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List of terms and abbreviations  (if applicable)  
 
ABBREVIATION:  Explanation 
 
CGCM   Coupled Global Climate Model 
CORDEX  Coordinated Regional Downscaling Experiment 
CMIP5    Coupled Model Intercomparison Project Phase 5 
CRU   Climate Research Unit 
ESGF   Earth System Grid Federation 
GPCC   Global Precipitation Climatology Project 
ICTP   International Centre for Theoretical Physics 
RCM   Regional Climate Model   
RCP   Representative Concentration Pathways 
SMHI   Swedish Meteorological and Hydrological Institute 
UDEL   University of Delaware  
WCRP   World Climate Research Programme 
 

 

Summary  
 
This report details a set of high resolution Regional Climate Model (RCM) simulations made over the 
East Africa study region of the Healthy Futures project. Simulations cover the period 1970 to 2100 
and generally follow the WCRP CORDEX experiment protocol (http://wcrp -cordex.ipsl.jussieu.fr/). 
While the majority of Africa CORDEX simulations employ an RCM grid covering the entire African 
continent at a spatial resolution of 50km, within Healthy Futures we decided to increase the RCM 
spatial resolution and focus the domain on East Africa. By doing this we aim to provide higher spatial 
detail in simulated present and future climate variables for use in downstream health and disease 
impact assessment work carried out in the project. 

 

1. Experiment details  
 
Two RCMs have been used in this study, RCA4 from the Rossby Centre at SMHI and RegCM4 from 
ICTP, Trieste. Both RCMs were first driven by ERA-Interim reanalysis data at the lateral and surface 
boundaries for the recent period (1979-2010 for RCA4 and 1982-2008 for RegCM4), in order to 
gauge the overall ability of the models to represent regional details of East African climate when 
driven by high-quality, large scale boundary information. Subsequent to this, each RCM was driven 
at the surface and lateral boundaries by 2 different CMIP5 coupled Global Climate Models (CGCMs) 
covering (i) the present-day CMIP5 CGCM simulation period (1970-2005 for RCA4 and 1982-2005 for 
RegCM4) and (ii) 2006-2100 of the CGCM future projection period. RCA4 was driven by the 2 CGCMs; 
EC-Earth and MIROC5, while RegCM4 was driven by EC-Earth and HadGEM2-ES. For the EC-Earth 
driven simulations two different members of the CMIP5 EC-Earth ensemble, different only in the 
initial conditions around 1850, were downscaled: member r12i1p1 by RCA4 and member r8i1p1 by 
RegCM4. Two future Representative Concentration Pathways (RCP4.5 and 8.5) were sampled for the 
2006-2100 period. 
 
To achieve high resolution over the study region, each RCM employed a slightly different technique. 
The RCA4 model used a two-step nesting technique, whereby first ERA-Interim and the 2 CGCM data 

http://wcrp-cordex.ipsl.jussieu.fr/
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sets were downscaled using the official Africa-CORDEX domain, covering the entire African continent 
at a spatial resolution of about 50km (0.44°). Multi-level, 6 hourly results from each of these RCA4 
simulations (referred to as AFR44 henceforth) were then used as (atmospheric) lateral boundary 
conditions to drive a 2nd RCM domain covering East Africa and adjacent regions of the Indian Ocean 
at a spatial resolution of about  17km (0.15°), referred to henceforth as EAF15. The same sea surface 
temperature fields, derived respectively from ERA-interim or the driving CGCM were used over 
common oceanic regions of the AFR44 and EAF15 domains. Using this technique 2 sets of equivalent 
period and driving CGCM/ERA-interim downscaled data over the study region are generated by the 
same RCM (RCA4) at 2 spatial resolutions. Over the area of interest the benefits of locally higher 
model resolution (17km in EAF15) can be directly compared with the 50km simulation, where both 
model versions are essentially driven by the same simulated large scale climate, that emanating 
from the respective AFR44 simulation. RegCM4 downscaled ERA-interim and the 2 CGCM data sets 
in a single step, at 24km resolution, with a domain centred on East Africa. Table 1 lists the set of 
resulting simulations available to Healthy-Futures partners. 
 
