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Motivation: why do we care?

• Previous studies on physical CC impact on agriculture, e.g., crop yield and 

production. 

• It affects food security from two sides

–Own production affect domestic supply and consumption

–Abroad production affect domestic consumption

• SSR measures food security by considering both production and 

consumption. 

𝑆 =
𝐺𝑃
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Domestic consumption

Domestic production
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Motivation: why do we care?

Certain countries pursue  a policy target of gain self-sufficiency ratio (SSR) for food 
security, such as

• Poor countries with high levels of food insecurity (e.g. Zambia)

• Countries with volatile export earnings and associated ability to import (e.g. Venezuela)

• Countries that can potentially be self-sufficient but currently are not (e.g. Mali and 
Sudan)

• Countries whose grain is imported from very few suppliers (e.g. Haiti and Senegal relied 
on France for over 96% of their wheat imports in 2009)

• Countries with a large population (e.g. China and India)

• Countries at risk of trade disruption as a result of war or political tensions

Source: (Clapp, 2017)
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What we have done in this study

• Update knowledge on physical and economic 
consequences based on new findings

• Provide country-level results to support national
decision makers

• Contribute to estimates in 2100 (few according to 
IPCC AR5: Nelson2014a,b focus on 2050)

• Consider climate projections from 32 climate models 
for three RCPs in 2050 and 2100, corresponding to a 
rise of global mean temperature of 1°C (RCP2.6 in 
2050 and 2100), 1.5°C (RCP4.5 in 2050), 2°C 
(RCP8.5 in 2050), 3°C (RCP4.5 in 2100), and 5°C 
(RCP8.5 in 2100)

Source: 

https://www.climsystems.com/docs/simclimdesktop/DefiningaRepresent

ativeConcentra.html

https://www.climateemergencyinstitute.com/uploads/RCP_2_6_Bonn.pdf



• Grain self-sufficiency ratio
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• Calculate country-level average climate data from
32 climate models in ensembles of CMIP5

• Calculate CC impact on yield of maize, wheat and rice by econometric 
model (Moore et al 2017). Remove cases with the rates of yield changes 
out of the range from -99% to 99%.

• Calculate average rates of yield changes by country across climate 
modeling results. The country-level yield changes is due to land 
productivity changes, further affecting crop production and the whole 
economy. The economic impacts are estimated by GRACE

• Calculate changes in grain production, consumption and self-sufficiency 
ratios
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GRACE: A flexible framework for economic analysis considering sectoral 

and regional interactions



• Production of grain includes three crops: rice, wheat, and maize: Food 

and Agriculture Organization of UN (FAO)

• Gridded climate data: 32 ESM modeling results from Coupled Model 

Intercomparison Project Phase 5 (CMIP5)

• Estimated econometric model on CC impact on crops: Moore et al. 

(2018)

• Sectoral economic data of 2011 by region: A global Input-Output Matrix 

(GTAP database v9)

10

Data



Impact scenarios for 140 regions

Baseline (BAU): present situation in 2011

Alternative scenarios: Average changes in T and P 

based on 32 CMIP5 climate modeling results

2050 2100 2050 2100 2050 2100

Temperature (T) alone SN1 SN2 SN3 SN4 SN5 SN6

T + CO2 SN7 SN8 SN9 SN10 SN11 SN12

T + Precipitation (P) SN13 SN14 SN15 SN16 SN17 SN18

T + P + CO2 SN19 SN20 SN21 SN22 SN23 SN24

RCP2.6 RCP4.5 RCP8.5Climatic varable(s) 

considered
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Losses of global grain production due to 
climate change (%)
• Dominated by temperature. 

Impact of precipitation is 
marginally positive

• Adaptation may mitigate the 
losses considerably

• Warmer and more losses

• 25% reduction RCP8.5, 2100!

• Losses: 2100 > 2050? Not for 
RCP2.6

Darker part of a bar shows loss of grain production due to climate change after producers’ adaptation while the 

whole bar shows the expected loss before the adaptation. T is temperature and P is precipitation.
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CO2 fertilization included: Losses of global 
grain production due to climate change
• Dominated by temperature. 

