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Abstract

While a number of studies examine the e↵ects of economic growth on consumption of

meat and other animal-based protein, little research has been devoted to assessing the

relationship between income and the number of animals that are farmed in meat, dairy

and egg production. Using panel data from 155 countries during the period 1992–2013,

we find that an increase in GDP per capita is associated with a rise in the per capita

annual number of life years that are spent by farmed animals in agriculture as a result

of animal-based protein consumption. Furthermore, we find that this relationship

diminishes as GDP per capita rises and that there might even be a turning point at

which the number of farmed animal life years declines with further increases in per

capita income. These results are relevant for recent theoretical work aiming to extend

welfare economics to include non-human animals.
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1 Introduction

During the second half of the 20th century and onwards, there has been a substantial

increase in meat consumption (Sans & Comris, 2015). This raises a number of concerns.

First, the livestock sector generates more than 14% of human-induced greenhouse gas

emissions, making it an important driver of global warming (Gerber et al., 2013). Sec-

ond, the high level of meat and saturated fat consumption in high-income countries

has severe public health consequences by contributing to chronic diseases such as car-

diovascular disease, diabetes mellitus and some cancers (Walker et al., 2005). Third,

meat consumption has important implications for farmed animal welfare (Norwood &

Lusk, 2011).

While climate change and public health have received considerable attention in the

economics literature, issues concerning the welfare of non-human animals (from now

on, simply “animals”) have often been neglected. Since conventional welfare economics

treats social welfare exclusively as a function of individual utilities of human consumers,

animals matter in this framework only insofar as humans have a positive willingness

to pay for their welfare (Cowen, 2017). However, empirical evidence suggests that con-

sumers have positive willingness to pay for animal welfare in some contexts (Lagerkvist

& Hess, 2010). Moreover, recent work has explored ways of generalizing welfare eco-

nomics to directly account for the welfare of animals (e.g. Eichner & Pethig, 2006;

Johansson-Stenman, 2018; Lusk & Norwood, 2011). Such generalisations are sup-

ported both by theoretical arguments in moral philosophy (Singer, 2011) and survey

results from several countries suggesting that the majority of people believe that animal

welfare should carry intrinsic weight in public decision making (Johansson-Stenman,

2018; Frey & Pirscher, 2018).

A primary motivation behind the present paper is the idea that broadening the

scope of economic analysis to incorporate animal welfare may have important implica-

tions for the expected social welfare gains from economic development. While economic

growth can be viewed as a useful metric of improvements in human welfare (Stevenson

& Wolfers, 2013; Jones & Klenow, 2016), it is far less clear that this holds for animal

welfare. Growth may well a↵ect the welfare of companion animals as well as animals

used in laboratories and for entertainment. However, as Matheny and Leahy (2007)

have pointed out, since farmed animals in agriculture outnumber other domesticated

animals by a wide margin, concerns about animal welfare are numerically reducible to
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concerns about farmed animal welfare.1

In a year, the average American consumes the equivalent of 28.5 broiler chickens,

0.8 layer chickens, 0.37 pigs, 0.1 beef cows and 0.007 dairy cows. Multiplying these

numbers by the average lifespan for each type of animal, this implies that the average

number of animal life years that go into the diet of an average US consumer are as

follows: 3.3 from broiler chickens, 1 from layer chickens, 0.2 from pigs, 0.1 from beef

cows, and 0.03 from dairy cows (MacAskill, 2015). In what follows, we use the term

farmed animal life years (FALYs) per capita to refer to the sum of animal life years

going into an average yearly diet.

The aim of this paper is to assess the relationship between GDP per capita and the

number of FALYs per capita. Using panel data from 155 countries during the period

1992–2013, we find that an increase in per capita income is associated with a rise in

the per capita annual number of farmed animal life years spent in agriculture as a re-

sults of animal-based protein consumption. Furthermore, we find that this relationship

diminishes as income rises and that there might even be a turning point at which the

number of farmed animal life years declines with per capita income. While far from

a complete welfare analysis, these findings suggest that economic growth may carry

significant externalities in terms of farmed animal welfare.

