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The International Center for Theoretical Physics (ICTP) RegCM4 model is used to compare the different cumulus and closures parameterization schemes of AK, EM, GAS and GFC in Central Africa. An evaluation of the nested model is presented for the Saharo-sahelian, Sahelian, Soudanian and Equatorial regions. The schemes show a slight shift of the rain bands toward the Soudanian region. The schemes are not identical. AK shows reduced rainfall in the Soudanian. EM and GFC exhibit a dry bias during July, August and June-August (JJA) in the common zone of Cameroon, Nigeria and Gulf of Guinea. Striking insufficient of precipitation over the ocean in the Gulf of Guinea due to all the schemes. The implementation of the EM and GFC schemes improves the mean seasonal simulated precipitations and surface temperatures. The EM scheme improves well in the timing and amplitude of precipitations and surface temperatures in Central Africa.

Four sub-regions are independently set as regional analysis zones to quantitatively investigate the model's performance and climatological change in rainfall and surface temperature (Fig. 1). These sub-regions represent some simplified climate zones. Data we used the following data:

Four outputs of RegCM4 model [START_REF] Giorgi | RegCM4: model description and preliminary tests over multiple CORDEX domains[END_REF] simulation data (RegCM4-AK, RegCM4-GAS, RegCM4-GFC and RegCM4-EM) (0, 25 • × 0, 25 One reanalyzed atmospheric forcing, the new ERA-Interim (EIN15) [START_REF] Dee | The ERA-Interim reanalysis: configuration and performance of the data assimilation system[END_REF] gridded reanalysis (EI-RegCM4) (1, 5 • × 1, 5 • ) EI-RegCM4 produced with 4D-Var (12 hours cycles of analysis).

Observed SSTs [START_REF] Reynolds | An improved in situ and satellite SST analysis for climate[END_REF] SSTs (from the NOAA weekly optimum interpolation analysis (version 2)).

Six different observation data from 1975 to 2005 CRU (0, 5

• ×0, 5 • ), TRMM 3B43 (0, 25 • ×0, 25 • ), GPCC (1 • ×1 • ), CMAP (2, 5 • × 2, 5 • ), GPCP (2, 5 • × 2, 5 • ), UDEL (0, 5 • × 0, 5 • ).
Schemes we used the following schemes: the Modified-Kuo Anthes (AK) scheme [START_REF] Anthes | A cumulus parameterization scheme utilizing a onedimensional cloud model[END_REF] the mass flux scheme developed by Grell [START_REF] Grell | A description of the fifth generation Penn State/NCAR Mesoscale Model (MM5)[END_REF] Two closure assumptions can be adopted:

Arakawa and Schubert (GAS)

Fritsch and Chappell (GFC) the Emanuel/Massachusetts Institute of Technology (EM) scheme [START_REF] Emanuel | A scheme for representing cumulus convection in large-scale models[END_REF][START_REF] Emanuel | Development and evaluation of a convection scheme for use in climate models[END_REF] 

Methods

• To account for differences in vertical resolution and topography, a vertical interpolation is performed between RegCM and the driving fields;

• To ameliorate the model's performance, the boundary forcing is interpolated horizontally and vertically to the RegCM grid and topography at 6-h intervals;

• To ease comparison for the present period, the integration with the different schemes is considered independently in four topographical subregions:

Saharo-sahelian (16 -20 • N, 6 • W -34 • E) Sahelian (13 -16 • N, 6 • W -34 • E) Soudanian (2 -13 • N, 6 • W -34 • E) Equatorial (9 • S -2 • N, 6 • W -34 • E)

Results

Comparison of schemes

• During the season June-August (Fig. 2), RegCM4 simulations have a little wet bias in Central African coast, with isohyet 2mm/day located between 18 and 20 • N in AK, GAS and EM with a precise position at 15 • N in GFC scheme.

• During the season June-August (Fig. 3), AK ranges from 299 to 301K while EM simulates 297K in the Western Nigeria;

• Surface temperatures depend on the scheme in the Gulf of Guinea;

• AK, GAS and GFC schemes reproduce high surface temperatures explaining the extension of rains until the Sahelian latitudes;

• In EM, rains extension is the result of more low surface simulated temperatures located between 299 and 301K over the Gulf of Guinea;

• An occupation of the Equatorial Central African areas by monsoon rains is the result of the low temperature gradient between the continent and the tropical Atlantic;

• The ITCZ is found around 8 • N in simulations with the AK scheme whereas it is found around latitude 10 • N with EM, GAS and GFC schemes. 

Comparison with observations

• During the season June-August (Fig. 2), CRU and GPCP present isohyet of rains band toward the coast of Central Africa;

• All the schemes have patched rainfall patterns over continental areas as opposed to the CRU observed zonal patterns; • The orographic maxima over mountainous regions in the Guinea and Cameroon highlands are not captured by all the schemes. • In general, none of the different cumulus and convective closures schemes is able to reproduce the spatial characteristics of surface temperatures as observed in EIN15; • Closeness are reinforced in the Saharo-sahelian region between all the schemes (especially GAS, GFC and EM schemes) and EIN15. 

Discussions

• There is value in examining the RegCM4 model nested in one source of boundary forcing, in this case ERA-Interim reanalysis data; • The difference of the isohyet location in the (AK-GAS-EM) schemes and the GFC scheme suggest the GFC scheme is doing better; • While ITCZ appears to be found around 8 • N in simulations with AK, it is found around 10 • N in simulations with EM, GAS and GFC schemes; • RegCM4 simulation of precipitation in the Central Africa is better with both the EM and GFC schemes than both the AK and GAS schemes (Fig. 2). 

Conclusions and forthcoming research
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 1 Figure 1: RegCM4 model domain and topography. Also shown (areas in rectangles) the four topographical sub-regions of simulation domain. Saharo-sahelian, Sahelian, Soudanian, Equatorial.

  ) RegCM4-AK (from June to August 2006), RegCM4-GAS (from June to August 2006), RegCM4-GFC (from June to August 2006), RegCM4-EM (from June to August 2006).

Figure 2 :

 2 Figure 2: Spatial distributions of total precipitation (mm.day -1 ) (left) and surface temperature ( • K) (right) as simulated using AK, GAS, GFC and EM cumulus and convective closures schemes during June, July, August and JJA for the present day climate 2006 year over Central Africa.

Figure 3 :

 3 Figure 3: Monthly and Seasonal cycles of total precipitation ((mm.day -1 )) (top) and surface temperature (( • C)) (bottom) as simulated using AK, GAS, GFC and EM cumulus and convective closures schemes during June, July, August and JJA for the present day climate 2006 year over the four sub-regions.

Figure 4 :

 4 Figure 4: Monthly and Seasonal cycles of total precipitation ((mm.day -1 )) (top) and surface temperature (( • C)) (bottom) as simulated using AK, GAS, GFC and EM cumulus and convective closures schemes during June, July, August and JJA for the present day climate 2006 year over the four sub-regions.

•

  The focus of this work was to analyze the performance of the RegCM4 model in simulating current climate over Central Africa when driven by one reanalyzed atmospheric forcing, the ERA-Interim (EIN15) and to compare the different cumulus and closures schemes; • The implementation of the EM scheme improves well in the timing and amplitude of precipitations and surface temperatures in Central Africa; • In the continuation of this work, a paper is in preparation concerning a long term nested regional climate model RegCM4 climatologies for Central Africa using ERA-Interim reanalysis and ECHAM global model driving fields.
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