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Supplementary Note 1. Supplementary Tables to the Main Results

Supplementary Table 1. Forecasting of Wheat Production (million tons) in Russia & Ukraine

in 2008 and 2012: A comparison

2008

2012

Real Our RS WASDE
prod.  forecasting forecasting

Our RS WASDE
forecasting forecasting

89.7
May 80.1 72.0
June 79.5 75.0

66.2 76.0
62.6 74.0

Note: The changes were relative to the production level in the previous year.

Source: Historical records of wheat production are from FAO (2021). The forecasting data of

the USDA-WASDE are from USDA (2023).

Supplementary Table 2. Farmers’ responses in Northern Hemisphere under the S-Aprill2

scenario
Change in production [%] Change in production [ton]
Soybean Wheat Other Grains Soybean
United States 484  -0.17 -0.03 4,080,901
Canada 740 -0.14 -0.02 330,614
Total 4,411,514.6




Supplementary Table 3. Changes in CIF prices of soybean by major importers under the S-

Reall12 and S-Aprill2 scenario

S-Real12 S-Aprill2
China 15.4 2.5
Taiwan (customs territory) 15.3 1.7
Germany 14.6 2.1
Indonesia 14.2 -3.8
Japan 14.9 -4.5
Mexico 15.9 -6.4
Netherland 15.0 2.8
Spain 15.5 8.3
Thailand 15.3 7.0
Africa 13.6 -1.0
Asia 14.0 1.3




Supplementary Note 2. Elasticities Employed and Sensitivity Analysis

Supplementary Table 4 The elasticities assumed in the main scenarios

Substitution of production  Sypstitution

Sector 2007 model 2011 model ~ Pproducts
1 Paddy Rice 2.53 0.24 0.25 *
2 Wheat 2.23 0.24 0.25 *
3 Other Grains 0.65 0.24 0.25 *
4 Vegetable and Fruit 0.93 0.24 0.25 *
5 Oilseeds 1.23 0.24 0.25 *
6 Soybean** 1.23 0.24 0.25 *
7 Sugar Cane and Beet 1.35 0.24 0.25 *
8 Plant Fiber 2.50 0.24 0.25
9 Other Crops 1.63 0.24 0.25 *
10 Meat and Livestock 1.58 0.51 0.50 *
11 Processed Food 1.06 1.12 1.12 *
12 Transport 1.90 1.68 1.68
13 Service 1.95 1.36 1.36
14 Others 3.61 1.03 1.00

Notes: the asterisks indicate the elasticity of substitution of household between food-related goods, which
is set as 0.2 following Seale et al. (2003). The double asterisk means that the sector “Soybean” is embedded
only with the CGE model for the soybean analysis. Following Bajzik et al. (2020), the Armington
elasticities in the GTAP-v10 are halved for food-related sectors (i.e., sectors 1, 2, 3, 4, 5, 6, 7, 9, 10, and
11) because our analysis focuses on short-term impacts of farmers’ response to remote sensing forecasting
information. The substitution elasticities of production factors are taken from the GTAP-v10 database. We
run an additional set of sensitivity tests by halving these substitution elasticities of production factors for
food-related sectors as we do for the Armington elasticities, and the results are presented in Tables S7, S8,
S15, S16, S21, and S22.



Supplementary Table 5. Sensitivity analysis for Armington elasticity £30%: Changes in real

local wheat prices in the 2008 and 2012 scenarios (%)

Change in real wheat price [%]

Armington +30% Armington —30%

W-Real08 W-May08  W-June08 W-Real08 W-May08  W-June08
Bangladesh -36.3 -32.7 -32.8 -33.6 -30.4 -30.6
China -30.5 -22.1 -22.5 -22.6 -16.0 -16.3
Egypt -36.3 -34.0 -34.1 -33.4 -31.7 -31.8
India -35.4 -33.2 -33.3 -31.7 -29.9 -30.0
Japan -30.7 -22.4 -22.8 -25.0 -18.0 -18.3
Korea -30.0 -20.3 -20.8 -24.0 -15.7 -16.1
Nigeria -29.9 -23.3 -23.6 -24.0 -18.5 -18.8
Turkey -32.3 -30.8 -30.9 -27.0 -26.1 -26.2
Middle East -33.6 -30.2 -30.4 -29.1 -26.4 -26.6
Africa -30.0 -25.6 -25.8 -24.3 -20.8 -21.0

Armington +30% Armington —30%

W-Reall2 W-Mayl2  W-Junel2 W-Reall2 W-Mayl2 W-Junel2
Bangladesh 25.2 15.7 12.8 20.2 13.2 11.0
China 22.1 13.1 10.4 15.4 9.4 7.5
Egypt 32.3 24.9 22.6 28.9 24.1 22.6
India 14.7 9.1 7.5 8.1 5.3 4.5
Japan 26.4 16.5 13.6 20.9 13.7 114
Korea 26.4 15.6 12.5 20.9 12.8 10.3
Nigeria 25.0 16.6 14.1 19.2 13.6 11.8
Turkey 32.5 26.4 24.5 28.8 25.3 24.1
Middle East 26.7 18.5 16.0 21.5 16.1 14.3
Africa 25.6 17.9 15.6 20.2 15.4 13.8




Supplementary Table 6. Sensitivity analysis for Armington elasticity £30%: Changes in real

local soybean prices in the 2012 scenarios (%)

Change in real soybean price [%]

Armington +30% Armington —30%

S-Reall2 S-Aprill12 S-Reall2 S-April12
China 15.4 2.4 15.4 2.4
Taiwan (customs territory) 15.3 1.7 15.3 1.7
Germany 14.6 2.1 14.6 2.1
Indonesia 13.8 -3.7 13.8 -3.7
Japan 14.9 -4.5 14.9 -4.5
Mexico 15.9 -6.4 15.9 -6.4
Netherland 15.0 2.8 15.0 2.8
Spain 15.5 8.3 15.5 8.3
Thailand 15.2 7.0 15.2 7.0
Africa 12.2 -0.4 12.2 -04
Asia 12.8 1.0 12.8 1.0




