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List of terms and abbreviations (if applicable)

ABBREVIATION Explanation

CGCM GoupledGobal dimate Model

CORDEX Coordinated Regional Downscaling Experiment
CMIP5 Couplel Model Intercomparison Project Phase 5
CRU Climate Research Unit

ESGF Earth System Grid Federation

GPCC Global Precipitation Climatology Project

ICTP International Centre for Aeoretical Physics

RCM Regional Climate Model

RCP RepresentativeConcentration 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) simulationeveadee

East Africa study region of the Healthy Futures project. Simulations cover the period 1970 to 2100
and generally follow the WCRP CORDEX experiment protutol/(vcrp -cordex.ipsl.jussieu.fj/

While the majority of Africa CORDEX simulations eynpgh RCM grid covering the entire African
continent at a spatial resolution of 50km, within HealtRytures 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 sinulated 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. BothRCMs were first driven by ER#erim reanalysis data at the lateral and surface
boundaries for the recent period (1972010 for RCA4and 19822008 for RegCM% in order to

gauge the overall ability of the models to represent regional detsilEast African climate when
driven by highquality, large scale boundary information. Subsequent to this, each RCM was driven
at the surface and lateral boundaries by 2 different CMIP5 cou@leblal imate Models QGCM)
covering (i) the preseatay CMP50GCM simulation perio@ 97062005 for RCA4 and 19005 for
RegCM4and (ii) 20062100 of theGGCM future projection period. RCA4 was driven by tRSZMs;
ECEarth and MIROC5, while RegCM4 was driven bgaei and HadGEMRS.For the EcEarth

driven simulationstwo different members of the CMIP5 HEarth ensemble, different only in the
initial conditions around 1850, were downscaled: member r12ilpl by RCA4 and member r8ilpl by
RegCM4Two futureRepresentativeConcentration Pathways (RCP4.5 and @@&re sampled for the
20062100 period.

To achieve high resolution over the study region, each RCM employed a slightly different technique.
The RCA4 model used a tstep nestiig technique, whereby first ERAterim and the 206CM data
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sets were downscatl using the official Afric@ORDEX domain, covering the entire African continent

at a spatial resolution ohAbout 50km (0.44°) Multi-level, 6 hourly results from each of these RCA4
simulations (referred to as AFR44 henceforth) were then used as (atmaspleteral boundary
conditions to drive a'® RCM domain covering East Africa and adjacent regions of the Indiam Oce

at a spatial resolution of about ki (0.15°)referred to henceforth as EAF15. The same sea surface
temperature fields, derived respectively from ERferim or the driving CGCM were used over
common oceanic regions of the AFR44 and EAF15 domains. Using this technique 2 sets of equivalent
period anddriving CGCM/ERifsiterim downscaled data over the study region are generated by the
same RCM (RCA4) at 2 spatial resolutions. Over the area of interest the benefitallgf Hagher

model resolution (1Km in EAF15) can be directly compared with the 50knukation, where both

model versions are essentially driven by the same simulated large scale climate, that emanating
from the respective AFR44 simulatidRegCM4 downscaled Eftverim and the 2CGCM datzets

in a single stepat 24km resolutionwith a domaincentred on East Africa. Table 1 lists the set of
resulting simulations available to HealtRytures partners.

Table 1. List of simulations reported on.

RCM Driving Data Resolution Period CMIP5 experiment
RCA4AFR44 ERAInterim 50km 19792010 Observed period
RCA4AFR44 ECEarth 50km 19702005 historical
RCA4AFR44 MIROC5 50km 19702005 historical
RCA4AFR44 ECEarth 50km 20062100 RCP4.5
RCA4AFR44 ECEarth 50km 20062100 RCP8.5
RCA4AFR44 MIROC5 50km 20062100 RCP8.5
RCA4EAF15 ERAInterim 17km 19792010 Observed period
RCA4£EAF15 AFR44(E€arth) | 17km 19702005 historical
RCA4EAF15 AFR44(MIROC5)| 17km 19702005 historical
RCA4£EAF15 AFR44(E€arth) | 17km 20062100 RCP4.5
RCA4EAF15 AFR44(E€arth) | 17km 20062100 RCP8.5
RCA4£EAF15 AFR44(MIROC5)| 17km 20062100 RCP8.5
RegCM4 ERAInterim 24km 19822008 Observed period
RegCM4 ECEarth 24km 19822005 historical
RegCM4 HadGEMZES 24km 19822005 historical
RegCM4 ECEarth 24km 20062100 RCP4.5
RegCM4 ECEarth 24km 20062100 RCP8.5
RegCM4 HadGEMZES 24km 20062100 RCP4.5
RegCM4 HadGEMZES 24km 20062100 RCP8.5

