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Abstract

We develop a novel method for assessing the effect of constraints imposed by
spatially-fixed natural resources on aggregate economic output. We apply it to
estimate and compare the projected effects of climate change and population
growth over the course of the 21st century, by country and globally. We find
that standard population growth projections imply larger reductions in income
than even the most extreme widely-adopted climate change scenario (RCP8.5).
Further, climate change and population growth will have their most damaging
effects in similar places. Relative to previous work on macro climate impacts,
our approach has the advantages of being disciplined by a simple macro growth
model that allows for adaptation and of assessing impacts via a large set of
climate moments, not just annual average temperature and precipitation. Our
estimated effects of climate are by construction independent of country-level
factors such as institutions.
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de Louvain, University of Chicago, University of Chile, University of Connecticut, ETH Zurich,
IIASA, the IMF, Korea University, Lahore School of Economics, University of Manchester, NBER
Summer Institute, NYU Abu Dhabi, Osaka University, Oxford University, RIDGE forum on Sustain-
able Growth, Schumpeter Seminar (Humboldt University), Sungkyunkwan University, University of
Tokyo, and the World Bank for useful feedback. Research was supported by the Population Studies
and Training Center at Brown University through the generosity of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (P2C HD041020 and T32 HD007338).



1 Introduction

Climate change over the coming decades will affect the ability of land to support

the lives and livelihoods of much of the world’s population. This is most obvious

in the case of agricultural productivity, which will be strongly affected by changes

in rainfall and temperature. In addition, climate change may lower the quality of

life in given regions or require the expenditure of additional resources to maintain a

specific quality of life. Beyond reductions in the standard of living, these changes are

expected to impact the frequency of conflict as well as flows of population, including

migrants and refugees.

Many, though not all, of the economic and social effects of climate change can be

understood through the lens of population pressure on fixed local factors of produc-

tion. The distribution of population in space reflects heterogeneity in these factors:

some places are more productive and easier to live in than others, and the places

where production and life are easier tend to be where people concentrate. Climate

change will alter some of these characteristics, making some locations more attractive

and others less so. A decline in the services provided by local fixed factors, what we

call the “quality” of a location, means that the standard of living will decline or that

some of the people in a location will be induced to move elsewhere.

Our paper makes two contributions. The first is a new methodology for projecting

the economic impact of forecast changes in climate at the grid cell, country, and world

levels. Our methodology takes advantage of spatial variation in characteristics that

will be altered by climate change in order to estimate weights on different climate

components. Notably, we use a large set of climate indicators from global climate

models, going beyond the simple annual averages of temperature and precipitation

used in most existing research to include intra-annual variation in both tempera-

ture and precipitation, frequency of temperature extremes, and suitability for many

specific crops, among other measures. We econometrically assign weights to these

multiple dimensions based on their effects on the within-country spatial distribution

of population observed today. We pair the results of this econometric exercise with

a macroeconomic growth model, which allows us to examine, among other things,

the effects of within-country labor mobility. The general tenor of the projections

that we produce is in line with a good deal of previous work, specifically in finding

that negative economic effects of climate change will be most severe in poorer and
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hotter countries, while several colder regions may bene�t. But there are signi�cant

quantitative di�erences between our �ndings and some previous research.

The second contribution is to bring together the analysis of climate change and

population growth into a single framework, through the lens of population pressure

on local resources. Population pressure rises when location quality decreases or when

population size increases. Our framework allows us both to study the combined

impact of these two forces and to compare their relative magnitudes. Many countries,

especially lower income ones that are expected to su�er degradation in location quality

due to climate change, are also expected to see large increases in the population that

will be reliant on that land. Further, the impacts of population growth on reducing

2100 GDP per capita are typically greater than those due to climate change. Finally,

looking across the range of projections, uncertainty regarding the e�ect of population

on economic outcomes appears to be larger than uncertainty regarding the e�ect of

climate change.

