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Available online 24 August 2013 for the 21st century in southern Africa. Results were assessed according to crop modelling techniques, which includ-

ed process-based, statistical and economic (Ricardian) modelling. Studies were assessed for their reporting and rec-
ommendations concerning adaptation and CO, fertilisation. Results suggest that the aggregate impact of climate

Ic(fmords' change on crops in southern Africa will be negative. Maize yields are projected to decline on average by 18%. The
climate change collective impact of climate change on all crop yields shows a median decline of —11% and — 14% respectively
southern Africa under process-based and statistical methodologies. Median impacts show declining crop yields through the 21st
modelling century. No significant change in the near future, — 18% for the mid century and — 30% for late century. GCM driven
adaptation Ricardian projections are highly variable. However, uniform climate scenarios project a median revenue decline.
Notwithstanding the challenges of such a review; lack of data, bias towards reported methods and tools, uncertain-
ty, scale etc.,, results indicate that climate change may impact southern African crops in important ways thereby
making adaptation essential. Adaptation and CO, fertilisation could potentially moderate the negative impacts of

climate change. This implies a need for studies into future adaptation that consider CO, fertilisation.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Southern Africa (SA) is one region that has been shown to be highly
vulnerable to climate related risk due to the region's low coping and
adaptation capacity (IPCC, 2007). Over 60% of the region's livelihoods
depend on agriculture in one way or the other (Cooper et al., 2008).
Agriculture is mostly practised under rain fed conditions (Twomlow
et al., 2008), thereby making crop production in SA particularly prone
to climate change and variability (Ziervogel et al, 2008). This has
led to a lot of research on the potential impact of climate change
on crop production in SA (Chipanshi et al.,, 2003; Fischer et al., 2005;
Gbetibouo and Hassan, 2005; Abraha and Savage, 2006; Liu et al.,
2008; Thornton et al., 2011).

Climate change impact studies make use of simulation models to pro-
ject how crops will respond to future climate. Considering the inherent
complexity of systems being simulated, numerous uncertainties arise
during the simulation process. These uncertainties emanate from incom-
plete data, limited knowledge of systems being modelled, methods and
tools. Scientists however make use of available data, tools and methods
in the best possible way to attempt to make informed projections. The
last decade has a substantial body of work on climate change impacts
on crops whose results vary considerably across regions and within SA
(Jones and Thornton, 2003; Rosenzweig and Iglesias, 2003; Parry et al,,
2004; Walker and Schulze, 2006; Jain, 2007; Lobell et al, 2008;
Thornton et al., 2009; Nelson et al., 2010; Roudier et al., 2011). These
studies suggest that the production of major crops is under threat from
climate change and that efforts to adapt food crop production systems
to climate change should be explored in order to promote future food
security.

Impact studies in SA produce different results based on applied meth-
odologies, tools and location of study within the region. While these stud-
ies are useful individually, a collective assessment would allow consistent
information to be extracted. It would increase confidence in study results,
especially towards adaptation planning. This study attempts to provide a
collective insight of climate change impacts on crops in SA by reviewing
and analysing recent literature. A review of local, regional and global
studies which quantitatively assess the impact of climate change on var-
ious food crops in SA is done. Results from these studies are consolidated
and presented according to the tools and methods used in order to de-
scribe the magnitude and direction of climate change impacts on crops.
Tools and methods used in reviewed studies are described thereby
placing projected climate change impacts within the context of their
strengths and weaknesses. Results are discussed and linked to adaptation
strategies suggested in literature. Despite the limitations of this review,
this study can help to better understand the range of impacts projected
by various studies, point out more or less confident projections and
what the implications are for the adaptation of vulnerable crop produc-
tion systems in SA.

