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Supplementary Information

S1 Shared Socioeconomics Pathways (SSPs)

Based on Riahi et al. 20171 and O’Neill et al. 20172, Following is a basic indication of how SSPs
scenarios are thought on in general terms (also shown in Table S1.)

• SSP1: Sustainability - The world shifts gradually toward a more sustainable path, emphasizing
more inclusive development

• SSP2: Middle of the road - The world follows a path in which social, economic, and technological
trends do not shift markedly from historical patterns

• SSP3: Regional Rivalry - A resurgent nationalism, concerns about competitiveness and security,
and regional conflicts push countries to increasingly focus on domestic or, at most, regional issues

• SSP4: Inequality - A Road Divided (Low challenges to mitigation, high challenges to adaptation

• SSP5: Fossil-fueled Development - Taking the Highway (High challenges to mitigation, low
challenges to adaptation)

Table S1: Summary of differences between SSP scenario assumptions. Adopted from Riahi et al. 20171 and O’Neill et al.
20172.

SSP1 SSP2 SSP3 SSP4 SSP5
population (and pop growth) lowest intermediate highest intermediate (but above SSP2) lowest
economic growth (GDP) high intermediate lowest low highest
education high high low lowest high
equality in development highest intermediate high lowest highest
international cooperation high intermediate low high intermediate
energy mix renewables* fossil coal* renewables* coal*
energy demand low double (up to 2100) triple low triple
technological development high intermediate slow fragmented high
ecosystems status high quality some degradation high degradation fragmented improving
challenges to adaptation low intermediate high high low
challenges to mitigation low intermediate high low high

*coal: High reliance on fossil fuels
*renewables: Increasing shares of renewables and low carbon energy, energy efficiency and changes in behaviour
*fossil: Only for SSP2. It indicates a business as usual energy mix, still heavily reliant on fossil-fuels
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S2 Diets under SSPs

Shared Socioeconomic Pathways (SSPs) significantly shape global diets and nutrition outcomes. Under
SSP1 (Sustainability), policies prioritize equity, health, and the environment, resulting in plant-based,
minimally processed diets. This may lead to reduced undernutrition and obesity, and improved
micronutrient intake due to dietary diversity and proactive public health measures.3

SSP2 (Middle of the Road) continues current trends. Therefore, diets may become more energy-dense
and processed, especially in emerging economies. Undernutrition may decline moderately, but obesity
and related diseases increase, reflecting uneven improvements in diet quality.

SSP3 (Regional Rivalry) may present the most severe nutrition risks. Poor institutions, high population
growth, and fragmented markets lead to limited access to diverse, nutritious foods. Staple-heavy diets
persist, and climate impacts worsen nutrient deficiencies. This pathway results in both rising hunger and
obesity.4 Overall, SSP1 may offer the healthiest dietary outlook, while SSP2 maintains mixed trends,
and SSP3 worsens global nutrition.
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S3 EAT-Lancet 2.0 updates

The second EAT-Lancet commission builds on the first5,6,7. It updates diets incorporating greater
representation of nutritional adequacy, and updates to dietary risk factors. It is also informed
by improvements and updates in the planetary boundaries used to assess potential environmental
consequences from the food system, along with an increasing desire to understand some of the potential
socioeconomic and justice implications of a food system transformation.

Table S2: EAT-Lancet 2.0 dietary targets for a healthy reference diet, with possible ranges, for a population level energy
intake of ca. 2,400 kcal/days.7

Per capita recommended intake

g/day (range) kcal/day

Plant
foods

Whole grains 210 (20-50% of energy) 737
Tubers, starchy roots 50 (0-100) 52
Vegetables 300 (200-600) 95
Fruits 200 (100-300) 143
Tree nuts/Peanuts 50 (0-75) 275
Legumes 75 (0-150) 276

Animal
foods

Dairy 250 (0-500) 144
Chicken and poultry 30 (0-60) 58
Fish and Shellfish 30 (0-100) 23
Eggs 15 (0-25) 22
Beef, pork or lamb 15 (0-30) 44

Added
fats, sugar
and salt

Unsaturated plant oils 40 (20-80) 357
Palm, coconut oil 6 (0-8) 53
Lard, tallow, butter 5 (0-10) -
Sugar 30 (0-30) 115
Sodium (mg) ¡ 2000 (mg) -

Total 2394
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Table S3: Classification of commodities in IMPACT to respective food groups. See IMPACT documentation for further
explanation of commodity names.8

IMPACT
commodity
name

Standard grouping
in IMPACT

Name
Food group
(This paper)

cbeef Meat Beef Animal source foods
cpork Meat Pork Animal source foods
clamb Meat Lamb Animal source foods
cpoul Meat Poultry Animal source foods
ceggs Dairy Eggs Animal source foods
cmilk Dairy Dairy Animal source foods
cbarl Cereals Barley Cereals
cmaiz Cereals Maize Cereals
cmill Cereals Millet Cereals
crice Cereals Rice Cereals
csorg Cereals Sorghum Cereals
cwhea Cereals Wheat Cereals
cocer Cereals Other Cereals Cereals
csubf Fruits and Vegetables Tropical Fruit Fruits and Vegetables
ctemf Fruits and Vegetables Temperate Fruit Fruits and Vegetables
cvege Fruits and Vegetables Vegetables Fruits and Vegetables
cbean Pulses Beans Legumes, Nuts, Seeds and Others
cchkp Pulses Chickpeas Legumes, Nuts, Seeds and Others
ccowp Pulses Cowpeas Legumes, Nuts, Seeds and Others
clent Pulses Lentils Legumes, Nuts, Seeds and Others
cpigp Pulses Pigeonpeas Legumes, Nuts, Seeds and Others
copul Pulses Other Pulses Legumes, Nuts, Seeds and Others
cgrnd Traded Oilseeds Groundnut Legumes, Nuts, Seeds and Others
csoyb Traded Oilseeds Soybean Legumes, Nuts, Seeds and Others
csnfl Traded Oilseeds Sunflower Legumes, Nuts, Seeds and Others
cothr Other Other Mostly nuts Legumes, Nuts, Seeds and Others
ctols Traded Oilseeds Other Oilseeds Legumes, Nuts, Seeds and Others
crpsd Traded Oilseeds Rapeseed Legumes, Nuts, Seeds and Others
cgdol Processed Oils Groundnut Oil Oils, Fats and Sugar
crpol Processed Oils Rapeseed Oil Oils, Fats and Sugar
csbol Processed Oils Soybean Oil Oils, Fats and Sugar
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Table S3 continued from previous page
IMPACT
commodity
name

Standard grouping
in IMPACT

Name
Food group
(This paper)

csfol Processed Oils Sunflower Oil Oils, Fats and Sugar
cplol Processed Oils Palm Fruit Oil Oils, Fats and Sugar
cpkol Processed Oils Palm Kernel Oil Oils, Fats and Sugar
ctool Processed Oils Other Oils Oils, Fats and Sugar
csugr Sugar Crops Sugar Oils, Fats and Sugar
cbana Fruits and Vegetables Banana Root, Tubers and Bananas
cplnt Fruits and Vegetables Plantain Root, Tubers and Bananas
ccass Root and Tubers Cassava Root, Tubers and Bananas
cpota Root and Tubers Potato Root, Tubers and Bananas
cswpt Root and Tubers Sweet Potato Root, Tubers and Bananas
cyams Root and Tubers Yams Root, Tubers and Bananas
corat Root and Tubers Other Roots Root, Tubers and Bananas

Table S4: Assumed micronutrient recommended intakes.9,10

Micronutrient Quantity Unit
Vitamin A (RAE) 700 mcg
Thiamin 1.2 mg
Riboflavin 1.3 mg
Niacin 16 mg
Vitamin B6 1.3 mg
Folate 400 mcg
Vitamin C 90 mg
Calcium 1000 mg
Iron 18 mg
Magnesium 420 mg
Phosphorus 700 mg
Potassium 3.4 g
Zinc 11 mg
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S4 Commodity selection and price index

Equation S1 describes how commodities are selected in the ”cheapest two” basket per food group. Table
S5 describes the notations used in equation S1. The calculations are preformed for each scenario (SSP1,
SSP2, SSP2+DIET and SSP3) and for each time step simulated between 2020-2050 in increments of
one (31 time steps simulated between 2020-2050).