Supplementary Table 7. Sensitivity analysis for the elasticity of substitution between the factors of production with the variations

by £30% and that for food-related sectors with the variation by —50%: Changes in real local wheat prices in the 2008 and 2012

scenarios (%o)

Change in real wheat price [%]

Value added +30%

Value added —30%

Value added (food) —50%

W-Real08 W-May08 W-June08 W-Real08 W-May08  W-June08 W-Real08 W-May08  W-June08
Bangladesh -34.9 -31.5 -31.6 -35.6 -32.2 -32.3 -36.0 -32.5 -32.7
China -27.1 -19.3 -19.7 -27.7 -19.9 -20.3 -28.0 -20.2 -20.6
Egypt -34.9 -32.8 -32.9 -35.6 -33.5 -33.6 -36.0 -33.9 -34.0
India -33.7 -31.7 -31.8 -34.4 -32.3 -32.4 -34.7 -32.7 -32.8
Japan -28.2 -20.3 -20.7 -28.8 -20.9 -21.3 -29.1 -21.3 -21.7
Korea -27.4 -18.1 -18.6 -28.0 -18.7 -19.2 -28.3 -19.0 -19.5
Nigeria -27.3 -21.0 -21.4 -27.9 -21.7 -22.0 -28.2 -22.0 -22.3
Turkey -29.9 -28.8 -28.9 -30.6 -29.4 -29.4 -30.9 -29.7 -29.7
Middle East -31.6 -28.5 -28.6 -32.2 -29.1 -29.3 -32.6 -29.5 -29.6
Africa -27.5 -23.4 -23.6 -28.1 -24.0 -24.2 -28.4 -24.4 -24.6

Value added +30%

Value added —-30%

Value added (food) —50%

W-Reall2 W-Mayl2 W-Junel2 W-Reall2 W-Mayl2 W-Junel2 W-Reall2 W-May12 W-Junel2
Bangladesh 22.5 14.1 11.5 24.0 15.5 12.9 24.8 16.4 13.8
China 18.7 11.1 8.7 19.9 12.2 9.9 20.6 13.0 10.7
Egypt 30.1 23.9 22.0 32.1 25.7 23.7 33.3 26.8 24.8
India 11.3 7.1 5.8 12.0 7.8 6.5 12.5 8.3 7.0
Japan 23.5 14.7 12.1 25.0 16.2 13.5 25.9 17.2 14.5
Korea 23.4 13.8 10.9 25.0 15.3 12.4 25.9 16.3 13.4
Nigeria 22.0 14.8 12.6 23.4 16.2 13.9 24.3 17.0 14.8
Turkey 30.1 25.3 23.8 32.2 27.1 25.5 33.4 28.2 26.6
Middle East 23.9 16.9 14.8 25.5 18.4 16.2 26.4 19.3 17.1
Africa 22.7 16.4 14.4 24.2 17.7 15.7 25.1 18.5 16.5




Supplementary Table 8. Sensitivity analysis for the elasticity of substitution between the factors of production with the variations
by +30% and that for food-related sectors with the variation by —50%: Changes in real local soybean prices in the 2012 scenarios
(%)

Change in real soybean price [%]

Value added +30% Value added —30% Value added (food) -50%
S-Reall2 S-Aprill12 S-Reall2 S-Aprill12 S-Real12 S-April12
China 15.4 2.4 15.4 2.4 16.8 2.7
Taiwan (customs territory) 15.3 1.7 15.3 1.7 16.6 2.0
Germany 14.6 2.1 14.7 2.1 15.9 2.3
Indonesia 13.8 -3.7 13.8 -3.7 15.0 -3.5
Japan 14.9 -4.5 14.9 -4.5 16.2 -4.5
Mexico 15.9 -6.4 15.9 -6.4 17.3 -6.4
Netherland 15.0 2.8 15.0 2.8 16.3 3.0
Spain 15.5 8.3 15.5 8.3 16.9 8.7
Thailand 15.2 7.0 15.2 7.0 16.5 7.3
Africa 12.2 -0.4 12.2 -0.4 13.3 -0.2
Asia 12.8 1.0 12.8 1.0 13.9 1.1




Supplementary Table 9. Sensitivity analysis for the elasticity of substitution between food

commodities for household +30%: Changes in real local wheat prices in the 2008 and 2012

scenarios (%)

Change in real wheat price [%]

Food +30% Food -30%

W-Real08 W-May08  W-June(08 W-Real08 W-May08  W-June08
Bangladesh -34.0 -31.0 -31.2 -36.8 -32.7 -32.9
China -23.8 -17.2 -17.6 -31.9 -22.4 -22.9
Egypt -33.8 -32.1 -32.2 -36.9 -34.4 -34.5
India -32.2 -30.5 -30.6 -36.1 -33.6 -33.8
Japan -25.9 -19.0 -19.4 -31.6 -22.5 -23.0
Korea -25.0 -16.8 -17.2 -31.0 -20.3 -20.8
Nigeria -24.9 -19.5 -19.8 -30.9 -23.5 -23.9
Turkey -27.9 -27.0 -27.0 -33.1 -31.5 -31.6
Middle East -29.9 -27.3 -27.4 -34.4 -30.5 -30.7
Africa -25.4 -22.0 -22.1 -30.8 -25.8 -26.1