The paper is organized as follows. Section 2 contains an overview of the previous

literature on the relationship between per capita income and meat consumption. In

Section 3, our dataset and regression models are described. Section 4 presents the

results from the empirical analysis. In Section 5, we discuss limitation of the findings

as well as their implications for farmed animal welfare. Section 6 provides a summary

of the findings and suggestions for future research.

2 Previous literature

Global consumption of meat and dairy products has approximately doubled since the

1960s (Sans & Comris, 2015), with consumption of some types of meat, such as beef

and mutton, trippleing (York & Gossard, 2004). Similarly, there has been an increase

in the consumption of eggs (Kearney, 2010). The empirical literature suggests that

the main drivers of aggregate animal-based protein consumption on a national level are

1This paper is limited to discussing domesticated animals, in particular terrestrial farmed animals.
For an early discussion of the welfare economics of wild animals, see Ng (1995). For more recent
discussion, see Cowen (2003) and Tomasik (2015).
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population growth, income growth and urbanisation (Delgado, 2003), with average in-

come being the the main determinant of per capita animal-based protein consumption

(Schroeder et al., 1996).

Several cross-sectional studies examine the relationship between per capita income

and consumption of animal-based protein. Using a multiple ordinary-least-squares

(OLS) regression framework in a cross-sectional sample of 132 countries, York and

Gossard (2003) find significant relationships between per capita income and per capita

meat consumption in Africa, the Middle East and Western nations, but not in Asia.

They report that an increase in per capita GDP by $1,000 is associated with a statis-

tically significant increase in annual per capita meat consumption by 1.66, 3.99, and

2.67 kilograms for Africa, the Middle East and Western nations, respectively. Like-

wise, Gerbens-Leenes et al. (2010) use a cross-sectional dataset from 2001 containing

57 countries to estimate the relationship between income and the average daily per

capita supply of nutritional energy from animal sources as a fraction of overall nutri-

tional energy. They find an income elasticity of 0.52, meaning that a 1% increase in

income is associated with a 0.52% increase in the fraction of nutritional energy from

animal sources. However, both these studies may su↵er from well-known limitations of

cross-sectional analysis, including omitted variable bias.

Some authors have suggested that the relationship between income and animal-

based protein consumption may take the form of a Kuznets curve, that is, an inverted

U-shaped quadratic relationship (Frank, 2007; Cole & McCoskey, 2013; Vranken et al.,

2014). This kind of relationship was originally suggested for income and inequality

(Kuznets, 1955), but was later extended to environmental economics as a model for

the association between income and various indicators of environmental degradation

(see Dinda, 2004; for an overview).

In a comprehensive overview, Frank (2007) examines the possible existence of an

animal welfare Kuznets curve more broadly, and, more specifically, a Kuznets curve for

meat consumption. Frank (2007) suggests a number of theoretical reasons to expect a

turning point at which further increases in per capita income reduces meat consump-

tion. For instance, high income levels may allow for more investment in technologies

that may reduce meat consumption, such as meat substitutes. Likewise, altruistic con-

cern for animal welfare may be a luxary good, in which case increases in income may

reduce meat consumption (given that meat consumption is perceived as negative for

animal welfare). However, Frank (2007) finds little empirical support for the existence
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of a Kuznets curve for meat consumption in the US. On the contrary, the author’s

survey of the literature concludes that, within the US, higher income is associated

with larger meat consumption, and that there does not seem to be a turning point

after which demand declines as income rises. Nonetheless, Frank (2007) cites some

survey-based studies that show evidence of a positive relationship between income and

concern for animal welfare, which suggests a possible mechanism, at the individual

level, for a Kuznets curve relationship between income and meat consumption.

Cole and McCoskey (2013) and Vranken et al. (2014) use quantitative methodolo-

gies to look into the question of a Kuznets curve for meat consumption and income on

the country level. They both find evidence in favor of such a curve. However, as the

authors of one of the studies point out, the income level required to reach the turning

point is “large enough that for many countries this deceleration will not be reached

in the foreseeable future” (Cole & McCoskey, 2013). Cole and McCoskey (2013) use

panel data for the period 1980–2009 to fit a quadratic model to test for the presence

of a Kuznets curve and estimate a potential turning point (i.e. the inflection point

of the quadratic function). The model is first estimated in a cross-sectional analysis

of a subsample with year 2009 only, fitting a bivariate regression model, and then ex-