2. Evaluation of present climate simulations

Figure 1 illustrates the observed seasonal mean precipitation ameét®e temperature (T2M) over

East Africa, from the Global Precipitation Climatology Centre (GPCC®6) and, for T2M, the Climatic
Research Unit TS321 data set (€F8321). Means are plottedrfthe period 19822005 and seasons
March-Apri-May (MAM) and OctobeNovemberDecember (OND), referred to, respectively, as the
longrainsand shortrainsover East Africa. Also plotted for each season and variable are deviations
(model biases) with respec¢o the base observations (GPCC6 for precipitation and-T3321 for

T2M) derived from a second observation data set (TBB21 for precipitation and UDED1 for

T2M), the ERMnterim 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-ROK ensemble mean for
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each season and the drivit5CM ensemble mean over the East Africa for each variable and
season.For analysis of spatial patterns of the simulated climate b#eovational data sets and
regional simulations were remapped to the same 0.44° (50km) grid while all CGCM simulations and
the corresponding reference obseons were remapped to @mmon2° grid.

When driven by ERKterim RegCM4 has a general cblids 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 conapable or smaller than the ER#terim precipitation estimates. When
forced by the differenGGCMs, all RCMs inherit a general cold bias from the di@@@Ms, with the
exception of RegCM4 in MAM when driven by HadGES®2This cold bias is consistent with the 3
CGCMs having cold SSTs over the tropical oceans which propagate to influencéedimeids
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 beem the RCM ensemble mean and the
driving GGCM 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 precipitationbiases is evident. For example, the structure of the RegCM4 MAM
precipitation bias is rather similar irrespective of whether the driving CGCMEaECor HadGEM2

ES. This is also generally true for RCA4 forced HyaBEIE and MIROCS, particularly in DNn
contrast, the influence of the driving CGCM +4tth) 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 fROAAFR4A% andRCAEAF15) when driven

by ERAnterim and both E&arth and MIROCS. Recall the EAF15 domain is driven at its boundaries
by an AFR44 simulation which, in turn, is driven by either-iIB®®Am or the respective CGCM. At

the seasonal mean timescale tieeappears 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 chang2l@0Tdean

minus 19822005 mean) in precipitation and T2M over East Africa, simulated by RCA4(EAF15) and
RegCM4 RCP8.5 transient projectioBiown in the figure are; (i) each RCMOZCM) ensemble

mean T2M and precipitation for the control period 198205 (these cané compared with the
observed equivalents in Figure 1) and (ii) the 4 individual RCM simulated climate changes plus each
RCM (20GCM) ensemble mean change. All RCP8.5 simulations project significant warming for East
Africa by the end of the century, albeitith 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 H&ESREM?2
RegCM4simulates slightly larger warming than RCA4 when driven by the samgafi} CGCM,

while the 2 RCA4 projected warmm@ppear similar across the driving CGCMs;EREh and
MIROCS. Warming is clearly larger in RegCM4 when Had&ENp2ovides the boundaconditions

than when E€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 domanh and moistening to the west in OND. The magnitude of both the moistening and drying
dipoles are significantly larger when RegCM4 is forced by Had&SMBan E€arth. In general,
simulated precipitation changes appear to be more consistent between e&@ Bimulation,
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irrespective of the driving CGCM, than across the different RCMs when a commBar{ECCGCM

is used, suggesting local RCM physics (and local physical processes) play an important role in
determining precipitation changes over East Afri€@omparing 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 ordeevents over the region.

Finally, Fjure 4 presents time series of East Africa area mean T2M and precipitation changes relative
to 19852005 control values. Seasonal mean changes are plotted-ged8Imoving averages for all
available RCM and GCM siations, including both RCP 4.5 and 8.5 projections.