Table 1. List of simulations reported on. 
 

RCM Driving Data Resolution Period CMIP5 experiment 

RCA4-AFR44 ERA-Interim 50km 1979-2010 Observed period 

RCA4-AFR44 EC-Earth 50km 1970-2005 historical 

RCA4-AFR44 MIROC5 50km 1970-2005 historical 

RCA4-AFR44 EC-Earth 50km  2006-2100 RCP4.5 

RCA4-AFR44 EC-Earth 50km  2006-2100 RCP8.5 

RCA4-AFR44 MIROC5 50km  2006-2100 RCP8.5 

RCA4-EAF15 ERA-interim 17km 1979-2010 Observed period 

RCA4-EAF15 AFR44(EC-Earth) 17km 1970-2005 historical 

RCA4-EAF15 AFR44(MIROC5) 17km 1970-2005 historical 

RCA4-EAF15 AFR44(EC-Earth) 17km 2006-2100 RCP4.5 

RCA4-EAF15 AFR44(EC-Earth) 17km 2006-2100 RCP8.5 

RCA4-EAF15 AFR44(MIROC5) 17km 2006-2100 RCP8.5 

RegCM4 ERA-Interim 24km 1982-2008 Observed period 

RegCM4 EC-Earth 24km 1982-2005 historical 

RegCM4 HadGEM2-ES 24km 1982-2005 historical 

RegCM4 EC-Earth 24km 2006-2100 RCP4.5 

RegCM4 EC-Earth 24km 2006-2100 RCP8.5 

RegCM4 HadGEM2-ES 24km 2006-2100 RCP4.5 

RegCM4 HadGEM2-ES 24km 2006-2100 RCP8.5 

 

2. Evaluation of present climate simulations  
 
Figure 1 illustrates the observed seasonal mean precipitation and 2-metre temperature (T2M) over 
East Africa, from the Global Precipitation Climatology Centre (GPCC6) and, for T2M, the Climatic 
Research Unit TS321 data set (CRU-TS321). Means are plotted for the period 1982-2005 and seasons 
March-April-May (MAM) and October-November-December (OND), referred to, respectively, as the 
long-rains and short-rains over East Africa. Also plotted for each season and variable are deviations 
(model biases) with respect to the base observations (GPCC6 for precipitation and CRU-TS321 for 
T2M) derived from a second observation data set (CRU-TS321 for precipitation and UDEL301 for 
T2M), the ERA-Interim product and as simulated by either EAF15 or RegCM4 each forced by ERA-
interim or the CGCM boundary condition data sets. Also shown is the multi-RCM ensemble mean for 
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each season and the driving-CGCM ensemble mean over the East Africa for each variable and 
season. For analysis of spatial patterns of the simulated climate all observational data sets and 
regional simulations were remapped to the same 0.44° (50km) grid while all CGCM simulations and 
the corresponding reference observations were remapped to a common 2° grid. 
 
When driven by ERA-Interim RegCM4 has a general cold bias across East Africa, while RCA4 has a 
warm bias in the northern half of the region. Precipitation is reasonably well represented by both 
models, with biases comparable or smaller than the ERA-Interim precipitation estimates. When 
forced by the different CGCMs, all RCMs inherit a general cold bias from the driving CGCMs, with the 
exception of RegCM4 in MAM when driven by HadGEM2-ES. This cold bias is consistent with the 3 
CGCMs having cold SSTs over the tropical oceans which propagate to influence simulated near-
surface land temperatures. This commonality in the structure and magnitude of T2M biases is 
evident when comparing the ensemble mean (RCM and CGCM) T2M bias in both seasons. To some 
extent similarities in the structure of precipitation biases between the RCM ensemble mean and the 
driving CGCM ensemble are also evident in Figure 1, although with respect to precipitation biases 
the competing influence of both the driving CGCM and the individual RCM physics in contributing to 
the overall precipitation biases is evident. For example, the structure of the RegCM4 MAM 
precipitation bias is rather similar irrespective of whether the driving CGCM is EC-Earth or HadGEM2-
ES. This is also generally true for RCA4 forced by EC-Earth and MIROC5, particularly in OND. In 
contrast, the influence of the driving CGCM (EC-Earth) is commonly seen in a widespread 
precipitation excess in the southern part of the analysis region in both RCMs during OND season. 
 