Equation S1a describes how the metric of kilocalories per dollar is calculated for every commodity in
every country as a ratio between kilocalorie and price of commodity.

Equation S1b describes the metric as described in equation S1a, but weighted by per capita calorie
availability.

Equation S1c describes the selection of cheapest two items in a food group, given that the two items
provide the maximum of the indicator described in equation S1b.

Equation S1d describes the composite (single representative) world price (indexed to 2020) for selected
commodities in a given food group, weighted by calorie availability, so that we provide more weight to
commodities which are actually available in a given country, rather than having an incorrect selection of
a commodity as ”cheapest” when those commodities might have a better kilocalorie per dollar value,
but are actually not consumed (available) in a given country.

yi,c = Ki

Pi,c
(S1a)

ỹi,c = yi,c · Ai,c∑
j∈g

Aj,c
(S1b)

Sg,c = {i1, i2} ⊆ g ∋ ỹi1,c, ỹi2,c = max(2)
i∈g ỹi,c (S1c)

W̄g,c =
∑

i∈Sg,c

Wi,c · Ai,c∑
j∈Sg,c

Aj,c
(S1d)

Table S5: Indices and notations used in equation S1

Symbol Definition

c Country index
g Food group index
i Commodity index within food group g
Pi,c Price of commodity i in country c (USD/t)
Ki Kilocalories per ton of commodity i
Ai,c Per capita kilocalorie availability of commodity i in country c (kcal/person/day)
yi,c Kilocalories per dollar for commodity i in country c
ỹi,c kilocalories per dollar (weighted by calorie availability) for commodity i in group g
Sg,c Top two commodities in group g with highest ỹi,c in country c
Wi,c World price index of commodity i in country c (base 2020)
W̄g,c Composite world price index for selected commodities in group g, weighted by Ai,c
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S5 Nutrient availability ratio

Following is the reasoning for reporting selected nutrients from IMPACT simulations (instead of all
micronutrients tracked in IMPACT).

Table S6: Reasoning for reporting selected nutrients from IMPACT simulations

Nutrient Deficiency consequences Global Deficiency Burden Policy Priority

Iron Anemia, impaired development High 11 Yes 12

Zinc Stunting, immune dysfunction High 13 Yes 14

Folate Neural tube defects, anemia High in LMICs 15 Yes 16

Vitamin A Blindness, child mortality High in LMICs 17,18,19

Figure S1: Classification of countries as lower-income and higher-income. These definitions are taken from World
Bank classification. Based on Gross National Income (GNI) per capita, calculated using the World Bank Atlas method,
lower-income countries (LIC) in IMPACT are those with GNI per capita between $1,145 to $4,515. Higher-income
countries are those with a GNI per capita between $4,516 and $14,005; In this analysis, we combine the low-income and
lower-middle-income categories from The World Bank definition as lower income countries (LIC), and upper-middle-income
and high-income categories from The World Bank definition as higher income countries (HIC).
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Figure S2: Conceptual diagram of how food demand is shifted in IMPACT to meet the SSP2+DIET targets in IMPACT.
The dotted horizontal line is the SSP2+DIET target. This shift in diet is calculated for all IMPACT commodities (Table
S3) in all the modeled regions/countries. Colored lines are hypothetical trajectories of a given country.
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Table S7: Changes in population between 2020-2050 for higher-income Countries (HIC) and lower-income Countries (LIC) under different SSP assumptions based on
SSP database version 3.20 All values in million people and are rounded.

Years

Population Difference from SSP2 Difference from 2020
SSP1 SSP2 SSP3 SSP1 SSP3 SSP1 SSP2 SSP3