The rest of this paper is structured as follows. Section 2 brie
y discusses the ways

economists have thought about the e�ects of both climate change and population

growth on economic outcomes. Section 3 discusses our methodology for estimating

location quality and how it will be a�ected by projected climate change. In Section 4,

we present our estimates of climate e�ects on location quality at the world, continent,

and country levels. Section 5 lays out the economic model that is used to map

from changes in climate and population into changes in GDP per capita, and also

discusses the role of within-country labor mobility as means of adapting to climate

change. Then Section 6 presents projected country-level impacts from climate change

alone as well as from climate and population combined. This section also discusses

variability across climate and population projections. Section 7 aggregates projected

damages from climate change to the world level to facilitate comparison with other

estimates, and also examines the e�ect of projected climate change on cross-country

income inequality. Section 8 concludes.
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2 Approaches to Analyzing the Impacts of Cli-

mate Change and Population Growth

2.1 Climate Damages

Economists frequently summarize the economic e�ects of climate change in the form

of a damage function that relates the loss in GDP relative to what it would have

been in the absence of climate change to the extent of climate change, as measured

by the increase in atmospheric carbon dioxide or the global rise in mean surface

temperature. A large and active literature attempts to estimate these damages (for

reviews see Hsiang, 2016; Kalkuhl and Wenz, 2020; Newell et al., 2021; Nath et al.,

2024) .

Broadly, there are two approaches to estimating the damage function (Hsiang,

2016; Massetti and Mendelsohn, 2018). The more common approach looks at the

relationship between changes in dimensions of weather such as temperature and pre-

cipitation, on the one hand, and output or other economic or social outcomes, on the

other. The analysis is generally conducted at the level of countries or sub-national

administrative units for which it is possible to get data on output over time. Varia-

tion can be measured annually or over longer periods. The advantage of this panel

approach is that it di�erences out any �xed unobserved characteristics that may be

correlated with climate.

Dell et al. (2012) is a well-known early example of this approach. Recent analyses

include Kahn et al. (2021), Tol (2021), and Newell et al. (2021). Cruz and Rossi-

Hansberg (2024) use a similar empirical strategy in estimating a damage function

that serves as an input to their dynamic climate assessment model.1

The primary critique of this method is that it fails to account su�ciently for adap-

tation. In the face of a long-run change in the climate, we would expect economic

agents to adapt along a large number of dimensions, including what crops are grown

and when they are planted, construction of appropriate infrastructure, and the in-

stallation of air conditioning. Adaptation can also take the form of people changing

locations. One would thus not expect the e�ect of a unexpected shock to weather

1As an alternative to estimating economy-wide damage functions, a number of papers look at
speci�c sectors or outcomes. These include Costinot et al. (2016), who examine the impact of climate
change on agriculture, and Carleton et al. (2022), who examine mortality outcomes. Implicitly, a
measure of overall damage from climate change could be derived by summing these channels.
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in a single year to be the same as the a secular change in climate that took place

over the course of many decades. Hsiang (2016) and Lemoine (2021) discuss the

assumptions required to estimate the e�ects in climate change through variation in

weather. Because very little of the projected change in climate has happened so far,

it is di�cult to use di�erences in observed temperature to estimate what the impact

of expected future changes will be. Bilal and K•anzig (2024) state that the stability of

their results (looking at the e�ect of annual variation in global mean temperature on

global GDP) over time \suggests a lack of adaptation to temperature shocks, at least

historically." While this may be true of historical adaptation, it does not imply a

lack of future adaptation. The historical period that they study features very little of

the sort of secular climate change that is projected to occur over the coming century.

This critique also applies to long-di�erences in panel data. For example, Kalkuhl and

Wenz (2020) note that even though in their speci�cation annual temperature shocks

a�ect GDP, average decadal changes do not|they are simply very small relative to

annual or cross-sectional variation. Such observed past decadal changes in average

temperature are also very small in comparison to projected changes over the next

century.

The panel literature has also varied in modeling climate as a�ecting income levels

versus growth rates. We follow the majority of the literature in modeling level e�ects.

By contrast, some recent papers, mostly notably Burke et al. (2015a) use a panel of

incomegrowth ratesand weather. See Casey et al. (2023) for a critique and Nath et al.

(2024) for a speci�cation in which weather shocks have persistent but not permanent

e�ects.

The alternative to the panel approach looks cross-sectionally to compare economic

outcomes in locations with di�erent climates in the present, and then applies the

estimated e�ects of climate di�erences to projected changes in climate in the future.

This approach has the advantage of assessing climate e�ects after accounting for any

adaptations discussed above, which are embodied in the current cross section. In our

projections of the impact of climate change in the year 2100, we assume that location-

speci�c adaptation (infrastructure, choice of crops, and so on) is as complete as it

was in 2010, while we entertain a variety of di�erent assumptions regarding whether

redistribution of population in response to climate change has also taken place.