Figure 2 compares seasonal precipitation and T2M from RCA4(AFR44) and RCA4(EAF15) when driven 
by ERA-Interim and both EC-Earth and MIROC5. Recall the EAF15 domain is driven at its boundaries 
by an AFR44 simulation which, in turn, is driven by either ERA-interim or the respective CGCM. At 
the seasonal mean timescale there appears little difference between EAF15 and AFR44 over the 
common region of East Africa. This is largely to be expected, with differences due to higher model 
resolution likely residing in the higher order statistics of precipitation, in particular the 
representation of extreme precipitation events. Such analysis will not be discussed in this report. 

3. Evaluation of future climate projections over eastern Africa  
 
Figure 3 gives an example of the seasonal mean (MAM and OND) climate change (2071-2100 mean 
minus 1982-2005 mean) in precipitation and T2M over East Africa, simulated by RCA4(EAF15) and 
RegCM4 RCP8.5 transient projections. Shown in the figure are; (i) each RCM (2 CGCM) ensemble 
mean T2M and precipitation for the control period 1982-2005 (these can be compared with the 
observed equivalents in Figure 1) and (ii) the 4 individual RCM simulated climate changes plus each 
RCM (2 CGCM) ensemble mean change. All RCP8.5 simulations project significant warming for East 
Africa by the end of the century, albeit with notable differences in the degree of warming, ranging 
from ~3°C over coastal regions of Tanzania and Kenya (in all RCA4 figures and RegCM4 driven by EC-
Earth) to over 7°C in central African regions (e.g. RegCM4 OND change driven by HadGEM2-ES). 
RegCM4 simulates slightly larger warming than RCA4 when driven by the same (EC-Earth) CGCM, 
while the 2 RCA4 projected warmings appear similar across the driving CGCMs, EC-Earth and 
MIROC5. Warming is clearly larger in RegCM4 when HadGEM2-ES provides the boundary conditions 
than when EC-Earth is employed. 
 
With respect to precipitation changes, both RCA4 simulations suggest significant moistening in OND 
season over the Greater Horn of Africa, while both RegCM4 runs simulate drying to the eastern side 
of the domain and moistening to the west in OND. The magnitude of both the moistening and drying 
dipoles are significantly larger when RegCM4 is forced by HadGEM2-ES than EC-Earth. In general, 
simulated precipitation changes appear to be more consistent between each RCM simulation, 
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irrespective of the driving CGCM, than across the different RCMs when a common (EC-Earth) CGCM 
is used, suggesting local RCM physics (and local physical processes) play an important role in 
determining precipitation changes over East Africa. Comparing precipitation and T2M changes 
between RCA(AFR44) and RCA4(EAF15), again indicates little difference is seen at the seasonal mean 
timescale (not shown). Differences due to increased model resolution again are more likely to be 
seen in higher order events over the region.  
 
Finally, Figure 4 presents time series of East Africa area mean T2M and precipitation changes relative 
to 1985-2005 control values. Seasonal mean changes are plotted as 31-year moving averages for all 
available RCM and GCM simulations, including both RCP 4.5 and 8.5 projections. 
 