Food +30% Food -30%

W-Reall2 W-Mayl2  W-Junel2 W-Reall2 W-Mayl2  W-Junel2
Bangladesh 19.3 12.6 10.5 28.9 17.7 14.3
China 15.2 9.3 7.5 25.6 14.9 11.7
Egypt 27.2 22.3 20.8 36.5 28.1 25.4
India 8.3 5.5 4.6 17.3 10.7 8.7
Japan 20.1 13.1 11.0 30.2 18.6 15.1
Korea 20.1 12.3 10.0 30.2 17.6 13.8
Nigeria 18.6 13.0 11.3 28.7 18.9 15.9
Turkey 27.2 23.4 22.2 36.7 29.8 27.6
Middle East 20.6 15.2 13.5 30.6 21.0 18.0
Africa 19.4 14.5 13.0 29.3 20.5 17.7




Supplementary Table 10. Sensitivity analysis for the elasticity of substitution between food
commodities for household £30%: Changes in real local soybean prices in the 2012 scenarios
(%)

Change in real soybean price [%]

Food +30% Food -30%
S-Real12 S-April12 S-Real12 S-April12
China 15.2 2.5 15.2 2.4
Taiwan (customs territory) 15.1 1.8 15.1 1.7
Germany 14.3 2.1 14.3 2.0
Indonesia 13.3 -3.6 13.3 -3.8
Japan 14.6 -4.4 14.6 -4.6
Mexico 15.6 -6.3 15.6 -6.6
Netherland 14.7 2.8 14.7 2.7
Spain 15.4 8.3 15.4 8.2
Thailand 14.9 6.9 14.9 7.0
Africa 11.3 -0.3 11.3 -0.5
Asia 12.1 1.0 12.1 0.9
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Supplementary Table 11. Sensitivity analysis for the elasticity of land transformation

between crops: Changes in real local wheat prices in the 2008 and 2012 scenarios (%0)

Change in real wheat price in 2008 and 2012 [%]

Land +30% Land -30%

W-Real08 W-May08  W-June08 W-Reall2 W-May12 W-Junel2
Bangladesh -34.8 -31.3 -31.5 -35.8 -32.4 -32.5
China -27.0 -19.2 -19.6 -27.9 -20.0 -20.4
Egypt -34.8 -32.7 -32.8 -35.8 -33.7 -33.8
India -33.5 -31.6 -31.7 -34.6 -32.5 -32.6
Japan -28.1 -20.2 -20.6 -29.0 -21.1 -21.5
Korea -27.3 -18.0 -18.5 -28.1 -18.8 -19.3
Nigeria -27.2 -21.0 -21.3 -28.1 -21.8 -22.1
Turkey -29.8 -28.7 -28.7 -30.8 -29.6 -29.6
Middle East -31.5 -28.4 -28.5 -32.5 -29.3 -29.5
Africa -27.4 -23.3 -23.5 -28.3 -24.2 -24.4

Land +30% Land -30%

W-Reall12 W-Mayl2  W-Junel2 W-Reall2 W-May12 W-Junel2
Bangladesh 22.5 14.1 11.6 24.1 15.4 12.8
China 18.7 11.1 8.8 20.0 12.2 9.8
Egypt 30.1 24.0 22.0 32.2 25.7 23.7
India 11.3 7.1 5.9 12.1 7.8 6.5
Japan 23.5 14.8 12.2 25.1 16.2 13.4
Korea 23.4 13.9 11.0 25.1 15.3 12.3
Nigeria 22.0 14.9 12.7 23.5 16.1 13.9
Turkey 30.1 25.4 23.8 32.3 27.1 25.5
Middle East 23.9 17.0 14.8 25.5 18.3 16.1
Africa 22.7 16.4 14.5 24.3 17.7 15.7
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Supplementary Table 12. Sensitivity analysis for the elasticity of land transformation

between crops: Changes in real local soybean prices in the 2012 scenarios (%0)

Change in real soybean price [%]

Land +30% Land -30%

S-Reall2 S-Aprill12 S-Real12 S-April12
China 15.0 2.4 16.0 2.6
Taiwan (customs territory) 14.9 1.6 15.9 1.8
Germany 14.3 2.0 15.2 2.2
Indonesia 13.5 -3.7 14.3 -3.6
Japan 14.5 -4.5 15.4 -4.5
Mexico 15.5 -6.4 16.5 -6.4
Netherland 14.6 2.7 15.6 2.9
Spain 15.1 8.1 16.1 8.5
Thailand 14.8 6.8 15.7 7.1
Africa 11.9 -0.5 12.7 -0.3
Asia 12.5 0.9 13.3 1.0

12



Supplementary Table 13. Sensitivity analysis for the Armington elasticity £30%: Changes in

household consumption in the 2008 and 2012 scenarios (%bo)

Change in household wheat consumption [%]

Armington +30% Armington —30%

W-Real08 W-May08 W-June08 W-Real08 W-May08  W-June08
Bangladesh 9.5 8.3 8.3 8.6 7.6 7.6
China 7.6 5.1 5.2 5.3 3.5 3.6
Egypt 10.2 9.4 9.4 9.2 8.6 8.6
India 9.2 8.5 8.5 8.0 7.5 7.5
Japan 7.6 5.2 5.3 5.9 4.0 4.1
Korea 7.4 4.6 4.7 5.6 3.5 3.6
Nigeria 7.5 5.5 5.6 5.7 4.2 4.3
Turkey 8.3 7.9 7.9 6.7 6.4 6.4
Middle East 8.7 7.6 7.7 7.3 6.5 6.5
Africa 7.7 6.3 6.4 5.9 5.0 5.0