HIC LIC Total HIC LIC Total HIC LIC Total HIC LIC Total HIC LIC Total HIC LIC Total HIC LIC Total HIC LIC Total
2020 4,105 3,661 7,767 4,105 3,661 7,767 4,105 3,661 7,767 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2021 4,117 3,715 7,831 4,117 3,718 7,835 4,118 3,721 7,839 -1 -3 -4 0 3 4 11 53 65 12 56 68 12 60 72
2022 4,128 3,768 7,896 4,129 3,775 7,904 4,130 3,782 7,912 -1 -7 -8 1 7 8 22 107 129 24 114 137 24 121 145
2023 4,138 3,821 7,959 4,140 3,833 7,973 4,141 3,844 7,986 -2 -12 -14 1 11 13 33 160 193 35 172 207 36 183 219
2024 4,149 3,874 8,022 4,151 3,892 8,043 4,153 3,908 8,061 -2 -18 -21 2 16 18 43 212 256 46 231 276 48 247 294
2025 4,158 3,926 8,084 4,162 3,951 8,113 4,164 3,973 8,137 -3 -26 -29 3 22 24 53 264 318 56 290 346 59 312 371
2026 4,168 3,977 8,145 4,172 4,011 8,183 4,176 4,039 8,214 -4 -34 -38 4 28 32 63 315 378 67 349 416 70 377 448
2027 4,177 4,027 8,204 4,182 4,070 8,252 4,187 4,106 8,293 -5 -43 -49 5 35 40 71 366 437 77 409 486 82 444 526
2028 4,185 4,077 8,261 4,191 4,130 8,321 4,198 4,174 8,371 -6 -54 -60 7 43 50 79 415 495 86 469 555 92 512 605
2029 4,192 4,125 8,317 4,200 4,190 8,390 4,208 4,242 8,450 -8 -65 -72 8 53 61 87 464 551 94 529 623 103 581 684
2030 4,199 4,172 8,371 4,208 4,249 8,457 4,218 4,312 8,530 -9 -77 -86 10 62 73 94 511 605 102 588 691 113 651 763
2031 4,205 4,219 8,424 4,215 4,308 8,523 4,227 4,381 8,609 -10 -89 -99 12 73 85 100 557 657 110 647 757 122 720 842
2032 4,210 4,264 8,474 4,221 4,367 8,588 4,236 4,451 8,687 -11 -103 -114 15 85 99 105 603 707 116 705 821 131 790 921
2033 4,215 4,308 8,522 4,227 4,424 8,652 4,244 4,522 8,766 -13 -117 -129 17 98 115 109 646 756 122 763 885 139 861 1,000
2034 4,218 4,350 8,569 4,232 4,482 8,714 4,252 4,593 8,846 -14 -132 -146 20 111 131 113 689 802 127 821 948 147 932 1,079
2035 4,221 4,392 8,613 4,237 4,539 8,776 4,260 4,665 8,925 -16 -147 -163 23 126 149 116 731 847 132 878 1,010 155 1,004 1,159
2036 4,224 4,432 8,656 4,241 4,596 8,837 4,268 4,738 9,006 -17 -164 -181 27 142 169 119 771 889 136 934 1,070 163 1,076 1,239
2037 4,226 4,471 8,696 4,245 4,652 8,897 4,275 4,811 9,086 -19 -181 -200 30 159 189 120 809 930 140 990 1,130 170 1,150 1,320
2038 4,227 4,508 8,735 4,248 4,707 8,955 4,282 4,884 9,166 -21 -199 -220 34 177 211 122 847 969 143 1,046 1,189 177 1,223 1,400
2039 4,228 4,545 8,773 4,250 4,762 9,013 4,288 4,958 9,246 -23 -217 -240 38 195 234 122 884 1,006 145 1,101 1,246 183 1,297 1,480
2040 4,228 4,581 8,809 4,252 4,817 9,069 4,294 5,031 9,325 -24 -235 -260 42 214 256 122 920 1,042 147 1,155 1,302 189 1,370 1,558
2041 4,227 4,617 8,844 4,253 4,870 9,123 4,299 5,104 9,402 -26 -254 -280 45 233 279 122 955 1,077 148 1,209 1,357 193 1,442 1,636
2042 4,226 4,651 8,878 4,254 4,923 9,177 4,303 5,176 9,479 -27 -272 -299 49 253 302 121 990 1,111 149 1,262 1,410 197 1,515 1,712
2043 4,225 4,685 8,910 4,254 4,975 9,229 4,306 5,248 9,554 -29 -290 -319 52 273 325 120 1,024 1,144 148 1,314 1,462 201 1,587 1,787
2044 4,223 4,718 8,941 4,253 5,027 9,280 4,309 5,320 9,628 -30 -309 -338 56 293 349 118 1,057 1,174 148 1,365 1,513 203 1,659 1,862
2045 4,220 4,750 8,970 4,251 5,078 9,329 4,311 5,392 9,702 -31 -328 -358 59 314 373 115 1,089 1,204 146 1,416 1,562 205 1,730 1,936
2046 4,217 4,781 8,998 4,249 5,127 9,376 4,312 5,463 9,775 -32 -347 -379 63 336 399 112 1,119 1,231 144 1,466 1,610 207 1,802 2,009
2047 4,213 4,810 9,023 4,246 5,176 9,422 4,313 5,535 9,848 -33 -366 -399 66 359 425 108 1,149 1,257 141 1,515 1,656 207 1,874 2,081
2048 4,208 4,839 9,047 4,242 5,225 9,467 4,313 5,607 9,919 -34 -386 -420 70 382 452 103 1,177 1,280 137 1,563 1,700 207 1,945 2,153
2049 4,202 4,866 9,068 4,238 5,272 9,510 4,312 5,678 9,990 -35 -406 -441 74 406 480 97 1,205 1,302 133 1,611 1,743 207 2,017 2,224
2050 4,196 4,892 9,088 4,233 5,319 9,551 4,311 5,750 10,061 -37 -427 -463 78 431 510 91 1,231 1,321 127 1,657 1,785 206 2,089 2,294
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Table S8: Changes in GDP per capita between 2020-2050 for higher-income Countries (HIC), lower-income Countries (LIC), and the world (WLD) under different
SSP assumptions based on SSP database version 3.20 All values in 000USD per person and are rounded to nearest second decimal.

Years

GDP per capita (000 USD/person) Difference from SSP2 Difference from 2020
SSP1 SSP2 SSP3 SSP1 SSP3 SSP1 SSP2 SSP3