With respect to temperature, there is a clear tendency for clustering of both the RCM and CGCM 
time series as a function of RCP. For example 3 of the RCM RCP8.5 T2M time series group together 
for both MAM and OND with area mean warming approaching ~3°C in these simulations by 2100, 
consistent with the warming evolution in the 2 CGCMs (EC-Earth and MIROC5) used to drive the 
RCMs. An exception to this are the 2 RegCM4 runs driven by HadGEM2-ES, where the RCP4.5 run 
exhibits warming by the end of the century of a similar magnitude to 3 of the RCP8.5 runs, while 
RegCM4, driven by HadGEM2-ES RCP8.5, shows a warming, at the end of the century, 2-3°C larger 
than any of the other RCP8.5 runs. This enhanced warming signal, compared to the other 2 CGCMs, 
is also evident in the raw CGCM T2M time series, although the degree of warming in 
RegCM4(HadGEM2-ES) is amplified relative to the driving HadGEM2-ES signal. Interestingly, the 
relative difference in end of century warming, between RCP4.5 and RCP8.5 runs, is fairly consistent 
across all simulations, even though the absolute warming in the HadGEM2-ES runs is larger. EC-Earth 
and MIROC5 RCP4.5 driven runs indicate a warming at the end of the century, relative to 1985-2005, 
of ~ 1-1.5°C over East Africa, while the equivalent-CGCM RCP8.5 runs indicate ~2.5-3°C warming. For 
HadGEM2-ES forced projections the warming at 2100 is ~2.5°C (RCP4.5) and 5-5.5°C (RCP8.5). This 
difference likely reflects an overall higher global climate sensitivity in HadGEM2-ES than either EC-
Earth or MIROC5. 
 
Precipitation changes exhibit far less coherency with respect to the 2 RCPs. A weak tendency for 
CGCM change signals to cluster, irrespective of the RCP used, is evident in Figure 4.  The strongest 
signal seen in Figure 4 is that each RCM imparts a strong local signature on the simulated 
precipitation change. Both RegCM4 runs driven by HadGEM2-ES indicate a drying during OND season 
significantly larger than seen in the driving CGCM. This is also somewhat true in the RegCM4 
projections forced by EC-Earth, where a very weak moistening signal in EC-Earth becomes a weak 
drying in RegCM4. During MAM season all the RCMs suggest a weak, area-mean drying after 2040, 
with the RCA4(MIROC5) projection exhibiting a significantly less drying than simulated in the parent 
CGCM. 

 

Conclusion  
 
An ensemble of high-resolution regional climate simulations for eastern Africa has been produced 
within the Healthy Futures project. Future climate projections from three different global climate 
models (EC-Earth, HadGEM2-ES and MIROC5) downscaled, in different combinations, by two 
regional climate models ς RCA4 (SMHI) and RegCM4 (ICTP) at about 17 and 24km resolution 
respectively.  All regional simulations are transient for the 1970/80 -2100 period and the ensemble 
samples both RCP45 and 85 scenarios.  
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The first analysis shows that the simulated temperature and precipitation climatology is reasonable 
well represented in the control ERA-Interim driven runs for both RCMs. When forced by the different 
CGCMs, all RCMs inherit a general cold bias from the driving CGCMs while both the driving CGCM 
and the individual RCM physics contribute to the overall precipitation biases. There is a clear 
tendency for clustering both the RCM and CGCM projected changes in temperature as a function of 
the RCP scenarios: the largest warming signal in the CGCM simulations under the RCP85 scenario 
and in the corresponding regional downscalings. In contrast, the RCM projected changes in 
precipitation exhibit far less coherency with respect to the 2 RCPs and to the driving CGCMs, 
suggesting local RCM physics (and local physical processes) play an important role in determining 
precipitation changes over East Africa.   
 
Such an ensemble of transient regional climate simulations for eastern Africa, at an unprecedentedly 
high resolution, is unique and will provide crucial information for disease modeling and adaptation 
planning. The full requested CORDEX output (more than 50 variables) has been saved and a few 
most important variables will be provided via the Healthy Futures data base while all other variables 
are available by a request from the Healthy Futures partners. After the end of the Healthy Futures 
project all simulations might be made openly available via the Earth System Grid Federation (ESGF) - 
a searchable archive relying on metadata which provides consistent access to the CMIP5 and 
CORDEX simulations. 
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Appendix  A. Figures  
 

 
 
 

 
 
Figure 1. Seasonal mean (MAM and OND) observed, ERA-Interim and simulated (RCA4-EAF15 and 

RegCM4) precipitation for 1982-2005. Also shown are the ensemble mean values for the 2 RCM(x 3 

GCM) ensemble and the driving 3 GCM ensemble. 
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Figure 1 continues for 2-metre temperature. 
  