Armington +30% Armington —30%

W-Reall12 W-May12 W-Junel2 W-Reall2 W-May12 W-Junel2
Bangladesh -4.4 -2.9 -2.4 -3.6 -2.5 -2.1
China -3.9 -2.4 -2.0 -2.8 -1.8 -1.4
Egypt -5.9 -4.7 -4.4 -5.4 -4.6 -4.4
India -2.7 -1.7 -1.4 -1.5 -1.0 -0.9
Japan -4.6 -3.0 -2.5 -3.7 -2.5 -2.1
Korea -4.5 -2.8 -2.3 -3.7 -2.4 -1.9
Nigeria -4.4 -3.1 -2.6 -3.5 -2.5 -2.2
Turkey -5.7 -4.8 -4.5 -5.2 -4.6 -4.4
Middle East -4.8 -3.5 -3.0 -4.0 -3.1 -2.8
Africa -4.6 -3.4 -3.0 -3.8 -2.9 -2.7
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Supplementary Table 14. Sensitivity analysis for the Armington elasticity £30%: Changes in

household soybean consumption in 2012 scenarios (%b6)

Change in household soybean consumption [%]

Armington +30% Armington —30%
S-Reall2 S-April12 S-Real12 S-April12
China -2.8 -0.5 -2.8 -0.5
Taiwan (customs territory) -2.8 -0.4 -2.8 -0.4
Germany -2.7 -0.4 -2.7 -0.4
Indonesia -2.6 0.7 -2.6 0.7
Japan -2.7 0.9 -2.7 0.9
Mexico -2.9 1.3 -2.9 1.3
Netherland -2.8 -0.6 -2.8 -0.6
Spain -2.9 -1.6 -2.9 -1.6
Thailand -2.8 -1.4 -2.8 -1.4
Africa -2.3 0.1 -2.3 0.1
Asia -2.4 -0.2 -2.4 -0.2
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Supplementary Table 15. Sensitivity analysis for the elasticity of substitution between the factors of production with the

variations by £30% and that for food-related sectors with the variation by —50%: Changes in household consumption in the
2008 and 2012 scenarios (%)

Change in household wheat consumption [%]

Value added +30%

Value added -30%

Value added (food) —50%

W-Real08 W-May08 W-June08 W-Real08 W-May08 W-June08 W-Real08 W-May08 W-June(08
Bangladesh 9.0 7.9 7.9 9.3 8.1 8.2 9.4 8.2 8.3
China 6.5 4.4 4.5 6.7 4.5 4.6 6.8 4.6 4.7
Egypt 9.7 9.0 9.0 9.9 9.2 9.3 10.1 9.3 9.4
India 8.7 8.0 8.0 8.9 8.2 8.3 9.0 8.3 8.4
Japan 6.8 4.6 4.7 7.0 4.8 4.9 7.1 4.9 5.0
Korea 6.6 4.0 4.2 6.7 4.2 4.3 6.8 4.3 4.4
Nigeria 6.7 4.9 5.0 6.8 5.1 5.2 6.9 5.2 5.2
Turkey 7.6 7.2 7.2 7.8 7.4 7.4 7.9 7.5 7.5
Middle East 8.1 7.1 7.1 8.3 7.3 7.3 8.4 7.4 7.5
Africa 6.9 5.7 5.8 7.1 5.9 5.9 7.2 6.0 6.0

Value added +30% Value added —30% Value added (food) -50%

W-Reall12 W-May12 W-Junel2 W-Reall2 W-Mayl2 W-Junel2 W-Reall2 W-Mayl2 W-Junel2
Bangladesh -4.0 -2.6 -2.2 -4.2 -2.8 -2.4 4.4 -3.0 -2.6
China -3.4 -2.1 -1.7 -3.6 -2.3 -1.9 -3.7 -2.4 -2.0
Egypt -5.6 4.6 4.3 -5.9 -4.9 -4.6 -6.1 -5.1 -4.7
India -2.1 -1.4 -1.1 -2.3 -1.5 -1.3 -2.3 -1.6 -1.4
Japan -4.1 -2.7 -2.3 -4.4 -3.0 -2.5 -4.5 -3.1 -2.7
Korea -4.1 -2.5 -2.0 -4.3 -2.8 -2.3 -4.5 -3.0 -2.5
Nigeria -3.9 -2.8 -2.4 -4.2 -3.0 -2.6 -4.3 -3.1 -2.8
Turkey -5.4 -4.6 -4.4 -5.7 -4.9 -4.6 -5.9 -5.1 -4.8
Middle East 4.4 -3.2 -2.8 -4.6 -3.5 -3.1 -4.8 -3.6 -3.2
Africa -4.2 -3.1 -2.8 -4.4 -3.3 -3.0 -4.6 -3.5 -3.1
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Supplementary Table 16. Sensitivity analysis for the elasticity of substitution between the factors of production with the
variations by £30% and that for food-related sectors with the variation by —50%: Changes in household soybean consumption
in the 2012 scenarios (%o)

Change in household soybean consumption [%]

Value added +30% Value added —30% Value added (food) —50%
S-Reall12 S-April12 S-Real12 S-April12 S-Real12 S-April12
China -2.8 -0.5 -2.8 -0.5 -3.1 -0.5
Taiwan (customs territory) -2.8 -0.4 -2.8 -0.4 -3.1 -0.4
Germany -2.7 -0.4 -2.7 -0.4 -2.9 -0.5
Indonesia -2.6 0.7 -2.6 0.7 -2.8 0.7
Japan -2.7 0.9 -2.7 0.9 -3.0 0.9
Mexico -2.9 1.3 -2.9 1.3 -3.1 1.3
Netherland -2.8 -0.6 -2.8 -0.6 -3.0 -0.6
Spain -2.9 -1.6 -2.9 -1.6 -3.1 -1.7
Thailand -2.8 -1.4 -2.8 -1.4 -3.1 -1.5
Africa -2.3 0.1 -2.3 0.1 -2.5 0.0
Asia -2.4 -0.2 -2.4 -0.2 -2.6 -0.3
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Supplementary Table 17. Sensitivity analysis for the elasticity of substitution between food
commodities for household £30%: Change in household consumption in the 2008 and 2012

scenarios (%)

