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The Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC; Christensen et al 2007) has, with greater confidence than previous
reports, warned the international community that the increase in anthropogenic
greenhouse gases emissions will result in global climate change. One of the most
direct and threatening impacts it may have on human societies is the potential
consequences on global crop production. Indeed agriculture is considered as the
most weather-dependent of all human activities (Hansen 2002) since climate is a
primary determinant for agricultural productivity. The potential impact of climate
change on crop productivity is an additional strain on the global food system
which is already facing the difficult challenge of increasing food production to
feed a projected 9 billion people by 2050 with changing consumption patterns
and growing scarcity of water and land (Beddington 2010). In some regions such
as Sub-Saharan Africa or South Asia that are already food insecure and where
most of the population increase and economic development will take place,
climate change could be the additional stress that pushes systems over the edge. A
striking example, if needed, is the work from Collomb (1999) which estimates
that by 2050 food needs will more than quintuple in Africa and more than double
in Asia. Better knowledge of climate change impacts on crop productivity in
those vulnerable regions is crucial to inform policies and to support adaptation
strategies that may counteract the adverse effects.

Although there is a growing literature on the impact of climate change on crop
productivity in tropical regions, it is difficult to provide a consistent assessment of
future yield changes because of large uncertainties in regional climate change
projections, in the response of crops to environmental change (rainfall,
temperature, CO, concentration), in the coupling between climate models and
crop productivity functions, and in the adaptation of agricultural systems to
progressive climate change (Roudier ef al 2011, Challinor et al 2007). These
uncertainties result in a large spread of crop yield projections indicating a low
confidence in future yield projections.

A recent study by Knox et al (2012) is among the first to provide robust
evidence of how climate change will impact productivity of major crops in Africa
and South Asia. Using a meta-analysis, which is widely used in epidemiology and
medicine and consists in comparing and combining results from different
independent published studies, Knox et al (2012) show a consistent yield loss by
the 2050s of major crops (wheat, maize, sorghum and millet) in both regions.
This systematic review and meta-analysis of data in 52 original publications from
an initial screen of 1144 studies nicely extend previous works by Miiller et al
(2011) and Roudier et al (2011), confirming the threat of negative climate change
impacts in Africa but also in South Asia. Knox et al (2012) estimate that mean
yield change for all crops is —8% by the 2050s with strong variations among
crops and regions. For instance evidence of yield reduction up to —40% are
detected for some regions of Africa while no mean yield change is detected for
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rice in India. Variations in crop yield projections decrease when considering a
large number of climate models confirming the relevance of the expanded use of
multi-model ensembles of projections of future climate change adopted in the
IPCC Fourth Assessment Report. Conversely, variations in crop yield projections
increase with the crop model complexity especially when using process-based
crop models over statistical models. Such differences in crop yield variations may
be attributed either to the structural differences between crop model approaches or
to the spatial scale differences; biophysical crop models operating at finer spatial
scales and thus reproducing the higher variability of impacts at these scales.

Such robust evidence of future yield change in Africa and South Asia can be
surprising in regards to the diverging projections in a warmer climate of summer
monsoon rainfall, the primary driver for rainfed crop productivity in the region,
especially in West Africa where some studies make projections of wetter
conditions and some predict more frequent droughts (Druyan 2011). This is
because of the adverse role of higher temperatures in shortening the crop cycle
duration and increasing evapotranspiration demand and thus reducing crop yields,
irrespective of rainfall changes (Berg et al 2012, Roudier et al 2011, Schlenker
and Lobell 2010). Potential wetter conditions or elevated CO, concentrations
hardly counteract the adverse effect of higher temperatures.

Although such systematic reviews and meta-analyses conducted by Knox et al
(2012), Miiller et al (2011) or Roudier et al (2011) can provide important insights
about sign, magnitude and uncertainty of climate change impacts, direct
comparison among studies suffers from inevitable limitations. In particular the
diversity of the studies selected for the meta-analysis, encompassing a range of
different countries, scales, crops and methods (climate models and scenarios, crop
models, downscaling technique), makes it difficult to aggregate crop yield
projections to provide a consistent and precise impact assessment. A rigorous
multi-ensembles approach, with varying climate models, emissions scenarios,
crop models, and downscaling techniques, as recommended by Challinor et al
(2007), would enable a move towards a more complete sampling of uncertainty in
crop yield projections. In that sense, coordinated modeling experiments such as
the ones conducted throughout the Agricultural Model Intercomparison and
Improvement Project (AgMIP; www.agmip.org/) are likely to improve
substantially the characterization of the threat of crop yield losses and food
insecurity due to climate change.

