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Appendix A1: IMPACT description 

 

The IMPACT model was developed at IFPRI at the beginning of the 1990s to address a lack of long-term vision 

and consensus among policy-makers and researchers about the actions that are necessary to feed the world in the 

future, reduce poverty, and protect the natural resource base. Over time, this economic model has been expanded 

and improved, and IMPACT is now a network of linked economic, water, and crop models. At IMPACT's core is 

the original partial equilibrium multi-market model of global production, demand, and trade, which is linked to a 

suite of water models. The multi-market model focuses on national and global markets, including 159 countries. 

Agricultural production is specified by models of land supply, allocation of land (irrigated and rainfed) to crops, 

and determination of yields (which is described in more detail below).Production is modelled at a sub-national 

level, including 320 regions called “food production units” or FPUs. The FPUs are defined to link to the water 

models and correspond to river basins within national boundaries—154 basins and 159 countries.  

The multi-market model simulates 62 agricultural commodity markets, which represent the bulk of food and cash 

crops. The multi-market model is integrated with the IMPACT water models, which simulate the availability of 

water for irrigation and the effects of changes in water availability on agricultural production. Similar to the global 

multi-market model, the water models operate at disaggregated scales. However the regions of interest for the 

water models are hydrological basins (i.e. Nile, Amazon, Mississippi, etc.), of which there are 154. To allow for 

the communication between the multi-market and water models, the IMPACT suite of models operates on a 

subnational unit, focusing on the 320 FPUs created by the intersection of the 156 geopolitical and 154 hydrological 

regions.  

The IMPACT core is additionally connected to a series of modules integrating information from climate models 

(general circulation models, or GCMs), crop simulation models, population and demographic models, and 

economic growth models. These models are not dynamically linked like the water and multi-market models, with 

one-way communication of model results serving as IMPACT scenario inputs. Figure A1.1 describes the links 

between the different models that constitute the IMPACT system of models. We used IMPACT 3.1 for this study. 

Detailed model descriptions are provided by the IMPACT Development Team.1,2 The following sections draw on 

those descriptions, in particular on the description of IMPACT 3.2  

 

Figure A1.1: The IMPACT system of models 
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A1.1. IMPACT Multi-Market Model 

The IMPACT model system, as described in the preceding sections, is organized around a core global partial 

equilibrium multi-market model of agricultural production, demand, trade, and prices. The multi-market model 

simulates the operation of national and global markets for agricultural commodities, solving for equilibrium 

prices and quantities. The model specifies supply and demand behaviour in all markets. This section describes 

the elements of that model. 

Crop Production 

Crop production in IMPACT is simulated through area and yield response functions. (In IMPACT, area is 

treated as harvested area, which is the total area planted and harvested within a year, and may include multi-

cropping or multiple harvests and differ from total arable land or reported physical area). The choice of 

specifying crop production in this way has a long history in IMPACT and facilitates interaction with commodity 

experts and land-use specialists, who work in natural units (hectares, tons/hectare). Crop production in IMPACT 

is specified sub-nationally with the area and yield functions at the level of Food Production Units (FPU). This 

regional disaggregation permits linking with water models and provides the added benefit of smaller 

geographical units for aggregating climate change results, which can vary significantly from one location to 

another. Land used for crop production is divided into irrigated and rainfed systems, capturing the significant 

differences in yields observed across these cultivation systems and linking directly with the water models which 

treat irrigated and rainfed water supplies separately.  

A new feature of IMPACT 3 is the implementation of a land market to manage competing demands for 

agricultural land from different crops, as well as providing new linkage points to land-use models that work with 

broader land-use changes, such as conversion of forest to grasslands and agricultural land. It also allows us to 

separate total area supply (irrigated and rainfed) from individual crop area demands, and allows equilibrium 

conditions to determine the best economic use of the available land. The total supply of land is assumed to be a 

function of the “scarcity value” or “shadow price index” of land, which can also be considered a summary of 

changes in crop prices. The shadow price (WF) is indexed to 1 in the first year and changes based on changing 

demands from all crops for land area. 
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The supply of land is considered exogenous within each year, meaning that farmers are not allowed to adjust the 

total crop area in the middle of the year. The total land supply over time is driven by exogenous trends on the 

availability of area for agriculture, as well as endogenous responses to changes in area demand, which is handled 

in between years. The following equation is applied at the end of each year before solving for a new year. 
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  (2) 

Crop area is specified as an area demand function with respect to changes in the marginal revenue product, 

changes in land cost, and exogenous non-price trends in harvested area. Crop area elasticities simulate the supply 

response to changes in the marginal revenue of land represented by the following equation as the interaction of 

the net price of an activity and the productivity of the activity in using an additional hectare of land.  
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The exogenous trend in harvested area captures changes in area resulting from factors other than direct market 

effects, such as government programs encouraging cropping expansion, or contraction due to soil degradation, or 

conversion of land from agriculture to nonagricultural uses. The combination of these endogenous and 

exogenous factors in area demand are described in the following equation. 

j,fpu
j,fpu,lnd j,fpu,lnd j,fpu,lnd fpu,lnd

j,fpu

Final crop area

Crop area intercept (base year crop area)

2 Exog

2

enous crop area growth mult p

0

i

A

WFArea AreaInt AreaI
MRP

Area

AreaInt

AreaInt

nt WF
MRP




 

     
 
 







Elasticity of demand with respect to land shadow price

0 Base year marginal revenue product (used to index prices)

Elasticity of area demand with respect to marginal r

li

evenue product

er

WF

MRP

A











  (4) 

Assumptions for exogenous trends are determined by a combination of historical changes in land use and expert 

judgment on potential future regional dynamics. They are represented as compound growth from the base and 

are applied between years. 

 12 2j,fpu,lnd,t+1 j,fpu,lnd,t fpu,lnd

Exogenous area demand growth rate

AreagrAreaInt AreaInt

Areagr
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

  (5) 

Competing demands from different crops are handled through an equilibrium equation that determines the land 

allocation and ensures that all crop area demand must sum up to the total land supply for each FPU. 

, , ,fpu lnd j fpu lnd

j

QFS Area   (6) 

Crop yields are a function of commodity prices, prices of inputs, available water, climate, and exogenous trend 

factors. The IMPACT model includes four ways that changes in yields are achieved. First, the model assumes a 

scenario of underlying improvements in yields over time that, to varying degrees, continue trends observed over 

the past 50-60 years in an informed extrapolation following the concepts introduced in Evenson and Rosegrant,3 

and Evenson and colleagues.4 These long-run trends, or intrinsic productivity growth rates (IPRs), are intended 

to reflect the expected increases in inputs, improved seeds, and improvements in management practices. These 

trends differ and are generally higher for developing countries, where there is considerable scope to narrow the 

gap in yields compared to developed countries. These IPRs are exogenous to the model, and changes in them are 

specified as part of the definition of different scenarios. We assume that these underlying trends vary by crop and 

region, and that they will decline somewhat over the next fifty years as the pace of technological improvements 

in developed countries slows, and as developing countries “catch up” to yields in developed countries.  

Second, the IMPACT model includes a short-run (annual), endogenous, response of yields to changes in both 

input and output prices. These yield response functions specify the change in yield as a constant elasticity 

function of the changes in output prices, with elasticity parameters that can vary by crop and region. The 

underlying assumption is that farmers will respond to changes in prices by varying the use of inputs, including 

inputs such as fertilizer, chemicals, and labour that will, in turn, change yields.  

Third, climate is assumed to affect yields through two mechanisms. The first mechanism is through the effects of 

changes in temperature and “weather” due to climate change on crop yields for rainfed and irrigated crops, as 

calculated from the solution of a crop simulation model (DSSAT5,6) for different climate change scenarios. These 

crop simulations vary by crop type. The DSSAT model is run with detailed time, geographic, and crop 
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disaggregation for different climate change scenarios that are “downscaled” to include weather variation over 

small geographic areas. This analysis gives changes in average yields due to climate change that are then 

averaged to generate yield shocks by crop and region (FPU) in the IMPACT model. These long-run climate 

scenarios generate yield shocks that are assumed to follow simple trends over time, and do not consider extreme 

events such as droughts or floods. 

The fourth mechanism by which climate change affects yields is through variation in water availability for 

agriculture year-by-year under different climate scenarios. This mechanism is modelled through the use of the 

IMPACT water models. These include: (1) a global hydrology model that determines run off to the river basins 

included in the IMPACT model; (2) water basin management models for each FPU that optimally allocate 

available water to competing non-agricultural and agricultural uses, including irrigation; and (4) a water 

allocation and stress model that allocates available irrigation water to crops and, when the water supply is less 

than demand by crop, computes the impact of the water shortage on crop yields accounting for differences 

among crops and varieties. These yields shocks are then passed to the IMPACT model, affecting year-to-year 

crop yields. 
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  (7) 

Final crop production for each FPU and crop (j) is estimated as the product of the solution for its respective area 

and yield equations, with national production (QSj,cty) equal to the summation of the production in all of the 

relevant FPUs in that country. 

 j,cty j,fpu,lnd j,fpu,lnd

fpu,lnd

QS Area Yield    (8) 

Livestock Production 

Livestock production is modelled at the FPU level and includes animal numbers, with associated feed demands, 

and meat/dairy production based on “processing” the animals. Similar to the crop sector, this specification allows 

for easier translation of information from livestock experts who are used to working with herd-size and feeding 

requirements. In the current version of the model, there is no modelling of herd dynamics—herd size over time is 

set exogenously.  

Feed demand is a function of the livestock’s own price, the prices of intermediate (feed) inputs, and a trend 

variable reflecting growth in livestock herds (slaughter rates are implicitly assumed to stay more or less constant 

over time). The price elasticities in the livestock supply function are derived in a similar fashion to the crop area 

and yield elasticities. 
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Livestock yields are determined through exogenous growth due to improved animals and management practices. 

Currently, all price responses in the livestock sector are accounted for in the animal number equations. 
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  (10) 

Total national production (QSj,cty) is calculated by multiplying the slaughtered number of animals by the yield 

per head and summing across FPU and livestock system.  

 j,cty j,fpu,livsys j,fpu,livsys

fpu,livsys

QS Animals AnimalYield    (11) 

There is work underway to improve the livestock model, incorporating more animal types, a number of different 

feed “systems” that include pastures, fodders, and processed feeds, as well as feed grains, and also a more 

detailed representation of the value chain from feeds to herds to final demand commodities.  

Production of Processed Goods 

Modelling of processed goods (i.e. food oils, oil meals, sugar) has been an active area of improvement for 

IMPACT 3, and the development of the activity-commodity framework allows for a general handling of all 

processed goods in IMPACT through Input-Output matrices (IOMATs) and the use of net prices. The IOMATs 

represent technical coefficients on input requirements and are specified by quantities of inputs per unit of output 

(i.e. mt of soybeans per mt of soybean oil), and are calculated from the base data. The net price is the price the 

producer receives net of input costs. The net price will equal the producer price of the activity whenever there 

are no intermediate inputs. (Crops and livestock currently do not include intermediate inputs in the PNET 

equation, and instead directly take input price effects through supply elasticities in the crop yield, and animal 

number equations). 
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Production of processed goods are then simulated by a supply function that incorporates both endogenous price 

effects, as well as exogenous technological change. As opposed to crop and livestock production, processed 

goods are modelled at the country level instead of at the FPU. 
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Commodity Supply and Demand 

Total supply of commodities requires mapping from output of production activities to supply of commodities. 

The mapping is given by:  
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The parameter JCRatio maps from the activity output to commodities. Usually, each activity produces a matched 

commodity (e.g., wheat growing activity produces the commodity wheat, and nothing else). The specification, 

however, is general. There can be many activities producing the same commodity (e.g., different wheat growing 

activities producing the same wheat commodity) or a single activity producing more than one commodity (e.g., 

oil seed processing yielding both oil and meal). By convention, the units of j agree with the units of the main 

commodity produced by the activity (e.g., output of the wheat activity yields the commodity wheat, in the same 

units), so that the JCRatio for this mapped commodity always equals one. Other outputs, if any, from an activity 

in JCRatio are measured as a ratios to the output of the main activity (e.g., tons of meal per ton of production of 

oil in an oilseed processing plant).  

Total domestic demand for a commodity is the sum of household food demand, agricultural intermediate demand 

(feed, and for process goods), and intermediate demand from other sectors (i.e. biofuels, and industrial uses).  
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  (15) 

Food demand is a function of the price of the commodity and the prices of other competing commodities, per 

capita income, and total population. Per capita income and population increase annually according to country-

specific population and income growth rates. Population and GDP trends vary by scenario and are drawn from 

the Shared Socio-economic Pathway (SSP) database representing socio-economic scenarios from the IPCC’s 5th 

report (see Appendix A2 for more details).7 The IMPACT demand elasticities are originally based on USDA 

estimated elasticities and adjusted to represent a synthesis of average, aggregate elasticities for each region, 

given the income level and distribution of urban and rural population.8 Over time the elasticities are adjusted to 

accommodate the gradual shift in demand from staples to high value commodities like meat, especially in 

developing countries. This assumption is based on expected economic growth, increased urbanization, and 

continued commercialization of the agricultural sector. IMPACT is designed to simulate multiple types of 

households (i.e. rural, urban, rich, poor, etc.); however, currently, IMPACT treats household demand with one 

representative consumer per country. 
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Feed demand is 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. The equation also incorporates a 

technology parameter that indicates improvements in feeding efficiencies over time. 

  c,cty
c,cty jlvst,cty jlvst,c,cty

c,ctyjlvst cfeeds

Total feed demand for livestock sector

Total production of each livestock activity

Re

 

Feed requirements for each liv

Re
0

est

LFD
PC

Q

QL

QS

L QS q

q

PC


 

    
 









 

ock activity

Price elasticity of demand for feed

Set of livestock producing activities

LFD

jlvst

 



  (17) 

Intermediate demand is a derived demand that is based on the demand for final processed goods, such as food 

oils and sugar. The input-output matrix determines the proportions of inputs (c) required for each producing 

activity (j). 
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Exogenous biofuel feedstock demand is determined through exogenous growth rates which represent 

government mandates to encourage the production of biofuels, though adjusted in various scenarios where the 

mandates are infeasible, or adjusted to reflect scenarios on the role of first or second generation biofuels. The 

biofuel feedstock demand equation also allows for a price response for biofuels to allow for substitution across 

different potential feedstocks, as well as to reflect the reality that increasing food prices would put pressure to 

ease biofuel mandates. 
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Other demand summarizes all other demands for agricultural products from sectors outside of the focus of 

IMPACT (e.g. seeds, industrial use, etc.). It is simulated under two different equations. The primary method 

follows the household food demand equation, and is sensitive to changes in income, population and prices.  
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  (20) 

Markets, Trade, and Equilibrium Prices 

The system of equations is written in the General Algebraic Modeling System (GAMS) programming language.9 

The solution of these equations is achieved by the Path solver, which is included in the GAMS system. This 

procedure finds a set of domestic and world prices for all crops that “clear” domestic and international 

commodity markets. The world price (PW) of a commodity is the equilibrating mechanism for traded 

commodities—when an exogenous shock is introduced in the model, PW will adjust to clear world markets and 

each adjustment is passed back to the effective producer (PS) and consumer (PD) prices via the price 

transmission equations. Changes in domestic prices subsequently affect commodity supply and demand, 

necessitating their iterative readjustments until world supply and demand balance and world net trade again 

equals zero. For non-traded commodities, domestic prices in each country adjust to equate supply and demand 

within the country.  

IMPACT assumes a closed world economy—at the end of every year the world’s production must equal the 

world’s demand. This constraint is ensured by the following equation, where the sum of net trade over the globe 

must equal zero.  

c,cty

cty

0

Net Trade

NT

NT






  (21) 

National production and demand for tradable commodities are linked to world markets through trade. 

Commodity trade by country (cty) is a function of domestic production, domestic demand, and stock change. 

(Note that stocks are constant and exogenous). Regions with positive net trade are net exporters, while those with 

negative values are net importers. This specification does not permit a separate identification of international 

trade by country of origin and destination—all countries export to and import from a single global market.  

c,cty c,cty c,cty c,cty

Net trade

Change in stocks

NT

Q

NT QSUP QD Q

t

St

S

  





  (22) 

Prices are endogenous in the system of equations for food, and are calibrated to year 2005 commodity prices.10–

1210–12 Prices are in constant 2005 US$. Domestic prices of tradable commodities are a function of world prices, 

adjusted by the effect of trade policy represented by taxes and tariffs, price policies expressed in terms of 

producer support estimates (PSE), consumer support estimates (CSE), and the cost of moving products from one 

market to another represented by marketing margins (MM). Export taxes and import tariffs are drawn from 

GTAP data (Global Trade Analysis Project at Purdue University) and reflect trade policies at the national 

level.13–15 PSEs and CSEs represent public policies to support production and consumption by creating wedges 

between world and domestic prices. PSEs and CSEs are based on OECD estimates and are adjusted by expert 
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judgment to reflect regional trade dynamics.16 Marketing margins (MM) reflects other factors such as transport 

and marketing costs of getting goods to various markets and are based on expert opinion on the quality and 

availability of transportation, communication, and market infrastructure.  

In the model, PSEs, CSEs, and MMs are expressed as percentages (ad valorem) of the world price. To calculate 

producer prices the appropriate wedges are applied to the domestic consumer prices (PC) and represent the 

mark-up observed in domestic markets from the farm-gate or factory-gate prices producers receive. The producer 

price of an activity is the weighted sum of the prices of the commodities associated with that activity.  

   j,cty j,cty j,cty j,c,cty c,cty

c

Producer price

Farm(factory)-gate to domestic market Marketing Margin (

1

MM)

Producer support estimate, ad valorem component

 = m

1

appi

PP

MMJ

P

PP MMJ PSE J

SE

JCRati

CRati

o

o PC    











ng from activities (j) to commodities (c)

  (23) 

How consumer prices are determined in IMPACT depends on the state of tradability of the commodity. 

Commodities can be specified as either tradable or non-tradable. Traded commodity prices are determined in 

international markets. Non-traded commodities, are those commodities whose prices are determined in national 

markets, without direct links to international markets. Examples include sugarcane, sugar beets, and grass, where 

all demand is intermediate demand from domestic sectors (sugar processing, and livestock). These commodity 

prices are determined endogenously by country and ensure that domestic supply equals domestic demand.  

c,cty c,ctyQSUP QD  (24) 

Non-traded commodity are indirectly linked to world markets through the demand for final products (i.e. sugar), 

and potential substitution from tradable commodities (i.e. grass and other feeds).  

 

A1.2. IMPACT Model System 

The IMPACT model system is a network of linked models. Below we describe the linkages to the crop and water 

models used for this study. Other climatic inputs are described in Appendix A2. Again, we draw on the IMPACT 

model description by Robinson and colleagues for this description.2 Please refer to that documentation for 

additional details.  

 

Crop Models 

The effect of climate change on crop yields starts by running the DSSAT family of crop models across a gridded 

representation of the world. Yield maps for groundnuts, maize, potatoes, rice, sorghum, soybeans, and wheat are 

compiled under both rainfed and irrigated conditions. Driving the model are a large collection of data. Some 

represent soil characteristics and conditions as well as basic management decisions while others characterize the 

climatic conditions under which the crops were grown. 

The climate data are maps of monthly climate data that allow the random generation of daily weather data for 

each location typical of what might be expected for conditions of the near recent past (year 2005) as well as 

those of the future (year 2050). The baseline climate information come from Jones, Thornton, and Heinke.17 The 

future climate information is derived from data processed by the Inter-Sectoral Impact Model Intercomparison 

Project.18–20 The two datasets were combined by extracting the appropriate changes from the climate model data 

and imposing them on the common baseline climate. The crop models can then make projections about possible 

yields under the different climate circumstances. 

The grid-based yields for each climate and crop combination are then aggregated within regions appropriate for 

the economic portions of the model. Specifically, they are computed as production-area-weighted-averages using 

maps of production areas from the Spatial Production Allocation Model as weights.21 These are then used as 

weights in the multi-market model to estimate final yield impacts. This follows the general approach for 

incorporating projected yield changes from biophysical models into economics models as outlined in Müller and 

Robertson.22  
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Water Models 

The water modules in the IMPACT Modelling System include: (1) the IMPACT global hydrology model 

(IGHM), (2) the IMPACT water basin simulation model (IWSM) that manages storage by water basin and 

generates available irrigation water supply; and (3) the IMPACT crop water allocation and stress model 

(ICWASM) that allocates available irrigated water to crops and estimates the impact of water shortages on yields 

These three models enable the IMPACT multi-market model to assess the effects on global food and water 

systems of hydro-climatic variability and change, socioeconomic change-driven water demand growth, 

investment in water storage and irrigation infrastructure, and technological improvements.  

The IGHM hydrological model is driven by climate-forcing data and computes effective rainfall, potential and 

actual evapotranspiration, and runoff to river basins. The IGHM-simulated hydrologic outputs are then provided 

in a one-way link to the IWSM water basin simulation models, which optimally manage water basin storage and 

provide irrigated water supply in one-way link to the ICWASM water stress models that then provides the 

IMPACT multi-market model with crop yields for both irrigated and rainfed crops. The solution of the IGHM 

model depends only on climate inputs and is completely independent of the other water models and the IMPACT 

multi-market model. However, there is two-way communication between the IWSM model and the IMPACT 

multi-market model—the demand for water in IWSM depends on the allocation of land to crops, which is part 

the solution of the IMPACT multi-market model. In turn, changes in water availability from IWSM affect water 

allocation and stress in the ICWASM model. The communication between these models to capture this 

endogeneity is discussed below.  

IMPACT Global Hydrology Model (IGHM) 

As described in the following schematic (Figure 5.5), the IGHM hydrological model is a semi-distributed 

parsimonious model. It simulates monthly soil moisture balance, evapotranspiration and runoff generation on 

each 0.5˚ latitude x 0.5˚ longitude grid cell spanning the global land surface except the Antarctic. Gridded output 

of hydrological fluxes - namely effective rainfall, evapotranspiration and runoff - are spatially aggregated to food 

production units (FPU) within the river basin and weighted by grid cell areas.  

The most important climatic drivers for water availability are precipitation and evaporative demand determined 

by net radiation at ground level, atmospheric humidity, wind speed, and temperature. In IGHM, the Priestley-

Taylor equation is used to calculate potential evapotranspiration (PET).23 Soil moisture balance is simulated for 

each grid cell using a single layer water bucket. To represent sub-grid variability of soil water-holding capacity, 

we assume it spatially varies within each grid cell, following a parabolic distribution function. 

Actual evapotranspiration is determined jointly by the PET and the relative soil moisture state in a grid cell. The 

generated runoff is divided into a surface runoff component and a deep percolation component using a 

partitioning factor. The base flow is linearly related to storage of the groundwater reservoir. The total runoff to 

the streams in a month is the sum of surface runoff and base flow. 

IMPACT Water Basin Simulation Model (IWSM) 

Water demand 

The water demand module calculates water demand for crops, industry, households, and livestock at the FPU 

level. Irrigation water demand is assessed as the portion of crop water requirement not satisfied by precipitation 

or soil moisture based on hydrologic and agronomic characteristics. Crop demand is calculated for each crop 

using evapotranspiration and effective rainfall from IGHM. It relies on the FAO crop coefficient approach to 

calculate actual water demand for each crop every month. Irrigation demand in the FPU is calculated for a given 

cropping pattern after taking into account the basin efficiency of the irrigation system.24 The IMPACT multi-

market model solves endogenously for the allocation of land to different crops while the IWSM model requires 

information on cropping pattern to calculate water demand and hence water stress that is then an input into the 

multi-market model, which requires two-way communication between the models (as mentioned earlier).  

Industrial water demand is modelled for the manufacturing and energy sectors using growth rates for the value-

added by sector and energy production values for electricity sector from the EPPA6 Model of the MIT Joint 

Program on the Science and Policy of Global Change.25 For many countries in Sub-Saharan Africa, the projected 

industrial water demands are substantially lower than those in IMPACT2, suggesting an underestimation. 
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Therefore, for countries in Sub-Saharan Africa we retained the projection method of IMPACT2 for industrial 

water demand which is modelled as a nonlinear function of gross domestic production per capita and technology 

change.  

Future domestic water demands are based on projections of population and income growth. In each region or 

basin income elasticities of demand for domestic water use are synthesized based on the literature and available 

estimates.26,27 These elasticities of demand measure the propensity to consume water with respect to increases in 

per capita income. The elasticities also capture both direct income effects and conservation of domestic water 

use through technological and management change. Livestock water demand is proportional to the number of 

animals raised as calculated by the multi-market model. 

Water Supply 

The IMPACT Water Basin Simulation Model (IWSM) is a water basin management model. For FPUs where 

there is surface water storage capacity (e.g., dams), the model specifies a single reservoir that summarizes all 

water storage capacity. For a given water basin that includes more than one FPU, IWSM manages storage in all 

those FPUs to maximize the ratio of water supply to water demand in the water basin. IWSM uses the runoff 

calculated by IGHM, the climatic data and the water demands presented above to allocate available water to 

different uses. In each FPU, IWSM solves for a balance between the change in the amount of water stored in the 

reservoirs, the entering water flows (runoff from precipitation, water from non-traditional sources like 

desalination, and inflows from FPUs situated upstream), the exiting water flows (groundwater recharge from the 

stream, evaporation from the reservoirs, outflows to the FPU downstream or the ocean) and the water withdrawn 

for human use (surface water depletion). The model uses a simple hedging rule to avoid leaving an empty 

storage for next year.  