In work related to ours, Nordhaus (2006) applies this approach, regressing total

GDP in grid cells covering the whole world on annual mean temperature and pre-
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cipitation, geographical controls, and country �xed e�ects. Our work di�ers from

Nordhaus in a number of dimensions. Most importantly, we assess the e�ects of cli-

mate change in parallel with (and in comparison to) the e�ects of population growth,

and this assessment is carried out using a macroeconomic growth model, rather than

being purely statistical. The use of a model also allows us to consider di�erent sce-

narios regarding population migration in response to climate change. In terms of

data, we use a broader set of climate attributes than simply average temperature and

precipitation. We further modify the Nordhaus approach to use population rather

than output as our dependent variable. We think that population is measured much

more accurately than income in small geographic units. Further, population data are

more widely available. For example, Kalkuhl and Wenz (2020) use panel data on

Gross Regional Product from 1,552 administrative districts in 77 countries. However,

only a handful of countries in Africa, the region most vulnerable to climate change,

are represented in their data, and only two of these have data spanning more than

20 years. Finally, in contrast to Nordhaus's log-linear speci�cation, we estimate a

Poisson model, which we show to be a signi�cant methodological improvement.

As with the panel approach, there is a well-known problem that hangs over the

cross-sectional approach, which is the possibility of omitted variables. Speci�cally,

even relying on within-country geographic variation, there may be heterogeneity in

institutions or other economic factors that is correlated with geography. For example,

Deschênes and Greenstone (2007), in the case of US agriculture, �nd that the cross-

sectional approach, with land price as the dependent variable, is highly sensitive

to various speci�cation choices, including control variables, sample, and weighting.2

For these reasons, Deschênes and Greenstone favor using the panel approach. They

acknowledge that the panel estimates are unable to account for adaptation, which

biases their estimates of damages resulting from future climate change upward. Given

that they �nd �nd small or negative damages from projected climate change, they

do not view this as a problem. However, in moving beyond US agriculture, to cases

where estimated climate damages from the panel approach are large, this bias is a

much more serious issue.
2Schlenker et al. (2005) similarly �nd that a hedonic model that ignores the correlation of climatic

characteristics with the presence of irrigation is misspeci�ed in the case of U.S. agricultural land.
When they estimate their cross-sectional model solely for non-irrigated land (which is the only
category for which they have su�cient data), the coe�cients imply signi�cant damage from projected
climate change.
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To address the issue of omitted variables, we repeat our estimates using two

sets of sub-national �xed e�ects: �rst level administrative units (for a total of 2,818

�xed e�ects worldwide), and the interaction of country �xed e�ects with �ve degree

longitude-latitude grid squares (for a total of 1,371 �xed e�ects worldwide). These

results are extensively presented in Appendix C as well as selectively in the main text.

These speci�cations narrow the scope for omitted variable bias considerably. The fact

that they tell a story very similar story to our baseline speci�cation regarding the

role of climate change in long run growth is reassuring.

2.1.1 Damage Function Magnitudes

A number of papers have compiled damage function estimates from several di�erent

sources and estimated an average worldwide damage function from them. For exam-

ple, the DICE-2023 model (Barrage and Nordhaus, 2024) embeds a damage function

relating lost GDP to the square of the deviation of global average surface temperature

from its historical mean. The damage coe�cient is derived from �tting a quadratic

model to 56 existing estimates of damages under di�erent climate change scenarios

and then adding adjustments for potential climate tipping points as well as a judg-

mental adjustment term to re
ect omitted non-monetized impacts (such as loss of

biodiversity) and uncertainty. The estimates imply that a rise in mean temperature

of 3 degrees C would reduce world GDP by roughly 3.1%, and a 4.5 degree rise would

reduce global income by 7%.3 According to Stocker et al. (2013), the rise in mean

surface temperature by the period 2081{2100 is likely to fall into the range of 2.6{4.8

degrees under the RCP 8.5 emissions pathway where there is continuing high use of

fossil fuels worldwide.

Recent work discussing climate change in a spatial framework also tends to depend

on these damage functions to incorporate warming into models. Desmet and Rossi-

Hansberg (2015) use damage functions that are quadratic in local temperature, with

separate sets of parameters for agriculture and manufacturing. Krusell and Smith

(2022) likewise calibrate their regional damage functions to match the global damage

function estimate from DICE.