tended to a panel data analysis of the whole sample, fitting a multiple regression model

with a time trend and two additional independent variables (land area and urbanisa-

tion). For the bivariate model, they report support for a Kuznets curve relationship,

with an estimated turning point at $50,563 (2011 US$ PPP).2 The multiple regression

model also supports the Kuznets curve relationship, with an estimated turning point

at $41,895 (2011 US$ PPP). Similarly, Vranken et al. (2014) use panel data for the

period 1970–2007 to fit a polynomial model, controlling for fixed e↵ects and the e↵ects

of culture, geographical area and trade. The resulting turning point for their empiri-

cally supported Kuznets curve is estimated to be between $40,312 and $61,043 (2011

US$ PPP).

The relationship between per capita income and the number of farmed animal life

years spent in agriculture cannot be straightforwardly inferred from the relationship

between per capita income and the per capita amount of meat consumption. This is

due to the fact that increased per capita income may not only change the total amount

of meat consumption, but also cause consumers to substitute di↵erent kinds of meat.

2Both Cole and McCoskey (2013) and Vranken et al. (2014) originally express their results in 2005
US$ PPP. However, in the present paper, their results are expressed in 2011 US$ PPP to be more
comparable with our findings.
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For instance, if growth would cause consumers to substitute meat from smaller animals

with meat from larger animals, fewer animals need to be raised for a given amount of

meat. Whether such substitution occurs depends on the income elasticities for di↵erent

types of meat. The most comprehensive study of income elasticities for meat is the

meta-analysis by Gallet (2010), which combines 393 studies and 3,357 observations.

Using panel data meta-regression models, the study reports an average income elas-

ticity of 0.9 for meat in general. For individual types of meat, the meta-analysis finds

elasticities of 0.74 for lamb, 0.80 for pork, 0.82 for poultry and 1.00 for beef, although

the di↵erence between the estimate for beef and the estimate for meat in general is not

statistically significant. However, given the heterogeneous nature of income elasticities

for meat (Zhou, 2017), these numbers should be interpreted with caution (see Ioanni-

dis, 2010; for a critical perspective on the over-reliance on meta-analyses).

It should be noted that the income elasticities for meat products seem to vary with

per capita income. Using panel data for 32 countries during the period 1975–1990,

Schroeder et al. (1996) finds that meat products are normal goods or even luxury

goods at the lower end of the per capita income distribution, with elasticities ranging

from around 1 for pork to over 3 for mutton. As per capita income increases, the

income elasticities decline. For mutton, and eventually also for poultry, the income

elasticities even become negative at a certain per capita income level, making these

products inferior goods.

3 Method

3.1 Data

In contrast to previous studies, we are not estimating the relationship between per

capita income and the amount of animal-based protein consumption per capita. Rather,

we are estimating the association between income per capita and farmed animal life

years (FALYs) per capita. The number of FALYs per capita refers to the number of life

years of farmed animals that go into the average annual consumption of animal-based

protein. In particular, the present study operationalises FALYs per capita in a country

i as the number of farmed animal life years required to produce the annual per capita

consumption of bovine meat, pigmeat, mutton and goat meat, poultry meat, milk and

eggs in i.

To calculate FALYs per capita, we use country-level panel data from the Food and
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Agriculture Organization of the United Nations (FAO) on per capita meat consumption

in 155 countries between 1992–2013 (FAO, 2019). To avoid problems associated with

the disintegration of the Soviet Union and Yugoslavia into new states, only data from

1992 and onwards are used. Similarly, we remove data on Sudan (to avoid problems

associated with the creation of South Sudan in 2011) and Belgium and Luxembourg

(since these countries had joint meat consumption data until year 2000). Since the

Czech Republic and Slovakia did not gain independence until 1993, these countries

lack observations for 1992.

