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Effects of climate changes on agriculture
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This paper reviews literature concerning a wide range of processes through which climate
change could potentially impact agriculture. Agriculture is strongly influenced by weather
and climate and, at present, the aggregate impacts of climate change on global-scale agricul-
tural productivity cannot be reliably quantified.
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INTRODUCTION

Climate change has many elements, affecting
biological and human systems in different ways.
Global average temperature increases mask con-
siderable differences in temperature rise between
land and sea and between high latitudes and low;
precipitation increases are very likely in high lati-
tudes, while decreases are likely in most of the
tropics and subtropical land regions (IPCC, 2007). 

Climate change is inevitably resulting in changes
in climate variability and in the frequency, intensity,
spatial extent, duration, and timing of extreme
weather and climate events (IPCC, 2012). Changes
in climate variability and extremes can be visualized
in relation to changes in probability distributions,
shown in figure 1 (IPCC, 2012). Current observa-
tions and climate projections suggest that one of the
most significant impacts of climate change is likely
to be on the hydrological system, and hence on river
flows and regional water resources (Strzepek &
McCluskey, 2007; Bates et al., 2008). 

Principal climate variables affecting water avail-
ability are precipitation, temperature and potential
evaporation. Precipitation is the source of all fresh-

water resources and determines the level of soil
moisture, which is essential in the formation of
runoff and hence river flow. Soil moisture is de-
termined not only by the volume and timing of
precipitation, but also by a complex interaction and
feedbacks with evaporation and temperature (IPCC,
2001). Consequently, the likely impacts of climate
change on the agricultural sector have prompted
concern over the magnitude of future global food
production (Bindi & Olesen, 2000).

DISCUSSION

Effects of increased temperatures

Temperature often determines the potential
length of the growing seasons for different crops,
and generally has a strong effect on the timing of
the development processes and on the efficiency
with which solar radiation is used to make plant
biomass (Monteith, 1981). Recent increases in
climate variability may have affected crop yields in
countries across Europe since around the mid-1980s
(Porter & Semenov, 2005) causing higher inter-
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(2003) found that the plants experience warming
periods as independent events and that critical tem-
peratures of 358 °C for a short-period around an-
thesis had severe yield reducing effects. However,
high temperatures during the vegetative stage did
not seem to have significant effects on growth and
development.

In general, the conclusion is that increased mean
annual temperatures in mid- to high-latitude re-
gions, if limited to one to three degrees, across a
range of CO2 concentrations and rainfall changes
can have a small beneficial effect on the main cereal
crops, notwithstanding that such simulations are
highly uncertain (IPCC, 2007).

Effects of rainfall

Climate changes remote from production areas
may also be critical. Irrigated agricultural land com-
prises less than one-fifth of all cropped area but pro-
duces between 40 and 45 per cent of the world’s
food (Döll & Siebert, 2002), and water for irrigation
is often extracted from rivers which depend upon
distant climatic conditions.

With no change in precipitation (or radiation),
slight warming (+1°C) might reduce average yields
by about 5-4%; and a 2°C warming might reduce
average yields by about 10-7%. In addition, reduced
precipitation could also decrease yields of wheat
and maize in these breadbasket regions. A com-
bination of increased temperatures (+2°C) and re-
duced precipitation could lower average yields by
over a fifth (Warrick et al., 1986). In a study looking
at the impacts of current climate variability, Ket-
tlewell et al. (1999) showed that heavy rainfall in
August was linked to lower grain quality which
leads to sprouting of the grain in the ear and fungal
disease infections of the grain.

Effects of CO2 fertilisation

Increases in CO2 concentration would increase
the rate of plant growth. A doubling of CO2 may
increase the photosynthetic rate by 30 to 100%,
depending on other environmental conditions such
as temperature and available moisture (Pearch &
Bjorkman, 1983).

As well as influencing climate through radiative
forcing, increasing atmospheric CO2 concentrations
can also directly affect plant physiological pro-
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annual variability in wheat yields. Changes in short-
term temperature extremes can be critical, especially
if they coincide with key stages of development.
Only a few days of extreme temperature at the
flowering stage of many crops can drastically reduce
yield (Wheeler et al., 2000).