In addition to the expected e�ects on GDP, research has also looked at impacts

of climate change in many other dimensions, with two of the most notable being

con
ict and migration. Burke et al. (2015b) and Harari and Ferrara (2018) examine

3Other compilations of damage estimates include Tol (2012) and Piontek et al. (2021).
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the e�ect of climate on civil con
ict. McGuirk and Nunn (2025) show that climate

change has already driven increasing con
ict between transhumant pastoralists and

sedentary agriculturalists in Africa. Rigaud et al. (2018) project that as of 2050,

2.8% of the population in the group of developing countries that they study, or 143

million people, will have had to migrate internally. A 2021 U.S. government report

predicted that over time an increasing fraction of this migration will be across national

borders (White House, 2021). Burzy�nski et al. (2022) project that 62 million working

age adults will move because of climate, most of them across international borders,

during the 21st century.4

2.2 Population Pressure

Work studying the economic and social e�ects of climate change described above

is mostly a product of the last several decades. By contrast, work on the e�ects

of natural resource congestion due to population growth is far older, going back at

least to Malthus (1798). Authors such as Hardin (1968), and Ehrlich (1968) focused

on the inability of existing natural resources to support ever-growing populations.

More recent literature arguing that the resource congestion channel has an important

impact on economic outcomes, particularly in poor countries, includes Young (2005),

Acemoglu and Johnson (2007), and Kohler (2012). Das Gupta et al. (2011) point

out that discussion of \sustainable development" at the country level is to a large

extent simply a reformulation of the Malthusian concern with the ratio of population

to resources. Paralleling the more recent literature on climate change and con
ict,

Acemoglu et al. (2020) show that higher growth in population resulted in increases

in civil wars and other measures of social con
ict. Similarly, pressure on natural

resources due to population growth is a hypothesized driver of both internal and

international migration.

Although research on this topic does not use the terminology of a damage function,

there is no barrier to applying the same concept. For example, the IV estimates in

Acemoglu and Johnson (2007) imply that a change in life expectancy that raised

population by 1% would lower GDP per capita by 0.79%.5 Similarly Ashraf et al.

(2013), using a simulation model parameterized to match Nigeria, �nd that an increase

in fertility that raised population by 11.9% would reduce income per capita by 10.6%.6

4See also Lustgarten (2020a,b,c).
5Tables 8 and 9, column 1.
6Values for the year 2060, comparing the UN low and medium fertility projections.
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Existing literature does not address the relative magnitude of economic stress due

to climate change, on the one hand, and population growth, on the other. To the

extent that the two issues are discussed together, it is often in the context of how

population a�ects carbon emissions, and through this channel climate (Casey and

Galor, 2017).7 We aim to bridge this gap.

3 Projecting Climate Impacts on Location Quality
Our approach follows broadly in the mode of the cross section approach discussed

above, most notably Nordhaus (2006). The key insight is that one can infer the char-

acteristics that a�ect location quality, and the appropriate weights to apply to them,

by looking at current settlement patterns. In order to assess the e�ects of changes

in location quality due to climate change and the e�ects of population pressure on

both resource congestion and growth, we gather information for two periods: roughly

current day, encompassing data from 1980 to 2010, and the future, for which we use

projections for 2071 to 2100. For convenience, we refer to the former as 2010 and the

latter as 2100.

3.1 Empirical Model

We outline a simple model of population allocation within a country that leads directly

to our econometric speci�cation. Production in grid celli of country c is given by

Yi;c = ( Qi;c Z i;c )� K �
i;c (ecL i;c )1� � � � (1)

where Qi;c is a measure of location quality,Z i;c is land area, ec is a country-level

measure of productivity due to non-land factors (institutions, technology, etc.),K i;c

is physical capital, andL i;c is labor. Di�erences in human capital per worker could

also be incorporated intoec. Similarly, allowing for agglomeration economies would

not a�ect the key results of the model for our purposes.8 Although the regions that we

7V•or•osmarty et al. (2000) discuss the interaction of climate change and population growth in the
particular case of demand placed on local freshwater resources.