Surface water depletion added to the pumped groundwater (which is limited by the monthly capacity of 

tubewells and other pumps) is used to meet the various water demands. The model solves by maximizing the 

ratio of water supplied to water demanded by water basin over a year in all FPUs. Solving for water demand and 

supply in all FPUs simultaneously, IWSM assumes that linked FPUs within the same water basins are operated 

cooperatively, optimally allocating water between upstream and downstream demanders (qualified by imposing 

constraints on water delivery to downstream demanders). The model is parameterized to use available storage to 

smooth the distribution of water over months in order to avoid dramatic swings in monthly water delivery, if 

possible. 

Following standard practice, IWSM incorporates the basic rule that non-agricultural water demands have priority 

over agricultural water demands. Any shortage in water supply is absorbed by agriculture first. If the shortage is 

larger than irrigation water demand, then livestock, domestic and industrial supplies are reduced proportionally. 

IMPACT Crop Water Allocation and Stress Model (ICWASM) 

The Water Allocation and Stress module (ICWASM) then allocates water among crops in an area, given the 

economic value of the crop. We use the FAO Ky approach to measure water stress using a monthly approach to 

include seasonality of water stress.28 Because optimizing total value of production given fixed prices leads to a 

tendency for specializing in high-value crops, we include a measure of risk aversion for farmers in the objective 

function, which preserves a diversified production structure even in case of a drought. The stress model produces 

a measure of yield stress for every crop—both irrigated and rainfed—in each of FPUs where that crop is grown. 

The yield stress for the base year is recorded and the model defines for subsequent years the yield shock as the 

ratio of that year’s yield stress to the base year yield stress. This allows for a consistent modelling framework 

while making sure that the base year yields from the multi-market model dataset is preserved. 

Linking the IMPACT water and multi-market models 

In a given year, the IMPACT multi-market model is first solved assuming exogenous trends on various 

parameters, yielding projected production, prices and allocation of land to crops. For this first run, expected 

water stress is set to the average of the previous four years, which sets harvest expectations for the allocation of 

land to different crops. This solution can be seen as providing projections that farmers use to make their cropping 

decisions.  

The water demand module then calculates water demand for crops, industry, households, and livestock. 

Agricultural and non-agricultural water demands are then calculated as outlined above. IWSM uses these water 
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demands, along with river flows provided by IGHM, to provide the monthly repartition of water amongst FPUs 

given the objective function described above.  

ICWASM then allocates water among crops in an area, given the economic value of the crop. The stress model 

produces a measure of water stress on yield for every crop—both irrigated and rainfed—in each of the FPUS that 

is then multiplied by the temperature stress obtained from DSSAT to represent the total climate yield shock. 

Finally, the new yield shocks are applied to the IMPACT multi-market model, which is solved a second time for 

the final equilibrium, only now assuming that the allocation of land to crops is fixed since farmers cannot change 

their decisions after planting. This solution yields all economic variables, including quantities and prices of 

outputs and inputs, and all trade flows. The model then moves to the next year, updates various parameters on 

trend and starts the process again. 
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Appendix A2: Socio-economic and emissions pathways 

 

 

Table A2.1 provides an overview of this study’s model inputs and scenarios. 

 

 

Table A2.1: Overview of model inputs and components used for constructing the model scenarios within 

the IMPACT and health analysis framework (see Panel 1 in the main text for a description of climate and 

development-related scenario inputs). The main scenarios include a reference scenario without climate 

change which follows a "middle-of-the-road" socio-economic development pathway (SSP2), and six 

climate change scenarios which follow the same socio-economic pathway and, in addition, a high emissions 

pathway (RCP8.5) with different combinations between three general circulation models (IPSL-CM5A-

LR, HadGEM2-ES, MIROC-ESM-CHEM) and two crop models (DSSAT, LPJmL). 

 

Model inputs Model component 

Main scenarios 
Sensitivity 

analysis Reference scenario Climate change scenarios 

Climatic inputs 

Radiative forcing 

pathway 
none RCP8.5 

RCP6.0 

RCP4.5 

RCP2.6 

General circulation 

models 
none 

IPSL-CM5A-LR   

HadGEM2-ES   

MIROC-ESM-CHEM   

Biophysical 

inputs 
Crop models none 

DSSAT   

LPJmL   

Socio-economic 

inputs 

Socio-economic 

pathway 
SSP2 SSP2 

SSP1 

SSP3 

Health inputs 
Relative risk 

parameters 

RR(ΔFV; Δred meat) RR(ΔFV; Δred meat)   

RR(Δweight) RR(Δweight)   

Monte-Carlo analysis Monte-Carlo analysis   

Abbreviations: RCP: representative concentration pathway; SSP: shared socio-economic pathway; RR: relative 

risk; FV: fruit and vegetable consumption 
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Socio-economic pathways 

 

For this study’s main scenarios, we adopted a “middle-of-the-road” socioeconomic trajectory (SSP2), using GDP 

projections developed by the Organization for Economic Co-operation and Development (OECD) and 

population projections developed by the International Institute for Applied Systems Analysis (IIASA).29,30 For 

analysing the sensitivity to different socio-economic pathways, we adopted two alternative socio-economic 

pathways in the sensitivity analysis: a “Sustainability”-termed socio-economic pathway (SSP1) which is 

characterized by medium to high economic growth and low population growth, and a “Fragmentation”-termed 

socio-economic pathway (SSP3) which is characterized by slow economic growth and high population growth.31 

The challenges to mitigation and adaptation increase when going from SSP1 to SSP3. Table A2.2 provides an 

overview of the storylines associated with each socio-economic pathway, and Table A2.3 lists the associated 

GDP and population estimates. 

 

 

Table A2.2 Summary narratives of the Shared Socio-Economic Pathways (SSPs) 

SSP Narrative 

SSP 1 Sustainable development is realized, with relatively high levels of investment in research and development, 

which leads to rapid technological change (with a sustainable focus), decreasing inequality, lower energy 

intensity, and high land productivity. This development pathway leads to a future where society is able to 

relatively easily mitigate or adapt to climate change. There is high rates of economic growth, declining 
population growth, and increasing levels of education globally. 

SSP 2 This is a middle of the road scenario, which follows historical trends. Economic development continues, but is 

not uniform. Environmental degradation continues, but at a slowing pace. There is general improvement, but it 

is much slower than that seen in SSP 1. Climate change presents moderate challenges to both adaptation and 

mitigation. 

SSP 3 A fairly negative future pathway characterized by increasing nationalism, with greater levels of conflict and 

challenges to global and regional cooperation. Barriers to trade increase, and countries tend to look inward at 

the expense of global cooperation. There are lower levels of technological change. Economic development is 

slow, and population growth is higher. Climate change presents significant challenges for both adaptation and 
mitigation 

SSP 4 A scenario where current levels of inequality become entrenched and worsened over time. With inequality and 

stratification both within and between countries increasing. These leads to a world of pockets. Rich countries 

and elites in poorer countries improve significantly, but the rest lag behind. High levels of integration across 

elites allows for some level of global coordination, which allows society to more easily mitigate to climate 

change. However, large segment of the population are left behind, making climate change adaptation more 
difficult for most 

SSP 5 A future characterized by fast economic industrialization. There are high levels of technological progress and 

improvements in education levels around the world. Globalization increases rapidly. However, the rapid 

industrialization is spurred on through the intense use of fossil fuels, and as such there is little effort to mitigate 

the effects of climate change, with the focus on adaptation through the development of new and improved 
technologies. 

Source: Author summary from O’Neill et al 2014 and O’Neill et al 2015 descriptions of the SSPs 32,33 
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Table A2.3 Regional summary of GDP (billion 2005 USD), population (million), and GDP per capita (000 

USD/person) assumptions by SSP 

  2010 2050 

    SSP1 SSP2 SSP3 SSP4 SSP5 

East Asia and Pacific      

GDP 19,236 104,096 80,045 60,608 78,950 130,284 

Population 2,184 2,173 2,261 2,351 2,145 2,187 

GDP per capita 9 48 35 26 37 60 

Europe             

GDP 14,628 30,571 27,780 21,342 28,442 39,228 

Population 537 592 577 498 544 662 

GDP per capita 27 52 48 43 52 59 

Former Soviet Union (excl. Baltic States)    

GDP 2,855 10,603 8,984 7,551 9,174 13,750 

Population 279 262 277 289 257 266 

GDP per capita 10 40 32 26 36 52 

Latin America and Caribbean         

GDP 5,834 22,838 19,164 15,894 17,600 27,492 

Population 585 674 742 853 705 651 

GDP per capita 10 34 26 19 25 42 

Middle East and North Africa         

GDP 4,551 20,566 18,631 16,006 18,550 26,763 

Population 457 646 715 808 726 649 

GDP per capita 10 32 26 20 26 41 

North America             

GDP 14,290 33,691 29,933 24,753 32,124 44,503 

Population 344 460 450 372 424 535 

GDP per capita 41 73 67 67 76 83 

South Asia             

GDP 4,461 44,250 32,939 22,756 27,189 55,705 

Population 1,630 2,108 2,373 2,720 2,289 2,087 

GDP per capita 3 21 14 8 12 27 

Sub-Saharan Africa           

GDP 1,705 19,690 13,962 9,665 8,843 25,499 

Population 863 1,564 1,793 2,084 2,055 1,543 

GDP per capita 2 13 8 5 4 17 

World             

GDP 67,559 286,305 231,439 178,575 220,873 363,226 

Population 6,879 8,479 9,187 9,975 9,147 8,578 

GDP per capita 10 34 25 18 24 42 

Source: Calculated from IMPACT 3.1 with population and GDP growth rates from IIASA and OECD 29,30 

Note:    GDP and GDP per capita are in purchasing power parity (ppp) 
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Emissions pathways 

 

In the main climate change scenarios, we adopted the highest emissions pathway (RCP8·5) to scope the full 

range of potential climate change impacts. That pathway leads to an increase in the global mean surface air 

temperature of 2·0 degrees C in 2046-2065 compared to the period 1986-2005.34 For analysing the sensitivity to 

different emissions pathways, we adopted three alternative emissions trajectories in the sensitivity analysis: two 

medium climate-stabilization scenarios (RCP4·5, RCP6), and one stringent climate-stabilization scenario 

(RCP2·6) that is based, in part, on the use of negative emissions technologies, such as carbon capture and storage 

(CCS) and bio-energy.35 The increases in global mean surface air temperature from the period 1986-2005 to 

2046-2065 are 1·3 degrees C and 1·4 degrees C in the medium stabilization scenarios (RCP6·0, RCP4·5), and 

1·0 degree C in the stringent stabilization scenario (RCP2·6). The changes in precipitation for a given change in 

temperature increase when going from the low emissions scenario to the higher emissions scenarios (from 

RCP2·6 to to RCP8·5).34 Table A2.4 lists the range of changes in temperature and sea-level rise associated with 

each emissions pathway. 

 

Table A2.4 Likely range of global warming and sea level rise by RCP 

RCP Mid Centurya End of the Centuryb 

 Temperature Increasec Sea Level Rise Temperature Increase Sea Level Rise 

2.6 + 0.4–1.6 + 0.17–0.32 + 0.3–1.7 + 0.26–0.55 

4.5 + 0.9–2.0 + 0.19–0.33 + 1.1–2.6 + 0.32–0.63 

6.0 + 0.8–1.8 + 0.18–0.32 + 2.2–3.1 + 0.33–0.63 

8.5 + 1.4–2.6   + 0.22–0.38 + 2.6–4.8   + 0.45–0.82 

Source: IPCC 7 

Notes: The NoCC scenario assumes no change in temperature or sea levels 
a Mid Century represents the 20 years from 2046-2065 
b End of Century represents the 20 years from 2081-2100 
c Temperature is in °C, and Sea level rise is in m 

 

 

Regional projections of the agricultural impacts of climate change are subject to significant uncertainty.36 We 

therefore used different combinations of general circulation models (GCMs), which project changes in 

temperature and precipitation, and crop models, which use those changes to project biophysical changes in crop 

yields, to generate a spread of input parameters for our agriculture and health assessment. The GCMs include 

HadGEM2-ES,37 IPSL-CM5A-LR,38 and MIROC-ESM-CHEM;39 and the crop models include DSSAT and 

LPJmL.6,40 The pair-wise combination of GCMs with crop models resulted in six climate change scenarios for 

each socio-economic and emissions pathway. We calculated the mean and standard deviation of the scenario 

endpoints (changes in food availability and consumption, and changes in mortality) that are associated with the 

different climate change scenarios, and we report those in the main text to simplify exposition. Figures A2.1-

A2.2 show the regional distribution of changes in temperature and precipitation estimated by the three GCMs, 

and Figure A2.3 shows the regional distribution of soil types that is used by the globally gridded crop models. 

Appendix A1 provides additional detail on the interaction between crops models and the IMPACT global 

economic model 
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Figure A2.1 Changes in maximum temperature (in degrees Celsius) in 2050 compared to 2000 under a 

high-emissions trajectory (RCP8.5) estimated by HadGEM2-ES37 (upper panel), IPSL-CM5A-LR38 

(middle panel), and MIROC-ESM-CHEM39 (lower panel). 
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Figure A2.2 Changes in precipitation (in millimetres) in 2050 compared to 2000 under a high-emissions 

trajectory (RCP8.5) estimated by HadGEM2-ES37 (upper panel), IPSL-CM5A-LR38 (middle panel), and 

MIROC-ESM-CHEM39 (lower panel). 
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Figure A.3 Global Distribution of 27 Generic Soil Types 

 

Source: The Harmonized World Soil Database (FAO/IIASA/ISRIC/ISSCAS/JRC 2012) 
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Appendix A3: Conversion from food demand into food consumption 

 

Baseline food production and availability, as estimated by the IMPACT model, are calibrated using food balance 

sheets supplied by the Food and Agriculture Organization of the United Nations (FAO). The FAO states that:41–

43 

 

The quantities of food available for human consumption, as estimated in the food balance sheet, relate 

to the quantities of food reaching the consumer. Waste on the farm and during distribution and 

processing is taken into consideration as an element in the food balance sheet. However, The amount of 

food actually consumed may be lower than the quantity shown in the food balance sheet depending on 

the degree of losses of edible food and nutrients in the household, e.g. during storage, in preparation and 

cooking (which affect vitamins and minerals to a greater extent than they do calories, protein and fat), 

as plate-waste, or quantities fed to domestic animals and pets, or thrown away.   

 

For the dietary risk assessment, we converted the food availability estimates for fruit and vegetables and for red 

meat into food consumption estimates by using regional data on food wastage at the consumption level, 

combined with conversion factors into edible matter.44 Table A3.1 lists the waste percentages used. A conversion 

factor of 0.77 was used to determine the edible parts of fruits and vegetables. No conversion factor was used for 

red meat, because the waste percentages reported in Table A3.1 were obtained for carcass weight (including 

bone), and therefore included wastage of non-edible parts.  

 

Table A3.1: Waste percentages at consumption according to FAO44 

Food items 

 

Regions 

Europe 

USA, 

Canada, 

Oceania 

Industrialized 

Asia 

Sub-

Saharan 

Africa 

North 

Africa, 
West and 

Central 

Asia 

South and 

Southeast 

Asia 

Latin 

America 

Fruits and 

vegetables 0.19 0.28 0.15 0.05 0.12 0.07 0.1 

Meat 0.11 0.11 0.08 0.02 0.08 0.04 0.06 
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Appendix A4: Weight estimation 

 

For the weight-related risk assessment, we estimated changes in weight as shifts in the baseline weight 

distribution by using the historical relationship between national food availability and mean BMI. We estimated 

the baseline distribution by fitting a log-normal distribution to WHO estimates of mean BMI and the prevalence 

of overweight and obesity using a cross-entropy method.45 Cross-entropy estimation is a Bayesian technique for 

recovering parameters and data which have been observed imperfectly. The cross-entropy approach redefines the 

estimation problem as estimating and minimizing the divergence from the original prior while satisfying various 

constraints. In our application, we take mean BMI values as given and use the cross-entropy method to find the 

shape and position parameters of the log-normal distribution which jointly minimize the deviation of the 

estimates of the prevalence of overweight and the prevalence of obesity from the input parameters. 

 

We estimated the relationship between national food availability and mean BMI by pairing FAO food 

availability data for the years 1980-2009 with WHO data on mean BMI for the same period. Using a polynomial 

trend yielded the following relationship (R2 = 0.46): 

 

 𝐵𝑀𝐼(𝑟) = (−9.53 ∙ 10−7) ∙ 𝑘𝑐𝑎𝑙(𝑟)2 + (7.87 ∙ 10−3) ∙ 𝑘𝑐𝑎𝑙(𝑟) + 10.18 (25) 

where 𝑘𝑐𝑎𝑙(𝑟) denotes food availability in region r in terms of kcal per person per day, and 𝐵𝑀𝐼(𝑟) denotes the 

average mean BMI in that region. Figure A4.1 provides a graphical depiction. 

 

 

Figure A4.1: Association between food availability and mean BMI based on data from FAO and WHO for 

the years 1980-2009. 
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Based on the relationship between mean BMI and food availability, we estimated the changes in the weight 

distribution as follows. We calculated the mean BMI values for the years 2010 and 2050 using food availability 

projections from the IMPACT model, and we then used the percentage change in mean BMI between 2010 and 

2050 to shift the baseline BMI distribution. In shifting the weight distribution, we held constant the distribution’s 

shape parameter, 𝜎(𝑟), and re-calculated its position parameter 𝜇(𝑟) based on the estimated mean: 𝜇(𝑟) =

log 𝐵𝑀𝐼(𝑟) −
𝜎(𝑟)2

2
. Analyses were conducted to assess the impact of holding the shape parameter constant, 

which showed that results were not sensitive to this assumption. Tables A4.1-A4.3 list the estimated weight 

distribution for the baseline in 2010, for the reference scenario without climate change in 2050, and for the mean 

of all climate change scenarios in 2050. 

 

 

Table A4.1: Baseline weight distribution estimated for 2010, including food availability (kcal/cap/day), 

mean BMI (kg/m2), and the prevalence of underweight (BMI<18·5), normal weight (18·5<BMI<25), 

overweight (25<BMI<30), and obesity (BMI>30). See Appendix A6 for details on the regional aggregation. 

Region kcal/day mean BMI underweight normal obese overweight 

Global 2,817.488 23.834 0.126 0.521 0.116 0.237 

HIC 3,414.266 26.521 0.049 0.380 0.242 0.329 

AFR_LMIC 2,417.637 22.982 0.154 0.558 0.077 0.211 

AMR_LMIC 2,886.389 26.674 0.043 0.369 0.247 0.341 

EMR_LMIC 2,661.549 24.951 0.100 0.454 0.170 0.275 

EUR_LMIC 3,035.427 26.310 0.056 0.388 0.231 0.324 

SEA_LMIC 2,406.471 21.463 0.206 0.638 0.020 0.136 

WPR_LMIC 3,016.896 22.958 0.133 0.582 0.058 0.227 

AFG 2,424.123 20.897 0.276 0.588 0.017 0.120 

AGO 2,368.642 23.056 0.161 0.532 0.080 0.228 

ALB 2,881.118 26.202 0.051 0.396 0.219 0.334 

ARG 3,150.012 27.600 0.031 0.319 0.304 0.346 

ARM 2,715.527 26.429 0.059 0.380 0.242 0.319 

AUS 3,142.919 27.348 0.027 0.329 0.282 0.362 

AUT 3,680.203 25.782 0.062 0.418 0.198 0.323 

AZE 3,090.000 26.809 0.048 0.362 0.261 0.330 

BDI 2,078.599 21.498 0.228 0.595 0.026 0.150 

BEN 2,503.985 23.154 0.133 0.560 0.069 0.238 

BFA 2,615.127 21.502 0.199 0.645 0.016 0.140 

BGD 2,473.371 20.549 0.269 0.645 0.005 0.081 

BGR 2,798.138 26.133 0.054 0.399 0.217 0.330 

BLR 2,874.586 26.560 0.050 0.375 0.244 0.331 

BLT 3,781.702 26.244 0.060 0.390 0.229 0.321 

BLX 3,772.205 26.066 0.052 0.404 0.210 0.333 

BLZ 2,677.116 28.645 0.016 0.259 0.369 0.356 

BOL 2,158.139 25.803 0.065 0.415 0.202 0.318 

BRA 3,130.506 26.002 0.050 0.409 0.204 0.337 

BTN 2,200.784 22.946 0.133 0.581 0.057 0.229 

BWA 2,174.990 24.249 0.148 0.450 0.151 0.251 

CAF 1,959.224 21.862 0.202 0.595 0.033 0.170 
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CAN 3,446.720 27.147 0.028 0.341 0.268 0.363 

CHL 2,899.668 27.655 0.025 0.313 0.304 0.358 

CHM 3,102.757 23.000 0.130 0.580 0.058 0.232 

CHP 3,355.467 25.182 0.073 0.452 0.164 0.311 

CIV 2,655.107 23.286 0.125 0.558 0.072 0.245 

CMR 2,318.619 24.451 0.090 0.494 0.125 0.291 

COD 1,761.194 20.906 0.254 0.625 0.011 0.110 

COG 2,221.470 22.650 0.158 0.577 0.053 0.212 

COL 2,682.323 25.709 0.062 0.422 0.192 0.323 

CRB 3,172.060 27.751 0.032 0.312 0.316 0.340 

CRI 2,863.140 26.895 0.035 0.357 0.256 0.352 

CUB 2,471.888 26.245 0.053 0.393 0.224 0.331 

CYP 2,547.221 26.764 0.049 0.364 0.258 0.329 

CZE 3,336.967 27.336 0.042 0.335 0.293 0.330 

DEU 3,506.013 26.435 0.045 0.383 0.231 0.341 

DJI 2,165.708 23.948 0.123 0.499 0.114 0.263 

DNK 3,315.047 25.696 0.051 0.429 0.182 0.338 

DOM 2,473.269 26.498 0.045 0.379 0.236 0.340 

DZA 3,073.851 25.640 0.066 0.425 0.191 0.318 

ECU 2,231.460 26.449 0.043 0.382 0.231 0.343 

EGY 3,244.642 28.492 0.021 0.271 0.361 0.347 

ERI 1,816.848 21.051 0.232 0.645 0.011 0.112 

ETH 2,116.363 20.600 0.269 0.639 0.006 0.086 

FJI 2,928.756 28.119 0.025 0.292 0.337 0.345 

FNP 3,160.332 26.240 0.047 0.394 0.219 0.340 

FRP 3,498.666 25.317 0.068 0.446 0.169 0.317 

GAB 2,687.270 25.197 0.076 0.449 0.167 0.308 

GEO 2,866.925 26.176 0.059 0.395 0.224 0.323 

GHA 2,768.978 23.757 0.107 0.535 0.090 0.267 

GIN 2,515.772 22.600 0.150 0.595 0.046 0.209 

GMB 2,426.269 23.416 0.149 0.514 0.096 0.241 

GNB 2,383.395 22.354 0.191 0.559 0.054 0.197 

GNQ 2,621.864 24.239 0.115 0.485 0.128 0.272 

GRC 3,592.905 25.740 0.058 0.422 0.191 0.328 

GSA 2,655.622 26.074 0.072 0.395 0.226 0.307 

GTM 2,185.275 26.220 0.049 0.395 0.219 0.337 

HND 2,566.495 26.050 0.054 0.404 0.210 0.332 

HRV 3,055.553 26.020 0.062 0.403 0.215 0.320 

HTI 1,827.035 23.798 0.106 0.533 0.092 0.269 

HUN 3,420.063 26.660 0.049 0.370 0.251 0.330 

IDN 2,563.645 22.547 0.154 0.595 0.045 0.206 

IND 2,345.640 21.193 0.216 0.654 0.011 0.118 

IRL 3,407.594 27.196 0.027 0.337 0.271 0.365 

IRN 3,141.308 26.386 0.047 0.386 0.229 0.338 

IRQ 2,971.592 27.640 0.025 0.314 0.303 0.358 
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ISL 3,247.382 26.704 0.037 0.368 0.244 0.351 

ISR 3,611.191 27.351 0.033 0.332 0.288 0.347 

ITP 3,742.937 25.673 0.057 0.428 0.185 0.330 

JAM 2,712.633 26.834 0.054 0.360 0.267 0.320 

JOR 3,114.090 28.431 0.023 0.277 0.358 0.342 

JPN 2,769.861 22.680 0.133 0.611 0.042 0.214 

KAZ 2,881.231 26.659 0.053 0.369 0.253 0.325 

KEN 2,073.255 22.401 0.170 0.586 0.046 0.199 

KGZ 2,763.448 25.406 0.080 0.432 0.185 0.304 

KHM 2,298.052 21.503 0.190 0.660 0.014 0.136 

KOR 3,136.828 23.748 0.094 0.553 0.080 0.273 

LAO 2,276.618 21.653 0.203 0.618 0.024 0.155 

LBN 2,949.307 27.402 0.033 0.329 0.291 0.346 

LBR 2,413.147 22.696 0.160 0.569 0.057 0.214 

LBY 2,819.511 27.920 0.028 0.303 0.325 0.344 

LKA 2,393.628 22.659 0.150 0.588 0.049 0.213 

LSO 2,443.539 24.497 0.198 0.386 0.196 0.219 

MDA 2,744.517 25.819 0.085 0.402 0.218 0.295 

MDG 2,063.263 21.149 0.213 0.665 0.009 0.112 

MEX 3,153.162 28.223 0.019 0.280 0.340 0.361 

MLI 2,380.311 22.546 0.159 0.586 0.048 0.207 

MMR 2,415.821 22.317 0.161 0.608 0.037 0.193 

MNG 2,343.994 25.452 0.067 0.437 0.178 0.318 

MOR 3,236.670 25.612 0.063 0.428 0.186 0.322 

MOZ 2,182.909 22.767 0.148 0.579 0.055 0.218 

MRT 2,743.114 24.538 0.123 0.454 0.155 0.268 

MWI 2,282.968 22.600 0.146 0.601 0.044 0.209 

MYS 2,851.050 25.159 0.065 0.460 0.154 0.321 

NAM 2,305.662 24.087 0.120 0.492 0.121 0.267 

NER 2,282.292 21.648 0.186 0.649 0.018 0.147 

NGA 2,843.210 23.495 0.114 0.552 0.078 0.256 

NIC 2,280.903 26.809 0.040 0.362 0.254 0.344 

NLD 3,192.617 25.646 0.055 0.430 0.182 0.333 

NOR 3,386.605 26.449 0.034 0.383 0.221 0.361 

NPL 2,360.639 20.800 0.252 0.642 0.008 0.098 

NZL 3,082.753 27.696 0.022 0.308 0.303 0.367 

OAO 2,505.402 24.408 0.098 0.489 0.128 0.285 

OBN 3,809.645 26.396 0.051 0.384 0.234 0.331 

OIO 2,648.193 24.659 0.111 0.458 0.155 0.277 

OPO 2,750.342 30.384 0.010 0.188 0.484 0.318 

OSA 3,114.718 23.359 0.108 0.574 0.066 0.252 

PAK 2,344.949 22.935 0.140 0.573 0.060 0.227 

PAN 2,509.418 27.142 0.031 0.342 0.271 0.356 

PER 2,476.102 25.499 0.062 0.437 0.177 0.324 

PHL 2,489.712 23.249 0.122 0.566 0.068 0.244 
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PNG 2,293.092 25.541 0.056 0.438 0.174 0.332 

