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ARTICLE INFO ABSTRACT

Climate change is reshaping the physical conditions under which the world’s food

Keywords is grown. Rising temperatures, shifting rainfall patterns, elevated atmospheric CO2,
Climate and a growing frequency of droughts, floods, and heatwaves are together altering the
change productivity of staple crops across every inhabited continent. This review synthesizes
reshaping current evidence on how climate change affects yields of the world’s dominant cereal
physical and food crops, examines the physiological mechanisms driving these changes, and
temperatures compares vulnerability across major agricultural regions. It closes with a discussion
of adaptation strategies and the policy gaps that remain.
PHYSIOLOGICAL MECHANISMS LINKING CLI-
MATE TO YIELD
INTRODUCTION

Agriculture is uniquely exposed to climate change be-
cause crop growth is governed directly by temperature,
water availability, and atmospheric composition. Un-
like many economic sectors, farming cannot simply re-
locate indoors or substitute inputs quickly when grow-
ing conditions shift. As global mean temperatures con-
tinue to rise, the agricultural sector faces a combination
of gradual, chronic stress (long-term warming, chang-
ing seasonal patterns) and acute shocks (heatwaves,
droughts, floods, and shifting monsoon timing).

The stakes are high: cereal crops — maize, wheat,
rice, and to a lesser degree sorghum and millet — supply
the majority of global caloric intake. Even modest yield
reductions, aggregated across the world’s breadbaskets,
translate into significant food security and economic
risk, particularly for regions and populations with lim-
ited capacity to adapt.

Three interacting climate variables drive most of the
observed and projected changes in crop productivity:

e Temperature. Warming affects crops through
both average temperature increases and a rising fre-
quency of extreme heat events during sensitive growth
stages (flowering, grain-filling). Meta-analyses of em-
pirical yield data find that each 1°C of warming reduces
global yields by roughly 7.5% for maize, 6% for wheat,
6.8% for soybean, and about 1.2% for rice, though
these global averages mask substantial regional varia-
tion — warming can even benefit yields in some cold,
temperature-limited regions.

o Elevated CO2. Higher atmospheric CO2 concen-
trations can partially offset heat and drought stress,
but the effect differs by photosynthetic pathway. C3
crops such as wheat and rice can see a modest yield
boost from CO2 fertilization, though this benefit is of-
ten eroded by simultaneous heat and water stress. C4
crops such as maize, millet, and sorghum are far less
responsive to CO2 enrichment, gaining benefit mainly
under drought conditions rather than as a general off-
set.
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Table 1: Global Yield Sensitivity to a 1°C Temperature Increase
Crop Photosynthetic Yield Loss per Notes
Pathway 1°C Warming

Maize C4 7.5% + 5.3% Highest average sensitivity among major
cereals

Wheat C3 6.0% * 3.3% Some CO2 offset possible, eroded by
heat/drought

Soybean C3 6.8% £ 5.9% High variance across growing regions

Rice C3 1.2% + 5.2% Lowest average sensitivity; high spatial
heterogeneity

Source: Global empirical meta-analysis of observed yield-temperature relationships (ScienceDirect, 2024).

e Water availability. Changes in the timing, in-
tensity, and total volume of precipitation — includ-
ing delayed monsoon onset, more erratic rainfall, and
longer dry spells — directly affect rain-fed agriculture,
which supports the majority of farmers in developing
regions. Because irrigation infrastructure is unevenly
distributed, water-related climate stress disproportion-
ately affects lower-income farming systems.

GLOBAL YIELD IMPACT ESTIMATES

Estimates of aggregate yield loss vary by study design,
emissions scenario, and whether farmer adaptation is
modeled, but the overall direction of evidence is consis-
tent.

e Under the most severe warming scenarios without
adaptation, simulated global yield losses for staple ce-
reals range from roughly 7% to 23%.

e A large multi-model analysis published in Nature
in 2025 found that average global yields of six staple
crops — cassava, maize, rice, sorghum, soybean, and
wheat — could fall by more than 11% by the end of the
century under a moderate warming scenario, even af-
ter accounting for farmer adaptation; adaptation was
estimated to offset only about 12% of the total losses.