HIC LIC WLD HIC LIC WLD HIC LIC WLD HIC LIC WLD HIC LIC WLD HIC LIC WLD HIC LIC WLD HIC LIC WLD
2020 24.61 6.06 15.86 24.61 6.06 15.86 24.61 6.06 15.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2021 26.09 6.33 16.72 26.09 6.32 16.70 26.07 6.31 16.69 0.01 0.01 0.02 -0.01 -0.01 -0.01 1.49 0.27 0.85 1.48 0.26 0.84 1.47 0.25 0.82
2022 26.79 6.60 17.15 26.78 6.59 17.13 26.78 6.57 17.11 0.01 0.02 0.02 0.00 -0.02 -0.02 2.18 0.54 1.29 2.17 0.53 1.27 2.17 0.51 1.24
2023 27.41 6.80 17.52 27.40 6.78 17.49 27.39 6.75 17.46 0.01 0.02 0.03 -0.01 -0.02 -0.03 2.80 0.74 1.65 2.79 0.72 1.62 2.78 0.70 1.59
2024 28.01 7.02 17.88 27.99 6.98 17.82 28.02 6.95 17.79 0.02 0.04 0.06 0.03 -0.03 -0.03 3.40 0.96 2.01 3.38 0.92 1.96 3.41 0.89 1.93
2025 28.67 7.32 18.30 28.64 7.27 18.24 28.63 7.23 18.18 0.03 0.05 0.07 -0.01 -0.04 -0.05 4.06 1.26 2.44 4.03 1.21 2.37 4.02 1.17 2.32
2026 29.38 7.62 18.76 29.36 7.56 18.68 29.33 7.50 18.61 0.02 0.06 0.08 -0.03 -0.05 -0.07 4.77 1.56 2.90 4.75 1.50 2.82 4.72 1.44 2.74
2027 30.12 7.94 19.23 30.10 7.86 19.13 30.07 7.77 19.03 0.02 0.08 0.10 -0.03 -0.08 -0.11 5.51 1.88 3.37 5.49 1.80 3.27 5.46 1.72 3.16
2028 30.84 8.28 19.72 30.80 8.16 19.57 30.73 8.07 19.43 0.04 0.12 0.15 -0.07 -0.09 -0.13 6.23 2.22 3.85 6.19 2.10 3.70 6.12 2.01 3.57
2029 31.61 8.62 20.20 31.52 8.47 20.01 31.41 8.35 19.84 0.09 0.14 0.19 -0.11 -0.12 -0.17 7.00 2.56 4.33 6.91 2.41 4.14 6.81 2.29 3.97
2030 32.32 8.98 20.69 32.21 8.79 20.44 32.03 8.63 20.21 0.11 0.19 0.24 -0.18 -0.16 -0.24 7.72 2.92 4.82 7.61 2.73 4.58 7.43 2.58 4.34
2031 33.11 9.35 21.20 32.89 9.11 20.87 32.67 8.91 20.57 0.21 0.24 0.34 -0.23 -0.19 -0.29 8.50 3.29 5.34 8.29 3.05 5.00 8.06 2.85 4.71
2032 33.90 9.75 21.75 33.58 9.44 21.31 33.23 9.17 20.90 0.32 0.32 0.44 -0.35 -0.27 -0.41 9.29 3.70 5.89 8.98 3.38 5.45 8.62 3.11 5.04
2033 34.76 10.15 22.32 34.34 9.76 21.76 33.78 9.42 21.21 0.43 0.39 0.55 -0.56 -0.34 -0.55 10.16 4.09 6.45 9.73 3.70 5.90 9.17 3.36 5.35
2034 35.61 10.58 22.90 35.06 10.08 22.21 34.35 9.66 21.53 0.55 0.49 0.69 -0.71 -0.42 -0.68 11.00 4.52 7.03 10.45 4.03 6.34 9.74 3.60 5.66
2035 36.48 11.01 23.49 35.75 10.40 22.63 34.85 9.87 21.79 0.72 0.61 0.86 -0.90 -0.53 -0.84 11.87 4.95 7.62 11.14 4.34 6.77 10.24 3.81 5.92
2036 37.35 11.47 24.10 36.43 10.74 23.07 35.34 10.08 22.04 0.93 0.72 1.03 -1.09 -0.66 -1.04 12.75 5.41 8.24 11.82 4.68 7.21 10.73 4.02 6.17
2037 38.23 11.92 24.71 37.14 11.07 23.50 35.75 10.30 22.27 1.09 0.85 1.20 -1.39 -0.78 -1.24 13.62 5.86 8.84 12.53 5.01 7.64 11.14 4.24 6.40
2038 39.12 12.41 25.34 37.82 11.40 23.93 36.16 10.49 22.48 1.31 1.01 1.41 -1.66 -0.91 -1.44 14.52 6.35 9.48 13.21 5.34 8.06 11.55 4.44 6.62
2039 40.06 12.89 25.98 38.51 11.75 24.37 36.55 10.68 22.68 1.55 1.14 1.61 -1.96 -1.07 -1.69 15.46 6.83 10.11 13.90 5.69 8.50 11.94 4.62 6.81
2040 41.01 13.41 26.66 39.22 12.09 24.81 36.89 10.85 22.84 1.79 1.32 1.85 -2.33 -1.24 -1.97 16.40 7.35 10.79 14.61 6.03 8.94 12.28 4.79 6.98
2041 41.98 13.92 27.32 39.91 12.43 25.24 37.25 11.02 23.02 2.07 1.48 2.08 -2.66 -1.42 -2.22 17.37 7.86 11.46 15.30 6.38 9.38 12.64 4.96 7.15
2042 42.89 14.45 28.00 40.64 12.79 25.69 37.63 11.18 23.18 2.25 1.67 2.31 -3.01 -1.61 -2.51 18.28 8.39 12.13 16.03 6.73 9.83 13.02 5.12 7.32
2043 43.93 15.00 28.72 41.36 13.16 26.16 37.97 11.33 23.34 2.57 1.85 2.56 -3.39 -1.82 -2.82 19.33 8.95 12.86 16.75 7.10 10.29 13.37 5.27 7.48
2044 44.88 15.53 29.39 42.07 13.51 26.60 38.26 11.48 23.48 2.81 2.02 2.79 -3.81 -2.03 -3.13 20.27 9.47 13.52 17.46 7.45 10.74 13.65 5.42 7.61
2045 45.86 16.10 30.10 42.82 13.89 27.08 38.61 11.64 23.63 3.03 2.21 3.03 -4.21 -2.25 -3.44 21.25 10.04 14.24 18.21 7.83 11.21 14.01 5.58 7.77
2046 46.87 16.67 30.82 43.56 14.26 27.54 38.94 11.76 23.76 3.30 2.41 3.28 -4.62 -2.50 -3.79 22.26 10.61 14.96 18.95 8.20 11.68 14.33 5.71 7.89
2047 47.86 17.25 31.54 44.31 14.64 28.00 39.25 11.90 23.88 3.54 2.61 3.53 -5.06 -2.74 -4.12 23.25 11.19 15.67 19.70 8.58 12.14 14.64 5.84 8.02
2048 48.85 17.83 32.26 45.04 15.02 28.47 39.58 12.04 24.01 3.81 2.80 3.78 -5.46 -2.98 -4.46 24.24 11.77 16.39 20.43 8.96 12.61 14.97 5.98 8.15
2049 49.83 18.44 32.99 45.76 15.43 28.95 39.90 12.18 24.15 4.08 3.01 4.04 -5.86 -3.25 -4.80 25.23 12.38 17.13 21.15 9.37 13.09 15.29 6.12 8.28
2050 50.82 19.03 33.71 46.55 15.84 29.45 40.22 12.31 24.26 4.28 3.19 4.25 -6.33 -3.53 -5.19 26.22 12.97 17.84 21.94 9.78 13.59 15.61 6.25 8.40

13



Figure S3: Comparison of calorie availability 2020 and 2050 by food groups in the SSP1, SSP2, SSP2+DIET, ann SSP3 scenarios. Labeled text, marked with ⊗
denotes population-weighted mean values. Horizontal line within the boxplot denotes statistical median of the group. Translucent dots denote outliers. All values in
kcal person-1 day-1. ASF is Animal Sourced Foods; CER is Cereals; F&V is Fruits and Vegetables; LNS is Legumes, Nuts, Seeds, and Other commodities; OFS is Oils,
Fats, and Sugar; RTB is Roots, Tubers, and Banana (including plantains); TOT is Total calories.
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Figure S4: Share of the overall calories coming from eating two cheapest commodities from all food groups. A) in 2020,
B) in 2050 across all scenarios.
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Figure S5: Share of income spent on food globally in the SSP1, SSP2+DIET, and SSP3 scenario compared to the SSP2
scenario in 2050. Every dot represents a country. Text within the boxplot shows statistical mean.
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Figure S6: Change in the price index of commodities in every food group in 2050 compared to 2020. Facet ”All” represents the total food basket. Facet ”cheapest
2” represents the cheapest two items from respective food groups. ASF is Animal Sourced Foods; CER is Cereals; F&V is Fruits and Vegetables; LNS is Legumes,
Nuts, Seeds, and Other commodities; OFS is Oils, Fats, and Sugar; RTB is Roots, Tubers, and Banana (including plantains); TOT is representative of all of the
commodities from every food group in the model.
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S6 IMPACT multimarket model

S6.1 Main endogenous variables in IMPACT

Table S9: Non-exhaustive list of endogenous variables in IMPACT. Details on additional variables (endogenous) and
parameters (exogenous) is provided in equation S2-S29, as well as in Robinson et al. 2024.8 IMPACT documentation
contains additional details on model setup and interactions.8

Group Variable Index 1 Index 2 Index 3 Index 4

Prices
Producer Prices activity country
Net-price for activity activity country
World price commodity
Consumer price commodity country
Import price commodity country
Export price commodity country
Land shadow price index FPU land type
Land marginal revenue product activity FPU land type

Supply
Land supply FPU land type
Harvested area activity FPU land type
Yield activity FPU land type
Yield by technology activity FPU land type technology
Production activity country
Global supply activity
Commodity supply commodity country

Demand
Commodity demand (total) commodity country
Household demand commodity household country
Biopfuel demand commodity country
Livestock feed demand commodity country
Intermediate demand commodity country
Other demand commodity country
Stock change commodity country

Trade
Net-trade commodity country
Exports commodity country
Imports commodity country
Global net trade commodity

S6.2 Equations

S6.2.1 Commodity production/supply

Production activities are simulated at the regional river basin level (320 Food Production Units i.e.,
FPUs) globally. FPUs are one of the spatial units used in the IMPACT model to represent agricultural
production and water availability at a sub-national level.8 Each FPU is defined as the intersection of a
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river basin and a country boundary. Variation in water availability, climate, and agricultural land use
(rainfed or irrigated) within countries are all defined at FPU level in IMPACT. We define crop production
as a function of harvest area and yields. Area allocation to crops is linked to the marginal revenue
product of land and land price elasticity. Yields are assumed to be influenced by changes in intrinsic
productivity growth rates (IPRs), water and climate shocks, and changes in producer prices.8,21,22,23

Production is simulated at the FPU level in response to changes in fluctuating prices and technological
changes. Domestic production and consumption in every country/region are interconnected through
international trade and commodity markets. We also calculate commodity prices which clears national
and global markets ensuring that supply and demand are equal globally.