Change in household wheat consumption [%)]

Food +30% Food -30%

W-Real08 W-May08 W-June08 W-Real08 W-May08 W-June08
Bangladesh 11.5 10.2 10.3 6.7 5.7 5.8
China 7.3 5.0 5.2 5.5 3.6 3.7
Egypt 12.1 11.4 11.4 7.3 6.7 6.7
India 10.7 10.0 10.1 6.5 6.0 6.0
Japan 8.1 5.6 5.8 5.5 3.6 3.7
Korea 7.7 4.9 5.0 5.3 3.2 3.3
Nigeria 7.8 5.9 6.0 5.4 3.9 3.9
Turkey 9.1 8.7 8.7 6.0 5.6 5.6
Middle East 9.9 8.8 8.9 6.2 5.4 5.4
Africa 8.2 6.9 7.0 5.5 4.5 4.5

Food +30% Food -30%

W-Reall2 W-May12 W-Junel2 W-Reall2 W-Mayl2 W-Junel2
Bangladesh -4.5 -3.1 -2.6 -3.5 -2.3 -1.9
China -3.6 -2.3 -1.9 -3.1 -1.9 -1.5
Egypt -6.5 -5.5 -5.1 -4.8 -3.8 -3.5
India -2.1 ‘1.4 -1.2 -2.2 -14 -1.2
Japan -4.7 -3.2 -2.7 -3.6 -2.4 -1.9
Korea -4.6 -3.0 -2.4 -3.6 -2.2 -1.8
Nigeria -4.4 -3.2 -2.8 -3.5 -2.4 -2.1
Turkey -6.3 -5.5 -5.3 -4.5 -3.8 -3.5
Middle East -4.9 -3.7 -3.3 -3.9 -2.8 -2.4
Africa -4.7 -3.6 -3.2 -3.7 -2.7 -2.4
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Supplementary Table 18. Sensitivity analysis for the elasticity of substitution between food
commodities for household £30%: Change in household soybean consumption in 2012

scenarios (%)

Change in household soybean consumption [%]

Food +30% Food —30%
S-Reall2 S-Aprill12 S-Reall12 S-April12
China -3.6 -0.7 -2.0 -0.3
Taiwan (customs territory) -3.6 -0.5 -2.0 -0.2
Germany -3.4 -0.6 -2.0 -0.3
Indonesia -3.2 0.9 -1.9 0.5
Japan -3.5 1.2 -2.0 0.7
Mexico -3.7 1.7 -2.1 0.9
Netherland -3.5 -0.8 -2.0 -0.4
Spain -3.7 -2.1 -2.0 -1.1
Thailand -3.6 -1.8 -2.1 -1.0
Africa -2.8 0.1 -1.7 0.1
Asia -2.9 -0.3 -1.8 -0.1
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Supplementary Table 19. Sensitivity analysis for the elasticity of land allocation +30%:

Change in household wheat consumption in 2008 and 2012 scenarios (%)

Change in household wheat consumption [%]

Land +30% Land -30%

W-Real08 W-May08 W-June08 W-Real08 W-May08  W-June08
Bangladesh 9.0 7.9 7.9 9.3 8.2 8.2
China 6.5 4.4 4.5 6.8 4.6 4.7
Egypt 9.6 8.9 9.0 10.0 9.3 9.3
India 8.6 8.0 8.0 9.0 8.3 8.3
Japan 6.8 4.6 4.7 7.1 4.8 5.0
Korea 6.5 4.0 4.2 6.8 4.2 4.4
Nigeria 6.6 4.9 5.0 6.9 5.1 5.2
Turkey 7.5 7.2 7.2 7.8 7.5 7.5
Middle East 8.0 7.1 7.1 8.3 7.4 7.4
Africa 6.9 5.7 5.7 7.1 5.9 6.0

Land +30% Land -30%

W-Reall2 W-May12 W-Junel2 W-Real12 W-Mayl12  W-Junel2
Bangladesh -4.0 -2.6 -2.2 -4.2 -2.8 -2.4
China -3.4 -2.1 -1.7 -3.6 -2.3 -1.9
Egypt -5.6 -4.6 -4.3 -5.9 -4.9 -4.5
India -2.1 -1.4 -1.1 -2.3 -1.5 -1.3
Japan -4.1 -2.7 -2.3 -4.4 -2.9 -2.5
Korea -4.1 -2.6 -2.1 -4.3 -2.8 -2.3
Nigeria -3.9 -2.8 -2.4 -4.2 -3.0 -2.6
Turkey -5.4 -4.6 -4.4 -5.7 -4.9 -4.6
Middle East -4.4 -3.2 -2.8 -4.6 -3.4 -3.1
Africa -4.2 -3.1 -2.8 -4.4 -3.3 -3.0
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Supplementary Table 20. Sensitivity analysis for the elasticity of land allocation +30%:

Change in household soybean consumption in 2012 scenarios (%)

Change in household soybean consumption [%]

Land +30% Land -30%
S-Reall2 S-April12 S-Real12 S-April12
China -2.8 -0.5 -2.9 -0.5
Taiwan (customs territory) -2.8 -0.3 -2.9 -0.4
Germany -2.7 -0.4 -2.8 -0.5
Indonesia -2.5 0.8 -2.7 0.7
Japan -2.7 0.9 -2.8 0.9
Mexico -2.8 1.3 -3.0 1.3
Netherland -2.7 -0.6 -2.9 -0.6
Spain -2.8 -1.6 -3.0 -1.6
Thailand -2.8 -1.4 -2.9 -1.4
Africa -2.3 0.1 -2.4 0.1
Asia -2.4 -0.2 -2.5 -0.2
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Supplementary Table 21. Sensitivity analysis for the elasticities of the Armington, value-
added and household food consumption: total wheat production in the Southern Hemisphere