® The same body of research projects an 8% decline
in global crop yields by 2050, essentially regardless of
how aggressively emissions are curbed between now
and then, reflecting warming already locked into the
climate system.

e By 2100, yield losses under continued high emis-
sions could reach roughly 24% globally, compared to
about 11% under a rapid path to net-zero emissions
— with losses distributed very unevenly, estimated at
around 41% in the wealthiest regions of the world and
28% in the lowest-income regions in some crop-specific
projections, driven by differences in current baseline
heat exposure and adaptive capacity.

These figures illustrate a consistent theme: climate
change does not merely lower average yields — it also

Table 2: Projected Global Yield Loss by Timeframe and
Emissions Pathway

Scenario Projected
Timeframe Global
Yield Loss
By 2050 Any pathway (loss ~8%
largely already
locked in)
By 2100 Rapid transition to ~11%
net-zero emissions
By 2100 Continued high emis- ~24%
sions (“business as
usual”)
Without Most severe warming 7%—23%
adaptation case

Source: Multi-model global agricultural impact assessment
(Nature, 2025); regional variants report losses as high as 41%
(wealthiest regions) to 28% (lowest-income regions) under some
crop baskets.

widens the gap in outcomes between well-resourced
and resource-constrained agricultural systems.

REGIONAL VULNERABILITY ASSESSMENT

Sub-Saharan Africa

Sub-Saharan Africa is consistently identified as among
the most exposed regions. Heavy reliance on rain-fed
agriculture, limited irrigation infrastructure, and con-
strained adaptive capacity compound the physical ef-
fects of warming. Staple crop yields across the re-
gion are projected to decline by roughly 10-20% by
2050. In Ethiopia specifically, maize yields could fall
by around 15% by mid-century, while wheat yields
in some drought- and heatwave-affected areas of East
Africa have already declined by up to 25% over recent
decades. Climate-driven agricultural losses are esti-
mated to have reduced Ethiopia’s annual agricultural
GDP by 5-10%. Looking further ahead, crop produc-
tion in drought-prone parts of Africa could fall by as
much as 25% by 2080.
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Table 3: Regional Vulnerability Summary

Region Key Driver Projected Impact Timeframe
Sub-Saharan Africa Rain-fed agriculture, drought, | Staple crop yields down 10-20%; Ethiopian | By 2050
heatwaves maize down ~15%; wheat down up to 25%
in worst-hit areas
South Asia Monsoon disruption, heat Rice and wheat production down 10-15% By mid-
stress century
Africa & South Asia Compounding drought + Crop production down up to 25% By 2080
(drought-prone areas) temperature rise
Latin America (South Land-use and climate pres- Arable land reduced by up to 21% By 2100
America) sure
Temperate / high- Extended growing season, Near-term stability or localized gains, un- Ongoing
latitude regions later eroded by heat extremes | certain long-term
South Asia for lower-latitude regions.

South Asia’s agricultural systems are tightly coupled
to monsoon timing and intensity, making them highly
sensitive to climate-driven disruption of seasonal rain-
fall. Rice and wheat production across the region could
decline by 10-15% by mid-century due to a combina-
tion of heat stress during critical growth windows and
shifting monsoon patterns, with impacts falling heavily
on smallholder farmers who make up the bulk of the
region’s agricultural workforce. As in Africa, drought-
prone areas of South Asia could see production declines
of up to 25% by 2080 under continued warming.

Latin America and the Caribbean

Latin America faces a bifurcated climate risk profile:
parts of the region (such as the Central American Dry
Corridor and the Caribbean) face intensifying heat and
drought, while other areas face elevated flood and land-
slide risk along the Pacific coast and Andean region.
Structural projections suggest South America’s arable
land could shrink by up to 21% by the end of the century
due to climate change. Crop-level analyses point to de-
clining yields for staples such as dry beans in several
countries, alongside high uncertainty for maize produc-
tion tied to variable rainfall.

