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I ntroduction

Several recently published studies have shownctimaite change will very likely have a big
impact on the global agricultural production. Whale increase in agricultural yields is expected
in temperate zones, crop Yyields are supposed teawse even further from already low levels in
(sub-)tropic and (semi-)arid regions of Sub-Sah&fuita. Our study makes use of a
regionalized large-scale crop growth model basetherEnvironmental Productivity Integrated
Climate (EPIC) model. In contrast to former, globaddeling studies that mostly make use of a
general parameter set or scaling factors for aerggions, we implement here results from
regional studies in order to adjust the model.th@r preliminary study only maize is investigated
as it is the most widely planted crop on the sultioent and can also be considered
representative for other cereals. Starting fromréggonalization of the model, the study
investigates the impact of climate change on tbe greld and we present modeling results for a
few options in agricultural practice to increasezaaields now and under changing climate.

Material and Methods

We used CRU’s (Climate Research Unit) CRU TS 2.htimly climate statistics (min.
temperature, max. temperature, precipitation, aaguency of wet days) for the years 1901-2002
as well as the GCM data for the ECHAM4 and CGCM2ete (Mitchell and Jones, 2005). Out
of the climate change scenarios, only ECHAM4 A2 B&dand CGCM2 A1FI were applied in
this study. Rain-fed and irrigated harvested afelasiaize were obtained from the MIRCA2000
Version 1.1 dataset (Portmann et al., 2010). D&tdeesoil parameters and spatial distribution
of soils as well as fertilizer use on a nationalsdave been described earlier in Liu (2009).
The GEPIC software has been described extensiyelyuy(2009). It is a combination of the
well-established crop growth model EPIC (Willianisk, 1989) and an ArcGIS VBA program.
The ArcGIS component is used for the compilatiommptit raster datasets and the setting of
parameters. Subsequently it writes a command-tiriptdile that executes the EPIC model for
each grid cell of a defined region using the sutaditnput parameters and site data.

The regionalization was carried out by adjustingleigparameters and soil conditions. Plant
growth parameters for maize were adopted from Gaisal. (2010) who calibrated EPIC for
local growth conditions and plant varieties in BerAdjusted parameters are harvest index,
water stress harvest index, critical aeration fa@tnd plant density among others. The soill
degradation was simulated by continuous maizewatitin with 99% biomass removal for 20



years and the results evaluated. For further sitonlsthe soil status after 10 years was chosen,
as soil degradation — measured as OC depletiors-guite advanced at this point, but not yet
saturated. By choosing this time period we took axtcount that most but not all agricultural
soils are heavily degraded in Sub-Saharan Afriea¢8ez, 2002) and that the continuous
cultivation with the same crop is only one of mauijtivation systems.

Results and discussion

Regionalization of the model

The impact of the regionalization on crop yieldsh®wn in Fig. 1. The first step — adjustment of
plant growth factors — leads to a decrease of gessanulated yields from about 5.3 t'ha

about 3.8 t A Soil degradation lowers yields by another 1.Zt tesulting in a final 2.1 t Fa
average. For the time being, the remaining yield tgareported yields from Monfreda et al.
(2008) is attributed to factors that cannot beesgented by a bio-physical plant growth model on
a large scale, like wide-spread epidemic healtblpros among farmers, political conflicts, as
well as insect pests and weeds for which no deasagable on the observed scale (e.g. Stocking,
2003). Also errors in data reporting can be a soofaincertainty here, as it is known that

farmers who practice intercropping often reportdsdor the whole field instead of the fraction

that was actually planted with the respective crop.
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Fig. 1: Yield decrease within steps of model adjustment.

Impact of climate change on maize yields

Due to increases in the atmospheric,€Bncentration, local increases in precipitatiorg the

heat tolerance of maize an over-all increase ilugyiean be expected until the 2040s (Fig. 2)
under current practice. Until the 2080s this wdttease, though, as the temperature is expected
to keep rising above the tolerable threshold inyremeas. Specific regions, among them

Southern Africa, Ethiopia, Sudan, and Chad will tMitely suffer from yield decreases on both
time-scales.



In addition, the comparison of climate change intpat maize yields with and without soil
degradation (data not shown) highlights the impurgeof taking the soil status into account.
Without prior degradation of the soils, the expdateer-all increase in yields until the 2040s is
higher, while also the decrease until the 208@sdee distinct and leads here to lower yields than
under current climate. In addition to the aforenmrd regions, also countries of the West-
African coast would be affected severely by yieddr@ases. This stronger impact of climate
change on agricultural production can be attribtibechanges in the plant stress simulation. As
there is barely nutrient stress on the native sifitbe ISRIC database, the model becomes more
sensitive for temperature and water stress.

Impact of different cultivation practices on current and future maize yields

Figure 2 shows the results of simulations withediht agricultural practices. It can be seen that
for current climate, there is barely any effectaih water harvesting and also irrigation increases
yields only marginally on the average. As it con&expected, a dramatic increase in yields by a
factor > 2 can be observed when sufficient nitrofgetilizer is applied. Water harvesting has also
with sufficient nitrogen only a small effect, whigelditional sufficient irrigation leads to further
increase to finally three times the initial value.
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Fig. 2: Efficiency of methods for increasing agricultural outputsunder current and future climate. EPICapds
= EPIC with adjusted parametersand degraded soils.

When climate change is brought into the simulatitwese is a steady decrease in yields across
the three time periods for all scenarios with sigit nitrogen. Yields in the future time periods
are still higher than under current practice, big tneans that in the future the return on
investment for the inputs will decrease. In thense®s without nutrient input, there is an

increase in yields until the 2040s that will théiglely decrease whereas the decrease is lower in
the irrigation scenario compared to water harvgsdimd current practice. The poor results for the
water harvesting technique might be an issue ofitbéel setup and the coarse resolution as there
is strong evidence from field experiments aboutpbsitive effects of rain-water harvesting (e.g.
Sekar and Randhir, 2007). The implementation ohtleéhod might therefore have to be revised.



Conclusions and outlook

In this preliminary study of an on-going project tneve shown that there are big differences in
crop yield estimates for current and future climaea large scale depending on the model
parameterization and implementation of actual adiuical practice (here leading to soll
degradation). Detailed setup and regionalizatiolagfe-scale crop growth models seems
therefore necessary in order to retrieve reliabtarates. For future studies solar radiation
estimates, based on the cloud cover, and histand speed records will be implemented as a
further refinement. The number of GCMs and emissienarios will be expanded to a total of
18 GCM/scenario combinations. As climate data rsexuly the limiting factor for increasing the
resolution of the simulations, climate down-scalmegthods will be applied if feasible. The saill
status will be estimated more accurately as detaié¢a about soil degradation is expected to
become available from the Africa Soil Informatioyps&m (africasoils.net) in the near future.
Out of the herein applied agricultural practicersres, the implementation of high inputs is the
most promising in order to increase yields now iantthe future. But it seems that this is
economically not a sustainable solution as yieldiscantinuously decrease in the future under
this system. We will therefore test more optionsjuding agro-forestry, inter-cropping, crop
choice optimization, conservation agriculture, gneen manure among others. Additional staple
food crops to be included in future studies arglsom, millet, cassava, rice, and wheat.
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