surface spin-up assimilation cycle that is used at the Meteorological Service of Canada to contribute to the CEOP initiative. It describes the structure of the cycle itself.





Roughly, the structure of the global cycle is based on a 6h forecast followed by an analysis that feeds the next forecast and so on. Although there is a lot of technical details (cycled variables, different kind of analysis, etc.), this gives an idea of the framework. Note that a variable is cycled when the first guess (i.e., 6-h forecast) is directly used as initial condition for the next forecast, without any analysis increments being applied to it.  Variables are said to analysed when observations are used to modify the result of the first guess (through analysis increments).





We would like to stress that this document focuses on the interactions between the different elements of the cycle. Basically, it describes how different fields are predicted and analysed within the process. Moreover, a special attention is given to the fields that connect the different cycle processes. For instance, a field that can be predicted by the model but that is not involved neither in an analysis nor as the next model input will not be described in this document.





Finally, this document is about the structure of the cycle and does not describe much of the inner calculations involved in the different cycle elements.





Surface spin-up cycle





A special approach (referred here as a surface assimilation cycle) is used to generate the products required by CEOP.  In this approach, the surface evolves according to 6-h model forecasts, with analyses being done after each of these short integrations.  In this cycle, no atmospheric data assimilation is done; rather, upper-air initial conditions are directly retrieved from CMC operational archives. 





Global meso-scale model





An important component of this system is the atmospheric model that is used to produce the 6h forecast for both the surface and the upper air atmosphere. We use a global meso-scale model with a 800x600 resolution grid (constant resolution of 0.45o in longitude and 0.30o in latitude) and 58 vertical levels. The timestep is 15 minutes. The surface scheme in the forecast model is ISBA (Interaction Soil-Biosphere-Atmosphere). This scheme is based on a two-level force-restore equation for both temperature and moisture, with improved representation of vegetation and snow.





The atmospheric model provides surface fields, snow fields, screen level temperature and moisture, precipitation and radiation fluxes to the screen-level analysis, the snow analysis, the soil analysis and to its own next input.





Operational CMC archived 3DVAR upper air analysis





Since our cycle is focused on the surface, we do not recalculate the 3DVAR upper-air analysis.  Instead, we take it directly from CMC’s operational archives. Therefore, this analysis has a lower resolution than the 6h-forecast (400x200x28). This upper air state is used as the atmospheric input for the 6h-forecast. It requires the virtual temperature, the humidity and the wind components at every atmospheric level plus the surface pressure (definition of a complete atmospheric state). If the upper air analysis were on the same vertical level structure as the model itself, then the latter would read the geopotentiel  heigth. Since it is  not the case, it recalculates it anyway.





Note that the sea-surface temperature (TM), the ice fraction (LG) and the no-snow surface albedo (AL) also come from the operational archives. The reason being that the different analysis of those fields are model independent. Therefore, there is no point recalculating these.





Screen-level analysis





We also perform a screen-level temperature and moisture analysis based on an optimal interpolation (OI) method. This analysis produces fields for the 2m-air temperature (TS) and dew point depression (ES). The main purpose of this analysis is to provide input values to the surface variable analysis.





Snow analysis





The snow analysis uses its own off-line model. It requires screen-level temperature and precipitation from the 6h-forecast and provides an analysis of snow depth (SD).  It feeds itself with SD, the snow density (DN), the snow age (XA) and the TS history (four most recent values of TS).





Most of the snow fields are actually cycled by the global meso-scale model. The role of the snow analysis is to provide the model with an analysed SD field that will insure a snow-observation control.





Surface temperature and soil moisture analysis





Also known as the pseudo-analysis because it assimilates atmospheric observations (i.e., screen-level air temperature and humidity) to produce a surface analysis.  More specifically, it uses the forecast errors at the screen level to calculate analysis increments on the surface temperatures and soil moisture (I0 and I1 respectively). In order to figure out where screen-level model errors can be related to errors in soil properties, the pseudo-analysis must be fed with meteorological variables such as winds, solar flux, snow field, etc. as predicted by the model.





Once analysed, surface temperature and soil moisture (I0 and I1) are given to the model for the next 6h-forecast calculation.





The diagram below shows the structure of cycle. The blue box comes from the operational archives, the red box is the 6h-forecast global meso-scale model, and the green boxes are the different surface analysis. The yellow boxes indicate the field transfers between these processes. Looped arrows indicate that the associated fields are cycled.
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Figure � SEQ Figure \* ARABIC �1�: Global surface spin-up assimilation cycle diagram











Fields�



Descriptions�
�
�
�
�
�
Upper air atmosphere�
�
VT�
Virtual temperature at every atmospheric levels�
�
HU�
Specific humidity at every atmospheric levels�
�
UU�
Zonal wind component at every atmospheric levels�
�
VV�
Meridional wind component at every atmospheric levels�
�
�
�
�
�
Pressure fields�
�
P0�
Surface pressure�
�
PN�
Sea-level pressure�
�
�
�
�
�
Snow fields�
�
SD�
Snow depth (produced by both the 6h-forecast and the off-line snow model)�
�
DN�
Snow density (produced by both the 6h-forecast and the off-line snow model)�
�
XA�
Age of the snow surface�
�



TS hist.�
Screen-level temperature analysis adapted for the snow analysis requirements.


The four most recent values (back to 18 hours earlier) are kept for this purpose.�
�
I4�
Water in the snowpack�
�
I5�
Snow mass (or snow water equivalent)�
�
I6�
Snow albedo�
�
�
�
�
�
Precipitation�
�
PR�
Total precipitation�
�
�
�
�
�
Screen level fields�
�
TS�
Screen level temperature analysis�
�
ES�
Screen level dew point depression analysis�
�
TT�
6h forecast screen level temperature�
�
HR�
6h forecast screen level relative humidity�
�
�
�
�
�
Fluxes�
�
FB�
Surface incident downward solar flux�
�
IV�
Top of the atmosphere inward radiation�
�
�
�
�
�
Soil fields�
�
I0


level 1�



Surface skin temperature�
�
I0


level 2�



Mean surface temperature �
�
I1


level 1�



Total volumetric water content (ice plus liquid) in the first 10 cm soil�
�
I1


level 2�
Liquid water content in the root-deep soil layer


(depth is about 2m, deeper in the desert)�
�
I2�
Ice water content in the root-deep soil layer (same layer as I1 level 2)�
�
�
�
�
�
Sea-ice and glaciers�
�
I7�
Three-level sea-ice temperature�
�
I9�
Three-level glacier temperature�
�
Figure � SEQ Figure \* ARABIC �2�: Table of the fields involved in the spin-up cycle