(Argentina, Australia, Paraguay, South Africa and Uruguay) (tons)

Aggregated responsive wheat production in the SH [tons]

2008 May 2008 June 2012 May 2012 June
Armington+30% -3,664,504 -3,5600,949 3,220,154 4,258,251
Armington—30% -1,918,804 -1,833,021 1,881,246 2,529,397
Value added+30% -2,844,860 -2,718,091 2,638,716 3,514,945
Value added—30% -2,804,306 -2,678,383 2,558,484 3,407,460
Value added (food)-50% -2,781,253 -2,655,825 2,488,523 3,312,033
Food+30% -2,624,600 -2,504,920 2,387,368 3,172,760
Food-30% -3,073,924 -2,939,940 2,877,948 3,845,180
Land+30% -2,827,662 -2,701,415 2,615,776 3,483,670
Land-30% -2,831,492 -2,704,809 2,592,711 3,454,749
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Supplementary Table 22. Sensitivity analysis for the elasticities of the Armington, value-
added and household food consumption: total soybean production in the Northern

Hemisphere (the United States and Canada) (tons)

Changes in soybean production in NH

[tons]
2012 April
Armington+30% 4,411,664
Armington-30% 4,411,322
Value added+30% 4,413,577
Value added-30% 4,408,697
Value added (food) -50% 4,453,299
Food+30% 4,388,615
Food-30% 4,436,979
Land+30% 4,386,481
Land-30% 4,449,717
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Supplementary Note 3. Supplementary Figures and Tables to the Method Section
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Supplementary Figure 1: Normalized difference vegetation index (NDVI) anomaly during
critical winter growing season in wheat producing regions of Ukraine and Russia. a) Positive
NDVI anomaly in 2008; b) Negative NDVI anomaly in 2012. In both panels, the line charts on the
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left show 8-day NDVI curves of the current year (i.e. 2008 and 2012, respectively) as compared
to the previous year, and the maps on the right show NDVI anomalies of the current year as
compared to mean NDVI of the previous 5 years. Screenshots were taken from the Global
Agriculture Monitoring System (GLAM) at https://glam.nasaharvest.org/.
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Supplementary Figure 2: Drought-induced soybean production anomaly in southern Brazil in 2012 derived from satellite

remote sensing data. a) soybean in 2011; b) soybean in 2012. PR: Parana, SC: Santa Catarina, RS: Rio Grande do Sul.
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Supplementary Figure 3: The implementation procedure of the hemisphere-wise response

estimation
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Supplementary Table 23. Shocks, settings and scenarios

Intermediate Equilibrium

Final Equilibrium

Remote sensing

Actual yield shock

Actual yield shock

Experimental

forecast
Crop April  May June Fac_tc_)r in Russia and Ukraine in Brazil Year
mobhility

W-Base07 Wheat 2007
W-Real08 Wheat Yes 2008
W-May08 Wheat Yes Yes Yes 2008
W-June08 Wheat Yes Yes Yes 2008
W-Basell Wheat 2011
W-Real12 Wheat Yes 2012
W-May12 Wheat Yes Yes Yes 2012
W-Junel2 Wheat Yes Yes Yes 2012
S-Basell Soybean 2011
S-Real12 Soybean Yes 2012
S-Aprill2 Soybean Yes Yes Yes 2012
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Supplementary Table 24. Regional and sectoral aggregations of the model for wheat market

analysis in 2008 and 2012

Region Sector

Argentina Paddy Rice
Australia Wheat
Bangladesh Other Grain

Brazil Vegetable and Fruit
China Oilseeds

Egypt Sugar Cane and Beet
Indonesia Plant Fiber

India Other Crops

Japan Meat and Livestock
South Korea Processed Food
Nigeria Transport
Philippines Service

Paraguay Others
Russia+Ukraine

Turkey

Uruguay

United States of America

South Africa

Latin America
Former Soviet Union
Europe

Asia

Middle East

Africa

Rest of the World
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Supplementary Table 25. Regional and sectoral aggregations of the model for soybean

market analysis in 2012

Region Sector

Argentina Paddy Rice

Brazil Wheat

Canada Other Grain

China Vegetable and Fruit
Taiwan (customs territory) Soybean

Germany Other Oil Crops
Indonesia Sugar Cane and Beet
Japan Plant Fiber
Mexico Other Crops
Netherland Meat and Livestock
Spain Processed Food
Thailand Transport

Ukraine Service

United States Others

Africa

Europe

Asia

Latin America

Rest of the World
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Supplementary Note 4. Creating soybean sector in the SAM

The GTAP database version 10 does not explicitly have the soybean sector but contains it in the
oilseeds sector (i.e. the sector of the “o0sd”). We used the Splitcom to extract soybean sector from
the original oilseeds sector based on numerical data from the FAOSTAT. The detailed description
of the Splitcom package is provided on the website:
https://www.gtap.agecon.purdue.edu/resources/splitcom.asp. For splitting the “osd” sector
between soybean and other oilseeds sectors, we estimated the production, consumption, import
and export ratios of soybean to the other oilseeds crops for the 19 regions in the model

(Supplementary Table 21).

Supplementary Note 5. World trade Computable General Equilibrium (CGE) model
Supplementary Figures 4 and 5 presents the major structure of our CGE models while
Supplementary Figure 6 reports the land supply structure and the elasticity values in the associated
constant-elasticity-of-transformation (CET) functions. In our CGE models, we assume a
representative producer in a given sector of a given region maximizes her/his profit under the
Leontief technology for producing gross output by using intermediate inputs and a value-added
composite, the latter of which is a constant-elasticity-of-substitution (CES) aggregation of
production factors with the elasticity of substitution quoted from the GTAP database. Produced
goods are allocated between aggregated exports and domestic goods with a CET function.
Domestic goods are combined with aggregated imports to generate composite goods under the
CES form, as assumed by Armington (1969). Composite imports consist of imports from
individual foreign regions, and similarly, composite exports are distributed to individual recipient

regions (Supplementary Figures 4-5).