Equation S2 represents land supply in the IMPACT model. Within each year, land supply is treated
as exogenous—farmers cannot adjust the total crop area mid-year. Over time, total land availability
is influenced by external trends in agricultural area expansion and internal (endogenous) responses to
changes in land demand, which are accounted for between years.

QFSfpu,lnd = QFSIntfpu,lnd ∗ QFSInt2fpu,lnd ∗ QFSInt3fpu,lnd ∗ (WFfpu,lnd)Lγ (S2)

where:

QFS = Land supply
QFSInt = Land supply intercept i.e., base year supply of land
QFSInt2 = Endogenous land supply growth multiplier
QFSInt3 = Exogenous land supply growth multiplier
WF = Shadow price index of land
Lγ = Elasticity of land supply
fpu = Food production unit
lnd = Land type (irrigated or rainfed)

Equations S3a and S3b are applied at the end of each year, prior to determining land supply for the
following year. The time step indices t and t+1 in these equations indicate how parameters in the
IMPACT model are updated annually.

QFSInt2fpu,lnd,t+1 = QFSInt2fpu,lnd,t ∗ (1 + Landgrfpu,lnd) (S3a)

QFSInt3fpu,lnd,t+1 =
(∑t

t−3 WFfpu,lnd,t

3

)Lγ,t

(S3b)

where:
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QFSInt2 = Land supply growth multiplier
Landgr = Exogenous land supply growth rate
WF = Shadow price index of land∑3

t=1 WFfpu,lnd,t/3 = Average shadow price of past three years
Lγ = Elasticity of land supply
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
t = Simulation time step

As shown in Equation S4, crop area is determined by an area demand function that responds to changes
in the marginal revenue product, land costs, and exogenous non-price trends in harvested area. Crop area
elasticities capture the supply response to shifts in the marginal revenue of land, which is represented as
the product of an activity’s net price and its productivity in utilizing an additional hectare of land.

MRPj,fpu,lnd = Y ldj,fpu,lnd ∗
fpu∑
cty

PNETj,cty (S4)

where:

MRP = Marginal revenue product of land
Y ld = Crop yield
PNET = Net price for the activity at the country-level
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
cty = Countries

The exogenous trend in harvested area reflects changes driven by non-market factors—such as government
policies promoting crop expansion, land degradation leading to reduced cultivation, or the conversion
of agricultural land to non-agricultural uses. Equation S5 captures the combined influence of both
endogenous and exogenous factors on area demand.

Areaj,fpu,lnd = AreaIntj,fpu,lnd ∗ AreaInt2j,fpu,lnd ∗ (WFfpu,lnd)W Fε ∗
(

MRPj,fpu,lnd

MRP0j,fpu,lnd

)Aε

(S5)

where:
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Area = Solution for crop area
AreaInt = Crop area intercept (base year crop area)
AreaInt2 = Exogenous crop area growth multiplier
WFε = Elasticity of demand with respect to land shadow price
MRP = Marginal revenue product of land
MRP0 = Base year marginal revenue product of land (used to index prices)
Aε = Elasticity of area demand with respect to marginal revenue product
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)

Assumptions about exogenous trends are based on a combination of historical land use changes and
expert judgment regarding potential future regional dynamics, as outlined in Equation S6. These trends
are applied as compound growth from the base year and are implemented between simulation years. The
time step indices t and t+1 in Equation S6 are indicate annual parameter updates within the IMPACT
model.

AreaInt2j,fpu,lnd,t+1 = AreaInt2j,fpu,lnd,t ∗ (1 + Areagrj,fpu,lnd,t+1) (S6)

where:

AreaInt2 = Exogenous crop area growth multiplier
Areagr = Exogenous area demand growth rate
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
t = Simulation time step

Competing demands among crops are resolved using Equation S7, an equilibrium condition that governs
land allocation by ensuring the sum of crop-specific area demands matches the total land supply within
each Food Production Unit (FPU).

QFSfpu,lnd =
∑

j

Areaj,fpu,lnd (S7)

where:
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QFS = Land supply
Area = Solution for crop area
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)

Crop yields in the IMPACT model are influenced by commodity prices, input costs, water availability,
climate, and exogenous trend factors. The model incorporates five mechanisms through which yield
changes can occur.

First, the model assumes long-term, exogenous yield improvements based on historical trends observed
over the past 50 to 60 years. These intrinsic productivity growth rates are informed by the concepts
introduced in24 and25, and reflect anticipated advancements in inputs, seed quality, and farm management
practices. These growth rates are typically higher in developing regions where yield gaps remain wide,
and are expected to slow over the next few decades as the rate of technological progress declines in
developed countries and yield convergence occurs. These trends are crop- and region-specific and are
scenario-dependent.

Second, the model includes a short-term, endogenous yield response to changes in input and output prices.
This is modeled using constant elasticity functions, where yield changes are linked to price changes, with
elasticity values varying by crop and region. The underlying assumption is that farmers adjust input
use—such as fertilizers, chemicals, and labor—in response to price signals, thereby influencing yields.

Third, climate change impacts yields through shifts in temperature and weather patterns, affecting
both rainfed and irrigated crops. These effects are estimated using the DSSAT crop simulation model,
which is run under various climate change scenarios with detailed spatial, temporal, and crop-specific
granularity. The resulting yield changes are averaged and transformed into crop- and region-specific
(FPU-level) yield shocks in the IMPACT model. These trends are smoothed over time and do not
account for extreme events like droughts or floods.

Fourth, climate variability also influences yields via changes in water availability. This is modeled using
the IMPACT water modules, which consist of:

1. A global hydrology model to estimate runoff to river basins,

2. Basin-level water management models that allocate water between agricultural and non-agricultural
uses, and

3. A water allocation and stress model that distributes irrigation water among crops. When water supply
falls short of demand, yield (Adverse) impacts are estimated by crop and variety. These water-induced
yield shocks are incorporated into the IMPACT model and influence year-to-year yield fluctuations, as
represented in Equation S8.
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Y ieldj,fpu,lnd = Y ieldIntj,fpu,lnd ∗ Y ieldInt2j,fpu,lnd ∗ WatShkj,fpu,lnd

∗CliShkj,fpu,lnd ∗
(

PNETj,cty

PNET0j,cty

)Yε

∗(PF )Fε

(S8)

where:

Y ield = Final yield
Y ieldInt = Yield intercept (base year yield)
Y ieldInt2 = Exogenous yield growth multiplier
WatShk = Water stress shock (from water models)
CliShk = Climate change shock (from water and crop models)
PNET = Net price for the activity at the country-level
PNET0 = Base year net price for the activity at the country-level (used to index prices)
PF = Input prices
Yε = Yield elasticity with respect to net price
Fε = Yield elasticity with respect to input prices
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
cty = Countries

The IMPACT model also accounts for the introduction of new technologies, such as drought- and
heat-tolerant crop varieties8. These are represented as new, crop- and region-specific activities within
the model. Technology adoption is modeled through scenario-based assumptions, typically using logistic
adoption curves to represent the increasing share of production utilizing these new technologies over
time. As a result, the effect of new technologies on average yields is exogenously determined in the
multimarket model. However, their performance is still subject to climate shocks, which can affect
different crop varieties in distinct ways. IMPACT handles multiple technologies through nested equations:
individual technology-specific yields are calculated using Equation S9, and an area-weighted regional
average yield is then computed based on the share of land allocated to each technology.