The variables in the FAO dataset include per capita consumption of bovine meat,

pigmeat, mutton and goat meat, poultry meat, milk and eggs. For each of these vari-

ables, we convert the quantity of consumption per capita to the corresponding number

of FALYs per capita required to produce that quantity. This is done using the conver-

sion scheme in Matheny and Leahy (2007) for one reference year and then adjusting for

average yearly changes in meat, milk and egg per animal using data from the U.S. De-

partment of Agriculture (USDA, 2019a; 2019b; 1995–2019). Since Matheny and Leahy

(2007) do not provide any conversion scheme for mutton and goat, we carry out this

conversion by combining estimates of the ratio of lamb meat to live weights (Raines,

n.d.) and of the average lifespan of farmed lamb (Farm Sanctuary, 2019). Each of

these conversions from quantity to the corresponding number of FALYs assumes that

the average lifespan of animals has not shifted substantially over time. This assump-

tion is true for broiler chickens (National Chicken Council, 2019), which are the source

of more than 90% of all poultry meat (FAO, 2019). However, we lack access to such

data for other farmed animal species.3

For per capita income, we use panel data from Penn World Table on expenditure-

side real GDP per capita at chained PPPs in 2011 US$ (Feenstra et al., 2015). For

control variables, we use World Bank data on trade, operationalised as the sum of

exports and imports as a share of GDP (World Bank, 2019), and data from the United

Nations on urbanisation, operationalised as the percentage of population residing in

urban areas (UN, 2018). Both urbanisation and trade have been used as controls in

the previous literature on the relationship between per capita income and meat con-

sumption (Cole & McCoskey, 2013; Vranken et al., 2014). A rationale for controlling

for urbanisation is that there exists evidence suggesting that it may be a driver of both

3Even if it turned out that this assumption does not hold for other species, it seems unlikely that
this would cause any substantial biases in our results given that broiler chicken life years constitute
more than 70% of all FALYs (see Table 1 below).
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food consumption patterns (Rae, 1998; Sans & Combris, 2015) and economic growth

(Shabu, 2010). Similarly, trade may (apart from its e↵ect on GDP) have an impact on

food consumption patterns by allowing for the consumption of imported food.

There are some missing data in most of these datasets. First, the FAO dataset

lacks data on pigmeat consumption in Kuwait, Saudi Arabia and the United Arab

Emirates. However, these are countries where Islam is the state religion. Given Is-

lamic restrictions on pork consumption and the fact that pigmeat consumption equals

0 in some other Islamic countries in the dataset, these missing values were coded as

0. Second, some countries, notably Afghanistan and North Korea, are missing from

the GDP statistics in Penn World Table. However, omitting these countries is unlikely

to lead to serious distortions given that they account for less than 5% of the world

population (Feenstra et al., 2013). Similarly, the observations that are missing from

the trade data are mostly from small countries (World Bank, 2019).

Summary statistics are shown in Table 1. The table indicates that poultry con-

sumption accounts for more than 70% of the total number of terrestrial FALYs per

capita. This is not due to a much greater consumption of poultry (in terms of kilo-

grams) compared to other types of meat. Rather, the fact that poultry birds are small

compared to other farmed animal species means that more poultry life years are re-

quired to produce a given quantity of meat. For instance, while poultry make up only

36% of the weight of meat products produced in the US, it accounts for as much as

98.5% of the total number of animals that are slaughtered in the country (Frank, 2007).

A consequence of this is that changes in FALYs per capita are likely to be heavily driven

by changes in poultry consumption.

Table 1: Summary statistics

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

GDP per capita (in 1,000US$) 3,408 13.416 15.249 0.142 2.495 18.982 128.000
Urbanisation 3,408 55.774 22.182 6.288 37.900 73.396 100.000
Trade 3,185 81.200 42.562 0.021 52.928 100.497 442.620
FALYs per capita 3,408 2.202 1.696 0.061 0.605 3.280 9.390
Beef cows (life years/capita) 3,408 0.117 0.098 0.002 0.048 0.168 0.694
Pigs (life years/capita) 3,408 0.109 0.132 0.000 0.008 0.173 0.637
Sheep & goats (life years/capita) 3,408 0.030 0.052 0.000 0.005 0.033 0.490
Poultry (life years/capita) 3,408 1.581 1.451 0.001 0.357 2.382 8.239
Dairy cows (life years/capita) 3,408 0.024 0.020 0.0004 0.007 0.036 0.098
Layer chickens (life years/capita) 3,408 0.340 0.262 0.001 0.095 0.539 1.132
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3.2 Empirical model

As described in Section 2, it has been suggested that the relationship between income

and meat consumption takes the form of a Kuznets curve (Vranken et al., 2014; Cole &