Temperate and High-Latitude Regions

In contrast to the tropics and subtropics, some temper-
ate and high-latitude agricultural regions may see near-
term yield stability or even localized gains, as mod-
erate warming extends growing seasons and reduces
cold-related limitations in historically temperature-
constrained areas. However, this benefit is not uni-
versal or permanent: increased frequency of extreme
heat events, altered pest and disease pressure, and wa-
ter stress during critical growth stages are expected to
erode these gains over time, and yield benefits are gen-
erally smaller and less certain than the losses projected

Cross-Regional Pattern

Across all regions studied, temperature increases are
consistently associated with reduced agricultural out-
put, though the sensitivity of that relationship — and
the extent to which precipitation changes compound or
offset it — varies with income level, existing infrastruc-
ture, and the extent of rain-fed versus irrigated farming.
Low-income economies are disproportionately vulner-
able, not because the physical climate signal is neces-
sarily stronger, but because adaptive capacity, financial
buffers, and infrastructure are weaker.

ADAPTATION STRATEGIES

The literature converges on several categories of adap-
tation response, though implementation varies widely
by region and resource availability:

e Agronomic adaptation: shifting planting dates,
adopting heat- and drought-tolerant crop varieties, di-
versifying crop portfolios, and adjusting crop rotations
to match changing seasonal patterns.

e Water management: expanding irrigation ac-
cess, improving water-use efficiency, and adopting soil
moisture conservation techniques in rain-fed systems.

o Technological adaptation: use of climate-smart
agriculture practices, improved seed technology, and
— increasingly — data-driven tools such as satellite-
based crop monitoring and early warning systems for
drought and pest outbreaks.

o Institutional and policy adaptation: crop insur-
ance schemes, extension services that transmit climate
information to farmers, and social safety nets that re-
duce the downside risk of climate-related crop failure.

Even comprehensive adaptation, however, is pro-
jected to offset only a fraction of total climate-driven
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yield loss — modeled at roughly 12% of losses in recent
global assessments — underscoring that adaptation is
a risk-reduction measure rather than a complete solu-
tion.

DISCUSSION AND RESEARCH GAPS

Several limitations and open questions persist in the
literature:

e Model uncertainty: Crop simulation models re-
main sensitive to assumptions about soil data, cultivar-
specific heat tolerance, and the interaction between
CO2 fertilization and water stress. In some cases, un-
certainty in soil data inputs can rival or exceed the cli-
mate signal itself in simulation outputs.

e Adaptation modeling: Many older projections
did not account for farmer adaptation at all; newer
models that incorporate adaptation produce lower —
but still substantial — loss estimates, suggesting earlier
literature may have overstated worst-case outcomes
while understating the residual risk that adaptation
cannot fully offset.

e Regional data gaps: Sub-Saharan Africa and
parts of Latin America have historically had sparser
long-term agronomic and climate monitoring data than
North America, Europe, or East Asia, introducing
greater uncertainty into regional projections precisely
where vulnerability is highest.

e Compound and extreme events: Much of the
yield-loss literature is built around gradual changes
in mean temperature and precipitation; less is known
about how compounding extreme events (simultane-
ous heatwaves and droughts, or back-to-back climate
shocks) affect yields, even though these events are be-
coming more frequent.

Global Crop Yield Sensitivity to Temperature
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Figure 1: Global crop yield sensitivity to temperature, by
crop.
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Figure 2: Projected global yield loss by emissions pathway.
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Figure 3: Regional vulnerability: projected yield/land de-
clines by approximately 2050.

CONCLUSION

The evidence base, spanning global meta-analyses,
regional case studies, and crop-specific simulations,
points to a consistent conclusion: climate change is al-
ready reducing crop yields in many parts of the world,
and further warming will deepen these losses even un-
der optimistic adaptation and emissions scenarios. The
burden of these impacts falls unevenly, with rain-fed,
low-income, and monsoon-dependent agricultural sys-
tems in Sub-Saharan Africa, South Asia, and parts of
Latin America facing the greatest risk. Closing the
gap between projected losses and adaptive capacity —
through investment in resilient crop varieties, water in-
frastructure, climate information systems, and social
protection — remains one of the central challenges for
global food security in the decades ahead.
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