30



The Armington elasticities are parameters to represent the resemblance of goods or services
between regions. Our model does not explicitly consider different types of wheat, but the share
parameters in the CES/CET functions for international trade that are calibrated based on historical
trade flow, approximately describing the preference of each region. Exchange rates are assumed
to be exogenous, while foreign saving is assumed to be endogenous that equates the balance of

payments. The saving-driven investment is adopted as a model closure.

Household Government . Investment + Intermediate
Consumption - Consumption Use Input
Il
Armington
Composite
Regionr | — Region n
CES
Import Domestic CET
CES Good Export
Regionr | — Region n CET
Domestic
Production
Leontief
Value Added Intermediate Intermediate
Composite mputy | Input n
CES
Production | Production
Factor h Factor n

Supplementary Figure 4. Overview of the model structure

Composite goods are consumed by a representative household, government, investment agent,
and other sectors (intermediate inputs) in a given region. In the structure of household consumption,
food-related commodities are aggregated to generate food composite goods using a CES function,

which directly contributes to utility level together with non-food items. The elasticity for food
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composite follows the estimates of Seale et al. (2003) (Supplementary Figure 5). The specification

for land allocation and the associated elasticity values following Haile et al. (2016) and Timilsina

et al. (2012) ((Supplementary Figure 6).

Utility

Cobb—Douglas

Food Non-food | Non-food
composite good n
CES
gy = 0.2
Paddy Wheat | . Food good n
Rice

Supplementary Figure 5. Household consumption structure.

Wheat Other Grain O1l Seeds Soybean
o3 = —0.052~ — 0.355 CET
(Wheat models)
o3 = —0.061~ — 0.609 Grain and Oil Crops Cropi | ----- Crop n
(Soybean model)
CET
Livestock Crops g, = =05
oy =—02 CET
Land

Supplementary Figure 6. Land supply structure and elasticity values in the CET functions
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A full specification of our world trade CGE is as follows.
- Symbol
Sets
i, j: commodities/sectors (other than the food composite)
fd: food commodities/sectors
nfd: non-food commodities/sectors
ifd: non-food commodities plus the food composite
jog: oil crops and grain
r,s, 7" regions
r_sh: responding regions

h: factors (capital, skilled labor, unskilled labor, farmland, natural resources)

Endogenous variables
XP.: household consumption
XFD,: food composite
X7.: government consumption
X{,: investment uses
X; j- intermediate uses of the i-th good by the j-th sector
F, j »- factor uses
Y; - value added
Zj . gross output
Q; »: Armington composite good

M; . composite imports
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D; - domestic goods

E; - composite exports

T; s inter-regional transportation from the r-th region to the s-th region
TT,: exports of inter-regional shipping service by the r-th region

Q°: composite inter-regional shipping service

SP: household savings

SJ: government savings

T4: direct taxes

T/, production taxes

TS import tariffs

Tf, s export taxes
T/, - factor input taxes

LAND, g,: composite farm land

LSK, g livestock

CRP;, g crops

OGC, ;- oil crop and grain composite
OCRP; o+ ;- NON-0il crop and grain crops
p¥,: price of livestock

pt,: price of farm land

p, & price of crops

p, ¢ price of non-oil and grain crop composite

D] ey sy Price of oil crops and grain

34



pXFP: price of food composite

pgr: price of Armington composite goods

p}; j.- price of factors

p;,: price of value added

pi,- price of gross output

piy- price of composite imports

Pf,iri price of domestic goods

p{,: price of composite exports

p{ms: price of goods shipped from the r-th region to the s-th region

p®: inter-regional shipping service price in US dollars

& 5. €xchange rates to convert the r-th region’s currency into the s-th region’s currency

Exogenous variables and parameters

Sf: current account deficits in US dollars

FF;, ;- factor endowment initially employed in the j-th sector
TFP; .. productivity; TFP,eqt-~N (1, 07)orN(1,0)

o,. standard deviation of productivity in wheat sector

Z?, initial amount of gross output

74: direct tax rates

T/, production tax rates

T, - import tariff rates on inbound shipping from the s-th region

77, oo export tax rates on outbound shipping to the s-th region

irs:
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;- inter-regional shipping service requirement per unit transportation of the i-th good
from the r-th region to the s-th region

r}; ;- factor input tax rates

- Household
(Utility function: UU, = XFDr“ and nfdra”fd'r v 7). (S1)
Demand functions for consumption

Anfdr
ngdr= = (Zh]ph]th]T‘_Trd_Sf) and, r. (82)

XFD, = XFD(Zh}ph]th]r_Trd_Sf) vr. (S3)

Food composite aggregation function
1/¥
XFD, = @, (2 fa Afd,rxjf’dlr‘") v, (S4)

(Note that ¥ = (¢/ — 1)/¢/).

1

OTWAfd,rpi’”(FD =¥
X2, = <T) XFD,V fd, r. (S5)
Savings function
SE=sP Y, P;{,j,th,j,r vr. (S6)

- Value added producing firm

Factor demand function
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1

b_rﬂ}’a . y 1—71}&
Fyjy = (M) Y,V h T,
1) f f )
(1+Th,j,r) Phjr

(Note that n/* = (e¥® — 1) /&¥%).

Value added production function

Va) 1/77}'761

Yir =Dbjy (Zh BhjrFnjr vij .