Y ieldj,fpu,lnd =
∑
tech

(TechSharej,fpu,lnd,tech ∗ TechY ieldj,fpu,lnd) (S9)

where:
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Y ield = Final yield
TechShare = Share of crop area adopting the technology
TechY ield = Yield from technology
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
tech = Crop production technology

Final crop production for each FPU and crop or activity (j) is calculated as the product of the model’s
solutions for area and yield, as shown in Equation S10. National-level production is then derived by
aggregating production across all relevant FPUs within a country.

QSj,cty =
cty∑
fpu

(∑
lnd

(Areaj,fpu,lnd ∗ Y ieldj,fpu,lnd)
)

(S10)

where:

QS = Crop production
Area = Solution for crop area
Y ield = Final yield
j = Activity (crops)
fpu = Food production unit
lnd = Land type (irrigated or rainfed)
cty = Countries

S6.2.2 Livestock production

Livestock production is also modeled at the FPU level and includes the number of animals, their
associated feed demands, and resulting meat and dairy output from processing. This structure mirrors
common practices among livestock experts, who typically work with herd sizes and feed requirements.
In the current version of the model, herd dynamics are not explicitly simulated; instead, herd sizes are
set exogenously over time. Feed demand is modeled as a function of livestock prices, feed input prices,
and a trend variable representing herd growth. Slaughter rates are assumed to remain relatively stable.
The price elasticities in the livestock supply functions are estimated similarly to those in the crop area
and yield equations.
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AnNj,fpu,lvs = AnNIntj,fpu,lvs ∗ AnNInt2j,fpu,lvs

∗
cty∑
fpu

∏
jl

(
PNETjl,cty

PNET0jl,cty

)ANε

∗
∏

cfeed

(
PCcfeed,cty

PC0cfeed,cty

)F eedε
 (S11)

where:

AnN = Animal Numbers
AnNInt = Animal intercept (initial number of animals)
AnNint2 = Exogenous population growth for animals
ANε = Animal stock supply elasticity
Feedε = Animal feed elasticity of supply
PNET = Net price for the activity at the country-level
PNET0 = Base year net price for the activity at the country-level (used to index prices)
PC = Consumer price
PC0 = Base year consumer price
j = Activity (crops)
jl = Activity (livestock)
fpu = Food production unit
lvs = Livestock production systems
cty = Countries

Livestock yields are driven by exogenous productivity growth, reflecting improvements in animal genetics
and management practices, as shown in Equation S12. All price responsiveness in the livestock sector is
captured through changes in animal numbers.

AnYj,fpu,lvs = AnY Intj,fpu,lvs ∗ AnY Int2j,fpu,lvs (S12)

where:

AnY = Animal yields
AnY Int = Initial animal yields
AnY Int2 = Exogenous yield growth
j = Activity (crops)
fpu = Food production unit
lvs = Livestock production systems

Total national livestock production (Equation S13) is calculated by multiplying the number of slaughtered
animals by yield per head and summing across FPUs and livestock systems.
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QSj,cty =
∑

fpu,lvs

(AnNj,fpu,lvs ∗ AnYj,fpu,lvs) (S13)

where:

QS = Production from animals
AnN = Animal numbers
AnY = Animal yields
j = Activity (crops)
fpu = Food production unit
lvs = Livestock production systems

S6.2.3 Production of processed goods

The modeling of processed goods—such as food oils, oil meals, and sugar—has been a key area of
development in IMPACT 3. The introduction of the activity-commodity framework enables a standardized
approach to representing all processed goods using input-output matrices and net prices. Input-output
matrices define the technical input requirements, specified as the quantity of inputs needed per unit of
output (e.g., metric tons of soybeans per metric ton of soybean oil), and are derived from base-year
data. The net price represents the price received by producers after accounting for input costs. When
no intermediate inputs are required, the net price equals the producer price of the activity. 1

PNETj,cty = PPj,cty − (1 − CSEIj,cty) ∗
∑
ci

(IOmatci,j,cty ∗ PCci,cty) (S14)

where:

PNET = Net price for the activity at the country-level
PP = Producer prices
CSEI = Consumer support estimate on intermediate inputs
IOMAT = Input-output matrix
PC = Consumer prices (of inputs)
j = Activity (crops)
ci = Commodities that are inputs for activity j
cty = Countries

The production of processed goods is modeled using a supply function that incorporates both endogenous
responses to price changes and exogenous technological progress. Unlike crop and livestock production,

1Currently, crop and livestock activities do not incorporate intermediate inputs in the net price equation. Instead, input
price effects are captured through supply elasticities in the crop yield and livestock number equations.
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which are modeled at the FPU level, processed goods are simulated at the national level, as represented
in Equation S15.

QSj,cty = QSIntj,cty ∗ QSInt2j,cty ∗
∏
j

(
PNETj,cty

PNET0j,cty

)QSε

(S15)

where:

QS = Production of processed goods
QSInt = Non-crop activity supply intercept
QSInt2 = Supply multiplier for non-crop activities
PNET = Net price for the activity at the country-level
PNET0 = Base year net price for the activity at the country-level (used to index prices)
QSε = Supply price elasticities
j = Activity (processed goods)
cty = Countries

S6.2.4 Commodity demand and supply

Total commodity supply is derived by mapping the output of production activities to the supply of
commodities, as shown in Equation S16.

QSUPc,cty =
∑

j

(JCRatioj,c ∗ QSj,cty) (S16)

where:

QSUP = Total commodity supply
JCRatio = Activity to commodity mapping
QS = Total production
c = Commodity
j = Activity (crops)
cty = Countries

The parameter JCRatio maps activity outputs to commodities. Typically, each activity corresponds to a
single commodity (e.g., a wheat-growing activity produces only wheat), but the specification is flexible.
Multiple activities can produce the same commodity (e.g., various wheat-producing activities yielding
wheat), and a single activity can produce multiple commodities (e.g., oilseed processing generating both
oil and meal).
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By convention, the units of activity output (j) match those of the primary commodity produced. In
these cases, the JCRatio equals 1 (e.g., the wheat activity produces wheat in the same units). Any
additional outputs from an activity are expressed as ratios relative to the main output (e.g., tons of
meal per ton of oil produced in an oilseed processing activity).

Total domestic demand for a commodity is given by Equation S17 and includes household food demand,
agricultural intermediate demand (e.g., feed and processing inputs), and intermediate demand from
other sectors such as biofuels and industry.