POL 3,436.490 26.383 0.055 0.384 0.235 0.326 

PRT 3,525.476 26.542 0.043 0.377 0.237 0.343 

PRY 2,683.933 25.849 0.064 0.413 0.204 0.320 

RAP 3,592.176 28.496 0.014 0.260 0.357 0.369 

ROU 2,822.336 25.544 0.069 0.429 0.186 0.315 

RUS 3,221.116 26.791 0.047 0.363 0.259 0.331 

RWA 2,130.883 22.441 0.156 0.602 0.041 0.200 

SAU 3,017.263 28.743 0.020 0.261 0.378 0.341 

SDN 2,317.891 22.949 0.157 0.547 0.071 0.225 

SEN 2,349.171 23.225 0.154 0.524 0.087 0.235 

SLB 2,488.824 28.184 0.021 0.285 0.339 0.355 

SLE 2,123.274 23.406 0.123 0.548 0.079 0.250 

SLV 2,564.537 27.286 0.029 0.334 0.280 0.357 

SOM 1,641.926 22.451 0.178 0.567 0.053 0.202 

SPP 3,223.271 26.992 0.038 0.352 0.266 0.344 

SVK 2,877.605 26.789 0.042 0.363 0.255 0.340 

SVN 3,187.477 27.145 0.037 0.344 0.276 0.343 

SWE 3,074.641 25.847 0.044 0.422 0.185 0.349 

SWZ 2,403.662 25.997 0.107 0.380 0.242 0.271 

SYR 2,826.704 27.930 0.027 0.301 0.325 0.348 

TCD 2,047.650 21.850 0.185 0.626 0.025 0.164 

TGO 2,344.856 22.457 0.161 0.593 0.044 0.202 

THA 2,818.676 23.763 0.112 0.530 0.094 0.265 

TJK 2,247.631 23.950 0.115 0.509 0.109 0.267 

TKM 2,969.780 25.046 0.076 0.460 0.156 0.308 

TLS 2,135.318 21.193 0.254 0.589 0.022 0.135 

TUN 3,225.562 26.658 0.053 0.369 0.254 0.324 

TUR 3,586.570 27.563 0.033 0.322 0.303 0.342 

TZA 2,238.515 22.950 0.131 0.585 0.055 0.229 

UGA 2,413.965 22.550 0.152 0.596 0.045 0.207 

UKP 3,357.533 27.297 0.025 0.331 0.277 0.367 

UKR 2,782.169 26.031 0.060 0.403 0.214 0.323 

URY 2,899.434 26.603 0.045 0.373 0.243 0.339 

USA 3,725.186 28.449 0.016 0.266 0.355 0.363 

UZB 2,580.100 25.501 0.069 0.432 0.183 0.315 

VEN 2,552.055 27.949 0.020 0.294 0.321 0.366 

VNM 2,565.323 21.151 0.209 0.672 0.008 0.110 

VUT 2,807.039 27.788 0.025 0.306 0.313 0.355 

YEM 2,044.273 25.293 0.083 0.437 0.179 0.301 

ZAF 3,014.589 28.387 0.024 0.279 0.355 0.342 

ZMB 1,932.330 22.002 0.198 0.585 0.038 0.178 

ZWE 2,062.104 23.468 0.140 0.521 0.093 0.246 
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Table A4.2: Weight distribution estimated for the reference scenario without climate change in 2050, 

including food availability (kcal/cap/day), mean BMI (kg/m2), and the prevalence of underweight 

(BMI<18·5), normal weight (18·5<BMI<25), overweight (25<BMI<30), and obesity (BMI>30). See 

Appendix A7 for details on the regional aggregation. 

Region kcal/day mean BMI underweight normal obese overweight 

Global 3,106.920 24.564 0.086 0.504 0.136 0.274 

HIC 3,433.591 26.814 0.043 0.363 0.258 0.336 

AFR_LMIC 2,878.687 24.133 0.089 0.531 0.105 0.274 

AMR_LMIC 3,051.496 27.159 0.034 0.342 0.275 0.349 

EMR_LMIC 2,932.193 25.614 0.076 0.429 0.198 0.298 

EUR_LMIC 3,256.108 26.786 0.046 0.363 0.258 0.332 

SEA_LMIC 2,856.917 22.599 0.126 0.635 0.036 0.203 

WPR_LMIC 3,512.785 23.718 0.099 0.553 0.083 0.265 

AFG 2,707.125 21.641 0.214 0.601 0.027 0.157 

AGO 2,414.308 23.205 0.153 0.528 0.084 0.234 

ALB 3,137.648 26.777 0.041 0.364 0.252 0.343 

ARG 3,312.530 27.900 0.027 0.303 0.323 0.346 

ARM 3,130.366 27.455 0.041 0.329 0.301 0.329 

AUS 3,180.132 27.422 0.026 0.325 0.287 0.363 

AUT 3,725.637 25.818 0.061 0.416 0.200 0.324 

AZE 3,086.018 26.801 0.048 0.362 0.260 0.330 

BDI 2,911.192 23.982 0.088 0.538 0.091 0.283 

BEN 2,878.247 24.146 0.091 0.519 0.104 0.286 

BFA 3,002.857 22.366 0.138 0.640 0.029 0.192 

BGD 2,782.031 21.310 0.196 0.674 0.010 0.120 

BGR 3,062.887 26.771 0.042 0.364 0.254 0.340 

BLR 2,881.158 26.577 0.050 0.374 0.245 0.331 

BLT 3,805.255 26.259 0.059 0.389 0.230 0.321 

BLX 3,748.324 26.049 0.053 0.405 0.209 0.333 

BLZ 2,833.549 29.125 0.013 0.234 0.402 0.351 

BOL 2,586.652 27.431 0.035 0.329 0.295 0.341 

BRA 3,312.727 26.322 0.044 0.390 0.222 0.344 

BTN 2,616.857 24.313 0.076 0.521 0.104 0.300 

BWA 2,602.637 25.757 0.096 0.399 0.220 0.285 

CAF 2,892.260 24.878 0.061 0.486 0.130 0.323 

CAN 3,436.009 27.133 0.028 0.341 0.267 0.363 

CHL 3,080.272 28.088 0.021 0.289 0.332 0.358 

CHM 3,696.052 23.744 0.096 0.551 0.082 0.271 

CHP 3,395.444 25.238 0.072 0.449 0.166 0.313 

CIV 3,083.926 24.269 0.085 0.515 0.108 0.292 

CMR 2,757.166 25.845 0.052 0.418 0.194 0.336 

COD 2,329.237 23.141 0.100 0.609 0.048 0.242 

COG 2,840.425 24.508 0.076 0.503 0.117 0.303 

COL 2,866.867 26.210 0.051 0.395 0.220 0.334 

CRB 3,220.390 27.844 0.031 0.308 0.321 0.341 
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CRI 3,084.976 27.422 0.028 0.326 0.289 0.356 

CUB 2,731.581 27.078 0.038 0.347 0.272 0.342 

CYP 2,487.433 26.560 0.053 0.374 0.247 0.326 

CZE 3,524.977 27.600 0.038 0.322 0.309 0.331 

DEU 3,523.643 26.455 0.045 0.382 0.232 0.341 

DJI 2,586.010 25.425 0.073 0.435 0.181 0.311 

DNK 3,344.449 25.740 0.050 0.426 0.184 0.339 

DOM 2,699.604 27.238 0.033 0.338 0.280 0.349 

DZA 3,181.067 25.847 0.061 0.414 0.202 0.323 

ECU 2,439.139 27.265 0.031 0.336 0.280 0.353 

EGY 3,554.289 28.969 0.017 0.248 0.392 0.344 

ERI 2,269.600 22.825 0.107 0.635 0.036 0.221 

ETH 2,598.601 22.085 0.143 0.667 0.020 0.170 

FJI 3,746.224 29.500 0.014 0.224 0.427 0.335 

FNP 3,165.777 26.250 0.047 0.394 0.219 0.340 

FRP 3,470.045 25.283 0.069 0.448 0.167 0.316 

GAB 2,994.513 25.974 0.057 0.408 0.207 0.328 

GEO 3,466.304 27.329 0.038 0.335 0.290 0.337 

GHA 3,131.944 24.541 0.079 0.498 0.122 0.302 

GIN 3,319.370 24.349 0.072 0.521 0.103 0.303 

GMB 2,947.676 24.832 0.093 0.461 0.154 0.292 

GNB 2,753.077 23.398 0.134 0.536 0.085 0.246 

GNQ 2,420.790 23.624 0.141 0.506 0.104 0.249 

GRC 3,698.087 25.835 0.056 0.417 0.196 0.330 

GSA 2,814.269 26.525 0.062 0.374 0.251 0.313 

GTM 2,477.816 27.371 0.031 0.330 0.288 0.351 

HND 2,940.335 27.109 0.035 0.345 0.272 0.347 

HRV 3,153.283 26.216 0.058 0.393 0.226 0.323 

HTI 2,264.499 25.730 0.048 0.428 0.181 0.343 

HUN 3,593.332 26.870 0.046 0.359 0.263 0.332 

IDN 3,113.117 23.810 0.092 0.549 0.083 0.276 

IND 2,816.749 22.451 0.125 0.652 0.027 0.196 

IRL 3,449.952 27.256 0.026 0.334 0.275 0.365 

IRN 3,230.436 26.551 0.044 0.376 0.239 0.341 

IRQ 3,247.910 28.229 0.020 0.281 0.341 0.358 

ISL 3,351.063 26.874 0.035 0.358 0.254 0.353 

ISR 3,875.938 27.553 0.031 0.321 0.301 0.348 

ITP 3,774.865 25.694 0.057 0.426 0.186 0.331 

JAM 3,070.686 27.757 0.039 0.315 0.320 0.326 

JOR 3,645.939 29.277 0.017 0.236 0.412 0.335 

JPN 2,761.541 22.660 0.134 0.612 0.042 0.212 

KAZ 3,204.642 27.373 0.040 0.333 0.295 0.332 

KEN 2,879.523 24.938 0.061 0.480 0.135 0.323 

KGZ 3,195.221 26.380 0.056 0.384 0.236 0.324 

KHM 2,507.912 22.141 0.144 0.659 0.022 0.175 
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KOR 3,317.767 24.038 0.083 0.539 0.091 0.288 

LAO 2,430.677 22.140 0.169 0.617 0.032 0.182 

LBN 3,237.990 28.023 0.025 0.296 0.331 0.348 

LBR 2,880.931 23.964 0.100 0.526 0.099 0.276 

LBY 3,039.940 28.486 0.022 0.274 0.361 0.342 

LKA 2,622.342 23.338 0.115 0.567 0.069 0.250 

LSO 2,757.836 25.441 0.163 0.369 0.235 0.233 

MDA 3,228.035 26.922 0.060 0.354 0.276 0.310 

MDG 2,516.018 22.649 0.107 0.657 0.028 0.208 

MEX 3,224.335 28.364 0.018 0.272 0.350 0.360 

MLI 2,677.022 23.413 0.114 0.560 0.073 0.253 

MMR 2,683.389 23.077 0.119 0.589 0.056 0.237 

MNG 3,481.703 28.318 0.021 0.279 0.349 0.351 

MOR 3,707.639 26.198 0.050 0.396 0.218 0.335 

MOZ 2,677.191 24.363 0.078 0.514 0.109 0.299 

MRT 3,314.221 25.731 0.085 0.408 0.211 0.296 

MWI 2,466.631 23.198 0.114 0.582 0.060 0.243 

MYS 3,376.694 26.186 0.042 0.399 0.209 0.349 

NAM 2,920.079 25.923 0.063 0.408 0.209 0.320 

NER 2,965.293 23.476 0.081 0.600 0.055 0.264 

NGA 3,233.595 24.261 0.084 0.516 0.107 0.293 

NIC 2,714.033 28.365 0.021 0.277 0.352 0.350 

NLD 3,207.693 25.673 0.055 0.429 0.183 0.333 

NOR 3,325.685 26.357 0.036 0.389 0.216 0.359 

NPL 2,899.462 22.164 0.142 0.659 0.022 0.177 

NZL 3,233.707 28.001 0.019 0.290 0.324 0.368 

OAO 2,818.539 25.301 0.071 0.445 0.170 0.314 

OBN 3,915.727 26.449 0.050 0.381 0.237 0.332 

OIO 2,785.324 25.033 0.098 0.443 0.172 0.287 

OPO 2,886.749 30.804 0.009 0.171 0.511 0.309 

OSA 3,100.348 23.334 0.109 0.575 0.065 0.251 

PAK 2,677.749 23.940 0.095 0.534 0.093 0.278 

PAN 2,771.974 27.986 0.022 0.294 0.325 0.359 

PER 2,691.282 26.176 0.047 0.398 0.214 0.340 

PHL 2,673.562 23.777 0.099 0.544 0.086 0.271 

PNG 3,170.018 28.108 0.018 0.284 0.331 0.366 

POL 3,613.968 26.590 0.051 0.373 0.247 0.329 

PRT 3,638.748 26.662 0.041 0.370 0.244 0.345 

PRY 2,904.583 26.442 0.051 0.381 0.237 0.331 

RAP 3,742.360 28.639 0.013 0.252 0.367 0.368 

ROU 3,004.479 25.978 0.059 0.407 0.209 0.325 

RUS 3,402.141 27.085 0.042 0.347 0.276 0.334 

RWA 3,098.934 25.209 0.047 0.469 0.141 0.343 

SAU 3,145.813 29.035 0.018 0.247 0.397 0.338 

SDN 2,641.594 23.950 0.110 0.514 0.106 0.270 
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SEN 2,753.128 24.429 0.103 0.483 0.133 0.282 

SLB 3,026.394 29.842 0.010 0.202 0.450 0.337 

SLE 2,415.567 24.479 0.081 0.500 0.120 0.299 

SLV 2,715.097 27.770 0.024 0.306 0.311 0.359 

SOM 2,971.678 27.497 0.024 0.319 0.290 0.367 

SPP 3,183.723 26.919 0.039 0.356 0.262 0.343 

SVK 3,004.414 27.097 0.038 0.346 0.273 0.343 

SVN 3,313.082 27.367 0.034 0.331 0.290 0.345 

SWE 3,098.274 25.895 0.043 0.419 0.188 0.350 

SWZ 2,823.338 27.332 0.074 0.333 0.309 0.284 

SYR 3,355.548 29.106 0.016 0.242 0.401 0.341 

TCD 2,547.272 23.557 0.090 0.579 0.065 0.266 

TGO 2,826.957 23.817 0.094 0.547 0.085 0.275 

THA 3,173.737 24.496 0.084 0.496 0.123 0.297 

TJK 2,644.186 25.270 0.071 0.447 0.168 0.314 

TKM 3,363.641 25.764 0.057 0.421 0.193 0.329 

TLS 2,669.442 22.837 0.141 0.582 0.055 0.222 

TUN 3,632.475 27.220 0.043 0.341 0.286 0.330 

TUR 3,628.229 27.607 0.032 0.319 0.306 0.342 

TZA 2,748.297 24.533 0.067 0.510 0.111 0.312 

UGA 2,961.830 23.985 0.085 0.542 0.089 0.285 

UKP 3,412.285 27.378 0.024 0.326 0.282 0.367 

UKR 3,013.545 26.602 0.048 0.373 0.246 0.333 

URY 3,105.435 27.074 0.037 0.347 0.271 0.344 

USA 3,608.789 28.339 0.017 0.272 0.347 0.364 

UZB 3,021.062 26.678 0.044 0.369 0.248 0.339 

VEN 2,661.363 28.317 0.017 0.273 0.346 0.364 

VNM 2,840.574 21.807 0.156 0.681 0.014 0.149 

VUT 3,511.302 29.247 0.013 0.230 0.410 0.347 

YEM 2,230.944 26.096 0.062 0.398 0.221 0.319 

ZAF 3,529.134 29.330 0.016 0.234 0.416 0.334 

ZMB 2,913.071 25.214 0.056 0.462 0.150 0.331 

ZWE 2,761.390 25.869 0.059 0.414 0.201 0.326 
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Table A4.3: Average weight distribution estimated for climate change scenarios in 2050, including food 

availability (kcal/cap/day), mean BMI (kg/m2), and the prevalence of underweight (BMI<18·5), normal 

weight (18·5<BMI<25), overweight (25<BMI<30), and obesity (BMI>30). See Appendix A7 for details on 

the regional aggregation. 

Region kcal/day mean BMI underweight normal obese overweight 

Global 3,008.334 24.369 0.095 0.511 0.129 0.265 

HIC 3,372.514 26.729 0.045 0.367 0.254 0.335 

AFR_LMIC 2,756.536 23.841 0.101 0.544 0.095 0.260 

AMR_LMIC 2,979.039 26.996 0.037 0.351 0.265 0.347 

EMR_LMIC 2,855.424 25.444 0.081 0.435 0.190 0.293 

EUR_LMIC 3,198.842 26.681 0.048 0.369 0.252 0.331 

SEA_LMIC 2,740.550 22.334 0.142 0.640 0.031 0.187 

WPR_LMIC 3,401.541 23.590 0.105 0.557 0.079 0.258 

AFG 2,603.710 21.385 0.234 0.599 0.023 0.144 

AGO 2,301.279 22.834 0.173 0.536 0.073 0.218 

ALB 3,079.460 26.659 0.043 0.370 0.245 0.342 

ARG 3,259.228 27.809 0.028 0.308 0.317 0.346 

ARM 3,061.184 27.310 0.043 0.336 0.292 0.328 

AUS 3,124.020 27.310 0.027 0.331 0.280 0.362 

AUT 3,662.037 25.766 0.062 0.419 0.197 0.322 

AZE 3,014.498 26.647 0.051 0.370 0.251 0.328 

BDI 2,773.836 23.661 0.101 0.553 0.079 0.267 

BEN 2,707.567 23.728 0.107 0.539 0.088 0.266 

BFA 2,912.107 22.184 0.150 0.643 0.026 0.181 

BGD 2,641.667 20.984 0.225 0.665 0.008 0.102 

BGR 3,014.495 26.666 0.044 0.370 0.247 0.339 

BLR 2,838.406 26.467 0.052 0.380 0.239 0.329 

BLT 3,786.180 26.247 0.060 0.390 0.230 0.321 

BLX 3,716.807 26.026 0.053 0.406 0.208 0.333 

BLZ 2,762.356 28.916 0.014 0.245 0.387 0.353 

BOL 2,516.782 27.195 0.038 0.341 0.281 0.339 

BRA 3,240.580 26.204 0.046 0.397 0.215 0.342 

BTN 2,506.436 23.985 0.087 0.538 0.091 0.284 

BWA 2,506.698 25.455 0.105 0.411 0.205 0.279 

CAF 2,757.180 24.545 0.070 0.506 0.115 0.309 

CAN 3,371.179 27.040 0.029 0.347 0.261 0.362 

CHL 3,017.499 27.947 0.022 0.296 0.323 0.359 

CHM 3,582.217 23.649 0.100 0.555 0.078 0.266 

CHP 3,340.717 25.161 0.074 0.453 0.163 0.311 

CIV 2,925.556 23.945 0.096 0.531 0.095 0.277 

CMR 2,624.798 25.466 0.061 0.440 0.173 0.326 

COD 2,231.305 22.799 0.117 0.622 0.040 0.220 

COG 2,698.107 24.145 0.088 0.522 0.102 0.287 

COL 2,799.614 26.037 0.055 0.405 0.210 0.330 

CRB 3,211.960 27.828 0.031 0.308 0.320 0.341 
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CRI 3,008.371 27.253 0.030 0.336 0.278 0.355 

CUB 2,646.762 26.823 0.042 0.361 0.257 0.339 

CYP 2,446.420 26.417 0.056 0.382 0.238 0.324 

CZE 3,474.722 27.536 0.039 0.325 0.305 0.331 

DEU 3,465.907 26.385 0.046 0.386 0.228 0.340 

DJI 2,478.944 25.083 0.083 0.451 0.164 0.301 

DNK 3,290.507 25.657 0.052 0.431 0.179 0.337 

DOM 2,629.289 27.021 0.036 0.350 0.267 0.347 

DZA 3,113.659 25.721 0.064 0.420 0.195 0.320 

ECU 2,377.236 27.032 0.034 0.349 0.266 0.351 

EGY 3,439.596 28.818 0.018 0.255 0.382 0.345 

ERI 2,198.901 22.573 0.121 0.644 0.031 0.204 

ETH 2,525.782 21.886 0.157 0.669 0.017 0.157 

FJI 3,627.226 29.389 0.015 0.229 0.420 0.336 

FNP 3,115.141 26.151 0.049 0.400 0.214 0.338 

FRP 3,410.642 25.208 0.071 0.452 0.163 0.314 

GAB 2,853.491 25.640 0.064 0.426 0.190 0.320 

GEO 3,402.069 27.241 0.040 0.339 0.285 0.336 

GHA 2,969.647 24.220 0.090 0.514 0.108 0.288 

GIN 3,128.097 24.036 0.083 0.539 0.091 0.288 

GMB 2,828.785 24.549 0.102 0.474 0.141 0.283 

GNB 2,588.984 22.963 0.155 0.548 0.071 0.226 

GNQ 2,294.714 23.196 0.161 0.518 0.089 0.232 

GRC 3,635.301 25.781 0.057 0.420 0.194 0.329 

GSA 2,766.360 26.394 0.065 0.380 0.244 0.312 

GTM 2,410.201 27.127 0.034 0.344 0.273 0.349 

HND 2,868.705 26.932 0.038 0.355 0.261 0.346 

HRV 3,108.022 26.128 0.060 0.397 0.221 0.322 

HTI 2,195.821 25.455 0.054 0.445 0.166 0.335 

HUN 3,544.223 26.817 0.047 0.361 0.260 0.332 

IDN 2,958.390 23.510 0.105 0.563 0.073 0.260 

IND 2,708.079 22.195 0.140 0.658 0.023 0.179 

IRL 3,391.759 27.174 0.027 0.339 0.269 0.365 

IRN 3,146.162 26.396 0.047 0.385 0.230 0.339 

IRQ 3,150.363 28.039 0.021 0.291 0.329 0.358 

ISL 3,300.591 26.794 0.036 0.362 0.249 0.352 

ISR 3,778.313 27.495 0.031 0.324 0.297 0.347 

ITP 3,735.681 25.667 0.057 0.428 0.185 0.330 

JAM 2,997.507 27.591 0.041 0.323 0.310 0.325 

JOR 3,566.894 29.190 0.017 0.240 0.407 0.336 

JPN 2,701.615 22.514 0.143 0.615 0.038 0.204 

KAZ 3,137.640 27.244 0.042 0.340 0.287 0.331 

KEN 2,746.762 24.614 0.071 0.499 0.120 0.310 

KGZ 3,126.617 26.251 0.059 0.390 0.229 0.322 

KHM 2,385.770 21.779 0.169 0.661 0.017 0.152 



33 

 
 