Impact of precipitation is 
positive

• Global impacts are small, <2%

• RCP8.5: always losses

• RCP2.6 and 4.5
– 2050: benefits
– 2100: losses

• Losses: 2100 > 2050



• The top grain producers suffer the largest losses 
in tonnes
– USA, China, and India in all cases
– Followed by Russia, Indonesia, and Brazil in 

most cases
– !! in relative terms, only Russia is the most 

damanged in some cases

• No country benefit in all cases
– Peru, Japan, and Korea benefit in cases other 

than RCP8.5 in 2100, in both absolute and 
relative terms

– Armenia benfits in RCP8.5 in 2100T. Sweden 
and Latvia also benefit in RCP8.5 in 2100TP

– Ecuador and some Eastern Africa regions 
benefit in RCP8.5 2050TP

– Sweden, Ireland, Ecuador, and some Eastern 
Africa regions benefit in RCP2.6 2100TP
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Losses in grain production under temperature change in 
RCP8.5 scenario 2100: land productivity

Regional reduction in grain production under temperature change in 

RCP8.5 scenario 2100 without (a) and with (b) adaptation



• The top producers suffer the largest 

losses in tonnes

–India and USA are within top 3 in all 

cases. Russia and Indonesia some 

cases.

–Followed by China and other countries 

than Brazil, indicating relatively better 

adaptation in Brazil

• Some countries benefit in all cases

–Such as Canada, Gemany, and Turkey

15

losses in grain production under temperature change
in RCP8.5 scenario 2100: Adaptation is considered

Regional reduction in grain production under temperature change in 

RCP8.5 scenario 2100 without (a) and with (b) adaptation
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Grain self-sufficnecy ratios

• In 2011, among the 6 top producers, 

–China and Indonisia: <100%, 
vulnerable to losses from climate 
change

–USA, Russia, India, and Brazil: >100%

• Kyrgyzstan, Japan, Vietnam, Latin 
America, Chile, most Africa:  <100%

• Our simulation shows that climate
change does not alter the overal 
picture, but affect relatively
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Changes in grain self-sufficiency rates due to 
Temperature changes for RCP4.5, 2050T (%)



China: changes in RCP8.5 2100T (%)
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• Modest CC impact on self-sufficiency 

ratio

• Direct CC impacts via land productivity

are considerable, especially for maize

• Production effects cancel out most of the 

direct CC impacts

• Consumption is reduced marginally



Russia: changes in RCP8.5 2100T (%)
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• Grain self-sufficiency rate is reduced by 

more than 17%, dominated by wheat

• Direct CC impacts via land productivity are 

considerable, especially for wheat

• Production effects cancel out around half 

of the direct CC impacts

• Grain consumption is reduced markedly 

by 7%, while wheat consumption by 9%

• More imported grain is necessary



India: changes in RCP8.5 2100T (%)
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• Grain self-sufficiency rate is increased

slightly, mainly due to maize by >1%

• Direct CC impacts via land productivity are 

considerable, especially for wheat and 

maize

• Production effects cancel out a large 

share of the direct CC impacts

• Grain consumption is reduced by 4%, 

while wheat consumption by nearly 10%



Europe: changes in RCP8.5 2100T (%)
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• Grain self-sufficiency rate is increase by 

7%, mainly due to wheat by nearly 10%

• Direct CC impacts via land productivity are 

considerable, especially for rice, over 25%

• Production effects cancel out all the direct 

CC impacts

• Grain consumption is almost the same, 

only slightly reduced

• Indicating relatively stable consumption



Farm income of grain production (billion 
US$2011): the case of RCP8.5 2100T
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• All regions benefit due to increase in grain 

prices!

• Farms in USA, China, India, and Pakistan benfit 

the most

Farm income change (a) and percentage changes in maize prices (b) in the RCP8.5 

scenario from temperature changes in 2100



• Global warming leads to global reduction in grain production and consumption in 
three RCPs:4.5, 8.5 and 2.6. Generally the impact in 2100 is much stronger than in 
2050 for RCP4.5 and 8.5. With CO2 fertilization, global grain production may 
increase in RCP2.6 and 4.5.

• Losses in grain output could be 25% of current output in the climate of RCP8.5 in 
2100, but less than 5% if producers adapt well.

• CC has certain impact on grain self-sufficiency, but would not alter the overall 
regional picture

• Among the 6 top coutries of grain production, Russia may suffer the most in terms of 
self-sufficiency although USA and India suffer the most in tonnes of output. The 
losses of China and Indonesia are modest. Accordingly, Russia, China and Indonesia 
pay more to grain trade, resulting in GDP losses.

• The CC impact on self-sufficiency may markedly be overestimated without 
considering behavior adjustment of economic agents, especially in RCP8.5 2100
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Summary
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