8If we think that agglomeration economies come from density as in the classic Ciccone and Hall
(1996) paper or more modern papers such as Combes et al. (2017) and Henderson et al. (2021),
then the right hand side of (1) should be multiplied by (L i;c =Zi;c ) � . In this case, equation (4) is the
same, except instead of estimating� , we estimate ��= (� � � ). Using a typical value of � = 0 :04
from the literature (see Rosenthal and Strange, 2004; Combes and Gobillon, 2015) and 0:25 for � as
discussed below,�= (� � � ) = 1 :19. While this a�ects the interpretation of the estimated coe�cients
in (4), it does not a�ect the �tted values from this equation, our focus below.
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use are all quarter-degree squares of latitude and longitude, they di�er in their land

areas both because lines of longitude converge away from the equator and because

parts of some grid squares are covered with water.

Labor and capital are assumed to be perfectly mobile within countries to equalize

their marginal products across grid cells. This implies that in equilibrium, within a

country, grid cell density, L i;c =Zi;c , will be proportional to the location quality of the

grid cell. Quality in turn is postulated to be a function of the vector of geographic

characteristics,x i;c , of the grid cell, Qi;c = exp(x i;c � ). Thus

L i;c =Zi;c = exp(x i;c � )Cc; (2)

whereCc is a country �xed e�ect that ensures that we are identifying quality exclu-

sively from variation in population density that is within-country and therefore not

driven by di�erences across countries in institutions, technology, culture, or historical

development.

Estimated location quality for each grid cell is the �tted value from (2), excluding

country �xed e�ects. That is, we de�ne

Q̂i;c = exp(x i;c �̂ )
h P

Z i;c
P

exp(x j;c �̂ )Z j;c

i
: (3)

where�̂ is the vector of estimated coe�cients from equation (2). The term in brackets

is a normalization to ensure that the worldwide sum of quality-adjusted areâQi;c Z i;c

is equal to the actual land area of the world.

While the discussion has focused on location productivity, it is straightforward

to extend the model so that the vector of land characteristics a�ects not only pro-

ductivity but also the amenity value of a location. The extension simply a�ects the

interpretation of the coe�cients and not the estimates of location quality.9

3.2 Data and Speci�cation

For the dependent variable in (2), we use the European Union's Global Human Set-

tlements population layer (GHS-POP). In Appendix B we discuss the comparison

of results using this population dataset with those obtained using two others: the

Gridded Population of the World version 4 and LandScan.

9Let the amenity value of a grid square beA i;c = exp(x i;c 
 ) and assume mobility within a country
equalizes the product of the average product of labor and amenities. In this case,E(�̂ ) = � + 
 .
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Geographic characteristics,x i;c , include elevation, latitude, ruggedness, distance

to the coast, and a set of four dummies indicating the presence of a coast, a navi-

gable river, a major lake, and a natural harbor within 25 km of a cell centroid, all

from Henderson et al. (2018). From the U.N. Food and Agricultural Organization's

Global Agro-Ecological Zones v4 dataset (FAO's GAEZ) we add a selection of 33

characteristics that provide information on the thermal regime, moisture regime, and

growing period of each grid square as well as suitability indices of 11 major crops,

all for the time period 1981{2010. Also included is the maximum potential caloric

yield across these 11 crops, calculated using the methodology established by Galor

and •Ozak (2016). To assess the e�ect of climate variability, we include a measure

of year-to-year volatility of daily temperature. These data are collected for 237,019

quarter-degree grid squares in 164 countries. Appendix A discusses the data and

methodology in greater detail.

Previous work (Nordhaus, 2006; Henderson et al., 2018) estimated the parameters

in equation (2) by taking logs and including an additive error term. There are three

key problems with this log-linear speci�cation, however. First, 40% of grid squares

in our data have zero reported population. While a strict application of the model

suggests there should be no zeros, we believe the volume of zeros largely re
ects

measurement error (discussed in Appendix B) as well as restrictions on where people

are permitted to live.10 A common approach to this problem is to replace these

zeros with a small non-zero value or to apply a \log-like" transformation such as

inverse hyperbolic sine.11 Unfortunately, in the case of the log speci�cation, parameter

estimates can be sensitive to the value used for imputation, and are also sensitive to

simply dropping zeros. Chen and Roth (2024) show that estimates from a \log-like"

transformation should not be interpreted as representing semi-elasticities.

Second, as seen in Figures B1.A and B1.B, many grid cells in the world have

extremely low population densities. For example, in the GHS data 75% have density

less than 12 people per square kilometer, while 98.5% of the world's population lives

in grid squares with density above this level. As discussed in Appendix B, data

10According to the United Nations Environment Programme (2016), 14.7% of the world's land
area is in \protected areas" such as national parks.