QDc,cty = (
∑

h

(QHc,h,cty) + QIntermc,cty + QLc,cty + QBFc,cty + QOthc,cty (S17)

where:

QD = Total commodity demand
QH = Household food demand
QInterm = Intermediate demand from agricultural processing sector
QL = Feed demand from livestock sector
QBF = Intermediate demand for biofuel feedstock
QOth = Other demand
h = Household type (urban or rural)
c = Commodity
cty = Countries

Food demand in the IMPACT model is a function of a commodity’s own price, the prices of competing
commodities, per capita income, and total population. Per capita income and population grow annually
based on country-specific growth rates, with projections drawn from the Shared Socioeconomic Pathways
(SSP) database (version 3), which provides alternative future socioeconomic scenarios.

Initial demand elasticities in IMPACT are derived from estimates by the United States Department
of Agriculture and are calibrated to reflect regional averages, accounting for income levels and the
distribution of urban and rural populations? . Over time, these elasticities are adjusted to capture
the shifting pattern of consumption in developing countries—from staple foods toward higher-value
commodities such as meat—driven by economic growth, urbanization, and the commercialization of
agriculture.

While IMPACT is capable of modeling multiple household types (e.g., rural, urban), the current version
(IMPACT 3.6) simplifies household demand representation by using a single representative consumer per
country.
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QHc,h,cty = QHDintc,h,cty ∗ WIc,cty ∗ QHDInt2c,h,cty ∗
(

pcGDPh,cty

pcGDP0h,cty

)Iε

∗
(

popHh,cty

popH0h,cty

)

∗
∏

cc̸=c

(
PCc,cty ∗ (1 − CSEc,cty)

PC0c,cty ∗ (1 − CSE0c,cty)

)Fε

(S18)

where:

QH = Household food demand
QHDInt = Initial household food demand
WI = Waste fraction for food loss and waste
QHDInt2 = Demand adjuster for implementing change in diets
pcGDP = Per capita GDP
pcGDP0 = Initial per capita GDP
Iε = Income demand elasticity
popH = Household population
popH0 = Initial household population∏

cc̸=c

(
P Cc,cty∗(1−CSEc,cty)

P C0c,cty∗(1−CSE0c,cty)

)Fε = Cross price response
Fε = Price demand elasticity
h = Household type (urban or rural)
c, cc = Commodity
cty = Countries

Feed demand is a treated as a derived intermediate demand. It is determined by two components: (1)
animal feed requirements determined by livestock production and livestock feed requirements and (2)
price effects that take into account potential substitution possibilities among different feeds. As defined
in equation S19, IMPACT also incorporates a technology parameter that indicates improvements in
feeding efficiencies over time.

QLc,cty = QLIntc,cty ∗ QLInt2c,cty ∗
∑
lvs

(QSlvs,cty ∗ FRlvs,c,cty) ∗
∏

c=cfeed

(
PCc,cty

PC0c,cty

)LFε

(S19)

where:
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QL = Feed demand for livestock sector
QLInt = Initial feed demand for livestock sector
QLInt2 = Livestock sector feed demand multiplier
QS = Total production for livestock activity
FR = Livestock feed requirement
lvs = Livestock production systems
c = Commodity
cfeed = Feed commodities
cty = Countries

Intermediate demand is a form of derived demand, driven by the demand for final processed goods such
as food oils and sugar. The input-output matrix specifies the proportion of each input commodity (c)
required by each processing activity (j), as represented in Equation S20.

QIntermc,cty =
∑

j

(IOMatc,j,cty ∗ QSj,cty) (S20)

where:

QInterm = Intermediate demand from agricultural processing sector
IOMAT = Input-output matrix
QS = Total production
j = Activity (crops)
c = Commodity
cty = Countries

Biofuel feedstock demand in IMPACT (Equation S21) is primarily driven by exogenous growth rates,
which reflect government mandates aimed at promoting biofuel production. These growth rates can
be modified across scenarios to account for the feasibility of mandates or to explore the role of first-
versus second-generation biofuels. The model also includes a price-responsive component that allows for
substitution among different feedstocks and captures the potential relaxation of biofuel mandates in
response to rising food prices.

QBFc,cty = QBFIntc,cty ∗ QBFInt2c,cty ∗
∏

c

(
PCc,cty

PC0c,cty

)BFε

(S21)

where:
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QBF = Biofuel feedstock demand
QBFInt = Initial demand for biofuel feedstock
QBFInt2 = Exogenous growth in demand for biofuel feedstock
BFε = Biofuel feedstock demand price elasticity
c = Commodity
cty = Countries

”Other demand” captures all remaining uses of agricultural products outside the primary focus areas of
the IMPACT model—such as seed use and industrial applications. This component is modeled using
Equations S22 and S23. It follows the same functional form as household food demand and responds to
changes in income, population, and commodity prices.

QOthc,cty = QOthIntc,cty ∗ QOthInt2c,cty ∗
(

pcGDPcty

pcGDP0cty

)OIε

∗
(

popcty

pop0cty

)
∗
∏

cc=c

(
PCc,cty

PC0c,cty

)OPε

(S22)
where:

QOth = Other demand
QOthInt = Initial other demand
QOthInt2 = Growth in other demand
pcGDP = Per capita GDP
pcGDP0 = Initial per capita GDP
popH = Household population
popH0 = Initial household population
OIε = Income demand elasticity for other demand
OPε = Price demand elasticity for other demand
PC = Consumer price
PC0 = Initial consumer price
c, cc = Commodity
cty = Countries

The second method is used in a few cases where other demand historically has not shown much of a
response to prices and is instead a function of changes in per capita GDP from the previous year.

QOthc,cty = QOth1c,cty ∗
( ∑

h QHc,h,cty∑
h QHD1c,h,cty

)
⇐
∑

h

QHD1c,h,cty

+QOth1c,cty ∗
(

pcGDPcty

pcGDP1cty

)
⇐
∑

h

QHD1c,h,cty = 0
(S23)
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where:

QOth = Other demand
QOth1 = Lagged other demand
QH = Household demand
QHD1 = Lagged household demand
pcGDP = Per capita GDP
pcGDP1 = Lagged per capita GDP
c = Commodity
cty = Countries
h = Type of household

S6.2.5 Markets, Trade, and Equilibrium Prices

Solving the system of equations in IMPACT yields a set of domestic and world prices for all crops that
simultaneously clear domestic and international commodity markets. For traded commodities, the world
price serves as the key equilibrating mechanism. When an exogenous shock is introduced, the world
price adjusts to restore balance in global markets. These adjustments are transmitted back to domestic
producer and consumer prices through price transmission equations. Resulting changes in domestic
prices affect both supply and demand, triggering further iterations until global supply and demand are
balanced and net global trade returns to zero. For non-traded commodities, domestic prices adjust
independently within each country to equate national supply and demand. This global market-clearing
condition is enforced at the end of each year by Equation S24, which ensures that the sum of net trade
across all countries equals zero.

∑
cty

NTc,cty = 0 (S24)

where:

NT = Net trade of commodities
c = Commodity
cty = Countries

Additionally, national production and demand for tradable commodities are connected to global markets
through trade. A country’s trade volume for a given commodity is determined by the balance between
domestic production, domestic demand, and changes in stock levels. Countries with positive net trade
are classified as net exporters, while those with negative net trade are net importers. This approach
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assumes a single global market, meaning that trade flows are not tracked by specific origin or destination;
instead, all countries import from and export to a unified world market, as represented in Equation S25.