McCoskey, 2013). This indicates that there may also be a Kuznets curve relationship

between income and FALYs per capita. Following the literature on environmental

Kuznets curves (e.g. Moosa, 2017), we capture such a relationship by estimating a

quadratic regression model:

FALY cit = ↵i + �t + �1GDPcit + �2(GDPcit)
2 +

2X

j=1

�2+jXijt + "it, (1)

where FALY cit denotes the annual number of FALYs per capita resulting from animal-

based protein consumption in country i at time t. GDPcit denotes the real GDP per

capita in country i at time t (chained PPPs in thousands of 2011 US$) and Xijt 2
[Urbanisationit, T radeit] denotes control variable j for country i at time t. As described

in Section 3.1, urbanisation is operationalised as the percentage of population residing

in urban areas whereas trade is operationalised as the sum of export and import as a

share of GDP. Country fixed e↵ects ↵i are used to control for omitted variables that

vary across countries but are constant over time and year fixed e↵ects �t are used to

control for omitted variables that are constant across countries but vary over time.

We also run some alternative versions of (1) that omit the country and time specific

intercepts: in particular, we run pooled OLS, random e↵ects and first-di↵erence models.

In addition to the quadratic specifications, a linear-log model is estimated:

FALY cit = ↵i + �t + �1log(GDPcit) +
2X

j=1

�1+jXijt + "it, (2)

where log(·) is the natural logarithm. The reasons for running a linear-log model as

opposed to a log-log model are twofold. First, while the linear-log model does not take

the form of a Kuznets curve, it does allow for a diminishing relationship between GDP

per capita and FALYs per capita. The existence of such a diminishing relationship is

plausible in light of the previous literature reviewed in Section 2 (Cole & McCoskey,

2013; Vranken et al., 2014). Second, the coe�cient �1 in the linear-log model can

be straightforwardly interpreted as the additional number of FALYs per capita that

are associated with a 1% rise in GDP per capita. From the perspective of animal
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welfare, this interpretation is more informative than the elasticities that are yielded

when interpreting coe�cients of log-log models. As with the quadratic model, we also

run pooled OLS, random e↵ects and first-di↵erence versions of the linear-log model

(hence, in these versions, no country or time specific intercepts are included).

4 Results

4.1 Specification testing

Table 2 reports a number of diagnostic tests, most of which suggest that fixed e↵ects and

first-di↵erence models are the most appropriate specifications for our data. First, using

the Breusch and Pagan (1980) Lagrange multiplier test4, we reject the null hypothesis

of no country e↵ects, although the null hypothesis of no time e↵ects is not rejected.

This indicates that pooled OLS models may su↵er from omitted variable bias due

to potential correlations between country fixed e↵ects and the error term. Second,

using the Hausman test, we reject the null hypothesis that country-specific e↵ects are

uncorrelated with the independent variables. Since this implies that random e↵ects

models are inconsistent, fixed e↵ects models are preferred. Third, using Wooldridge’s

(2002, pp. 282–283) serial correlation test, we reject both the null hypothesis of no serial

correlation in the original errors, "it, and the null hypothesis of no serial correlation for

the di↵erenced errors, �"it = "it � "it�1. Since this entails that both fixed e↵ects and

first-di↵erence models su↵er from serial correlation, we use clustered standard errors

that are heteroscedasticity and autocorrelation consistent (Arellano, 1987). Given that

neither the fixed e↵ects nor the first-di↵erence models are clearly superior to the other

in terms of serial correlation, both are reported in the main results. As robustness

checks, pooled OLS, random e↵ects and time fixed e↵ects versions of both the quadratic

and linear-log models are reported in Table 8 in the appendix.