11For example, Henderson et al. (2018), which examined lights data, assigned to every reported
zero observation the minimum non-zero value in the dataset. In Nordhaus (2006), where output
per square kilometer is the dependent variable, 3,170 of 17,409 grid squares in the regression sample
have zero values for the dependent variable. Nordhaus imputes values for 618 of these cells based
on neighbors, and then assigns the remainder a value of one before taking logs.
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construction issues are likely to introduce a good deal of measurement error in sparsely

populated regions, and even to the extent that density in these regions is correctly

measured, its determinants are conceptually of less interest than the determinants

of density in regions where most people live. The log-linear speci�cation, however,

places a lot of weight on regions with extremely low population densities.

Third, Santos Silva and Tenreyro (2006) show that OLS estimates of a log-linear

version of (2) are inconsistent (and NLS ine�cient) in the presence of heteroskedas-

ticity, which is likely in our context. These issues are discussed more extensively in

Appendix B.

For these reasons we estimate a Poisson model. The speci�c functional form is

E(L i;c =Zi;c j Cc; x i;c ) = exp(Cc + x i;c � ) (4)

The Poisson speci�cation is well-suited for outcome measures with many zeros and

tiny values. As shown in Appendix Figure B2, predicted values of density from a

Poisson speci�cation are remarkably robust to using the two alternative population

datasets noted above, while log-linear predicted values are not.

The stochastic component of our model is crucial for addressing the contingent

nature of human settlement. There is a vast literature on multiple equilibria and ac-

cidents of history with agglomeration (e.g. Krugman, 1991; Arthur, 1989; Davis and

Weinstein, 2002). More recent work has focused on dynamic development subject

to stochastic processes that yield particular, unique equilibria as a way of encap-

sulating these accidents (Michaels et al., 2012; Desmet and Rappaport, 2017). For

example, in a model similar to ours but with a more complex production process,

Desmet and Rappaport envision regions as being subject to initial large productiv-

ity/resource shocks and then to a series of smaller accumulating independent draws

over time. These accidents are important to understanding why, for example, the

center of Kolkata is not 50 kilometers further up or down the Hugli River or on a

completely di�erent river in historical Bengal. In that particular case, an initial ar-

bitrary choice of a British East India Company employee, Job Charnock, and then

a history of other choices and accumulations over 300 years, anchored that location

and induced high density. Our reduced form speci�cation summarizes the cumulative

impact of such a succession of shocks. Since we are assuming a Poisson speci�cation

overall, we e�ectively assume that these shocks are a series of Poisson draws.
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The country �xed e�ects in (4) control for factors like technology and national

population relative to national land area. Identi�cation of the determinants of lo-

cation quality comes solely from within-country variation. In other words,� is not

estimated by comparing the land characteristics of more and less densely populated

countries, but rather by comparing variation in land characteristics and population

density within countries.

Coe�cient estimates for our Poisson speci�cation with country �xed e�ects are

presented in Table A1.12 The table also presents coe�cients for speci�cations that

include �xed e�ects for either �rst level administrative regions or the interaction of

country �xed e�ects with �ve degree longitude-latitude grid squares. Because the

di�erent climate and geography measures that we use are so collinear, it is very hard

to interpret single coe�cients, and it is similarly di�cult to interpret di�erences in

coe�cients across speci�cations. Instead, in both the text below and in Appendix C,

we focus on di�erences in projected climate impacts among the di�erent speci�cations.

3.3 Projecting Climate Impacts

Climate change will alter many of the characteristics that determine our measure of

location quality. A key innovation in the present paper is to substitute projections

of future characteristics into equation (3), allowing us to calculate expected future

location quality at the grid cell level:

Q̂i;c; 2100 = exp(x i;c; 2100�̂ )
h P

Z i;c
P

exp(x j;c; 2010�̂ )Z j;c

i
: (5)

In essence, to calculate grid-cell location quality for 2100, we apply thê� coe�cients

from (4) estimated on 2010 data to future projections of the geographic characteristics.

The term in brackets maintains the 2010 normalization from equation (3), so that

global averageQ in year 2100 is measured relative to 2010.

Projections of future climatic conditions are generated by global climate models.

