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Abstract
Understanding and predicting climate change over Africa is an issue
of increasingly importance. Here we analyze results from a downscaling of rainfall and temperature projections over Ethiopia using 50km
RegCM4 initialized with ECHAM5 GCM (CMIP3) A1B scenario. The
RegCM4 convective parameterization scheme was first tested against
GPCP rainfall in a dry and wet year with forcing by ERA-interim data.
Optimal results were found using the Grell on land and Emanuel on
ocean (represented by 99) convection schemes. Downscaled RegCM4
outputs from 1979-2000 were evaluated against the observed mean annual cycle of CRU temperature and GPCP rainfall in various spatial
clusters. The seasonal shape of both rainfall and temperature was
well simulated. However the highlands (lowlands) showed a cool-wet
(warm-dry) bias. The projected rainfall exhibits a minimal down-trend
over Ethiopia (-0.01 to -0.07 mm/decade). For maximum temperature,
the increase is more significant (0.4C/decade) using A1B. The weak
down-trend in rainfall and fast up-trend in temperature require impact
modeling for optimizing management of crop and hydrological resources
over Ethiopia.
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Results:

Figure 8: The mean base period (1979-2000) RCM (left) and
GPCP (middle) rainfall as well as its bias (right) over Ethiopia
for JJAS (top row), FMAM (middle row).
Figure 3: The mean ONDJ temperature for the extreme dry year
(1997: upper row) and wet year (1998: lower row) from CRU
observation (left column), Grell on land and Emanuel on ocean
(middle column) and the corresponding biases from CRU (right
column).

Introduction

Figure 9: The mean rainfall during the base period (first column), projection period of 2010-2039 (second column), projection
period of 2040-2069 (third column), projection period of 2070-2099
(fourth column) for JJAS (first row), FMAM (second row).

• Agriculture accounts for 30% of African GDP (IPCC 2007b),
• Most of African crop production depends upon sufficient rainfall
throughout the growing season,
• Understanding the human impacts of climate change in Africa requires detailed predictions of global coupled climate models,
• In recent years, Regional Climate Models (RCMs) are one of the fundamental techniques used to downscale global (large-scale) climate
processes for regional applications.

Figure 4: TThe same as Fig. 3 but for mean FMAM temperature.

• RCMs are suitable tools for regional climate processes, seasonal climate variability, regional climate change and impact studies,
• In RCMs the influence of local climatic forcing superimposed on
large-scale climate variability are resolved better than using GCMs.
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Figure 10: The seasonal cycle of rainfall during base period (19712000) and there consecutive 30-year projection period shown in
color codes for region 1 (top-left), 4 (top-right), 7 (bottom-left),
and 8 (bottom-right) shown in Fig. 2 (b).

Data and Methodology

• The ICTP regional climate model RegCM4 is used for this study
(Grell et al. 1994),
• RegCM4 simulations are carried out in three phases; experimental,
base and production period simulations.

Figure 5: The mean JJAS rainfall for the extreme dry year
(1997: upper row) and wet year (1998: lower row) from GPCP
observation (left column), Grell on land and Emanuel on ocean
scheme(middle column) and the corresponding biases from DPCP
(right column).

• The initial and lateral boundary conditions are obtained from the
third generation ECMWF reanalysis product ERA-interim reanalysis data for the experiments and from the 20th century simulation
with observed anthropogenic forcings (CO2, CH4, N2O, CFCs, O3,
and SO4 ) for base (1971-2000) while the boundary conditions for
the projection periods (2001-2099) were derived from a simulation
of ECHAM5 (EH5OM) under the A1B emissions scenario(Roeckner
et al. (2006b)).
• GPCP and CMAP were used to validate rainfall simulations while
CRU was used to validate temperature simulations. The comparison
is done for known three seasons (JJAS, ONDJ and FMAM) over
Ethiopia.

Figure 11: The mean temperature during the base period (first column), projection period of 2010-2039 (second column), projection
period of 2040-2069 (third column), projection period of 2070-2099
(fourth column) for FMAM (second row) and ONDJ (bottom row)..

Figure 6: The same as Fig. 5 but for FMAM.

• The performance of convective schemes is evaluated against observations using the spatial bias over Ethiopia, Mean Squared Deviation
(MSD), Squared bias (SB) (see Rossiter (2011)). The present day
and projected rainfall simulations are compared with GPCP at a
30 year time slice both spatially and for the homogeneous rainfall
regions of Ethiopia taken from Tsidu (2012) (see Fig. 2(b)).

Figure 12: The day time maximum temperature series for region-8
(upper left) and departure from base period (upper right); similarily
for region-2 (lower reft and lower right).

• The regional model is integrated over the continental African
domain of Fig. 2(a) for the entire simulation periods at a spatial
resolution of 50km.
Figure 7: The seasonal cycle of rainfall during the two dry (wet)
years 1997 (1998) for region 1 (top left), 4 (top right), 7 (bottom
left), and 8 (bottom right) shown in Fig. 2 (b).
Table 1: The MSD and bias of the simulated rainfall under Grell
on land and Emanuel on ocean convective schemes with respect to
CMAP and GPCP over region 1, 4, 7 and 8 shown in Fig. 2 (b).

Figure 2: Domain of simulation (left panel) and homogeneous
rainfall regimes (right panel (Tsidu (2012))).

Enhancing the Availability of Dynamically Downscaled High Resolution Climate Data for Ethiopia.

CMAP
Region MSD
1
0.468
4
0.099
7
0.19
8
0.366

Bias
0.063
0.008
0.024
0.051

GPCP
MSD
0.356
0.092
0.172
0.274

Bias
0.053
0.003
0.021
0.042

Figure 13: The same as Fig. 12 but for night time minimum
temperature.