KOR 3,247.010 23.932 0.087 0.544 0.087 0.282 

LAO 2,312.454 21.770 0.195 0.619 0.026 0.161 

LBN 3,170.715 27.895 0.027 0.303 0.322 0.348 

LBR 2,703.794 23.531 0.118 0.544 0.083 0.256 

LBY 2,976.762 28.336 0.024 0.281 0.352 0.343 

LKA 2,512.824 23.025 0.130 0.578 0.059 0.233 

LSO 2,624.721 25.075 0.176 0.376 0.220 0.228 

MDA 3,174.837 26.825 0.062 0.359 0.271 0.309 

MDG 2,315.432 22.030 0.144 0.672 0.018 0.166 

MEX 3,139.737 28.199 0.019 0.281 0.339 0.361 

MLI 2,560.522 23.089 0.129 0.572 0.063 0.236 

MMR 2,564.709 22.755 0.136 0.599 0.047 0.218 

MNG 3,407.848 28.215 0.022 0.284 0.342 0.352 

MOR 3,637.094 26.138 0.052 0.399 0.215 0.334 

MOZ 2,526.864 23.931 0.094 0.536 0.092 0.279 

MRT 3,190.408 25.526 0.090 0.416 0.201 0.292 

MWI 2,339.197 22.798 0.135 0.595 0.049 0.221 

MYS 3,300.369 26.070 0.044 0.406 0.203 0.347 

NAM 2,813.869 25.660 0.069 0.422 0.195 0.315 

NER 2,873.653 23.270 0.090 0.611 0.049 0.251 

NGA 3,095.978 24.021 0.093 0.528 0.097 0.281 

NIC 2,629.341 28.098 0.023 0.291 0.335 0.351 

NLD 3,156.621 25.581 0.057 0.434 0.178 0.331 

NOR 3,267.871 26.264 0.037 0.395 0.210 0.357 

NPL 2,774.081 21.893 0.160 0.662 0.019 0.159 

NZL 3,175.783 27.890 0.020 0.296 0.316 0.368 

OAO 2,790.378 25.229 0.073 0.449 0.166 0.312 

OBN 3,894.018 26.440 0.050 0.382 0.236 0.332 

OIO 2,761.079 24.970 0.100 0.445 0.169 0.286 

OPO 2,866.541 30.745 0.009 0.174 0.507 0.311 

OSA 3,078.170 23.293 0.111 0.577 0.064 0.249 

PAK 2,618.338 23.777 0.101 0.542 0.087 0.270 

PAN 2,690.248 27.741 0.024 0.308 0.309 0.359 

PER 2,604.714 25.916 0.053 0.413 0.199 0.335 

PHL 2,577.985 23.511 0.110 0.556 0.076 0.258 

PNG 3,092.304 27.944 0.020 0.294 0.320 0.366 

POL 3,564.332 26.538 0.052 0.376 0.244 0.328 

PRT 3,562.047 26.584 0.042 0.375 0.239 0.344 

PRY 2,836.179 26.271 0.054 0.390 0.227 0.328 

RAP 3,633.230 28.540 0.014 0.258 0.360 0.369 

ROU 2,955.780 25.869 0.061 0.413 0.203 0.323 

RUS 3,343.155 26.998 0.044 0.352 0.271 0.333 

RWA 2,965.556 24.933 0.054 0.487 0.127 0.332 

SAU 3,070.149 28.869 0.019 0.255 0.386 0.340 

SDN 2,580.594 23.776 0.118 0.521 0.099 0.263 
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SEN 2,594.740 23.993 0.119 0.500 0.115 0.266 

SLB 2,930.027 29.592 0.011 0.214 0.433 0.342 

SLE 2,267.776 23.957 0.100 0.526 0.098 0.276 

SLV 2,645.514 27.557 0.026 0.318 0.297 0.358 

SOM 2,905.087 27.334 0.025 0.329 0.280 0.366 

SPP 3,125.722 26.807 0.041 0.362 0.255 0.342 

SVK 2,959.067 26.991 0.039 0.352 0.267 0.342 

SVN 3,262.594 27.283 0.035 0.336 0.285 0.345 

SWE 3,046.829 25.789 0.045 0.425 0.182 0.347 

SWZ 2,696.766 26.975 0.082 0.346 0.290 0.282 

SYR 3,284.065 28.983 0.017 0.247 0.393 0.342 

TCD 2,464.367 23.302 0.101 0.591 0.057 0.251 

TGO 2,664.886 23.411 0.111 0.565 0.071 0.254 

THA 3,094.619 24.353 0.089 0.503 0.117 0.291 

TJK 2,582.287 25.086 0.076 0.457 0.159 0.309 

TKM 3,285.401 25.646 0.060 0.428 0.186 0.326 

TLS 2,570.095 22.572 0.156 0.589 0.048 0.208 

TUN 3,557.115 27.142 0.044 0.345 0.282 0.329 

TUR 3,550.512 27.523 0.033 0.324 0.301 0.342 

TZA 2,614.599 24.170 0.079 0.531 0.096 0.294 

UGA 2,851.265 23.739 0.094 0.554 0.080 0.272 

UKP 3,351.729 27.288 0.025 0.332 0.276 0.367 

UKR 2,963.393 26.489 0.050 0.379 0.240 0.331 

URY 3,037.813 26.931 0.039 0.355 0.263 0.343 

USA 3,545.683 28.267 0.017 0.276 0.342 0.364 

UZB 2,948.452 26.512 0.047 0.378 0.238 0.336 

VEN 2,599.386 28.114 0.018 0.284 0.332 0.365 

VNM 2,720.226 21.536 0.176 0.680 0.012 0.132 

VUT 3,395.074 29.079 0.014 0.238 0.399 0.349 

YEM 2,182.585 25.897 0.067 0.408 0.210 0.315 

ZAF 3,427.580 29.193 0.017 0.240 0.407 0.336 

ZMB 2,754.758 24.831 0.066 0.485 0.132 0.317 

ZWE 2,651.872 25.567 0.066 0.430 0.185 0.319 
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Appendix A5: Description of comparative risk assessment framework 

We estimated the mortality and disease burden attributable to dietary and weight-related risk factors by 

calculating population attributable fractions (PAFs) using the general formula:46,47 

 

 
𝑃𝐴𝐹 =

∫ 𝑅𝑅(𝑥)𝑃(𝑥)𝑑𝑥 − ∫ 𝑅𝑅(𝑥)𝑃′(𝑥)𝑑𝑥

∫ 𝑅𝑅(𝑥)𝑃(𝑥)𝑑𝑥
 (26) 

 

where 𝑅𝑅(𝑥) is the relative risk of disease for risk factor level 𝑥, 𝑃(𝑥) is the number of people in the population 

with risk factor level 𝑥 in the baseline scenario, and 𝑃′(𝑥) is the number of people in the population with risk 

factor level 𝑥 in the counterfactual scenario.  

 

PAFs are defined as the proportions of disease cases that would be avoided when the risk exposure was changed 

from the counterfactual situation to the baseline situation, whilst the distribution of other risk factors in the 

population remain unchanged.48 The combined burden attributable to independent risk factors was calculated by 

multiplying the PAF complements and taking its complement:47,49 

 

 𝑃𝐴𝐹𝑇𝑂𝑇 = 1 − ∏(1 − 𝑃𝐴𝐹𝑖),    𝑖 = {𝑑𝑖𝑒𝑡, 𝑤𝑒𝑖𝑔ℎ𝑡}

𝑖

 (27) 

 

where 𝑃𝐴𝐹𝑇𝑂𝑇 is the final PAF after all PAFs for risk factors i have been combined. 

 

We reported the health impacts of changes in risk exposure in terms of changes in the number of deaths. The 

number of avoided deaths due to the change in risk exposure of risk i, 𝛥𝑑𝑒𝑎𝑡ℎ𝑠𝑖, was calculated by multiplying 

the associated PAF by disease-specific death rates, 𝐷𝑅, and by the number of people alive within a population, 

𝑃:   

 𝛥𝑑𝑒𝑎𝑡ℎ𝑠𝑖(𝑟, 𝑎, 𝑑) = 𝑃𝐴𝐹𝑖(𝑟, 𝑑) ∙ 𝐷𝑅(𝑟, 𝑎, 𝑑) ∙ 𝑃(𝑟, 𝑎) (28) 

where PAFs are differentiated by region r and disease/cause of death d; the death rates are differentiated by 

region, age group a, and disease; the population groups are differentiated by region and age group; and the 

change in the number of deaths is differentiated by region, age group and disease. 

 

We included two dietary risk factors (fruit and vegetable consumption and red-meat consumption), and four 

levels of weight-related risks (underweight, normal weight, overweight, obesity). We treated each risk factor as 

discrete for ease of analysis. For discrete risk factors with i levels, Equation (26) becomes:46 

 

 
𝑃𝐴𝐹 =

∑ 𝑃𝑖𝑅𝑅𝑖 − ∑ 𝑃𝑖
′𝑅𝑅𝑖

∑ 𝑃𝑖𝑅𝑅𝑖

= 1 −
∑ 𝑃𝑖

′𝑅𝑅𝑖

∑ 𝑃𝑖𝑅𝑅𝑖

 
(29) 

 

The following summarizes the specific expressions of the equations above as used in the comparative risk 

assessment. 

 

Dietary risk factors 

 

For the dietary risk factors, it was assumed that the whole population of a region is subject to the dietary risks 

associated with its regional consumption level c measured in g/cap/day, and that risks begin increasing at zero 

consumption and are unbounded. We adopted standard serving sizes of 80g for fruit and vegetables (sFV) and 

100g for red meat (smeat). Taking into account regional consumption levels c, the relative risk associated with the 

consumption-based risk factor 𝑓 = {𝐹𝑉, 𝑚𝑒𝑎𝑡} was calculated by raising the risk factor to the power of the 

consumption level over the serving size, i.e. 𝑅𝑅𝑟,𝑓 = 𝑅𝑅
𝑓

𝑐𝑟/𝑠𝑓
. The associated PAF for region r, risk factor 𝑓, and 

disease/cause of death d was expressed as: 
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𝑃𝐴𝐹𝑟,𝑓,𝑑
𝑑𝑖𝑒𝑡 =

𝑅𝑅
𝑓,𝑑

𝑐𝑟𝑒𝑓,𝑟/𝑠𝑓 − 𝑅𝑅
𝑓,𝑑

𝑐𝑠𝑐𝑛,𝑟/𝑠𝑓

𝑅𝑅
𝑓,𝑑

𝑐𝑟𝑒𝑓,𝑟/𝑠𝑓
= 1 −

𝑅𝑅
𝑓,𝑑

𝑐𝑠𝑐𝑛,𝑟/𝑠𝑓

𝑅𝑅
𝑓,𝑑

𝑐𝑟𝑒𝑓,𝑟/𝑠𝑓
,   𝑓 = {𝐹𝑉, 𝑚𝑒𝑎𝑡} (30) 

 

where cref denotes the consumption level in the baseline scenario, and cscn the consumption level in the 

counterfactual scenario.  

 

We calculated the combined disease and mortality burden of changes in dietary risk factors by using equation 

(27): 

 𝑃𝐴𝐹𝑟,𝑑
𝑑𝑖𝑒𝑡 = 1 − ∏(1 − 𝑃𝐴𝐹𝑟,𝑓,𝑑

𝑑𝑖𝑒𝑡 ) 

𝑓

= 𝑃𝐴𝐹𝑟,𝑓=𝐹𝑉,𝑑
𝑑𝑖𝑒𝑡 + 𝑃𝐴𝐹𝑟,𝑓=𝑚𝑒𝑎𝑡,𝑑

𝑑𝑖𝑒𝑡 − 𝑃𝐴𝐹𝑟,𝑓=𝐹𝑉,𝑑
𝑑𝑖𝑒𝑡 𝑃𝐴𝐹𝑟,𝑓=𝑚𝑒𝑎𝑡,𝑑

𝑑𝑖𝑒𝑡  

(31) 

 

Weight-related risk factors 

 

The weight-related PAFs accounted for the weight status of different population fractions and the associated 

risks. Following equation (29), they were expressed as:  

 

 
𝑃𝐴𝐹𝑟,𝑑

𝑤𝑒𝑖𝑔ℎ𝑡
=

∑ 𝑝𝑟,𝑤
𝑟𝑒𝑓

𝑅𝑅𝑤,𝑑 − ∑ 𝑝𝑟,𝑤
𝑠𝑐𝑛𝑅𝑅𝑤,𝑑𝑤𝑤

∑ 𝑝𝑟.𝑤
𝑟𝑒𝑓

𝑅𝑅𝑤,𝑑𝑤

= 1 −
∑ 𝑝𝑟,𝑤

𝑠𝑐𝑛𝑅𝑅𝑤,𝑑𝑤

∑ 𝑝𝑟.𝑤
𝑟𝑒𝑓

𝑅𝑅𝑤,𝑑𝑤

,              

 

𝑤 = {𝑢𝑛𝑑𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡, 𝑛𝑜𝑟𝑚𝑎𝑙, 𝑜𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡, 𝑜𝑏𝑒𝑠𝑒} 

(32) 

 

where the relative risks RR are differentiated by disease d  and weight category 𝑤; and the population fractions p 

are differentiated by region and weight category; they are indexed by ref and scn for their levels in the baseline 

and counterfactual scenario, respectively.  

 

The PAFs given by equation (32) account for the combined disease burden of all weight categories. We 

decomposed those combined PAFs, 𝑃𝐴𝐹𝑟,𝑑
𝑤𝑒𝑖𝑔ℎ𝑡

, into PAFs associated with single weight categories (e.g. 

overweight), 𝑃𝐴𝐹𝑟,𝑑,𝑤1

𝑤𝑒𝑖𝑔ℎ𝑡
, by using the same equation and assigning only the change in prevalence of that specific 

weight category to 𝑝𝑟,𝑤
𝑠𝑐𝑛, whilst keeping all other population fractions associated with weight risks unchanged 

from the baseline scenario, and absorbing the change in population fractions from the selected category by the 

risk-neutral normal weight category: 

 

 𝑃𝐴𝐹𝑟,𝑑,𝑤1

𝑤𝑒𝑖𝑔ℎ𝑡
= 𝑃𝐴𝐹𝑟,𝑑

𝑤𝑒𝑖𝑔ℎ𝑡
 𝑤𝑖𝑡ℎ  𝑝𝑤=𝑤1

𝑠𝑐𝑛 = 𝑝𝑤1
′ ;  𝑝𝑤=𝑤2

𝑠𝑐𝑛 = 𝑝𝑤2
; (33) 

  𝑝𝑤=𝑤3
𝑠𝑐𝑛 = 𝑝𝑤3

;  𝑝𝑛𝑜𝑟𝑚𝑎𝑙
𝑠𝑐𝑛 =  𝑝𝑛𝑜𝑟𝑚𝑎𝑙 + (1 − ∑ 𝑝𝑤𝑖

𝑠𝑐𝑛)
𝑤𝑖

  

 

This was done successively for each weight category w1…w3. 

 

Changes in mortality 

 

We calculated the number of disease-specific deaths that would be avoided when the risk exposure was changed 

from the counterfactual situation to the baseline situation by multiplying the PAFs differentiated by risk factor 

and disease by disease-specific death rates and population numbers: 

  

 𝛥𝑑𝑒𝑎𝑡ℎ𝑠𝑟,𝑎,𝑓,𝑑 = 𝑃𝐴𝐹𝑟,𝑓,𝑑𝐷𝑅𝑟,𝑎,𝑑  𝑃𝑟,𝑎 (34) 

 

The number of avoided deaths was differentiated by region, age group, risk factor, and disease. 



37 

 
 

Appendix A6: Relative risk parameters 

 

We used publically available data sources to parameterize the comparative risk analysis. Given that dietary and 

weight-related risk factors are predominantly associated with chronic disease mortality, we focused on the health 

implications of changes in those risk factors for adults (aged 20 and older). We restricted the selection of relative 

risk parameters to meta-analyses and pooled prospective cohort studies. The diet and weight-related relative risk 

parameters were adopted from pooled analyses of prospective cohort studies,50,51 and from meta-analysis of 

prospective cohort and case-control studies.52–56 The cancer associations have been judged as probable or 

convincing by the World Cancer Research Fund,56 and in each case a dose-response relationship was apparent 

and consistent evidence suggests plausible mechanisms. Table A6.1 provides an overview of the relative risk 

parameters adopted in this study, and the short reviews below detail the selection process. 

 

 

Table A6.1: Relative risk parameters (mean and 95% confidence intervals in parenthesis)  

Risk factor 
Relative risk per cause of death 

CHD Stroke Cancer Other 

FV consumption 0.96 (0.93-0.99) 0.95 (0.92-0.97) 0.93 (0.84-0.99)* 1.00 

meat consumption 1.25 (1.21-1.29) 1.10 (1.05-1.15) 1.01 (1.00-1.05)* 1.00 

underweight 0.67 (0.65-0.70) 1.03 (0.71-1.47) 1.11 (0.94-1.32) 1.75 (1.50-2.05) 

normal weight 1.00 1.00 1.00 1.00 

overweight 1.31 (1.24-1.39) 1.07 (0.73-1.59) 1.10 (1.04-1.17) 0.96 (0.89-1.03) 

obese 1.78 (1.64-1.92) 1.55 (1.14-2.11) 1.40 (1.30-1.50) 1.33 (1.22-1.46) 

* global average, actual RR is region-specific.     

 

 

 

Weight-related risk parameters 

 

Excess weight is an established risk factor for several causes of death, including ischaemic heart disease,57,58 

stroke,58–60 and various cancers.56,61–63 Plausible biological explanations50,64,65 and the identification of mediating 

factors50,66 suggest that the association between body weight and mortality is not merely statistical association, 

but a causal link independent of other factors, such as diet and exercise.67–71  

 

We inferred the parameters describing relative mortality risk due to weight categories from two large, pooled 

analyses of prospective cohort studies.50,51 We concentrated on four broad causes of death: ischaemic/coronary 

heart disease, stroke, cancers, and all other causes. We adopted the relative risks for ischaemic heart disease and 

stroke from the Prospective Studies Collaboration,50 which analysed the association between BMI and mortality 

among 900,000 persons in 57 prospective studies that were primarily designed to evaluate risk factors for 

cardiovascular disease; and we adopted the relative risks for cancer and all other causes from Berrington de 

Gonzalez and colleagues,51 who examined the relationship between BMI and mortality in a pooled analysis of 19 

prospective studies which included 1.46 million adults and which were predominantly designed to study cancer.  

 

From each study, we adopted the relative risk rates for lifelong non-smokers to minimize confounding and 

reverse causality, and, to increase comparability, we normalized the relative-risk schedule to the lowest risk 

which, in each case corresponded to a body-mass index (BMI) of 22.5-25. We then used the number of cause-

specific deaths to aggregate the BMI intervals of 2.5 that have been used in the studies to the WHO classification 

of BMI ranges,72 i.e. BMI < 18.5: underweight; 18.5-24.9: normal range; 25-29.9: overweight; and 30-39.9: 

obesity.  
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Dietary risk parameters 

 

Dietary risks have been the leading risk factors for death globally in 2010.47 The Global Burden of Disease Study 

included 14 different components as dietary risks, such as not eating enough fruit, nuts and seeds, vegetables, 

whole grains, and omega-3s and eating too much salt and processed meat.47 Dietary factors have been associated 

with the development of cardiovascular diseases, diabetes, and various cancers, and total mortality.47,73,74  

 

In this study, we focused on changes in the consumption of fruits, vegetables, and meat. Those categories 

constituted about two thirds of the total dietary risk in 2010 (excluding potential double counting, e.g. of fibre 

found in vegetables and sodium found in processed meat),47 and country-level trends and data are available for 

most countries worldwide. We adopted relative-risk parameters for developing specific diseases from recent 

meta-analyses of existing studies.  

 

Meat consumption 

 

Meat consumption has been associated with increases in total mortality,75 a greater incidence of cardiovascular 

diseases,52 and colorectal cancer.56  

 

Meat consumption and cardiovascular disease 

 

The relative risks of coronary heart diseases due to meat consumption were adopted from Micha and colleagues52 

(for an updated discussion, see a new contribution by Micha and others76). Their comprehensive systematic 

review and meta-analysis of the relationship between meat consumption (processed, red, and total meat) and 

cardiovascular diseases (coronary heart disease (CHD), diabetes mellitus, and stroke) included 20 studies (17 

prospective cohorts and 3 case-control studies) with 1,218,380 individuals from 10 countries. However, analyses 

of specific subcategories, e.g. total meat consumption and stroke, included significantly less studies. The results 

show positive associations between consumption of processed and total meat and the incidence of CHD, diabetes 

mellitus, and stroke.  

 

Since the publication of Micha et al.52, updated reviews of the association between meat consumption and stroke 

have become available. We therefore only adopted the estimates for the association between meat consumption 

and coronary heart disease. We excluded the findings for diabetes mellitus, because we focused on mortality, and 

diabetes mellitus is not an immediate or leading cause of death. We adopted the findings for total meat. The final 

estimate adopted is as follows: 

- Consumption of 100 g per day increases CHD risk by 25% (RR=1.25; 95% CI, 1.21 to 1.29). The 

estimate is based on data from 4 prospective cohort studies; one extremely positive finding from a case-

control study was excluded in the estimate 52. 

 

The relative risk of stroke due to meat consumption was adopted from Chen et al.53 which, for stroke, provided 

an updated meta-analysis of Micha et al.52 containing five large independent cohort studies (compared to two in 

Micha et al.52). It should be noted that another recent meta-analysis, Kaluza et al.77, produced very similar 

estimates. Chen et al.53 found that consumption of red and/or processed meat increases the risk of stroke, in 

particular, ischemic stroke. Their dose–response analysis of the primary studies showed that the risk of stroke 

increased significantly by 10% for each 100 g per day increment in total meat consumption (RR=1.10; 95% CI, 

1.05–1.15), by 13% for each 100 g per day increment in red meat consumption (RR=1.13; 95% CI, 1.03–1.23) 

and by 11% for each 50 g per day increment in processed meat consumption (RR=1.11; 95% CI, 1.02–1.20), 

with low study heterogeneity. We adopted the estimate for total meat consumption. 

 

Meat consumption and cancer 

 

The association between meat consumption and cancer was reviewed in the Second Expert Report "Food, 

Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective" published in 2007 by the 
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World Cancer Research Fund together with the American Institute for Cancer Research.56 The report is based on 

reviews and meta-analysis of over 7,000 scientific studies published on cancer prevention. It was the outcome of 

a 5-year project which involved a panel of 21 leading scientists and 9 research centres around the world.  

 

With respect to meat, the report concluded that:56 red and processed meats are convincing causes of colorectal 

cancer; there is substantial amount of evidence, with a dose-response relationship apparent from case-control 

studies (red meat) and cohort studies (processed meat); there is evidence (red meat) and strong evidence 

(processed meat) for plausible mechanisms operating in humans. The report also noted that there is limited 

evidence suggesting that red meat is a cause of cancers of the oesophagus, lung, pancreas and endometrium; and 

that processed meat is a cause of cancers of the oesophagus, lung, stomach and prostate.  

 

Since the expert report was published in 2007, several meta-analyses of the association between meat 

consumption and different cancers have become available. The export report was updated for colorectal cancer 

which preserved its main conclusions, but changed the numerical relative-risk value. One meta-analyses has 

become available,78 which summarized the evidence from prospective studies of red and processed meat 

consumption and pancreatic cancer risk. It found a positive association for processed meat. In line with that, a 

WCRF update on pancreatic cancer found that the evidence for processed meat and pancreatic cancer is now 

stronger but remains limited.79 Several other meta-analyses found that meat consumption is associated with 

increased risks of stomach/gastric cancer,80,81 and oesophageal cancer,82–85 but the associations became 

insignificant in most cases when restricted to prospective cohort studies.  

 

We followed the conclusions of the expert report (and its updates) that highlighted a convincing causal link 

between meat consumption and colorectal cancer and adopted the following estimate:56,86 

- Consumption of 100 g/day of red and processed meat increases the risk of colorectal cancer by 16% 

(RR=1.16, CI=1.04-1.30).86 We aggregated the estimate to region-specific relative risks for all cancers 

by weighing it by the ratio of regional deaths due to colorectal cancer to all cancer deaths in that region. 

Globally, this resulted in a relative risk of cancer of RR=1.01.  

 

Fruit and vegetable consumption  

 

The WHO stated that diets high in fruits and vegetables play an important role in the prevention of chronic 

diseases.87 Most prospective studies have consistently shown lower all-cause mortality when comparing people 

with high and low fruit and vegetable consumption,88–92 and findings from a large cohort study including 

451,151 participants from 10 European countries have supported the evidence that fruit and vegetable 

consumption is associated with lower risk of all-cause and cause-specific mortality.93  

 

Fruit and vegetable consumption and cardiovascular disease 

 

The relative risks of stroke and CHD due to fruit and vegetable consumption were adopted from Dauchet and 

colleagues.54,55 Dauchet et al.55 conducted a meta-analysis for CHD (see He et al.94 for a similar analysis). The 

analysis included nine prospective cohort studies that consisted of 91,379 men, 129,701 women, and 5,007 CHD 

events. Pooled relative risks showed that CHD was decreased by 4% [RR (95% CI): 0.96 (0.93–0.99)] for each 

additional portion per day of fruit and vegetable intake and by 7% [0.93 (0.89–0.96)] for fruit intake. We 

adopted the estimate for the aggregate of fruit and vegetable consumption, i.e. RR=0.96 (0.93-0.99). 

 

Dauchet et al.54 undertook a similar meta-analysis for stroke. The analysis included seven cohort studies with 

90,513 men, 141,536 women, and 2,955 strokes. Pooled relative risks showed that the risk of stroke was 

decreased by 11% (RR 95% CI: 0.89 [0.85 to 0.93]) for each additional portion per day of fruit, by 5% (RR: 0.95 

[0.92 to 0.97]) for fruit and vegetables, and by 3% (RR: 0.97 [0.92 to 1.02]) for vegetables. The study found that 

the association between fruit or fruit and vegetables and stroke was linear, suggesting a dose-response 

relationship. We adopted the estimate for the aggregate of fruit and vegetable consumption, i.e. RR=0.95 (0.92-

0.97). 
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Fruit and vegetable consumption and cancer 

 

The relative risks of various cancers due to fruit and vegetable consumption were adopted from the 2007 expert 

report of the World Cancer Research Fund and the American Institute for Cancer Research.56 The export report 

concluded that:  

 

“[N]on-starchy vegetables and also fruits probably protect against cancers of the mouth, larynx, 

pharynx, oesophagus, and stomach, and that fruits also probably protect against lung cancer. The case 

that vegetables, fruits, and pulses (legumes) may be protective against cancers of some sites is 

supported by evidence on foods containing micronutrients found in these and other plant foods. Foods 

containing carotenoids probably protect against cancers of the mouth, pharynx, larynx, and lung; foods 

containing beta-carotene and also vitamin C probably protect against oesophageal cancer; foods 

containing selenium and also lycopene probably protect against prostate cancer; and foods containing 

folate probably protect against pancreatic cancer. [..] [It was also found that] foods containing dietary 

fibre, found in plant foods (particularly when in whole or relatively unprocessed forms), probably 

protect against colorectal cancer.” 