These are numerical representations of the earth's climate, in which future states

of the world are derived from initial conditions using physical laws. As such, the

outputs of these models are highly dependent on the assumed trajectory of carbon

12Reported standard errors relax the \equidispersion" assumption of classical Poisson estimation
that the variance of the dependent variable is equal to its mean, which is rejected in our data. The
quasipoisson model we implement assumes instead that variance is proportional to the mean and
estimates the constant of proportionality.
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concentrations from current day to the date of the projection. To ensure that these

outputs are comparable, the Intergovernmental Panel on Climate Change (IPCC) has

established four scenarios of future greenhouse gas concentrations, called Represen-

tative Concentration Pathways (RCPs), as standard inputs for the various models.

Each scenario is characterized by an increase in radiative forcing (in watts per square

meter), relative to preindustrial conditions, in 2100. RCP 2.6 traces the best-case

trajectory while RCP 8.5 depicts conditions from sustained aggressive fossil fuel use.

GAEZ provides projections for all four scenarios from �ve di�erent climate models

used in the IPCC's �fth assessment report. For our main results, we generate a land

quality value for each cell for each model and then average across modes to form an

ensemble mean. In Appendix D, we compare our predictions for changes in location

quality between 2010 and 2100 across the �ve climate models and the ensemble mean.

They are highly correlated with each other and, then, obviously with the mean. The

larger deviations occur in countries where location quality is expected to improve dra-

matically, rather than in countries where location quality will deteriorate. We focus

on the latter group, which includes nearly all poor and middle-income countries.

Our measure of quality is based on a worldwide grid square regression. A potential

concern is that the value of speci�c land characteristics in determining economic

outcomes may be a function of the level of a country's development. For example, a

reduction in rainfall could be devastating in a region reliant on rain-fed agriculture,

but in a richer region that imports its food from elsewhere it would have only a

marginal e�ect. We address this concern in Appendix E, where we estimate equation

(4) using a sample of grid squares solely from countries with below-median income and

then solely from countries with above median income. In Figure E1, we then compare

the predicted changes in GDP per capita by country (using the methodology presented

below) between each of these and our baseline. The results are highly correlated in

both cases.

In Appendix G, we explore the robustness of our results to alternative sets of

regressors. We consider three variants: a quadratic speci�cation in temperature and

precipitation alone, our baseline speci�cation without the time-invariant variables,

and a speci�cation interacting the �ve time-invariant variables that are relevant for

trade with each of the climate variables. The �rst two variants lead us to �nd overall

more positive e�ects of climate change and in our view to under-represent the poten-

tial losses to lower income countries under all the scenarios. For the interactive case,
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where we are trying to better capture the potential trade impacts of climate change,

in Table G3, the e�ects are more nuanced, di�ering by scenario and also by country.

In RCP 8.5, the overall global e�ect is slightly more bene�cial.

4 Projected E�ects of Climate Change on Loca-

tion Quality
This section begins by reporting the estimated e�ects of climate change on location

quality at the grid square level and then aggregates up to look at world, region, and

country impacts on average location quality. Impacts are heterogeneous across the

world: Some countries will experience improvements, while many others, especially

poorer ones, will see signi�cant deterioration.

4.1 Grid Cell, Global, and Regional Results

We start at the grid square level. The �rst panel of Figure 1 shows our estimated

values of log 2010 location quality. The second panel then shows projected changes

in location quality between 2010 and 2100 under RCP 8.5. In general, the areas with

improvements in location quality are mountainous and/or distant from the equator.

Location quality declines in almost all of Africa and Australia as well as large parts

of South America and central, south, and southeast Asia. The northernmost parts

of Europe are projected to bene�t, along with most of Canada and Russia. There

is a good deal of internal variation within larger countries. For example, within the

United States, the Gulf coast su�ers declines in location quality while in much of the

mountain west it improves.

To examine heterogeneity in the distribution of projected changes in location

quality, we plot in Figure 2 histograms for grid cells in countries whose 2010 GDPs

were either above or below the median. In the top row, the vertical axis represents

the percentage of the country group's total land area that falls into each bin; in the

bottom, it represents the percentage of the country group's total 2010 population.

Among countries with below-median GDP per capita, 67% of the land area, hosting

77% of the current population, is expected to see a decrease in location quality. By

contrast, among countries with above-median GDP per capita, only 47% of land area,

hosting 52% of the population is expected to see such a decrease.

To characterize global and regional impacts of climate change more formally, we

de�ne Average Location Quality (ALQ ) of region r: We consider both area-weighted
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