- Gross output producing firm

)
axijr ayjr

(Production function:

Demand function for intermediates

Demand function for value added

ayjrZijr

ir = —TFP]-’T \v ], T.
Unit price function
z _ 1 q y ;
Pir = Trp (Ciaxij,pf, +ayip},) VT

- Government

Demand function for government consumption
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L

(S7)

(S8)

(S9)

(S10)
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_ Yr (pd
XLT‘_ ”(T + 2 h]r+2] s ]ST+Z}5 Jjr.s

Vir.
Direct tax revenue
T¢ =1} D p;{j,r Fpjr vr.
Production tax revenue

TZ =

r ]Tp]TZ

i Vijr
Import tariff revenue
En;r = j sr[(l t+7 j sr)gs,rpjt',s,r + Tjs,s,rgUSA,rpS]
Export tax revenue
Tj?r,s = Tje,r,sp;,r,sTj,r,s Vjr,s.
Factor input tax revenue
Th’jj,r = T}];j’rp,{j'th,j,r Y h,jrT.

Government savings function

S —Sg(Td+Zh] h]r+zj +Z]s ]sr+Z]s ]rs)

- Investment

Demand function for commodities for investment uses

A .
Xp. = _plf{ (S? + 59 + eysarS)) Vi r.
ir

- Armington composite good producing firm

Composite good production function
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Vjs,r.

(S13)

(S14)

(S15)

(S16)

(S17)

(S18)

(S19)

(S20)



. ~N1/Mi ,
Qi,r = Vi,r(6i,anMi,rm + Sg,irDi,rnl) Vior,
(Note that n; = (¢ — 1) /¢).
Composite import demand function
P
Yi,rni6l??~pir 1=m .
M;, = (p—m) Qir Vir
Domestic good demand function
P
Y',Tniai,‘rpiqr 1-n; .
Di,r = (lp—d> Qi,r Vir.
- Import variety aggregation firm
Composite import function
. 1/‘(D’i .
Mi,r = wi,r(Zs Ki,s,rTi,s,rWL) Vi r.

Import demand function

Wir tKisrDir

1-w;
Ti,s,r = m . . P A Mi,r
(1+Ti,s,r [(1+Ti,s,r)‘9$.?”pi,s,r+Ti,s,r€U5A,Tp ]

- Gross output transforming firm

CET transformation function

, ~N1/9; .
Zi,r = Hi,r(fgrEi,r(pl + Eic,eri,r(pl) Vir
(Note that Q; = (Si + 1)/81)
Composite export supply function
v 1
Bir"t ier in in i .
Eir =( : g'zf_j”' L )1 " Zi Vir
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Vis,r.

(S21)

(S22)

(S23)

(S24)

(S25)
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Domestic good supply function

1

eir(pi : izr izr 1__l :
D;, = ( P8 (i) ) ? Zir Vir. (S28)

d
Dir

- Export variety producing firm

Composite export transformation function

1/;

Ei,= Ci,r(Zs pi,r,sTi,r,s¢i) vir. (S29)
Export supply function
1
2 Pipi D8\ =0 . S30
Ti,r,s = (ql p[,zl' o )1 Ei,r Vir,s. ( )
Balance of payments
Z(l +1505) ErusabirsTirs + sh+ érusa(l + T7rs )PTrs T Tr
bs (S31)

— t
- Zi,s[ris,s,rps SUSA,USA + (1 + Tie,s,r)pi,s,rgs,USA] Ti,s,r vr.

- Inter-regional shipping sector

Inter-regional shipping service production function

S — Xr
= Cnm (S32)
T

Input demand function for international shipping service provided by the r-th country

TT, = Ar psQ* v,
" (1+7%Rs,) erusaPirsy (S33)

- Market-clearing conditions

Commodity market
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Qir = Xfr + Xfr + X+ X Xy

- Capital markets

FFcapjr = Fcapjr vjr.
Labor market
YiFFiapjr=2jFLajr vVr.
f . f ..
PraB,jr = PLaB,ir Vijr.

Foreign exchange rate arbitrage condition
Erpr Eprg = Epg Vrr,s.
Inter-regional shipping service market

s _ s
Q° = Zi,r,s TirsTirs:

- Land allocation

CET transformation function

LAND, g, = 0%, (€55 LSK, %14 + €70 CRP, #9)" " v ir.

r_sh
(Note that 4 = (e'¢ + 1)/ £'9).

Livestock supply function

1

gld h‘Pld flskhpld ! 1-gld
— T_S T_S T_S
LS Kr_sh - Isk LAN Dr_sh

Dy sh

Crop supply function
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vir.

VY r_sh.

(S34)

(S35)

(S36)

(S37)

(S38)

(S39)
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1

gld ‘Pldfd pld 1-pld
CRP, 5, = | =L—7pr st LAND, g, V r_sh.

pr_sh

CET transformation function for crops

CRPr_sh = Hcrpr_sh (EOQCOGCr_sh(pCTp + Zj fgcrp OCRPj,r_sh(pcrp)l/(pcrp v T'_Sh.

r_sh Jj,r_sh

(Note that ¢yg = (£ + 1)/ £°7P).

Aggregated oil-crops and grain supply function

1

ecrp(ﬂcr fogcpcrp 1-@¢TP
0GC, ¢, = ( Lt et CRP, , V r_sh.

pr_sh

Other crops supply function

1

OCRP;, 5, =

TP QTP FOCTP ,CTP 1-¢TP
h j,r_sht’r_sh
L ocr]pr Sl CRPT_Sh V T'_Sh.

pr_sh

CET transformation function for oil crop-grain composite

1

0GCy 5, = eogcr_sh Zj (fggc F}'_og,r_sh(po‘gc)l_(pogc V r_sh.

j_og,r_sh
(Note that ¢, 4. = (£°9¢ + 1)/ £°9°).

Oil crops and grain supply function

1

eogdpo'gc fogc pcrp 1-09¢
r_sh Jogr_sht'r_sh .
F}'_og,r_sh = ogc CRPr_sh V j_og,r_sh.

Pjo g:r-sh
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