 

We adopted the following relative risk parameters for which the export report indicated a substantial amount of 

consistent evidence for plausible mechanisms and a dose-response relationship: 

Cancers of the mouth, pharynx, and larynx: 

- Consumption of non-starchy vegetables reduces the risk of cancers of the mouth, pharynx, and larynx 

by 28% per 50-g serving per day (RR=0.72; 95% CI: 0.63-0.82).  

- Consumption of fruits reduces the risk of cancers of the mouth, pharynx, and larynx by 28% per 100-g 

serving per day (95% CI: 0.59-0.87). 

- We adopted the simple average of vegetable and fruit consumption for the relative risk of cancers of the 

mouth, pharynx, and larynx, i.e. RR=0.72 (0.61-0.85). 

Oesophageal cancer: 

- Consumption of raw vegetables reduces the risk of oesophageal cancer by 31% per 50-g serving per day 

(RR=0.69; 95% CI: 0.58-0.83). 

- Consumption of fruits reduces the risk of oesophageal cancer by 44% per 100-g serving per day 

(RR=0.56; 95% CI: 0.42-0.74). 

- We adopted the simple average of vegetable and fruit consumption for the relative risk of oesophageal 

cancer, i.e. RR=0.63 (0.50-0.79). 

Stomach cancer: 

- Consumption of non-starchy vegetables reduces the risk of stomach cancer by 30% per 100-g serving 

per day (RR=0.70; 95% CI: 0.62-0.79).  

[Estimates of green-yellow vegetables yield RR=0.59 (0.46-0.75) per 100 g/d; green, leafy vegetables 

yield RR=0.43 (0.24-0.77) per 50 g/d; and raw vegetables yield RR=0.5 (0.38-0.65) per 100 g/d] 

- Consumption of fruits reduces the risk of stomach cancer by 33% per 100-g serving per day (RR=0.67; 

95% CI: 0.59-0.76). 

- We adopted the simple average of vegetable and fruit consumption for the relative risk of stomach 

cancer, i.e. RR=0.69. 

Lung cancer: 

-  Consumption of fruits reduces the risk of lung cancer by 6% per 80-g serving per day (RR=0.94; 95% 

CI: 0.90-0.97). 

- We adopted the simple average of vegetable and fruit consumption for the relative risk of lung cancer 

(assuming no effect of vegetable consumption, RR=1), i.e. RR=0.97. 

Overall relative risk: 

- We aggregated the cause-specific relative-risk estimates to region-specific all-cancer estimates by 

weighing each risk by the ratio of regional deaths due to the specific cancer divided by all cancer deaths 

in that region. Globally, this yielded an aggregate all-cancer risk of RR=0.93. 
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Appendix A7: Regional aggregation 

 

Our analysis yielded results for 155 regions. We aggregated the results for individual countries into results for 

regional aggregates to provide an overview and ease the presentation of results. For that purpose, we used the 

WHO-World Bank classification. WHO Member States were classified according to the World Bank income 

category for the year 2011 (World Bank list of economies, July 2012) and WHO region: 

 

HIC:               high-income countries;  

AFR_LMIC:  low and middle-income countries of Africa;  

AMR_LMIC: low and middle-income countries of America;  

EMR_LMIC: low and middle-income countries of the Eastern Mediterranean;  

EUR_LMIC:  low and middle income countries of Europe;  

SEA_LMIC:  low and middle-income countries of South-East Asia;  

WPR_LMIC: low and middle-income countries of the Western Pacific.  

 

The assignment of countries to the regional aggregates is detailed below.  

 

HIC    High-income countries    

*        AMR   American Region: 

CAN        Canada 

CRB        Other Caribbean 

USA        United States of America 

*        EMR   Eastern-Mediterranean Region: 

RAP        Rest of Arab Peninsula 

SAU        Saudi Arabia 

*        EUR   European Region: 

AUT        Austria 

BLX        Belgium and Luxembourg 

CHP        Switzerland 

CYP        Cyprus 

CZE        Czech Republic 

DEU       Germany 

DNK       Denmark 

FNP        Finland 

FRP        France 

GRC       Greece 

HRV       Croatia 

HUN      Hungary 

IRL        Ireland 

ISL        Iceland 

ISR        Israel 

ITP        Italy 
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NLD      Netherlands 

NOR      Norway 

POL       Poland 

PRT       Portugal 

SPP        Spain 

SVK       Slovakia 

SVN       Slovenia 

SWE       Sweden 

UKP        United Kingdom 

*        WPR   Western Pacific Region: 

AUS        Australia 

JPN         Japan 

KOR       Republic of Korea 

NZL        New Zealand 

OSA        Other Southeast Asia 

(Note: GNQ, Equatorial Guinea, was re-classified as UMC in accordance with WHO mortality projections) 

 

AFR_LMIC   Low and middle-income Africa  

BWA       Botswana 

DZA        Algeria 

GAB        Gabon 

GNQ        Equatorial Guinea 

NAM       Namibia 

ZAF         South Africa 

AGO        Angola 

CIV         Côte d'Ivoire 

CMR       Cameroon 

LSO        Lesotho 

NGA       Nigeria 

OAO       Other Atlantic Ocean 

OIO         Other Indian Ocean 

SWZ       Swaziland 

BDI         Burundi 

BEN        Benin 

BFA        Burkina Faso 

CAF        Central African Republic 

COD       Democratic Republic of the Congo 

COG       Congo 
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ERI        Eritrea 

ETH       Ethiopia 

GHA      Ghana 

GIN        Guinea 

GMB      Gambia 

GNB      Guinea-Bissau 

KEN       Kenya 

LBR       Liberia 

MDG      Madagascar 

MLI        Mali 

MOZ      Mozambique 

MRT      Mauritania 

MWI      Malawi 

NER       Niger 

RWA      Rwanda 

SEN        Senegal 

SLE        Sierra Leone 

TCD       Chad 

TGO       Togo 

TZA       United Republic of Tanzania 

UGA      Uganda 

ZMB      Zambia 

ZWE      Zimbabwe 

 

AMR_LMIC     Low and middle-income America 

ARG        Argentina 

BRA        Brazil 

CHL        Chile 

COL        Colombia 

CRI         Costa Rica 

CUB        Cuba 

DOM       Dominican Republic 

JAM        Jamaica 

MEX       Mexico 

PAN        Panama 

PER        Peru 

URY       Uruguay 

VEN       Venezuela (Bolivarian Republic of) 
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BLZ        Belize 

BOL       Bolivia (Plurinational State of) 

ECU       Ecuador 

GSA       Guyanas South America 

GTM      Guatemala 

HND      Honduras 

NIC        Nicaragua 

PRY       Paraguay 

SLV       El Salvador 

HTI        Haiti 

 

EMR_LMIC        Low and middle-income Eastern Mediterranean  

LBN       Lebanon 

LBY       Libya 

DJI         Djibouti 

EGY       Egypt 

IRN        Iran (Islamic Republic of) 

IRQ        Iraq 

JOR        Jordan 

PAK       Pakistan 

SDN       Sudan 

SYR       Syrian Arab Republic 

TUN       Tunisia 

AFG       Afghanistan 

SOM      Somalia 

YEM      Yemen 

 

EUR_LMIC        Low and middle-income Europe  

BGR       Bulgaria 

BLR        Belarus 

BLT        Baltic States 

KAZ       Kazakhstan 

OBN       Other Balkans 

ROU       Romania 

RUS        Russian Federation 

ALB        Albania 

ARM       Armenia 

AZE        Azerbaijan 
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GEO        Georgia 

MDA       Republic of Moldova 

TKM        Turkmenistan 

UKR        Ukraine 

KGZ        Kyrgyzstan 

TJK         Tajikistan 

UZB        Uzbekistan 

 

SEA_LMIC       Low and middle-income South-East Asia  

BTN       Bhutan 

IDN        Indonesia 

IND        India 

LKA       Sri Lanka 

THA       Thailand 

TLS        Timor-Leste 

BGD       Bangladesh 

MMR      Myanmar 

NPL        Nepal 

 

WPR_LMIC        Low and middle-income Western Pacific  

FJI           Fiji 

MYS        Malaysia 

OPO        Other Pacific Ocean 

CHM       China 

MNG       Mongolia 

PHL         Philippines 

PNG         Papua New Guinea 

VUT         Vanuatu 

KHM        Cambodia 

LAO         Lao People's Democratic Republic 

SLB          Solomon Islands 

VNM        Viet Nam 
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Appendix A8: Supplementary agricultural results 

 

 

The units of reporting used for health analyses differ from those used in agricultural and economic research. 

Health and nutrition analysis is built around per-capita consumption values, whilst agriculture and economic 

analyses frequently (but not always) focus on production and consumption systems in terms of total quantities. In 

Tables A8.1-A8.2, we report our agricultural results in terms of total quantities (million tonnes per year) to 

enable comparisons between those different research fields. The economic model adopted in this study 

(IMPACT) formed part of a recent model comparison of global agriculture-economic models,95,96 where its 

demand projections fell within the middle two quartiles of the range of model results.96  

 

Tables A8.3-A8.5 list the agricultural results by country (in the units adopted in the main text), and Table A8.6 

lists the climate-related changes in caloric availability in 2050 by food group and aggregate region. 

 

 

Table A8.1: Global and regional consumption of fruits and vegetables (in million tonnes per year) in 2010 

and 2050 for the reference scenario without climate change and for the mean of the main climate change 

scenarios (including standard deviation), with and without accounting for waste at the consumption level.  

Region and consumption item 
Baseline 

of 2010 

Model scenarios of 2050 

Reference scenario 

(without climate change) 

Climate change scenarios 

(mean ± standard deviation) 

Fruit and vegetable consumption [million tonnes/year]         

Global       

net of waste at consumption 856.23 1,263.87 1,213.95 ± 8.92 

total    1,289.81 1,877.99 1,803.88 ± 13.26 

HIC       

net of waste at consumption 149.70 187.59 180.32 ± 1.29 

total    247.77 311.61 299.42 ± 2.15 

AFR_LMIC       

net of waste at consumption 60.13 152.88 147.12 ± 1.15 

total    82.70 209.75 201.86 ± 1.58 

AMR_LMIC       

net of waste at consumption 68.88 97.73 94.08 ± 0.50 

total    99.40 141.02 135.76 ± 0.72 

EMR_LMIC       

net of waste at consumption 64.43 113.14 108.80 ± 0.71 

total    95.09 166.98 160.57 ± 1.05 

EUR_LMIC       

net of waste at consumption 38.32 43.60 42.00 ± 0.37 

total    61.43 69.90 67.34 ± 0.59 

SEA_LMIC       

net of waste at consumption 140.14 283.89 271.09 ± 2.29 

total    195.69 396.44 378.57 ± 3.20 

WPR_LMIC       

net of waste at consumption 313.06 354.98 341.44 ± 2.52 

total    474.76 536.23 515.78 ± 3.81 
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Table A8.2: Global and regional consumption of red meat (in million tonnes per year) in 2010 and 2050 

for the reference scenario without climate change and for the mean of the main climate change scenarios 

(including standard deviation), with and without accounting for waste at the consumption level.  

Region and consumption item Baseline of 2010 

Model scenarios of 2050 

Reference scenario    

(without climate change) 

Climate change scenarios 

(mean ± standard deviation) 

Red meat consumption [million tonnes/year]         

Global       

net of waste at consumption 156.63 222.40 220.80 ± 0.22 

total    171.03 240.92 239.18 ± 0.24 

HIC       

net of waste at consumption 54.10 63.16 62.64 ± 0.08 

total    60.59 70.71 70.13 ± 0.08 

AFR_LMIC       

net of waste at consumption 5.56 22.93 22.69 ± 0.04 

total    5.69 23.43 23.18 ± 0.04 

AMR_LMIC       

net of waste at consumption 19.09 26.77 26.54 ± 0.03 

total    20.31 28.48 28.23 ± 0.04 

EMR_LMIC       

net of waste at consumption 3.75 12.33 12.25 ± 0.02 

total    4.08 13.40 13.32 ± 0.02 

EUR_LMIC       

net of waste at consumption 8.64 9.39 9.32 ± 0.01 

total    9.71 10.55 10.47 ± 0.01 

SEA_LMIC       

net of waste at consumption 5.91 12.44 12.35 ± 0.01 

total    6.15 12.96 12.87 ± 0.01 

WPR_LMIC       

net of waste at consumption 59.06 74.25 73.89 ± 0.07 

total    63.94 80.16 79.77 ± 0.08 

 

 

 

Table A8.3: Regional and country-level consumption of fruits and vegetables (in g/cap/day) in 2010 and 

2050 for the reference scenario without climate change and for the mean of the main climate change 

scenarios (including standard deviation), net of food waste at the consumption level.  

Region 
Baseline of 

2010 

Model scenarios of 2050 

Reference scenario     

(without climate change) 

Climate change scenarios 

(mean ± standard deviation) 

Global 342.17 378.00 363.07 ± 2.67 

HIC 375.87 397.73 382.31 ± 2.73 

AFR_LMIC 196.54 242.34 233.22 ± 1.82 

AMR_LMIC 324.07 362.27 348.74 ± 1.84 
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EMR_LMIC 332.43 340.78 327.71 ± 2.15 

EUR_LMIC 313.98 366.02 352.63 ± 3.08 

SEA_LMIC 215.34 321.81 307.30 ± 2.60 

WPR_LMIC 539.04 602.15 579.18 ± 4.28 

AFG 121.18 156.12 149.59 ± 1.71 

AGO 118.54 114.75 109.52 ± 0.73 

ALB 523.69 572.60 551.75 ± 4.42 

ARG 298.87 321.75 309.96 ± 1.75 

ARM 575.39 647.33 623.81 ± 5.34 

AUS 309.60 320.07 307.15 ± 2.58 

AUT 408.62 435.65 422.56 ± 2.96 

AZE 439.91 420.56 404.93 ± 3.23 

BDI 394.31 547.50 526.33 ± 3.55 

BEN 164.61 195.16 186.22 ± 1.48 

BFA 68.07 84.00 80.43 ± 0.72 

BGD 76.44 105.36 100.20 ± 0.97 

BGR 208.60 234.92 226.42 ± 1.80 

BLR 344.01 396.14 381.39 ± 3.50 

BLT 280.80 328.50 316.91 ± 2.68 

BLX 347.72 372.72 360.18 ± 2.73 

BLZ 526.26 587.83 568.20 ± 1.70 

BOL 224.97 289.00 280.40 ± 1.99 

BRA 340.82 371.56 356.09 ± 1.69 

BTN 325.71 472.15 450.71 ± 2.60 

BWA 133.06 180.04 174.92 ± 1.35 

CAF 134.76 168.36 160.84 ± 1.15 

CAN 369.91 382.25 365.18 ± 2.95 

CHL 298.96 357.50 346.98 ± 2.54 

CHM 580.91 663.34 638.17 ± 4.78 

CHP 276.94 291.84 282.05 ± 1.97 

CIV 236.15 290.34 278.69 ± 3.60 

CMR 342.57 406.54 390.14 ± 3.81 

COD 105.77 146.06 139.95 ± 1.32 

COG 203.25 251.08 240.25 ± 2.05 

COL 294.29 336.66 327.31 ± 1.80 

CRB 102.72 116.38 114.06 ± 0.43 

CRI 342.05 384.71 372.54 ± 1.36 

CUB 487.41 597.51 579.95 ± 3.30 

CYP 384.31 390.76 377.69 ± 2.08 

CZE 271.28 300.35 290.28 ± 2.07 

DEU 304.48 325.67 314.84 ± 2.35 

DJI 130.08 146.71 140.97 ± 1.14 

DNK 379.58 401.68 388.29 ± 2.62 

DOM 423.72 474.61 459.95 ± 2.23 

DZA 352.85 387.21 374.53 ± 2.20 
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ECU 346.25 424.57 412.13 ± 2.49 

EGY 582.21 641.97 617.83 ± 3.96 

ERI 16.42 19.68 18.80 ± 0.19 

ETH 55.92 66.25 63.56 ± 0.46 

FJI 158.50 184.72 180.48 ± 0.82 

FNP 285.44 303.47 293.00 ± 1.90 

FRP 366.67 383.89 370.10 ± 2.38 

GAB 375.31 410.64 394.58 ± 5.62 

GEO 223.90 265.35 255.92 ± 1.94 

GHA 364.92 441.87 424.08 ± 5.66 

GIN 343.12 442.24 422.77 ± 3.43 

GMB 83.25 97.48 93.15 ± 0.93 

GNB 143.28 176.74 169.13 ± 1.78 

GNQ 204.49 203.77 194.98 ± 2.55 

GRC 729.74 786.39 758.99 ± 5.56 

GSA 170.60 214.88 208.00 ± 1.02 

GTM 233.11 279.81 270.26 ± 1.25 

HND 268.08 319.22 310.19 ± 1.75 

HRV 266.03 289.88 280.61 ± 2.10 

HTI 183.36 255.77 247.97 ± 1.18 

HUN 372.60 409.55 395.96 ± 3.09 

IDN 203.00 252.19 239.24 ± 1.69 

IND 226.50 355.83 339.86 ± 2.96 

IRL 310.65 327.83 315.46 ± 1.71 

IRN 719.96 755.76 729.54 ± 4.70 

IRQ 311.50 348.67 334.95 ± 1.86 

ISL 304.37 334.10 322.58 ± 1.98 

ISR 623.03 650.29 618.51 ± 5.29 

ITP 560.60 591.69 570.61 ± 3.88 

JAM 387.57 429.31 420.65 ± 1.01 

JOR 340.86 391.74 378.76 ± 2.43 

JPN 292.95 306.92 297.77 ± 1.78 

KAZ 321.35 361.41 346.92 ± 2.94 

KEN 206.10 248.94 239.44 ± 1.61 

KGZ 305.31 355.30 340.85 ± 3.18 

KHM 126.07 164.97 159.27 ± 0.95 

KOR 544.16 608.49 589.14 ± 3.64 

LAO 373.07 465.79 448.95 ± 2.65 

LBN 622.85 665.64 642.61 ± 3.90 

LBR 186.93 222.84 212.98 ± 1.75 

LBY 473.89 512.17 494.97 ± 2.94 

LKA 141.34 172.77 165.80 ± 1.69 

LSO 77.96 124.67 120.91 ± 1.00 

MDA 279.09 344.71 332.83 ± 2.87 

MDG 125.79 151.54 144.35 ± 0.73 
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MEX 378.42 421.91 403.52 ± 2.36 

MLI 142.82 163.12 155.73 ± 1.11 

MMR 248.41 343.90 333.14 ± 3.71 

MNG 100.05 145.53 141.77 ± 0.93 

MOR 458.51 518.41 501.62 ± 3.00 

MOZ 49.73 74.52 71.53 ± 0.46 

MRT 51.28 59.20 56.58 ± 0.38 

MWI 188.02 253.63 244.88 ± 2.21 

MYS 186.36 210.83 203.62 ± 1.14 

NAM 108.18 150.84 145.76 ± 1.09 

NER 123.40 143.90 137.37 ± 1.20 

NGA 277.46 334.97 323.15 ± 1.76 

NIC 75.89 104.55 101.31 ± 0.59 

NLD 382.28 405.41 390.86 ± 2.56 

NOR 345.05 354.18 342.23 ± 2.15 

NPL 220.92 287.38 275.82 ± 2.67 

NZL 364.82 380.55 363.32 ± 3.29 

OAO 186.67 281.11 275.62 ± 1.22 

OBN 277.05 315.44 305.11 ± 2.50 

OIO 155.06 194.25 190.62 ± 0.77 

OPO 145.13 165.31 162.06 ± 0.62 

OSA 27.60 29.09 28.11 ± 0.22 

PAK 131.65 153.96 146.83 ± 1.00 

PAN 235.90 282.61 273.97 ± 1.75 

PER 290.17 343.97 333.65 ± 2.20 

PHL 340.18 392.77 377.32 ± 1.58 

PNG 798.68 1,039.31 1,015.20 ± 6.70 

POL 296.81 326.04 314.11 ± 2.64 

PRT 503.98 531.05 512.59 ± 3.65 

PRY 293.76 344.87 332.80 ± 1.28 

RAP 280.73 306.19 296.02 ± 1.72 

ROU 459.26 505.12 486.96 ± 4.03 

RUS 292.48 342.09 329.60 ± 2.98 

RWA 406.84 516.22 498.35 ± 6.65 

SAU 372.19 400.32 384.47 ± 2.06 

SDN 244.19 288.70 276.86 ± 1.86 

SEN 143.12 162.37 155.24 ± 1.17 

SLB 136.87 173.88 169.16 ± 1.49 

SLE 169.48 201.66 192.40 ± 1.56 

SLV 270.05 305.61 296.48 ± 1.63 

SOM 62.68 99.32 96.53 ± 0.65 

SPP 435.02 445.98 429.73 ± 2.79 

SVK 243.40 264.27 255.26 ± 1.90 

SVN 407.02 450.55 436.54 ± 3.65 

SWE 335.87 358.34 345.95 ± 2.25 



51 

 
 

SWZ 196.77 219.46 208.54 ± 0.89 

SYR 385.40 454.64 439.03 ± 2.57 

TCD 42.51 57.79 55.65 ± 0.42 

TGO 79.28 94.12 89.92 ± 0.80 

THA 357.15 429.91 411.72 ± 1.75 

TJK 234.25 260.87 250.67 ± 2.09 

TKM 344.39 404.82 388.90 ± 3.47 

TLS 80.94 93.37 91.43 ± 0.29 

TUN 557.88 628.60 607.72 ± 3.64 

TUR 611.20 658.55 637.51 ± 4.25 

TZA 215.41 264.99 255.00 ± 1.72 

UGA 404.73 488.74 473.38 ± 6.51 

UKP 375.96 403.29 389.54 ± 2.54 

UKR 288.48 351.76 339.37 ± 2.74 

URY 263.59 303.74 293.24 ± 1.98 

USA 382.75 399.64 381.27 ± 3.03 

UZB 337.58 428.79 413.07 ± 3.87 

VEN 246.35 270.13 261.48 ± 1.31 

VNM 304.91 385.05 366.88 ± 4.00 

VUT 275.55 323.52 317.07 ± 1.46 

YEM 139.31 162.96 156.78 ± 0.93 

ZAF 156.85 182.87 174.46 ± 1.38 

ZMB 72.12 93.36 89.52 ± 0.62 

ZWE 53.97 69.19 66.14 ± 0.44 

 

 

Table A8.4: Regional and country-level consumption of red meat (in g/cap/day) in 2010 and 2050 for the 

reference scenario without climate change and for the mean of the main climate change scenarios 

(including standard deviation), net of food waste at the consumption level.  