NTc,cty = QSUPc,cty − QDc,cty − QStc,cty (S25)

where:

NT = Net trade of commodities
QSUP = Total commodity supply
QD = Total commodity demand
QSt = Total change in stocks
c = Commodity
cty = Countries

IMPACT prices are expressed in constant 2005 U.S. dollars. For tradable commodities, domestic prices
are derived from world prices and adjusted to reflect trade and price policies. These adjustments include
export taxes, import tariffs, producer support estimates (PSEs), consumer support estimates (CSEs),
and marketing margins (MMs), which represent the cost of moving goods between markets. Export
taxes and import tariffs are sourced from the Global Trade Analysis Project (GTAP) at Purdue University
and reflect country-level trade policies. PSEs and CSEs account for domestic policy interventions that
create price wedges between world and domestic markets by supporting producers or consumers. These
estimates are based on data from the Organisation for Economic Co-operation and Development (OECD)
and are further refined using expert judgment to capture regional policy dynamics. Marketing margins
capture additional costs—such as transport, storage, and distribution—associated with moving goods
across space and are informed by expert assessments of market infrastructure quality and availability.

The IMPACT model includes three distinct market levels:

1. Farm gate, where producers sell their output at producer prices;

2. National market, where goods are traded internally, subject to taxes, subsidies, and transportation
costs; and

3. Port, where commodities are exported to or imported from the global market at world prices.

Transporting commodities to and from the port incurs marketing margins (MMs) and may involve
additional taxes, subsidies, or tariffs. In the model, PSEs, CSEs, and MMs are all expressed as ad
valorem percentages of the world price. Producer prices are calculated by applying the relevant price
wedges to domestic consumer prices (PC), capturing the markup between farm-gate or factory-gate
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prices and consumer prices. The producer price of an activity is then computed as a weighted average of
the prices of the commodities it produces, as shown in Equation S26.

PPj,cty ∗ (1 + MMJj,cty) = (1 + PSEj,cty) ∗
∑

c

(JCRatioj,c,cty ∗ PCc,cty) (S26)

where:

PP = Producer price
MMJ = Farm(factory)-gate to domestic market Marketing Margin (MM)
PSE = Producer support estimate, ad valorem component
JCRatio = Mapping between activities (j) and commodities (c)
j = Activity (crops)
cty = Countries

In the IMPACT model, the method for determining consumer prices depends on whether a commodity
is classified as tradable or nontradable. Tradable commodity prices are set in international markets
and transmitted to domestic markets through trade mechanisms. Nontradable commodities, on the
other hand, have prices determined solely within national markets, without direct linkage to world prices.
Examples include sugarcane, sugar beets, and grass—commodities for which demand comes exclusively
from domestic intermediate uses, such as sugar processing and livestock feed. For nontradable goods,
prices are determined endogenously at the country level to ensure that domestic supply equals domestic
demand, as described in Equation S27.

QSUPc,cty = QDc,cty (S27)

where:

QSUP = Domestic supply
QD = Domestic demand
c = Commodity
cty = Countries

Although nontradable commodities are not directly linked to international markets, they are indirectly
influenced by global dynamics through the demand for final tradable products (e.g., sugar) and through
potential substitution with tradable alternatives (e.g., grass versus imported feed). IMPACT 3.6, like its
predecessor IMPACT 3, allows the tradability of a commodity to be determined endogenously within the
model framework. Given the presence of price wedges between domestic and international markets, the
model distinguishes between the prices received by producers for exports and the prices paid by consumers
for imports. These are modeled separately using similar specifications, as illustrated in Equation S28.
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PMc,cty = PWc ∗ EXRcty ∗ (1 + TMc,cty) ∗ (1 + MMMc,cty) (S28a)
PEc,cty = PWc ∗ EXRcty ∗ (1 − TEc,cty) ∗ (1 − MMEc,cty) (S28b)

where:

PM = Import price
PE = Export price
PW = World market price
EXR = Exchange rate (normalized to 1)
TM = Import tariff (ad valorem)
TE = Export tariff (ad valorem)
MMM = Import marketing margin for domestic market
MME = Export marketing margin for international market
c = Commodity
cty = Countries

If the domestic equilibrium price falls between the export floor price and the import ceiling price, no
international trade occurs. However, if conditions change—whether over time or across scenarios—such
that the domestic price reaches either boundary, IMPACT endogenously shifts regimes to initiate trade
and restore market balance through imports or exports.

To trigger imports, the domestic consumer price must rise to or above the import price, indicating that
global prices are lower than domestic ones. Conversely, exports begin when the domestic price falls to or
below the export price, meaning domestic goods are cheaper than the global market. This trade logic
can be summarized as follows:

• No import happens while PMc,cty > PCc,cty, imports begin at PMc,cty ≤ PCc,cty

• No export happens while PCc,cty > PEc,cty, exports begin at PCc,cty ≤ PEc,cty

• Domestic trade happens if PEc,cty ≤ PCc,cty ≤ PMc,cty

For fully tradable commodities—those intended to always participate in international markets (as is
the case for all traded commodities in IMPACT v3.6) this price-band logic is bypassed. Instead, the
domestic consumer price is directly set equal to the import price (see Equation S29), and the export
price equation is not used.

PCc,cty = PMc,cty (S29)
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where:

PC = Consumer price
PM = Import demand
c = Commodity
cty = Countries
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Mamolo M, et al. Updating the Shared Socioeconomic
Pathways (SSPs) Global Population and Human Capital
Projections. WP-24-003. International Institute for
Applied Systems Analysis; 2024.

[21] Rosegrant MW, Sulser TB, Dunston S, Mishra A,
Cenacchi N, Gebretsadik Y, et al. Food and nutrition
security under changing climate and socioeconomic
conditions. Global Food Security. 2024;41:100755.

[22] Kadiyala M, Nedumaran S, Padmanabhan J, Gumma

MK, Gummadi S, Srigiri SR, et al. Modeling the
potential impacts of climate change and adaptation
strategies on groundnut production in India. Science
of the Total Environment. 2021;776:145996.

[23] Mason-D’Croz D, Bogard JR, Sulser TB, Cenacchi
N, Dunston S, Herrero M, et al. Gaps between fruit
and vegetable production, demand, and recommended
consumption at global and national levels: an
integrated modelling study. The Lancet Planetary
Health. 2019;3(7):e318-29.

[24] Evenson RE, Rosegrant MW. Productivity projections
for commodity market modeling. In: final workshop
of the international cooperative research project on
Projections and Policy Implications of Medium and
Long-Term Rice Supply and Demand, Beijing; 1995. .

[25] Evenson RE, Pray C, Rosegrant MW. Agricultural
research and productivity growth in India. vol. 109.
International Food Policy Research Institute; 1998.

38


	Shared Socioeconomics Pathways (SSPs)
	Diets under SSPs
	EAT-Lancet 2.0 updates
	Commodity selection and price index
	Nutrient availability ratio
	IMPACT multimarket model
	Main endogenous variables in IMPACT
	Equations
	Commodity production/supply
	Livestock production
	Production of processed goods
	Commodity demand and supply
	Markets, Trade, and Equilibrium Prices