Bryant et al. (2008) report the change of Corn
Heat Units under climate change scenarios in their
analysis on the economic impacts of climate change
on cash crop farms in Québec. Wollenweber et al.,

Figure 1 The effect of changes in temperature distribution
on extremes. Different changes of temperature distributions
between present and future climate and their effects on
extreme values of the distributions: (a) Effects of a simple
shift of the entire distribution towards a warmer climate; (b)
effects of an increase in temperature variability with no shift
of the mean; (c) effects of an altered shape of the distribu-
tion, in this example a change in asymmetry towards the hot-
ter part of the distribution. From IPCC (2012).
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cesses of photosynthesis and transpiration (Field et
al., 1995). Therefore any assessment of the impacts
of CO2-induced climate change on crop productiv-
ity should account for the modification of the cli-
mate impact by the CO2 physiological impact.
Many studies suggest yield rises owing to this CO2-
fertilization effect and these results are consistent
across a range of experimental approaches includ-
ing controlled environment closed chambers, green-
house, open and closed field top chambers, and
free-aircarbon dioxide enrichment experiments
(Tubiello, 2007). Despite the potential positive
effects on yield quantities, elevated CO2 may,
however, be detrimental to yield quality of certain
crops. For example, elevated CO2 is detrimental to
wheat flour quality through reductions in protein
content (Sinclair et al., 2000). There are, however,
important differences between the photosynthetic
mechanisms of different crops and hence in their
response to increasing levels of CO2.

Effects on pest and diseases

Studies suggest that temperature increases may
extend the geographic range of some pests currently
limited by temperature. In cool temperate regions,
where insect pests and diseases are not serious at
present, damage is likely to increase under warmer
conditions. Fungal and bacterial pathogens are also
likely to become more severe in areas where pre-
cipitation increases (Zhou et al., 1995).

Indications suggest that pests, such as aphids
and weevil larvae (Staley & Johnson, 2008), re-
spond positively to elevated CO2. Increased tempe-
ratures also reduced the overwintering mortality of
aphids enabling earlier and potentially more wide-
spread dispersion (Zhou et al., 1995). Over the next
10–20 years, disease affecting oilseed rape could
increase in severity within its existing range as well
as spread to more northern regions where at present
it is not observed (Evans et al., 2008).

Adaptation to climate change

Smith (1997) distinguishes between anticipatory
and reactive adaptation, in which anticipatory ad-
aptation forecasts climate change and acts before it
unfolds, while reactive adaptation changes beha-
viour only after climate change has taken place. Ac-
cording to Mendelsohn (2010), efficient adaptation

results in the actual net damages (damages minus
the cost of adaptation) being less than the potential
damages from climate change. Thus, if farmers
adapt their behaviour to new climatic conditions,
then the net impact to the farm and the sector can
be lessened. Adaptation through cropping pattern
change can in some cases ease the exposure of
plants to critical higher temperatures; for example
by introducing winter types that may benefit from,
or are less susceptible to, higher temperatures
(Peltonen-Sainio et al., 2011). As regards precip-
itation changes and water shortage, farmers can
adjust by improving soil water-holding capacity by
adding crop residues or manure, or by adopting
conservation tillage such as reduced tillage or no-
till (Smith & Olesen, 2010).

CONCLUSIONS

An increase in mean temperature can be confid-
ently expected, but the impacts on productivity may
depend more on the magnitude and timing of
extreme temperatures. Agricultural impacts in some
regions may arise from climate changes in other
regions, owing to the dependency on rivers fed by
precipitation, snowmelt and glaciers some distance
away. Few studies have assessed the response
of crop yields to CO2 fertilization under actual
growing conditions, and consequently model pro-
jections are poorly constrained.

All these results are subject to significant uncer-
tainties under the most likely climate change. A
strong incidence of extreme events could increase
the variability of production in a way that is not cap-
tured by the standard estimations in the literature.
Farmers may significantly adapt farming practices,
or different degrees of adaptation to climate change
could be observed.
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