2. Background
2.1. Global climate trends and projections

The Intergovernmental Panel on Climate Change (IPCC) fourth assess-
ment report (AR4), states that global temperatures are on the rise. Instru-
mental records of temperature over the period of 100 years ending 2005
clearly show an average global increase of 0.74 °C with the 2nd half of the
century being twice as warm as the entire period (IPCC, 2007). Continen-
tal average temperatures over the same period also rose similarly. Nota-
bly, global and continental temperature rise is clearly attributable to
human activity. The IPCC (2007) reports an 80% rise in annual carbon
dioxide (CO,) emissions since 1970. This and longer term green house
gases (GHGs) emission rise are reportedly a result of fossil fuel burning
and land use changes among other human activities.

While global temperature projections are consistent over time, rain-
fall varies temporally, spatially and across models, such that no general

Table. 1
Summary of projected temperature (°C) changes per SRES scenario (B1, B2, A1B, A1T, A2,
ATFI) by the end of the 21st century.

B1 B2 A1B A1T A2 A1H
Temperature +1.8 +24 +2.8 +24 +34 +4.0
(°C) (1.1-29) (14-38) (1.7-44) (14-3.8) (2.0-54) (2.4-64)

trend is apparent on a global scale. However, it has been noted that rain-
fall variability globally is quite high. There has been an increase in the
parts of the world that are continuously being affected by excessive
and insufficient rainfall (Porter and Semenov, 2005). Of concern in
low income regions like Africa and some parts of Asia is the fact that re-
gionally important food crop producing areas have been experiencing
changes in rainfall variability and intensity.

Projecting into the future, most climate models agree on global
temperature rise, albeit with varying degrees of warming (IPCC, 2007).
As shown in Table 1, mean temperatures are consistently projected to
rise by the end of the 21st century. Mean temperature projections
range from increases of 1.8 °C to 4.0 °C, according to the different CO,
emission scenarios defined in the special report on emission scenarios
(SRES). On the other hand, future rainfall projections are not consistent.
This poses a challenge when simulating the impact of climate change on
crop development and devising adaptation strategies in Africa where a
large portion of the population relies on rainfed crop production for
food.

2.2. Future climate projections in Africa

A general warming larger than the global mean warming is predicted
for all seasons across Africa. These projections are summarised in Table 2.
All 21 General Circulation Models (GCMs) in the IPCC AR4 agree on
warming across Africa. However, the degree of warming projected varies
from one region to the other within the continent. Higher mean temper-
atures are projected for the Sahel compared to other regions. Projected
temperature changes also vary from one season to the other within re-
gions. Projections of future rainfall are more uncertain. Climate models
do not agree on the magnitude or direction of rainfall changes. Mean an-
nual rainfall is projected to increase in West Africa (+ 2%) and East Africa
(4 7%). Mean annual rainfall is projected to decrease in Sahel (—6%) and
SA (—4%). Marked variations are projected within seasons. These varia-
tions are significant for future crop production and food security.

Table. 2
Future projections of climate in Africa by the end of the 21st century. Output from 21 GCMs
(IPCC, 2007). Highlighted are changes of significance to crops in SA.

Region Season Temperature change Rainfall change
(%)
Min Mean Max Min Mean Max
Sahel DJF 24 32 5 -47 -18 31
MAM 23 3.6 52 -42 -18 13
JIA 2.6 4.1 5.8 -53 -4 74
SON 2.8 3.7 5.4 -52 6 64
Annual 2.6 3.6 54 -44 -6 57
West Africa DJF 23 3 3.5 -16 6 23
MAM 1.7 35 3.6 -1 -3 1
JJA 1.5 33 3.7 -18 2 13
SON 19 33 3.7 -12 1 15
Annual 1.8 33 3.6 -9 2 13
East Africa DJF 2 3.1 34 -3 13 33
MAM 1.7 3.2 3.5 -9 6 20
JIA 16 3.4 3.6 -18 4 16
SON 1.9 31 3.6 -10 7 38
Annual 1.8 3.2 34 -3 7 25
Southern Africa DJF 1.8 31 34 -6 0 10
MAM 1.7 3.1 3.8 -25 0 12
JJA 1.9 34 3.6 -43 -23 -3
SON 2.1 3.7 4 -43 -13 3
Annual 1.9 34 3.7 -12 -4 6
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