In spite of the threat of crop yield losses in a warmer climate, it is important to
keep in mind, as discussed by Berg et al (2012), that developing countries in the
tropics have the potential to more than offset such adverse impacts by
implementing more intensive agricultural practices and adapting agriculture to
climate and environmental change. Indeed Africa and in a lesser extend South
Asia are among the only regions of the world where there is an untapped potential
for raising agricultural productivity since poor soil fertility and low input levels,
combined with extensive agricultural practices, contribute to a large gap between
actual and potential yields (Licker et al 2010).

References

Beddington J 2010 Food security: contributions from science to a new and greener revolution Phil.
Trans. R. Soc. B 365 61-71

Berg A, de Noblet-Ducoudré N, Sultan B, Lengaigne N and Guimberteau M 2012 Projections of
climate change impacts on potential crop productivity over tropical regions Agric. For.
Meteorol. at press (doi:10.1016/j.agrformet.2011.12.003)

Challinor A, Wheeler T, Garforth C, Craufurd P and Kassam A 2007 Assessing the vulnerability of
food crop systems in Africa to climate change Clim. Change 83 381-99

Christensen J H et al 2007 Regional climate projections Climate Change 2007: The Physical
Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the

2


http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://www.agmip.org/
http://dx.doi.org/10.1098/rstb.2009.0201
http://dx.doi.org/10.1098/rstb.2009.0201
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1016/j.agrformet.2011.12.003
http://dx.doi.org/10.1007/s10584-007-9249-0
http://dx.doi.org/10.1007/s10584-007-9249-0

Environ. Res. Lett. 7 (2012) 041001

Perspective

Intergovernmental Panel on Climate Change ed S Solomon, D Qin, M Manning, Z Chen,

M Marquis, K B Averyt, M Tignor and H L Miller (Cambridge: Cambridge University Press)
Collomb P 1999 A narrow road to food security from now to 2050 FAO Economica (Paris: FAO)
Druyan L M 2011 Studies of 21st-century precipitation trends over West Africa Int. J. Climatol.

31 1415-572
Hansen J W 2002 Realizing the potential benefits of climate prediction to agriculture: issues,

approaches, challenges Agric. Syst. 74 309-30
Knox J, Hess T, Daccache A and Wheeler T 2012 Climate change impacts on crop productivity in

Africa and South Asia Environ. Res. Lett. 7 034032
Licker R, Johnston M, Foley J A, Barford C, Kucharik C J, Monfreda C and Ramankutty N 2010

Mind the gap: how do climate and agricultural management explain the ‘yield gap’ of

croplands around the world? Glob. Ecol. Biogeogr. 19 769-82
Miiller C, Cramer W, Hare W L and Lotze-Campen H 2011 Climate change risks for African

agriculture Proc. Natl Acad. Sci. USA 108 4313-5
Roudier P, Sultan S, Quirion P and Berg A 2011 The impact of future climate change on West

African crop yields: what does the recent literature say? Glob. Environ. Change 21 1073-83
Schlenker W and Lobell D 2010 Robust negative impacts of climate change on African agriculture

Environ. Res. Lett. 5 014010


http://dx.doi.org/10.1002/joc.2180
http://dx.doi.org/10.1002/joc.2180
http://dx.doi.org/10.1016/S0308-521X(02)00043-4
http://dx.doi.org/10.1016/S0308-521X(02)00043-4
http://dx.doi.org/10.1088/1748-9326/7/3/034032
http://dx.doi.org/10.1088/1748-9326/7/3/034032
http://dx.doi.org/10.1111/j.1466-8238.2010.00563.x
http://dx.doi.org/10.1111/j.1466-8238.2010.00563.x
http://dx.doi.org/10.1073/pnas.1015078108
http://dx.doi.org/10.1073/pnas.1015078108
http://dx.doi.org/10.1016/j.gloenvcha.2011.04.007
http://dx.doi.org/10.1016/j.gloenvcha.2011.04.007
http://dx.doi.org/10.1088/1748-9326/5/1/014010
http://dx.doi.org/10.1088/1748-9326/5/1/014010

	Global warming threatens agricultural productivity in Africa and South Asia
	References