Region 
Baseline of 

2010 

Model scenarios of 2050 

Reference scenario     

(without climate change) 

Climate change scenarios 

(mean ± standard deviation) 

Global 62.59 66.52 66.04 ± 0.07 

HIC 135.84 133.91 132.81 ± 0.16 

AFR_LMIC 18.16 36.36 35.96 ± 0.06 

AMR_LMIC 89.80 99.25 98.38 ± 0.12 

EMR_LMIC 19.36 37.13 36.90 ± 0.05 

EUR_LMIC 70.82 78.82 78.21 ± 0.09 

SEA_LMIC 9.08 14.10 14.00 ± 0.01 

WPR_LMIC 101.69 125.95 125.33 ± 0.12 

AFG 16.70 35.45 35.16 ± 0.06 

AGO 39.10 43.82 43.37 ± 0.07 

ALB 66.39 70.35 69.86 ± 0.07 

ARG 162.32 163.06 161.84 ± 0.23 
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ARM 53.25 77.75 77.48 ± 0.04 

AUS 146.88 159.27 157.98 ± 0.18 

AUT 207.62 196.26 194.12 ± 0.38 

AZE 32.45 34.06 33.98 ± 0.02 

BDI 6.96 21.15 20.91 ± 0.03 

BEN 9.39 17.61 17.43 ± 0.03 

BFA 28.04 92.37 91.25 ± 0.19 

BGD 4.09 8.65 8.61 ± 0.01 

BGR 72.35 80.85 80.21 ± 0.10 

BLR 123.63 131.97 130.86 ± 0.17 

BLT 103.07 110.60 109.59 ± 0.18 

BLX 128.77 124.98 123.72 ± 0.19 

BLZ 45.94 53.08 52.60 ± 0.07 

BOL 84.39 119.20 118.33 ± 0.12 

BRA 127.66 138.52 137.11 ± 0.21 

BTN 30.43 53.69 53.35 ± 0.07 

BWA 32.60 62.10 61.46 ± 0.13 

CAF 58.98 143.33 141.67 ± 0.27 

CAN 141.26 131.44 130.53 ± 0.13 

CHL 102.18 118.36 117.41 ± 0.13 

CHM 108.42 133.96 133.28 ± 0.13 

CHP 128.03 123.46 122.21 ± 0.19 

CIV 7.86 18.50 18.30 ± 0.03 

CMR 16.88 29.41 29.12 ± 0.05 

COD 1.81 8.86 8.76 ± 0.01 

COG 10.55 23.30 23.05 ± 0.03 

COL 54.18 62.14 61.72 ± 0.07 

CRB 14.47 23.67 23.55 ± 0.02 

CRI 59.20 71.13 70.60 ± 0.07 

CUB 35.00 45.90 45.46 ± 0.07 

CYP 110.23 108.45 108.24 ± 0.04 

CZE 133.25 141.30 140.02 ± 0.25 

DEU 158.03 148.69 147.05 ± 0.29 

DJI 25.49 92.37 91.16 ± 0.22 

DNK 192.81 183.99 182.09 ± 0.30 

DOM 47.20 55.48 54.99 ± 0.07 

DZA 16.92 26.59 26.59 ± 0.01 

ECU 73.19 94.43 93.70 ± 0.10 

EGY 30.06 54.74 54.32 ± 0.09 

ERI 8.04 17.51 17.31 ± 0.04 

ETH 13.60 14.97 14.80 ± 0.03 

FJI 37.27 71.19 70.89 ± 0.04 

FNP 125.80 121.61 120.36 ± 0.19 

FRP 141.51 137.40 136.04 ± 0.19 

GAB 40.30 56.67 56.13 ± 0.07 
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GEO 56.16 87.54 87.12 ± 0.06 

GHA 6.57 21.72 21.47 ± 0.04 

GIN 12.91 37.04 36.64 ± 0.07 

GMB 9.96 29.88 29.56 ± 0.06 

GNB 32.52 65.08 64.32 ± 0.12 

GNQ 0.90 0.85 0.84 ± 0.00 

GRC 107.53 110.16 109.29 ± 0.13 

GSA 11.94 16.88 16.74 ± 0.02 

GTM 27.05 36.38 36.07 ± 0.05 

HND 34.55 46.00 45.70 ± 0.04 

HRV 95.74 96.51 95.66 ± 0.16 

HTI 21.58 34.98 34.69 ± 0.04 

HUN 117.99 123.27 122.12 ± 0.23 

IDN 12.54 17.78 17.74 ± 0.01 

IND 5.99 8.84 8.75 ± 0.02 

IRL 155.92 150.04 148.54 ± 0.22 

IRN 16.85 24.22 24.21 ± 0.01 

IRQ 4.13 4.47 4.45 ± 0.00 

ISL 72.28 71.33 70.61 ± 0.11 

ISR 68.93 67.28 66.82 ± 0.09 

ITP 156.43 149.55 148.02 ± 0.23 

JAM 27.19 42.85 42.66 ± 0.03 

JOR 22.09 39.21 39.22 ± 0.01 

JPN 70.21 80.00 79.27 ± 0.13 

KAZ 89.07 109.23 108.40 ± 0.12 

KEN 30.70 48.35 47.79 ± 0.11 

KGZ 56.93 91.10 90.72 ± 0.06 

KHM 40.47 60.80 60.60 ± 0.03 

KOR 107.28 184.48 183.94 ± 0.11 

LAO 41.65 67.22 67.02 ± 0.03 

LBN 64.40 96.88 96.83 ± 0.03 

LBR 9.63 34.55 34.15 ± 0.08 

LBY 13.39 20.47 20.48 ± 0.01 

LKA 5.21 14.32 14.22 ± 0.02 

LSO 24.48 49.12 48.58 ± 0.08 

MDA 37.42 46.89 46.49 ± 0.07 

MDG 24.54 48.26 47.72 ± 0.08 

MEX 77.06 88.77 88.07 ± 0.10 

MLI 21.67 43.79 43.30 ± 0.10 

MMR 29.67 66.66 66.47 ± 0.03 

MNG 56.72 215.46 215.34 ± 0.08 

MOR 15.46 32.19 32.16 ± 0.01 

MOZ 18.56 68.85 68.11 ± 0.14 

MRT 23.46 50.20 49.54 ± 0.13 

MWI 10.06 22.91 22.65 ± 0.04 
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MYS 39.69 59.70 59.60 ± 0.02 

NAM 35.99 68.26 67.56 ± 0.11 

NER 35.85 112.54 111.17 ± 0.28 

NGA 10.00 25.07 24.76 ± 0.04 

NIC 15.91 24.52 24.36 ± 0.02 

NLD 123.67 118.60 117.37 ± 0.19 

NOR 106.68 101.33 100.33 ± 0.14 

NPL 20.82 52.36 52.01 ± 0.08 

NZL 105.20 113.95 113.16 ± 0.11 

OAO 15.89 64.93 64.58 ± 0.07 

OBN 30.89 33.35 33.08 ± 0.04 

OIO 8.89 17.54 17.48 ± 0.01 

OPO 44.46 72.79 72.47 ± 0.05 

OSA 3.38 3.81 3.80 ± 0.00 

PAK 17.96 29.89 29.57 ± 0.07 

PAN 75.33 97.91 97.23 ± 0.09 

PER 19.86 26.09 25.89 ± 0.03 

PHL 60.38 92.03 91.67 ± 0.07 

PNG 33.72 70.53 70.15 ± 0.08 

POL 134.94 139.80 138.50 ± 0.26 

PRT 137.06 131.49 130.11 ± 0.22 

PRY 106.88 126.56 125.35 ± 0.19 

RAP 9.05 12.30 12.29 ± 0.00 

ROU 91.57 98.57 97.72 ± 0.15 

RUS 80.58 86.47 85.75 ± 0.10 

RWA 10.04 26.02 25.72 ± 0.04 

SAU 11.83 15.97 15.95 ± 0.01 

SDN 27.03 77.24 77.06 ± 0.05 

SEN 16.76 32.10 31.75 ± 0.06 

SLB 24.97 58.09 57.78 ± 0.06 

SLE 5.07 12.42 12.28 ± 0.02 

SLV 27.87 34.54 34.31 ± 0.03 

SOM 17.61 87.11 85.95 ± 0.23 

SPP 170.99 158.06 156.35 ± 0.30 

SVK 104.56 109.49 108.50 ± 0.19 

SVN 158.53 161.73 160.42 ± 0.21 

SWE 142.55 138.99 137.59 ± 0.21 

SWZ 71.90 107.28 106.05 ± 0.21 

SYR 8.33 17.56 17.54 ± 0.01 

TCD 22.19 45.84 45.32 ± 0.10 

TGO 8.61 26.87 26.56 ± 0.04 

THA 43.69 75.34 75.04 ± 0.06 

TJK 13.74 25.04 24.97 ± 0.01 

TKM 58.87 87.20 86.92 ± 0.06 

TLS 31.32 61.72 61.42 ± 0.06 
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TUN 17.66 35.97 35.92 ± 0.02 

TUR 12.78 19.83 19.75 ± 0.02 

TZA 20.80 38.86 38.40 ± 0.09 

UGA 21.74 42.31 41.83 ± 0.07 

UKP 113.65 111.03 109.94 ± 0.16 

UKR 57.37 64.68 64.15 ± 0.08 

URY 98.69 112.89 112.04 ± 0.12 

USA 179.66 169.53 168.34 ± 0.17 

UZB 53.36 63.77 63.34 ± 0.08 

VEN 59.16 69.87 69.41 ± 0.07 

VNM 84.97 124.70 124.00 ± 0.14 

VUT 67.21 139.80 139.07 ± 0.13 

YEM 9.95 15.65 15.64 ± 0.01 

ZAF 52.66 85.49 85.01 ± 0.07 

ZMB 17.77 36.45 36.07 ± 0.06 

ZWE 27.70 106.73 105.63 ± 0.18 

 

 

Table A8.5: Regional and country-level food availability (in kcal/cap/day) in 2010 and 2050 for the 

reference scenario without climate change and for the mean of the main climate change scenarios 

(including standard deviation).  

Region Baseline of 2010 

Model scenarios of 2050 

Reference scenario      

(without climate change) 

Climate change scenarios       

(mean ± standard deviation) 

Global 2,568.91 2,878.29 2,787.23 ± 9.36 

HIC 2,892.16 2,899.93 2,850.39 ± 7.78 

AFR_LMIC 2,374.85 2,833.26 2,712.98 ± 12.73 

AMR_LMIC 2,713.57 2,872.06 2,805.39 ± 10.17 

EMR_LMIC 2,439.68 2,695.64 2,626.70 ± 12.70 

EUR_LMIC 2,591.03 2,778.24 2,732.29 ± 11.37 

SEA_LMIC 2,345.65 2,785.64 2,672.81 ± 12.87 

WPR_LMIC 2,650.87 3,141.85 3,046.52 ± 12.82 

AFG 2,166.25 2,426.39 2,334.85 ± 31.87 

AGO 2,336.34 2,382.51 2,271.10 ± 12.98 

ALB 2,442.59 2,643.21 2,597.18 ± 14.78 

ARG 2,971.43 3,124.75 3,075.68 ± 8.59 

ARM 2,270.27 2,624.85 2,569.69 ± 15.11 

AUS 2,618.69 2,636.20 2,591.98 ± 6.48 

AUT 3,232.42 3,246.99 3,194.86 ± 10.39 

AZE 2,505.94 2,496.93 2,441.17 ± 19.69 

BDI 2,036.38 2,855.44 2,720.56 ± 15.84 

BEN 2,467.06 2,838.55 2,670.17 ± 16.98 

BFA 2,586.76 2,969.45 2,879.65 ± 11.49 
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BGD 2,405.57 2,708.65 2,572.45 ± 9.82 

BGR 2,416.75 2,641.89 2,602.91 ± 8.51 

BLR 2,483.91 2,503.42 2,467.96 ± 5.86 

BLT 3,330.88 3,354.26 3,338.53 ± 3.14 

BLX 3,348.70 3,320.64 3,294.87 ± 4.89 

BLZ 2,512.42 2,661.30 2,595.86 ± 5.71 

BOL 2,012.84 2,420.49 2,356.45 ± 7.79 

BRA 2,951.12 3,124.47 3,057.80 ± 5.42 

BTN 2,145.54 2,553.34 2,445.92 ± 26.62 

BWA 2,153.47 2,576.14 2,481.25 ± 12.84 

CAF 1,931.00 2,853.15 2,720.00 ± 16.80 

CAN 2,807.53 2,774.58 2,724.48 ± 7.29 

CHL 2,719.06 2,889.27 2,831.42 ± 6.53 

CHM 2,683.92 3,246.90 3,152.40 ± 14.35 

CHP 2,993.80 3,009.32 2,964.32 ± 8.52 

CIV 2,614.23 3,039.83 2,883.80 ± 14.96 

CMR 2,282.70 2,716.05 2,585.71 ± 14.85 

COD 1,721.88 2,279.59 2,183.67 ± 13.75 

COG 2,187.50 2,801.53 2,661.52 ± 24.63 

COL 2,525.22 2,704.78 2,642.80 ± 9.64 

CRB 3,040.44 3,085.53 3,077.75 ± 1.32 

CRI 2,711.87 2,927.25 2,856.64 ± 5.56 

CUB 2,315.58 2,562.73 2,484.96 ± 7.33 

CYP 2,254.85 2,198.73 2,163.66 ± 4.69 

CZE 2,910.71 3,071.67 3,030.26 ± 9.55 

DEU 3,077.61 3,081.58 3,034.38 ± 8.38 

DJI 2,007.09 2,406.09 2,310.15 ± 21.32 

DNK 2,895.43 2,911.06 2,866.72 ± 9.84 

DOM 2,336.51 2,554.99 2,490.23 ± 4.57 

DZA 2,816.93 2,922.70 2,861.79 ± 16.46 

ECU 2,094.17 2,290.18 2,233.55 ± 5.15 

EGY 2,938.87 3,239.16 3,136.58 ± 9.92 

ERI 1,798.42 2,246.41 2,176.44 ± 25.32 

ETH 2,090.91 2,568.45 2,496.55 ± 16.42 

FJI 2,861.28 3,657.93 3,542.05 ± 22.28 

FNP 2,753.72 2,744.07 2,702.80 ± 11.54 

FRP 3,073.72 3,039.39 2,991.07 ± 8.42 

GAB 2,639.15 2,942.37 2,803.59 ± 17.97 

GEO 2,416.85 2,942.95 2,891.10 ± 11.47 

GHA 2,715.96 3,074.28 2,914.92 ± 19.58 

GIN 2,478.67 3,273.80 3,085.25 ± 16.81 

GMB 2,403.94 2,921.54 2,803.85 ± 17.19 

GNB 2,354.85 2,720.19 2,558.06 ± 11.13 

GNQ 2,554.19 2,357.11 2,234.08 ± 21.87 

GRC 3,142.68 3,213.80 3,162.23 ± 12.49 
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GSA 2,517.33 2,668.42 2,624.58 ± 3.21 

GTM 2,040.73 2,321.75 2,259.70 ± 24.68 

HND 2,407.21 2,769.91 2,704.19 ± 21.56 

HRV 2,656.24 2,729.88 2,693.13 ± 7.84 

HTI 1,708.11 2,128.28 2,065.35 ± 5.50 

HUN 2,992.72 3,141.69 3,101.61 ± 9.34 

IDN 2,495.40 3,034.37 2,884.31 ± 9.83 

IND 2,288.29 2,747.69 2,642.33 ± 16.27 

IRL 2,969.12 2,991.52 2,944.43 ± 9.87 

IRN 2,864.70 2,954.71 2,879.10 ± 16.24 

IRQ 2,645.62 2,899.76 2,812.72 ± 23.72 

ISL 2,867.31 2,947.22 2,905.09 ± 8.64 

ISR 3,095.28 3,292.61 3,214.40 ± 13.71 

ITP 3,292.32 3,311.34 3,279.65 ± 8.15 

JAM 2,560.79 2,894.69 2,827.27 ± 8.79 

JOR 2,897.25 3,415.35 3,343.11 ± 10.05 

JPN 2,453.90 2,443.27 2,392.30 ± 5.78 

KAZ 2,442.54 2,705.56 2,652.11 ± 15.05 

KEN 2,049.15 2,847.27 2,716.10 ± 37.12 

KGZ 2,299.55 2,679.74 2,625.15 ± 12.15 

KHM 2,232.78 2,439.18 2,320.65 ± 5.08 

KOR 2,740.54 2,927.71 2,868.08 ± 6.47 

LAO 2,206.34 2,355.38 2,240.91 ± 4.77 

LBN 2,753.29 3,029.78 2,967.82 ± 9.24 

LBR 2,381.97 2,847.84 2,673.10 ± 19.75 

LBY 2,605.59 2,817.15 2,759.82 ± 13.46 

LKA 2,338.20 2,564.05 2,457.36 ± 11.94 

LSO 2,417.60 2,727.53 2,595.83 ± 47.79 

MDA 2,350.09 2,761.50 2,718.97 ± 11.60 

MDG 2,035.57 2,482.89 2,284.80 ± 9.39 

MEX 2,954.33 3,025.35 2,947.81 ± 27.60 

MLI 2,355.90 2,649.54 2,534.29 ± 8.11 

MMR 2,350.99 2,611.04 2,495.89 ± 7.39 

MNG 2,287.71 3,393.64 3,321.80 ± 25.60 

MOR 3,236.67 3,707.64 3,637.09 ± 14.84 

MOZ 2,151.97 2,640.05 2,491.99 ± 18.33 

MRT 2,718.06 3,283.54 3,161.00 ± 29.95 

MWI 2,251.50 2,431.78 2,306.09 ± 53.14 

MYS 2,785.21 3,302.40 3,228.30 ± 15.12 

NAM 2,278.96 2,886.46 2,781.53 ± 14.42 

NER 2,257.59 2,932.87 2,842.29 ± 20.10 

NGA 2,806.69 3,194.26 3,058.42 ± 16.19 

NIC 2,133.22 2,551.82 2,474.28 ± 19.16 

NLD 2,838.35 2,841.29 2,799.05 ± 7.02 

NOR 2,955.96 2,890.57 2,843.09 ± 12.14 
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NPL 2,296.37 2,821.58 2,699.92 ± 9.81 

NZL 2,462.03 2,570.10 2,525.70 ± 8.20 

OAO 2,459.88 2,768.60 2,740.78 ± 2.49 

OBN 3,343.40 3,427.79 3,410.40 ± 2.64 

OIO 2,600.08 2,735.48 2,711.51 ± 3.65 

OPO 2,693.24 2,825.79 2,806.09 ± 3.52 

OSA 3,050.02 3,035.97 3,014.42 ± 2.45 

PAK 2,180.15 2,491.57 2,438.03 ± 9.83 

PAN 2,347.75 2,598.17 2,523.49 ± 5.27 

PER 2,308.53 2,513.11 2,433.81 ± 5.84 

PHL 2,418.65 2,596.38 2,503.85 ± 6.47 

PNG 2,207.64 3,055.80 2,980.48 ± 8.70 

POL 2,953.75 3,104.70 3,064.36 ± 10.21 

PRT 3,052.36 3,140.76 3,079.19 ± 10.90 

PRY 2,537.20 2,750.28 2,686.68 ± 16.97 

RAP 3,269.00 3,411.57 3,313.93 ± 21.73 

ROU 2,402.04 2,553.22 2,514.52 ± 8.16 

RUS 2,766.29 2,930.39 2,882.56 ± 10.28 

RWA 2,085.11 3,037.86 2,907.00 ± 16.35 

SAU 2,781.54 2,906.64 2,838.64 ± 7.87 

SDN 2,138.46 2,440.27 2,385.31 ± 7.92 

SEN 2,322.04 2,721.97 2,565.34 ± 10.24 

SLB 2,428.77 2,954.64 2,860.72 ± 10.61 

SLE 2,098.53 2,389.50 2,243.47 ± 11.55 

SLV 2,401.25 2,546.05 2,482.20 ± 23.87 

SOM 1,545.65 2,819.31 2,757.40 ± 9.50 

SPP 2,864.48 2,819.30 2,771.12 ± 8.91 

SVK 2,491.31 2,594.83 2,557.94 ± 8.84 

SVN 2,720.31 2,818.76 2,777.98 ± 7.12 

SWE 2,715.72 2,721.98 2,679.88 ± 9.41 

SWZ 2,376.59 2,791.05 2,665.94 ± 24.03 

SYR 2,633.98 3,142.79 3,077.29 ± 10.99 

TCD 2,023.21 2,517.72 2,435.75 ± 11.87 

TGO 2,315.43 2,792.82 2,632.84 ± 25.25 

THA 2,739.83 3,085.86 3,009.50 ± 3.56 

TJK 1,832.33 2,174.50 2,125.66 ± 15.38 

TKM 2,420.84 2,775.02 2,713.96 ± 21.54 

TLS 2,076.92 2,596.92 2,500.46 ± 9.95 

TUN 2,969.90 3,357.28 3,288.87 ± 17.92 

TUR 3,025.61 3,094.74 3,031.88 ± 13.32 

TZA 2,207.67 2,711.31 2,579.43 ± 23.97 

UGA 2,366.76 2,905.16 2,796.68 ± 14.47 

UKP 2,934.04 2,966.19 2,917.00 ± 11.04 

UKR 2,390.67 2,607.53 2,566.67 ± 7.37 

URY 2,714.51 2,910.41 2,848.27 ± 6.94 
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USA 2,907.66 2,820.88 2,772.26 ± 5.97 

UZB 2,115.05 2,468.52 2,411.82 ± 21.69 

VEN 2,405.29 2,511.38 2,454.34 ± 11.37 

VNM 2,489.61 2,756.79 2,640.25 ± 6.64 

VUT 2,733.66 3,419.38 3,306.06 ± 11.53 

YEM 1,875.84 2,060.40 2,016.77 ± 7.17 

ZAF 2,980.50 3,488.20 3,387.83 ± 18.61 

ZMB 1,909.38 2,880.79 2,724.42 ± 52.08 

ZWE 2,040.07 2,731.40 2,623.07 ± 39.42 

 

 

 

 

 

Table A8.6: Food availability (in kcal per capita per day) in 2050 by major food group and aggregate 

region (World, HIC: high-income countries, UMC: upper middle-income countries, LMC: lower middle-

income countries, LIC: low-income countries) for the reference scenario without climate change 

(SSP2_NoCC) and for the mean of the main climate change scenarios (including standard deviation) 

(SSP2_NoCC, SSP2_CC_std), with and without accounting for waste at the consumption level. 

Scenario and 

region 

Food availability (kcal/cap/d) 

Total 
Fruits & 

vegetables 

All 

meat 
Diary Cereals 

Roots & 

tubers 

Oilseeds & 

pulses 
Processed oils 

Sugar 

crops 

without accounting for waste at the consumption level           

World          

SSP2_NoCC 3,106.9 214.3 229.6 197.2 1,356.6 160.3 137.9 210.3 244.3 

SSP2_CC 3,008.3 205.9 227.8 196.5 1,287.7 152.6 133.8 208.1 241.4 

SSP2_CC_std 10.8 1.6 0.3 0.1 10.3 1.1 0.7 0.3 2.5 

HIC          

SSP2_NoCC 3,433.6 222.3 348.5 344.3 937.6 98.2 65.0 214.0 300.7 

SSP2_CC 3,372.5 213.8 345.7 343.7 902.2 95.9 62.9 211.9 297.6 

SSP2_CC_std 10.8 1.5 0.5 0.1 11.9 0.4 0.4 0.3 2.7 

UMC          

SSP2_NoCC 3,214.8 192.3 311.3 257.3 1,186.4 125.8 113.7 185.0 395.7 

SSP2_CC 3,143.7 185.4 308.4 256.7 1,140.8 121.9 111.1 183.3 391.5 

SSP2_CC_std 6.5 1.2 0.4 0.1 4.7 0.5 0.6 0.3 3.6 

LMC          

SSP2_NoCC 3,118.1 224.0 218.1 182.2 1,478.9 146.1 139.9 228.8 240.1 

SSP2_CC 3,010.0 214.9 216.6 181.3 1,399.8 139.3 136.0 226.4 236.9 

SSP2_CC_std 13.8 1.5 0.3 0.1 14.1 1.0 0.6 0.4 2.6 

LIC          

SSP2_NoCC 2,730.0 187.7 136.0 95.3 1,394.8 270.9 196.1 161.5 113.3 

SSP2_CC 2,612.7 180.6 134.8 94.8 1,314.7 253.9 189.1 159.4 111.9 

SSP2_CC_std 10.2 2.0 0.2 0.1 6.3 2.6 1.2 0.2 1.2 
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with accounting for waste at the consumption level           

World          

SSP2_NoCC 2,878.3 189.4 212.9 187.6 1,225.3 150.8 135.3 210.3 244.3 

SSP2_CC 2,787.2 182.0 211.2 186.9 1,162.3 143.4 131.3 208.1 241.4 

SSP2_CC_std 9.4 1.4 0.3 0.1 9.0 1.0 0.7 0.3 2.5 

HIC          

SSP2_NoCC 2,899.9 174.8 311.7 308.9 719.1 77.4 62.5 214.0 300.7 

SSP2_CC 2,850.4 168.1 309.1 308.3 692.0 75.6 60.6 211.9 297.6 

SSP2_CC_std 7.8 1.2 0.4 0.1 9.0 0.3 0.4 0.3 2.7 

UMC          

SSP2_NoCC 2,983.5 170.1 291.2 246.0 1,046.5 115.5 111.4 185.0 395.7 

SSP2_CC 2,918.8 164.0 288.5 245.4 1,005.8 111.8 108.8 183.3 391.5 

SSP2_CC_std 6.2 1.0 0.4 0.1 4.0 0.5 0.6 0.3 3.6 

LMC          

SSP2_NoCC 2,920.4 200.3 202.8 176.8 1,346.8 138.6 137.2 228.8 240.1 

SSP2_CC 2,820.5 192.2 201.3 176.0 1,274.4 132.2 133.4 226.4 236.9 

SSP2_CC_std 12.3 1.4 0.2 0.1 12.6 0.9 0.6 0.4 2.6 

LIC          

SSP2_NoCC 2,652.0 176.1 131.2 94.1 1,346.5 264.8 194.0 161.5 113.3 

SSP2_CC 2,538.0 169.4 130.1 93.6 1,268.7 248.1 187.1 159.4 111.9 

SSP2_CC_std 9.9 1.9 0.2 0.1 6.2 2.5 1.2 0.2 1.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 
 

Appendix A9: Supplementary health results 

 

 

Table A9.1 lists the health impacts associated with the changes in food availability and consumption for the 

future consumption scenarios with and without climate change. The basis for comparison is a baseline with 2010 

levels of food consumption and weight levels, but with all-cause death rates and population structures of 2050. 

Adopting this baseline allowed us to isolate the health impacts of changes in dietary and weight-related risk 

factors between 2010 and 2050 when comparing it to the reference and climate change scenarios, and to estimate 

the impacts of climate change in 2050 by calculating the difference between the reference scenario and the 

climate-change scenarios.  

 

Figure A9.1 disaggregated the total number of climate-related deaths by risk factor and cause of death, and 

Tables A9.2-A9.4 resolve the climate-related health impacts on the country level. Table A9.2 lists the climate-

related deaths in the ten most impacted and three least impacted countries. The greatest numbers of climate-

related deaths in 2050 occurred in China (248 thousand; 95% CI: 169-332 thousand; CC SD: 51 thousand) and 

India (136 thousand; 95% CI: 88-176 thousand; CC SD: 25 thousand), whose numbers of climate-related deaths 

were an order of magnitude larger than those of any other country. China alone accounted for 43% of all climate-

related deaths, and China and India together accounted for 73%. Venezuela and South Africa were the two 

countries with the least negative climate-related health impacts, leading to a small number of avoided deaths. 

Tables A9.3 and A9.4 list the climate-related deaths by region and country in per capita terms and in absolute, 

respectively, and Tables A9.5 and A9.6 list those by risk factor. 