With respect to temperature, there is a clear tendency for clustering of both the RCMO@GH

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-EBfh and MIROCS5) used to drive the
RCMs. An exception to this are the 2 RegCM4 runs driven by HadBEMZhere thd&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 HadGEMS RCP8.5, shows a warming, at the end of the centt®83C 2arger

than any of the other RCP8.5 runs. This enhanced wayisignal, compared to the other 2 CGCMs,

is also evident in the raw CGCM T2M time series, although the degree of warming in
RegCM4(HadGEMES) is amplified relative to the driving HadGHR® signal. Interestingly, the
relative difference in end of centumnyarming, between RCP4.5 and RCP8.5 runs, is fairly consistent
across all simulations, even though the absolute warming in the HadESMAnNs is larger. Earth

and MIROC5 RCP4.5 driven runs indicate a warming at the end of the century, relative-200885

of ~ 21.5°C over East Africa, while the equival@@CM RCP8.5 runs indicate =26 warming. For
HadGEMZES forced projections the warming at 2100 is ~2.5°C (RCP4.5Y5BUC5(RCP8.5). This
difference likely reflects an overall higher globainelte sensitivity in HadGEMES than either EC
Earth or MIROCS.

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 Jongést str
signal seen in Figure 4 is that each RCM imparts a strong local signature on the simulated
precipitation change. Both RegCM4 runs driven by HadGEMiddicate a drying during OND season
significantly larger than seen in the driving CGCM. Thisss stmewhat true in the RegCM4
projections forced by EEarth, where a very weak moistening signal iRHa@&h becomes a weak
drying in RegCM4. During MAM season all the RCMs suggest a weaieaealrying after 2040,

with the RCA4(MIROCS) projection #iting a significantly less drying than simulated in the parent
CGCM.

Conclusion

An ensemble of highesolutionregionalclimate simulations for eastern Africa has been produced
within the HealthyFutures project Future climate projections from thredlifferent global climate
models (ECEarth, HadGEMES and MIROCH%ownscaled, in different combinationd)y two
regional climate models; RCA4 (SMHI) and RegCM4 (ICTP) at about 17 and 24km resolution
respectively. All regional simulations are transiefdr the 1970/80-2100 periodand the ensemble
samplesboth RCP45 and 85 scenarios.
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The first analysis shows thtte simulatedtemperature and precipitation climatologis reasonable

well representedn the control ERAnterim drivenrunsfor both RCMsWhen forced by the different
OGCMs, all RCMs inherit a geal cold bias from the drivingGZMswhile both the driving CGCM

and the individual RCM physics contrieub the overall precipitation biasesThere is a clear
tendency for clustering both the RCAhd 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 downscaindn contrast, the RCM projected changes in
precipitation exhibit far less coherency with respect to the 2 R@R4 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 ¢fansientregional 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 outpoio(e than50 variables) has been saved aadew

most important variables will be provided via thealthy Futuresdata base while all other variables
are awilable by a request from the Healthy Futumgartners. After the end of the Healthy Futures
project all simulations mighte made openly available via the Earth System Grid Federation (ESGF)
a searchable archive relying on metadatdiich provides consistent access to the CMIP5 and
CORDEX simulations.
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Appendix A.Figures

Precipitation (pr) | MAM | CTL: 1982-2005
CRU-TS321 ERAINT RCA4 (ERAINT)

-y

RegCM4 (ERAINT) RCA4 (EC-EARTH)

O NWEUIDN®O

mm/day RegCM4 (HadGEM2-ES)  ENS. MEAN (RCMs) ENS. MEAN (GCMs)

L

mm/day (OBS, MODELS) - GPCC

Precipitation (pr) | OND | CTL: 1982-2005
CRU-TS321 ERAINT RCA4 (ERAINT)

o

1 D

(L

RCA4 (EC-EARTH)
o

=y
.

CANWAONRWOWO

mm/day

mm/day (OBS, MODELS) - GPCC

8 6 4 -2 0 2 4 6

Figure 1. Seasorianean (MAM and ONDJbserved, ERAnterim and snulated (RCA4€AF15and
RegCM4) precipitation for 1982005. 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 1continuesfor 2-metre temperature
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