 

 

 

Table A9.1: Deaths avoided (in thousands) due to changes in dietary and weight-related risk factors for 

the reference scenario without climate change and for the mean of the main climate-change scenarios in 

2050. The basis for comparison is a baseline with 2010 levels of food consumption and weight levels, but 

with all-cause death rates and population structures of 2050. Adopting this baseline allowed us to isolate 

the health impacts of changes in dietary and weight-related risk factors between 2010 and 2050 when 

comparing it to the reference and climate change scenarios, and to estimate the impacts of climate change 

in 2050 by calculating the difference between the reference scenario and the climate-change scenarios. 

Low and high values represent 95% confidence intervals, and CC SD represents the standard deviation of 

the main climate-change scenarios. 

Region 

Reference scenario  
(without climate change) 

  
Climate change scenario                  

(average and standard deviation) 

mean low high   mean low high CC SD 

Global 1,877 942 2,820  1,348 628 2,084 105 

HIC 113 73 152  74 50 99 9 

AFR_LMIC 156 69 242  128 58 198 4 

AMR_LMIC -6 -33 21  -8 -27 10 6 

EMR_LMIC -43 -86 -2  -56 -87 -25 2 

EUR_LMIC 13 -42 68  -1 -43 41 4 

SEA_LMIC 1,119 773 1,450  956 672 1,233 29 

WPR_LMIC 519 190 877   255 12 523 53 

 

Regional abbreviations follow the WHO-World Bank classification: HIC: high-income countries; AFR_LMIC: low 

and middle-income countries of Africa; AMR_LMIC: low and middle-income countries of America; EMR_LMIC: 
low and middle-income countries of the Eastern Mediterranean; EUR_LMIC: low and middle income countries of 

Europe; SEA_LMIC: low and middle-income countries of South-East Asia; WPR_LMIC: low and middle-income 

countries of the Western Pacific). Appendix A6 lists the countries included in each region. 
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Figure A9.1: Total number of climate-related deaths (in thousands) by cause of death and risk factor 

(FVC: fruit and vegetable consumption; MTC: red-meat consumption; UND: underweight; OVW: 

overweight; OBS: obesity). 

 

 
 

 

Table A9.2: Climate-related deaths (in thousands) in the ten most impacted and three least impacted 

countries. Low and high values represent 95% confidence intervals, and CC SD represents the standard 

deviation of the main climate-change scenarios. 

Country 
Climate-related deaths (thousand) 

mean low high CC SD % of total 

China 247.97 168.54 331.49 50.74 47% 

India 135.97 87.69 175.80 24.62 26% 

Vietnam 10.70 6.64 14.29 1.92 2% 

Bangladesh 9.95 6.77 13.29 0.97 2% 

USA 8.64 5.27 11.72 2.25 2% 

Indonesia 7.95 1.50 14.53 1.57 2% 

Japan 7.62 6.84 8.41 1.49 1% 

Russia 7.46 1.65 13.17 2.26 1% 

Iran 5.66 2.53 8.65 0.89 1% 

DR Congo 4.94 3.09 6.84 0.73 1% 

Iraq -0.57 -1.27 0.09 0.37 0% 

South Africa -0.60 -0.91 -0.23 0.39 0% 

Venezuela -0.94 -1.36 -0.58 0.48 0% 
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Table A9.3: Climate-related deaths per capita (in deaths per million) by region and country. Low and 

high values represent 95% confidence intervals, and CC SD represents the standard deviation of the main 

climate-change scenarios. 

Region 
Climate-related deaths per capita (per million) 

mean low high CC SD   

Global 77.99 46.35 108.54 15.52   

HIC 37.17 22.65 51.13 9.14  

AFR_LMIC 26.43 11.19 41.73 3.57  

AMR_LMIC 4.73 -10.37 19.24 9.76  

EMR_LMIC 20.23 1.62 37.98 3.85  

EUR_LMIC 55.01 6.76 101.28 14.47  

SEA_LMIC 89.51 55.63 118.48 15.64  

WPR_LMIC 198.60 133.56 266.34 40.05   

AFG 40.77 28.93 51.86 14.61   

AGO 54.06 59.10 48.82 6.05  

ALB 88.10 43.23 125.68 14.21  

ARG 5.47 -5.25 15.73 2.44  

ARM 80.95 22.99 132.89 13.79  

AUS 5.74 -0.67 12.72 5.19  

AUT 29.04 8.84 46.10 14.60  

AZE 46.22 85.82 6.94 3.13  

BDI 44.42 25.79 60.99 4.72  

BEN 30.49 3.88 57.13 2.60  

BFA 32.15 21.85 43.22 3.48  

BGD 66.65 45.33 89.01 6.50  

BGR 4.82 -19.40 25.98 5.30  

BLR 69.46 -20.99 151.52 33.00  

BLT 83.52 39.83 126.69 27.22  

BLX 35.71 19.14 52.78 10.39  

BLZ -6.15 -17.40 5.30 4.50  

BOL -26.39 -38.97 -15.46 7.17  

BRA 24.25 6.88 41.66 6.53  

BTN 46.02 17.55 68.73 14.56  

BWA -2.25 -16.55 12.80 2.27  

CAF -7.57 -21.14 4.44 1.69  

CAN 29.52 24.87 33.36 7.36  

CHL 4.02 -10.97 19.35 8.96  

CHM 230.64 156.76 308.32 47.19  

CHP 15.50 3.78 26.84 5.77  

CIV 31.94 7.33 56.05 7.13  

CMR -8.72 -27.65 9.70 5.24  

COD 56.23 35.19 77.93 8.33  

COG 13.17 -7.57 31.36 3.38  

COL 0.33 -13.81 13.24 10.39  

CRB 4.14 0.74 7.72 1.43  
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CRI 6.24 -8.03 21.24 7.36  

CUB -2.63 -48.15 42.31 28.12  

CYP 4.42 9.78 -1.46 2.82  

CZE 18.26 -7.93 41.89 9.74  

DEU 18.07 -0.51 36.04 11.40  

DJI -31.85 -40.88 -23.88 6.99  

DNK 20.44 7.34 35.04 7.21  

DOM -7.47 -25.01 10.67 7.71  

DZA 21.25 4.48 40.04 1.90  

ECU -0.98 -12.22 10.94 4.66  

EGY 24.58 -1.69 48.68 7.33  

ERI 24.25 11.00 36.61 9.56  

ETH 33.85 23.51 43.51 7.65  

FJI -23.32 -31.05 -15.36 5.60  

FNP 2.59 -17.55 20.23 4.44  

FRP 32.56 22.04 41.97 7.06  

GAB -7.54 -26.34 11.75 5.54  

GEO 32.36 -3.04 77.95 7.18  

GHA 34.06 6.05 59.87 10.93  

GIN 35.49 9.97 56.29 6.41  

GMB 0.17 -13.61 14.80 0.99  

GNB 64.01 31.71 92.86 6.24  

GNQ 50.75 77.79 26.04 10.77  

GRC 123.66 76.57 167.11 26.21  

GSA -4.48 -17.23 9.42 2.99  

GTM -9.55 -16.89 -2.36 10.37  

HND -5.89 -13.29 2.17 11.00  

HRV 18.80 -3.73 43.11 8.74  

HTI -13.26 -29.89 1.69 4.02  

HUN 57.49 19.21 93.26 19.02  

IDN 35.07 6.63 64.08 6.93  

IND 104.95 67.69 135.70 19.00  

IRL 14.99 0.28 30.86 4.04  

IRN 74.51 33.29 113.96 11.75  

IRQ -12.74 -28.15 2.11 8.26  

ISL 16.34 1.00 32.52 3.56  

ISR 48.78 34.64 59.90 7.85  

ITP 89.17 58.03 122.58 19.37  

JAM -7.84 -27.18 8.85 4.37  

JOR 9.89 0.17 20.80 2.31  

JPN 81.74 73.33 90.21 16.03  

KAZ 42.97 -1.27 86.65 6.94  

KEN 3.28 -7.66 15.74 3.80  

KGZ 50.09 7.95 95.68 10.74  

KHM 59.24 43.38 76.10 2.66  
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KOR 118.53 84.35 147.68 24.53  

LAO 53.80 39.72 67.40 4.70  

LBN 25.91 7.89 43.98 4.70  

LBR 31.06 7.36 51.15 5.24  

LBY 10.59 -10.30 32.39 2.33  

LKA 73.33 42.60 101.13 11.47  

LSO 21.70 3.66 40.92 5.85  

MDA 65.58 0.41 133.43 16.04  

MDG 105.23 68.04 142.80 5.72  

MEX 0.37 -14.81 13.69 17.82  

MLI 37.81 21.13 54.18 2.50  

MMR 86.66 51.25 110.50 18.06  

MNG -8.95 -16.49 -3.44 8.35  

MOR 46.57 17.22 75.09 7.58  

MOZ 13.20 -10.73 35.76 1.99  

MRT -10.11 -19.34 -0.43 2.78  

MWI 68.74 50.66 84.44 26.12  

MYS -1.36 -11.15 7.02 1.92  

NAM -16.52 -30.06 -4.45 2.96  

NER 13.51 5.82 19.44 2.42  

NGA 21.93 7.46 37.08 2.94  

NIC -42.02 -49.00 -34.10 12.77  

NLD 36.26 18.38 53.37 8.30  

NOR 8.31 7.25 9.26 2.72  

NPL 61.93 42.76 83.10 7.74  

NZL 29.62 13.33 43.88 6.64  

OAO 4.26 -0.81 8.97 2.29  

OBN 45.81 29.24 60.92 12.12  

OIO 7.05 1.30 12.00 2.01  

OPO -6.01 -9.06 -4.14 1.17  

OSA 1.57 3.08 -0.09 0.77  

PAK 9.32 -3.55 21.59 1.45  

PAN -30.82 -42.07 -19.53 6.34  

PER -3.99 -15.21 8.66 4.86  

PHL 41.55 20.94 62.49 4.93  

PNG 28.27 -2.00 52.79 18.17  

POL 38.27 12.75 64.62 13.01  

PRT 75.60 44.58 103.10 18.18  

PRY 3.76 -12.21 16.44 13.44  

RAP 0.39 -10.04 10.20 2.16  

ROU 88.70 34.18 145.11 24.67  

RUS 67.56 14.93 119.21 20.43  

RWA 6.65 -2.71 15.77 5.91  

SAU -2.29 -17.20 11.46 1.56  

SDN 23.42 10.21 36.52 3.91  
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SEN 15.99 -3.34 36.59 1.80  

SLB -39.40 -47.63 -30.01 3.03  

SLE 43.79 4.40 83.97 5.72  

SLV -27.36 -39.48 -15.77 21.24  

SOM -36.24 -42.37 -29.91 6.16  

SPP 24.08 25.09 23.32 7.25  

SVK -2.46 -32.10 29.37 6.98  

SVN 35.15 10.23 60.17 15.27  

SWE 4.55 -9.16 19.86 3.62  

SWZ -14.43 -34.69 5.20 5.26  

SYR 12.87 -3.41 28.73 2.15  

TCD 19.93 7.83 31.83 2.86  

TGO 33.48 4.33 62.46 5.00  

THA 44.68 22.40 60.52 5.54  

TJK 13.00 -4.47 29.77 2.90  

TKM 47.70 -1.43 96.30 3.26  

TLS 10.23 3.44 16.64 0.77  

TUN 37.95 13.68 59.45 4.73  

TUR 55.38 32.14 77.28 10.43  

TZA 12.14 -1.35 25.87 1.36  

UGA 23.72 14.81 32.27 6.62  

UKP 25.12 4.32 47.27 5.53  

UKR 38.93 -32.09 101.31 14.78  

URY 3.90 -14.99 22.07 6.82  

USA 27.72 16.92 37.60 7.21  

UZB 24.02 -24.25 69.62 6.45  

VEN -29.48 -42.56 -18.18 14.96  

VNM 125.53 77.93 167.73 22.58  

VUT -19.45 -24.75 -14.58 1.84  

YEM -12.30 -21.45 -2.93 2.88  

ZAF -13.32 -20.18 -5.13 8.72  

ZMB -9.39 -17.79 1.77 3.44  

ZWE -15.49 -26.34 -5.30 5.41   
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Table A9.4: Climate-related deaths (in thousands) by region and country. Low and high values represent 

95% confidence intervals, and CC SD represents the standard deviation of the main climate-change 

scenarios. 

Region 
Climate-related deaths (thousand) 

mean low high CC SD 

Global 528.71 314.23 735.77 105.23 

HIC 38.47 23.44 52.91 9.45 

AFR_LMIC 27.69 11.72 43.73 3.74 

AMR_LMIC 2.67 -5.87 10.88 5.52 

EMR_LMIC 12.36 0.99 23.21 2.35 

EUR_LMIC 14.34 1.76 26.41 3.77 

SEA_LMIC 163.52 101.62 216.44 28.57 

WPR_LMIC 264.27 177.72 354.41 53.29 

AFG 1.70 1.21 2.17 0.61 

AGO 1.47 1.60 1.32 0.16 

ALB 0.24 0.12 0.34 0.04 

ARG 0.21 -0.20 0.59 0.09 

ARM 0.17 0.05 0.28 0.03 

AUS 0.17 -0.02 0.37 0.15 

AUT 0.22 0.07 0.36 0.11 

AZE 0.40 0.75 0.06 0.03 

BDI 0.51 0.30 0.70 0.05 

BEN 0.37 0.05 0.70 0.03 

BFA 0.73 0.49 0.98 0.08 

BGD 9.95 6.77 13.29 0.97 

BGR 0.03 -0.10 0.14 0.03 

BLR 0.47 -0.14 1.02 0.22 

BLT 0.40 0.19 0.60 0.13 

BLX 0.39 0.21 0.57 0.11 

BLZ 0.00 -0.01 0.00 0.00 

BOL -0.26 -0.39 -0.15 0.07 

BRA 4.49 1.27 7.71 1.21 

BTN 0.04 0.02 0.06 0.01 

BWA 0.00 -0.03 0.02 0.00 

CAF -0.04 -0.10 0.02 0.01 

CAN 1.13 0.95 1.28 0.28 

CHL 0.07 -0.18 0.32 0.15 

CHM 247.97 168.54 331.49 50.74 

CHP 0.12 0.03 0.20 0.04 

CIV 0.64 0.15 1.12 0.14 

CMR -0.19 -0.60 0.21 0.11 

COD 4.94 3.09 6.84 0.73 

COG 0.07 -0.04 0.16 0.02 

COL 0.02 -0.67 0.64 0.50 

CRB 0.01 0.00 0.02 0.00 
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CRI 0.03 -0.04 0.11 0.04 

CUB -0.02 -0.38 0.34 0.22 

CYP 0.01 0.01 0.00 0.00 

CZE 0.18 -0.08 0.40 0.09 

DEU 1.20 -0.03 2.40 0.76 

DJI -0.03 -0.04 -0.02 0.01 

DNK 0.10 0.04 0.18 0.04 

DOM -0.07 -0.24 0.10 0.07 

DZA 0.81 0.17 1.52 0.07 

ECU -0.01 -0.19 0.17 0.07 

EGY 2.23 -0.15 4.42 0.67 

ERI 0.19 0.09 0.28 0.07 

ETH 3.52 2.45 4.53 0.80 

FJI -0.02 -0.02 -0.01 0.00 

FNP 0.01 -0.09 0.10 0.02 

FRP 1.96 1.32 2.52 0.42 

GAB -0.01 -0.04 0.02 0.01 

GEO 0.08 -0.01 0.20 0.02 

GHA 1.02 0.18 1.80 0.33 

GIN 0.34 0.10 0.54 0.06 

GMB 0.00 -0.03 0.03 0.00 

GNB 0.10 0.05 0.15 0.01 

GNQ 0.05 0.07 0.02 0.01 

GRC 1.16 0.72 1.57 0.25 

GSA 0.00 -0.02 0.01 0.00 

GTM -0.16 -0.28 -0.04 0.17 

HND -0.05 -0.11 0.02 0.09 

HRV 0.06 -0.01 0.15 0.03 

HTI -0.12 -0.27 0.02 0.04 

HUN 0.43 0.14 0.69 0.14 

IDN 7.95 1.50 14.53 1.57 

IND 135.97 87.69 175.80 24.62 

IRL 0.07 0.00 0.15 0.02 

IRN 5.66 2.53 8.65 0.89 

IRQ -0.57 -1.27 0.09 0.37 

ISL 0.01 0.00 0.01 0.00 

ISR 0.49 0.35 0.60 0.08 

ITP 4.63 3.01 6.36 1.01 

JAM -0.02 -0.06 0.02 0.01 

JOR 0.10 0.00 0.20 0.02 

JPN 7.62 6.84 8.41 1.49 

KAZ 0.66 -0.02 1.32 0.11 

KEN 0.16 -0.37 0.77 0.18 

KGZ 0.24 0.04 0.45 0.05 

KHM 0.76 0.55 0.97 0.03 
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KOR 4.71 3.35 5.86 0.97 

LAO 0.33 0.25 0.42 0.03 

LBN 0.10 0.03 0.18 0.02 

LBR 0.23 0.05 0.37 0.04 

LBY 0.08 -0.08 0.24 0.02 

LKA 1.37 0.80 1.89 0.21 

LSO 0.04 0.01 0.07 0.01 

MDA 0.12 0.00 0.24 0.03 

MDG 3.11 2.01 4.22 0.17 

MEX 0.04 -1.65 1.52 1.98 

MLI 0.81 0.45 1.15 0.05 

MMR 3.27 1.93 4.17 0.68 

MNG -0.02 -0.05 -0.01 0.02 

MOR 1.32 0.49 2.12 0.21 

MOZ 0.35 -0.28 0.94 0.05 

MRT -0.04 -0.08 0.00 0.01 

MWI 1.51 1.11 1.86 0.57 

MYS -0.04 -0.36 0.23 0.06 

NAM -0.04 -0.07 -0.01 0.01 

NER 0.34 0.15 0.49 0.06 

NGA 4.52 1.54 7.65 0.61 

NIC -0.21 -0.25 -0.17 0.06 

NLD 0.54 0.27 0.79 0.12 

NOR 0.05 0.04 0.05 0.02 

NPL 2.26 1.56 3.03 0.28 

NZL 0.14 0.06 0.20 0.03 

OAO 0.00 0.00 0.01 0.00 

OBN 0.61 0.39 0.82 0.16 

OIO 0.02 0.00 0.03 0.00 

OPO 0.00 0.00 0.00 0.00 

OSA 0.01 0.02 0.00 0.00 

PAK 1.88 -0.72 4.36 0.29 

PAN -0.12 -0.16 -0.08 0.02 

PER -0.10 -0.39 0.22 0.12 

PHL 4.41 2.22 6.63 0.52 

PNG 0.23 -0.02 0.42 0.15 

POL 1.13 0.37 1.90 0.38 

PRT 0.71 0.42 0.97 0.17 

PRY 0.03 -0.09 0.12 0.10 

RAP 0.01 -0.29 0.29 0.06 

ROU 1.33 0.51 2.17 0.37 

RUS 7.46 1.65 13.17 2.26 

RWA 0.09 -0.04 0.22 0.08 

SAU -0.09 -0.71 0.47 0.06 

SDN 1.28 0.56 2.00 0.21 
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SEN 0.24 -0.05 0.55 0.03 

SLB -0.03 -0.03 -0.02 0.00 

SLE 0.32 0.03 0.61 0.04 

SLV -0.12 -0.18 -0.07 0.09 

SOM -0.34 -0.39 -0.28 0.06 

SPP 1.06 1.11 1.03 0.32 

SVK -0.01 -0.15 0.14 0.03 

SVN 0.06 0.02 0.11 0.03 

SWE 0.04 -0.09 0.19 0.04 

SWZ -0.01 -0.04 0.01 0.01 

SYR 0.32 -0.08 0.71 0.05 

TCD 0.29 0.12 0.47 0.04 

TGO 0.23 0.03 0.44 0.03 

THA 2.69 1.35 3.65 0.33 

TJK 0.07 -0.02 0.17 0.02 

TKM 0.23 -0.01 0.46 0.02 

TLS 0.01 0.00 0.02 0.00 

TUN 0.39 0.14 0.61 0.05 

TUR 4.06 2.36 5.67 0.77 

TZA 0.73 -0.08 1.57 0.08 

UGA 1.17 0.73 1.60 0.33 

UKP 1.51 0.26 2.84 0.33 

UKR 1.24 -1.02 3.22 0.47 

URY 0.01 -0.04 0.06 0.02 

USA 8.64 5.27 11.72 2.25 

UZB 0.60 -0.61 1.75 0.16 

VEN -0.94 -1.36 -0.58 0.48 

VNM 10.70 6.64 14.29 1.92 

VUT -0.01 -0.01 0.00 0.00 

YEM -0.43 -0.75 -0.10 0.10 

ZAF -0.60 -0.91 -0.23 0.39 

ZMB -0.16 -0.29 0.03 0.06 

ZWE -0.13 -0.23 -0.05 0.05 
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Table A9.5: Climate-related deaths (in thousands) by region and risk factor (FVC: fruit and vegetable 

consumption; MTC: red-meat consumption; UND: underweight; OVW: overweight; OBS: obesity). 

Region 
Climate-related deaths (thousands) 

Total FVC MTC UND OVW OBS 

Global 528.71 533.55 -29.07 266.16 -34.94 -225.42 

HIC 38.47 67.05 -9.48 10.01 -1.26 -27.94 

AFR_LMIC 27.69 14.21 -1.11 53.45 -1.65 -37.68 

AMR_LMIC 2.67 23.72 -2.78 5.97 -0.36 -24.45 

EMR_LMIC 12.36 24.69 -0.98 10.67 -1.75 -20.92 

EUR_LMIC 14.34 32.45 -4.01 1.33 -0.75 -15.67 

SEA_LMIC 163.52 89.51 -1.27 146.79 -20.96 -56.88 

WPR_LMIC 264.27 274.90 -9.39 37.64 -8.16 -39.91 

AFG 1.70 0.46 -0.05 2.04 -0.24 -0.50 

AGO 1.47 0.18 -0.03 2.39 -0.03 -1.04 

ALB 0.24 0.35 -0.01 0.02 0.00 -0.12 

ARG 0.21 1.20 -0.23 0.19 0.00 -0.97 

ARM 0.17 0.28 -0.01 0.02 0.00 -0.14 

AUS 0.17 1.32 -0.27 0.13 -0.02 -1.01 

AUT 0.22 0.53 -0.18 0.05 -0.01 -0.16 

AZE 0.40 0.92 -0.01 0.10 -0.02 -0.58 

BDI 0.51 0.35 -0.01 0.59 -0.02 -0.43 

BEN 0.37 0.18 -0.01 1.06 -0.04 -0.82 

BFA 0.73 0.10 -0.07 0.99 -0.04 -0.22 

BGD 9.95 1.92 -0.03 10.99 -1.61 -1.36 

BGR 0.03 0.34 -0.06 0.05 -0.01 -0.31 

BLR 0.47 1.31 -0.27 0.01 -0.04 -0.57 

BLT 0.40 0.54 -0.12 0.00 0.00 -0.03 

BLX 0.39 0.55 -0.10 0.03 0.00 -0.09 

BLZ 0.00 0.01 0.00 0.00 0.00 -0.01 

BOL -0.26 0.18 -0.04 0.18 0.00 -0.59 

BRA 4.49 10.24 -1.51 2.04 -0.18 -6.26 

BTN 0.04 0.07 0.00 0.03 -0.01 -0.05 

BWA 0.00 0.01 0.00 0.09 0.00 -0.10 

CAF -0.04 0.04 -0.02 0.20 -0.01 -0.24 

CAN 1.13 2.55 -0.28 0.19 -0.03 -1.28 

CHL 0.07 0.78 -0.09 0.11 0.00 -0.76 

CHM 247.97 261.70 -8.54 23.63 -6.06 -31.50 

CHP 0.12 0.31 -0.08 0.09 -0.02 -0.19 

CIV 0.64 0.42 -0.02 1.51 -0.04 -1.25 

CMR -0.19 0.42 -0.02 0.84 -0.02 -1.45 

COD 4.94 0.65 -0.02 6.98 -0.15 -2.56 

COG 0.07 0.07 0.00 0.28 -0.01 -0.27 

COL 0.02 1.80 -0.14 0.68 -0.11 -2.27 

CRB 0.01 0.02 0.00 0.00 0.00 -0.02 

CRI 0.03 0.24 -0.02 0.04 0.00 -0.24 
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CUB -0.02 0.91 -0.05 0.18 -0.03 -1.09 

CYP 0.01 0.05 0.00 0.02 0.00 -0.06 

CZE 0.18 0.62 -0.20 0.03 0.00 -0.28 

DEU 1.20 4.29 -1.29 0.52 -0.10 -2.22 

DJI -0.03 0.01 -0.01 0.03 0.00 -0.06 

DNK 0.10 0.28 -0.07 0.05 -0.01 -0.15 

DOM -0.07 0.42 -0.03 0.11 -0.01 -0.58 

DZA 0.81 1.63 0.00 0.83 -0.04 -1.64 

ECU -0.01 0.58 -0.03 0.20 -0.01 -0.78 

EGY 2.23 5.65 -0.29 0.35 0.07 -3.80 

ERI 0.19 0.01 0.00 0.32 -0.03 -0.11 

ETH 3.52 0.31 -0.04 4.09 -0.17 -0.67 

FJI -0.02 0.01 0.00 0.00 0.00 -0.03 

FNP 0.01 0.26 -0.07 0.04 -0.01 -0.20 

FRP 1.96 2.99 -0.41 0.71 -0.07 -1.27 

GAB -0.01 0.05 0.00 0.07 0.00 -0.12 

GEO 0.08 0.26 -0.03 0.00 0.00 -0.15 

GHA 1.02 1.10 -0.04 2.15 -0.09 -2.16 

GIN 0.34 0.33 -0.02 0.58 -0.03 -0.55 

GMB 0.00 0.01 0.00 0.09 0.00 -0.10 

GNB 0.10 0.02 0.00 0.19 -0.01 -0.10 

GNQ 0.05 0.01 0.00 0.09 0.00 -0.05 

GRC 1.16 1.39 -0.08 0.07 -0.01 -0.21 

GSA 0.00 0.03 0.00 0.02 0.00 -0.05 

GTM -0.16 0.22 -0.01 0.17 0.00 -0.56 

HND -0.05 0.16 -0.01 0.06 -0.01 -0.26 

HRV 0.06 0.22 -0.04 0.02 -0.01 -0.13 

HTI -0.12 0.15 -0.01 0.30 -0.01 -0.57 

HUN 0.43 0.72 -0.14 0.03 -0.01 -0.19 

IDN 7.95 11.10 -0.08 14.68 -3.08 -15.31 

IND 135.97 70.23 -0.90 110.64 -15.17 -34.23 

IRL 0.07 0.25 -0.06 0.02 0.00 -0.13 

IRN 5.66 8.42 -0.01 0.55 -0.16 -3.24 

IRQ -0.57 1.28 -0.01 0.27 0.01 -2.17 

ISL 0.01 0.02 0.00 0.00 0.00 -0.01 

ISR 0.49 0.60 -0.02 0.02 0.00 -0.12 

ITP 4.63 5.81 -0.75 0.17 -0.04 -0.54 

JAM -0.02 0.09 0.00 0.03 0.00 -0.14 

JOR 0.10 0.23 0.00 0.02 0.00 -0.17 

JPN 7.62 6.31 -0.49 4.64 -0.69 -2.16 

KAZ 0.66 1.80 -0.25 0.10 -0.02 -1.04 

KEN 0.16 0.65 -0.06 1.63 -0.07 -2.03 

KGZ 0.24 0.51 -0.04 0.03 -0.02 -0.28 

KHM 0.76 0.09 -0.01 0.88 -0.05 -0.15 

KOR 4.71 5.02 -0.16 0.76 -0.16 -0.99 
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LAO 0.33 0.16 -0.01 0.35 -0.05 -0.12 

LBN 0.10 0.18 0.00 0.01 0.00 -0.10 

LBR 0.23 0.09 -0.01 0.52 -0.02 -0.36 

LBY 0.08 0.33 0.00 0.03 0.00 -0.29 

LKA 1.37 0.41 -0.01 2.08 -0.10 -1.02 

LSO 0.04 0.01 0.00 0.13 0.00 -0.10 

MDA 0.12 0.27 -0.03 0.01 -0.01 -0.14 

MDG 3.11 0.41 -0.05 4.02 -0.29 -0.97 

MEX 0.04 4.37 -0.40 0.61 0.02 -4.65 

MLI 0.81 0.24 -0.02 1.25 -0.04 -0.62 

MMR 3.27 1.58 -0.06 4.47 -0.49 -2.28 

MNG -0.02 0.07 0.00 0.01 0.00 -0.10 

MOR 1.32 1.72 -0.01 0.15 -0.03 -0.59 

MOZ 0.35 0.11 -0.06 1.91 -0.03 -1.54 

MRT -0.04 0.02 -0.01 0.12 0.00 -0.16 

MWI 1.51 0.21 -0.01 2.02 0.00 -0.72 

MYS -0.04 0.74 -0.02 0.28 -0.05 -1.02 

NAM -0.04 0.02 -0.01 0.08 0.00 -0.13 

NER 0.34 0.14 -0.08 0.69 -0.03 -0.36 

NGA 4.52 3.40 -0.22 9.19 -0.26 -7.73 

NIC -0.21 0.04 0.00 0.04 0.00 -0.29 

NLD 0.54 0.94 -0.11 0.20 -0.02 -0.47 

NOR 0.05 0.22 -0.04 0.04 -0.01 -0.17 

NPL 2.26 1.04 -0.07 2.22 -0.37 -0.60 

NZL 0.14 0.35 -0.04 0.02 0.00 -0.20 

OAO 0.00 0.01 0.00 0.00 0.00 -0.01 

OBN 0.61 0.68 -0.03 0.01 0.00 -0.05 

OIO 0.02 0.03 0.00 0.03 0.00 -0.04 

OPO 0.00 0.00 0.00 0.00 0.00 0.00 

OSA 0.01 0.03 0.00 0.04 -0.01 -0.04 

PAK 1.88 4.82 -0.50 4.95 -1.19 -6.31 

PAN -0.12 0.10 -0.01 0.03 0.00 -0.24 

PER -0.10 0.65 -0.01 0.61 -0.03 -1.35 

PHL 4.41 4.08 -0.23 6.13 -0.66 -4.99 

PNG 0.23 0.56 -0.02 0.06 0.00 -0.46 

POL 1.13 2.12 -0.48 0.13 -0.03 -0.65 

PRT 0.71 1.04 -0.10 0.07 -0.01 -0.29 

PRY 0.03 0.30 -0.05 0.10 -0.01 -0.32 

RAP 0.01 0.68 0.00 0.06 0.01 -0.75 

ROU 1.33 2.25 -0.23 0.17 -0.06 -0.86 

RUS 7.46 15.54 -2.15 0.36 -0.23 -6.43 

RWA 0.09 0.26 -0.01 0.25 -0.02 -0.42 

SAU -0.09 1.15 0.00 0.16 0.02 -1.44 

SDN 1.28 1.37 -0.06 1.73 -0.18 -1.62 

SEN 0.24 0.14 -0.01 0.99 -0.03 -0.84 
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SLB -0.03 0.01 0.00 0.00 0.00 -0.03 

SLE 0.32 0.09 0.00 0.94 0.00 -0.72 

SLV -0.12 0.10 -0.01 0.06 0.00 -0.28 

SOM -0.34 0.05 -0.05 0.07 0.00 -0.38 

SPP 1.06 2.93 -0.51 0.47 -0.03 -1.78 

SVK -0.01 0.34 -0.10 0.02 -0.01 -0.26 

SVN 0.06 0.13 -0.02 0.01 0.00 -0.06 

SWE 0.04 0.42 -0.11 0.08 -0.02 -0.33 

SWZ -0.01 0.01 0.00 0.05 0.00 -0.08 

SYR 0.32 0.89 0.00 0.05 0.02 -0.69 

TCD 0.29 0.03 -0.02 0.64 -0.01 -0.34 

TGO 0.23 0.05 -0.01 0.68 -0.03 -0.45 

THA 2.69 3.15 -0.11 1.65 -0.14 -2.02 

TJK 0.07 0.26 0.00 0.12 -0.03 -0.28 

TKM 0.23 0.44 -0.02 0.05 -0.02 -0.24 

TLS 0.01 0.00 0.00 0.03 0.00 -0.01 

TUN 0.39 0.53 0.00 0.04 0.00 -0.20 

TUR 4.06 5.29 -0.04 0.15 -0.02 -1.38 

TZA 0.73 0.66 -0.06 2.45 -0.05 -2.31 

UGA 1.17 0.73 -0.04 1.46 -0.02 -0.99 

UKP 1.51 3.85 -0.53 0.30 -0.03 -2.11 

UKR 1.24 4.32 -0.56 0.06 -0.18 -2.58 

URY 0.01 0.14 -0.02 0.03 0.00 -0.14 

USA 8.64 18.72 -2.75 0.81 0.07 -8.00 

UZB 0.60 2.38 -0.19 0.22 -0.10 -1.88 

VEN -0.94 1.02 -0.11 0.19 0.02 -2.06 

VNM 10.70 7.50 -0.56 6.30 -1.30 -1.48 

VUT -0.01 0.00 0.00 0.00 0.00 -0.01 

YEM -0.43 0.47 0.00 0.54 -0.06 -1.39 

ZAF -0.60 0.93 -0.07 0.29 0.00 -1.78 

ZMB -0.16 0.06 -0.01 0.49 -0.01 -0.68 

ZWE -0.13 0.03 -0.02 0.27 0.00 -0.40 
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Table A9.6: Climate-related deaths per capita (in deaths per million) by region and risk factor (FVC: fruit 

and vegetable consumption; MTC: red-meat consumption; UND: underweight; OVW: overweight; OBS: 

obesity). 

Region 
Climate-related deaths per capita (per million) 

Total FVC MTC UND OVW OBS 

Global 77.99 78.71 -4.29 39.26 -5.15 -33.25 

HIC 37.17 64.80 -9.16 9.67 -1.21 -27.00 

AFR_LMIC 26.43 13.57 -1.06 51.00 -1.58 -35.96 

AMR_LMIC 4.73 41.95 -4.92 10.56 -0.64 -43.24 

EMR_LMIC 20.23 40.41 -1.61 17.47 -2.87 -34.23 

EUR_LMIC 55.01 124.46 -15.36 5.08 -2.87 -60.10 

SEA_LMIC 89.51 49.00 -0.69 80.35 -11.47 -31.14 

WPR_LMIC 198.60 206.59 -7.06 28.29 -6.13 -29.99 

AFG 40.77 11.12 -1.22 48.77 -5.85 -11.92 

AGO 54.06 6.79 -1.19 88.21 -1.12 -38.39 

ALB 88.10 130.90 -5.46 6.70 -1.65 -45.51 

ARG 5.47 31.73 -5.98 5.10 -0.03 -25.69 

ARM 80.95 136.33 -4.18 10.29 -1.13 -68.69 

AUS 5.74 45.92 -9.44 4.57 -0.53 -35.08 

AUT 29.04 68.50 -23.42 6.32 -1.43 -20.70 

AZE 46.22 105.49 -1.17 11.79 -2.28 -66.50 

BDI 44.42 30.13 -0.66 51.06 -2.08 -37.53 

BEN 30.49 14.40 -0.67 86.24 -3.12 -66.87 

BFA 32.15 4.24 -3.31 43.56 -1.58 -9.91 

BGD 66.65 12.84 -0.22 73.61 -10.81 -9.11 

BGR 4.82 64.40 -10.74 9.84 -1.99 -58.39 

BLR 69.46 193.79 -39.80 1.40 -5.89 -83.90 

BLT 83.52 113.06 -24.27 0.68 -0.51 -7.10 

BLX 35.71 51.35 -9.72 2.81 -0.37 -8.29 

BLZ -6.15 29.51 -1.32 4.68 0.32 -40.20 

BOL -26.39 17.82 -3.64 17.93 -0.28 -59.24 

BRA 24.25 55.30 -8.18 11.01 -1.00 -33.82 

BTN 46.02 71.34 -2.23 36.04 -10.00 -55.66 

BWA -2.25 7.47 -2.00 46.10 -0.24 -53.62 

CAF -7.57 8.25 -5.02 40.28 -1.18 -47.97 

CAN 29.52 66.50 -7.35 5.06 -0.79 -33.41 

CHL 4.02 46.64 -5.13 6.65 0.07 -45.71 

CHM 230.64 243.41 -7.94 21.98 -5.63 -29.30 

CHP 15.50 41.33 -10.39 11.72 -2.04 -25.19 

CIV 31.94 21.00 -0.90 75.61 -2.26 -62.63 

CMR -8.72 19.46 -0.87 38.64 -0.71 -66.66 

COD 56.23 7.36 -0.26 79.46 -1.76 -29.13 

COG 13.17 13.15 -0.78 53.98 -2.00 -52.13 

COL 0.33 37.10 -2.81 13.96 -2.25 -46.77 

CRB 4.14 11.65 -1.26 1.39 -0.02 -7.75 
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CRI 6.24 45.08 -2.96 7.71 -0.58 -44.24 

CUB -2.63 114.68 -6.57 23.01 -3.99 

-

137.72 

CYP 4.42 37.79 -1.62 13.41 -1.35 -43.47 

CZE 18.26 64.26 -20.30 2.79 -0.41 -29.25 

DEU 18.07 64.43 -19.40 7.81 -1.45 -33.31 

DJI -31.85 9.77 -6.69 31.56 -3.84 -58.77 

DNK 20.44 54.97 -14.09 9.81 -1.77 -28.47 

DOM -7.47 43.16 -3.26 11.45 -1.02 -59.55 

DZA 21.25 43.07 0.06 21.79 -1.11 -43.24 

ECU -0.98 38.05 -2.20 13.29 -0.48 -51.61 

EGY 24.58 62.25 -3.16 3.85 0.72 -41.85 

ERI 24.25 1.24 -0.56 41.56 -3.24 -14.52 

ETH 33.85 2.97 -0.37 39.26 -1.65 -6.45 

FJI -23.32 19.00 -2.62 4.21 0.80 -45.32 

FNP 2.59 52.71 -15.38 8.11 -2.53 -40.49 

FRP 32.56 49.84 -6.75 11.89 -1.17 -21.17 

GAB -7.54 28.96 -2.32 43.05 -1.05 -76.98 

GEO 32.36 98.62 -12.77 0.33 -1.73 -58.30 

GHA 34.06 36.64 -1.22 71.64 -3.06 -71.87 

GIN 35.49 34.54 -1.74 60.52 -3.11 -57.75 

GMB 0.17 5.99 -1.12 44.92 -1.41 -47.95 

GNB 64.01 13.09 -3.09 119.32 -3.56 -60.90 

GNQ 50.75 11.78 -0.03 94.07 -1.88 -52.81 

GRC 123.66 147.92 -8.48 7.02 -1.28 -22.60 

GSA -4.48 31.21 -1.50 17.10 -1.36 -51.00 

GTM -9.55 13.29 -0.48 10.27 -0.12 -33.18 

HND -5.89 19.54 -1.29 6.68 -0.61 -31.23 

HRV 18.80 65.19 -12.61 7.32 -2.39 -39.41 

HTI -13.26 16.73 -0.98 33.26 -0.81 -63.20 

HUN 57.49 98.03 -18.68 3.56 -0.99 -25.88 

IDN 35.07 48.94 -0.36 64.72 -13.57 -67.51 

IND 104.95 54.21 -0.69 85.40 -11.71 -26.42 

IRL 14.99 49.72 -11.31 3.47 -0.54 -26.36 

IRN 74.51 110.87 -0.10 7.19 -2.12 -42.62 

IRQ -12.74 28.49 -0.14 6.09 0.19 -48.26 

ISL 16.34 44.19 -5.72 4.51 -0.85 -26.20 

ISR 48.78 59.76 -1.74 2.33 -0.09 -11.72 

ITP 89.17 111.82 -14.38 3.31 -0.71 -10.40 

JAM -7.84 44.52 -1.87 13.26 -0.43 -65.07 

JOR 9.89 24.15 0.04 1.62 0.34 -17.42 

JPN 81.74 67.60 -5.27 49.74 -7.35 -23.12 

KAZ 42.97 118.00 -16.60 6.62 -1.55 -67.96 

KEN 3.28 13.45 -1.29 33.40 -1.36 -41.79 

KGZ 50.09 109.30 -7.64 5.42 -3.98 -59.30 

KHM 59.24 6.72 -0.47 69.03 -3.81 -12.07 
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KOR 118.53 126.58 -3.93 19.21 -3.93 -25.04 

LAO 53.80 25.06 -0.84 55.59 -8.36 -18.56 

LBN 25.91 46.27 -0.32 2.74 0.00 -25.24 

LBR 31.06 11.69 -1.12 72.00 -2.28 -49.21 

LBY 10.59 44.78 0.02 4.09 0.41 -40.01 

LKA 73.33 21.96 -0.53 111.50 -5.29 -54.78 

LSO 21.70 5.68 -1.51 75.82 0.14 -58.42 

MDA 65.58 149.72 -14.47 4.02 -3.45 -78.67 

MDG 105.23 13.95 -1.76 136.24 -9.65 -32.83 

MEX 0.37 39.36 -3.57 5.49 0.22 -41.85 

MLI 37.81 11.22 -1.14 58.71 -1.73 -29.13 

MMR 86.66 41.96 -1.62 118.38 -12.91 -60.43 

MNG -8.95 24.11 -0.96 4.09 0.22 -37.26 

MOR 46.57 60.85 -0.29 5.37 -1.13 -20.99 

MOZ 13.20 4.22 -2.12 72.49 -1.19 -58.38 

MRT -10.11 4.15 -2.34 27.43 -0.56 -38.32 

MWI 68.74 9.70 -0.56 92.04 -0.22 -32.72 

MYS -1.36 22.72 -0.68 8.70 -1.48 -31.43 

NAM -16.52 8.00 -2.66 32.59 -0.61 -53.78 

NER 13.51 5.31 -2.97 27.02 -1.15 -14.08 

NGA 21.93 16.49 -1.07 44.55 -1.26 -37.50 

NIC -42.02 7.25 -0.74 7.19 0.30 -56.48 

NLD 36.26 63.65 -7.62 13.44 -1.63 -31.63 

NOR 8.31 40.09 -7.08 7.19 -1.32 -30.37 

NPL 61.93 28.68 -1.99 60.85 -10.05 -16.34 

NZL 29.62 75.09 -7.64 3.53 0.07 -42.46 

OAO 4.26 10.03 -1.30 8.04 -0.42 -12.76 

OBN 45.81 50.69 -2.51 0.96 -0.11 -3.49 

OIO 7.05 13.16 -0.41 11.21 -0.86 -16.39 

OPO -6.01 6.37 -1.29 0.90 0.16 -12.29 

OSA 1.57 4.68 -0.06 6.37 -2.30 -7.13 

PAK 9.32 23.88 -2.50 24.53 -5.90 -31.29 

PAN -30.82 24.52 -3.38 8.61 -0.06 -61.42 

PER -3.99 25.51 -0.57 23.99 -1.08 -52.94 

PHL 41.55 38.42 -2.17 57.75 -6.20 -47.03 

PNG 28.27 69.53 -2.66 7.41 0.13 -57.36 

POL 38.27 72.18 -16.18 4.44 -0.93 -22.16 

PRT 75.60 110.25 -11.04 7.56 -0.79 -30.52 

PRY 3.76 41.57 -7.13 14.19 -1.43 -44.84 

RAP 0.39 23.84 -0.07 2.17 0.37 -26.17 

ROU 88.70 150.35 -15.28 11.38 -4.00 -57.26 

RUS 67.56 140.69 -19.42 3.27 -2.05 -58.16 

RWA 6.65 18.47 -0.59 18.01 -1.13 -30.29 

SAU -2.29 27.98 -0.09 3.99 0.55 -35.15 

SDN 23.42 25.10 -1.14 31.53 -3.29 -29.58 
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SEN 15.99 8.98 -0.94 65.81 -1.93 -55.86 

SLB -39.40 8.64 -1.18 4.21 0.82 -52.03 

SLE 43.79 12.75 -0.43 129.92 -0.04 -98.96 

SLV -27.36 22.29 -1.15 12.76 -0.18 -61.73 

SOM -36.24 5.08 -5.65 7.65 -0.30 -41.19 

SPP 24.08 66.57 -11.47 10.61 -0.78 -40.28 

SVK -2.46 73.48 -20.93 3.44 -2.21 -57.32 

SVN 35.15 74.31 -11.40 6.04 -0.48 -34.37 

SWE 4.55 43.38 -11.62 8.63 -2.44 -33.62 

SWZ -14.43 14.21 -3.68 53.73 0.21 -78.86 

SYR 12.87 36.08 -0.10 2.06 0.63 -27.91 

TCD 19.93 2.12 -1.23 43.16 -1.01 -22.72 

TGO 33.48 7.76 -1.33 97.05 -4.64 -64.72 

THA 44.68 52.32 -1.85 27.40 -2.30 -33.48 

TJK 13.00 46.20 -0.68 20.88 -4.68 -50.68 

TKM 47.70 92.37 -4.96 10.29 -4.96 -50.03 

TLS 10.23 1.55 -0.59 24.00 -2.67 -11.49 

TUN 37.95 51.69 -0.34 4.30 -0.35 -19.61 

TUR 55.38 72.12 -0.57 2.06 -0.21 -18.75 

TZA 12.14 10.93 -0.94 40.55 -0.85 -38.11 

UGA 23.72 14.69 -0.80 29.56 -0.50 -20.12 

UKP 25.12 64.18 -8.77 4.96 -0.49 -35.06 

UKR 38.93 135.83 -17.66 1.80 -5.64 -81.05 

URY 3.90 52.42 -6.77 11.85 -1.01 -53.97 

USA 27.72 60.05 -8.83 2.61 0.22 -25.65 

UZB 24.02 94.65 -7.37 8.66 -3.94 -74.90 

VEN -29.48 31.87 -3.60 5.82 0.50 -64.56 

VNM 125.53 87.97 -6.55 73.91 -15.22 -17.39 

VUT -19.45 8.39 -2.48 2.89 0.34 -28.72 

YEM -12.30 13.40 -0.05 15.44 -1.75 -39.79 

ZAF -13.32 20.77 -1.51 6.39 0.00 -39.65 

ZMB -9.39 3.39 -0.69 29.90 -0.91 -41.02 

ZWE -15.49 3.29 -2.37 31.56 0.02 -46.39 
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Appendix A10: Research in context 

 

Previous studies of the health impacts of climate change have either analysed complementary causes of death, or 

focused on the impacts of climate change on agriculture and health in terms of changes in food security and 

caloric availability.97,98 A recent WHO report integrated several analyses that quantified climate-related mortality 

caused by heat, coastal flooding, diarrhoeal disease, malaria, dengue and undernutrition in 2050.99 Figure A10 

adopts the WHO report’s central estimates and compares those to our results to illustrate the relevance of our 

focus.  

 

 

Figure A10: Comparison of the number of climate-related deaths due to changes in dietary and weight-

related risks in 2050, estimated in this study, with the number of climate-related deaths due to heat, 

coastal flooding, diarrhoeal disease, malaria, dengue, and child undernutrition in 2050, estimated for the 

WHO.99 The number of climate-related deaths due to changes in dietary and weight-related risks are 

averaged across socio-economic pathways (see Table 2) and displayed for different representative 

concentration pathways (RCPs). 
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Appendix A11: Supplementary discussion 

 

 

Several factors not included in this analysis could change future estimates of climate-related mortality from 

dietary and weight-related risk factors. They include explicit analyses of climate extremes, climatic impacts on 

fisheries and aquaculture, direct heat and water stress on livestock, climate impacts on the nutritional quality of 

foods, and longer-term analyses of climate impacts. Most of those factors can be expected to increase the 

climate-related health burden estimated in this study. 

 

First, we did not include an explicit analysis of climate extremes in our assessment. Our modelling framework 

included climate and crop models with high regional and temporal resolution (up to daily time steps), but in 

assessing the biophysical yield shocks of climate change, all yield changes in a harvest year were summed and 

averaged across multiple different weather realizations.2 This procedure focusses on the most likely impacts and 

provides less weight to less likely but potentially high impact events.100  

 

Second, we modelled the impacts of climate change on livestock production by accounting for climate-related 

changes in feed production, prices, and herd sizes.1 However, these indirect impacts of climate change on 

livestock production do not account for some potential direct impacts, such as heat exposure and water 

availability. This suggests that the impacts of climate change on livestock production could be more responsive 

to climate change than found in this study. A greater climate-related reduction in red meat consumption would 

lead to a greater number of avoided deaths, which would reduce the total number of climate-related deaths.  

 

Third, we chose to focus on the impacts of climate change on agriculture, which means we did not include 

fisheries and aquaculture in our assessment. Low consumption of seafood omega-3 fatty acids is an established 

risk factor for premature mortality.47 Climate-related decreases in fish consumption are therefore likely to 

increase the climate-related health burden if reductions in seafood omega-3 fatty acids cannot be compensated 

for, e.g. by increased consumption of non-marine omega-3 fatty acids, such as alpha-linolenic ones.101  

 

Fourth, we did not include climate-related changes in the nutritional content of foods in our assessment. 

Experiments have indicated that elevated concentrations of carbon dioxide could decrease the micro and 

macronutrient content of food crops.102 Such an effect would corroborate the negative health impacts found here, 

because a greater amount of e.g. fruits and vegetables would be needed to realize the same health benefits.  

 

Fifth, the negative impacts of climate change are expected to be higher by the end of the century. Our analysis 

focussed on the year 2050, which is in line with recent impact assessment that have focussed on climate-related 

impacts on agriculture.95,99 Projections for the year 2050 are considered long term from an economic perspective, 

and longer projections are complicated by uncertainties of market condition and responses further into the future. 

However, climate models indicate that the negative yield impacts of climate change are relatively modest by 

mid-century, but increase more rapidly thereafter.36,97 

 

Finally, we want to highlight that our focus on the country level may hide important health inequalities and 

differentiated responses to dietary and weight-related risk factors on the local level. For example, we estimated 

that in many regions, the number of avoided deaths from climate-related reductions in overweight and obesity 

could exceed the number of deaths from climate-related increases in underweight. The estimates are based on 

analysing shifts in a country’s weight distribution following changes in caloric availability – a method that 

follows current practice in assuming that all population groups are subject to weight changes.99 However, food 

secure groups within a country might be better able, than food insecure groups, to adapt to changes in food prices 

associated with changes in caloric availability without necessitating weight changes. Food-secure groups in 

developing countries currently have a greater prevalence of overweight and obesity,103 something that could 

lower the weight response to price changes. However, the opposite is the case for developed countries,104 and it 

is expected that the association between socio-economic status and overweight changes from positive to negative 
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when income increases beyond a certain threshold.103,105 It is therefore not clear how our estimates for 2050 

would change if we were able to resolve such differentiated impacts within countries and socio-economic 

groups.  
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