4To adjust for missing data, we use Baltagi and Li’s (1990) version of the Breusch-Pagan test,
which extends it to unbalanced panels. One problem with the Breusch-Pagan test (including Baltagi
and Li’s (1990) version) is that it assumes that that the alternative hypothesis is two-sided despite
the fact that the variance components cannot be negative (Baltagi, 2008, p. 65). However, our results
are robust to using one-sided alternative hypothesis, as in the tests by Honda (1985) and King and
Wu (1997).
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Table 2: Diagnostics tests
Test Null hypothesis P-values

All control No control
variables variables

Quadratic model (equation (1))
Breusch-Pagan (1980) H0 : �2

C = 0 < 0.001 <0.001
Breusch-Pagan (1980) H0 : �2

T = 0 0.112 0.137
Hausman (1978) H0 : Cov(↵i, xit) = 0 <0.001 <0.001
Woolridge (2002) H0 : Corr(✏it, ✏it�1) = 0 <0.001 <0.001
Woolridge (2002) H0 : Corr(�✏it,�✏it�1) = 0 <0.001 <0.001

Linear-log model (equation (2))
Breusch-Pagan (1980) H0 : �2

C = 0 <0.001 <0.001
Breusch-Pagan (1980) H0 : �2

T = 0 0.894 0.981
Hausman (1978) H0 : Cov(↵i, xit) = 0 <0.001 <0.001
Woolridge (2002) H0 : Corr(✏it, ✏it�1) = 0 <0.001 <0.001
Woolridge (2002) H0 : Corr(�✏it,�✏it�1) = 0 <0.001 <0.001

4.2 Main findings

Table 3 reports the main quadratic regression models. In all specifications, the lin-

ear coe�cient is positive and statistically significant at the 1% level. The quadratic

coe�cient is negative in all specifications and statistically significant at the 1% level

in the country fixed e↵ects models as well as one of the first-di↵erence models, while

being significant at the 5% and 10% levels in the remaining specifications. Although

the negative quadratic coe�cients provide some evidence in favour of a Kuznets curve

relationship between per capita income and FALYs per capita, the predicted income

turning points are very high. Depending on the specification, the turning points vary

between $66,539 and $115,544 (2011 US$ PPP), which correspond to the 98th and

99.8th percentiles in our GDP per capita data for 2013. This suggests that, even if

there is a Kuznets curve relationship, the vast majority of countries are far from reach-

ing the income turning point.
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Table 3: Main quadratic models

(1) (2) (3) (4) (5) (6)

GDP per capita 0.062⇤⇤⇤ 0.034⇤⇤⇤ 0.046⇤⇤⇤ 0.048⇤⇤⇤ 0.032⇤⇤⇤ 0.042⇤⇤⇤

(0.010) (0.011) (0.011) (0.010) (0.010) (0.013)
(GDP per capita)2 �0.0004⇤⇤⇤ �0.0002⇤⇤ �0.0003⇤⇤⇤ �0.0002⇤⇤⇤ �0.0001⇤ �0.0003⇤⇤

(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Urbanisation 0.025⇤⇤⇤ 0.009 0.031⇤⇤⇤

(0.007) (0.010) (0.007)
Trade �0.001⇤ �0.002⇤⇤ �0.0003

(0.001) (0.001) (0.0003)

Country FE Yes Yes No Yes Yes No
Year FE No Yes No No Yes No
First-di↵erence No No Yes No No Yes
R2 0.174 0.040 0.014 0.204 0.052 0.017
Adjusted R2 0.135 -0.013 0.013 0.164 -0.004 0.016
F Statistic 21.433 5.206 11.899 15.130 4.628 15.877
(p-value) (0.000) (0.006) (0.000) (0.000) (0.001) (0.000)
Turning point 86,097 98,931 66,539 100,721 115,544 69,576
Observations 3,408 3,408 3,253 3,185 3,185 3,034

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

Table 4 shows the main linear-log regression models. The coe�cients for

log(GDP per capita) are statistically significant at the 1% level in all specifications

and vary between 0.309–0.594. This means that a 1% increase in GDP per capita

is associated with 112–216 additional days (per capita) spent by terrestrial farmed

animals in agriculture as a result of animal-based protein consumption. Furthermore,

the highest estimates may be the most credible, since they stem from the country fixed

e↵ects models (Column (1) and (4)), which have the best goodness of fit, as measured

by R

2 and adjusted R

2.
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Table 4: Main linear-log models

(1) (2) (3) (4) (5) (6)

log(GDP per capita) 0.594⇤⇤⇤ 0.429⇤⇤⇤ 0.318⇤⇤⇤ 0.520⇤⇤⇤ 0.388⇤⇤⇤ 0.309⇤⇤⇤

(0.080) (0.104) (0.051) (0.095) (0.101) (0.054)
Urbanisation 0.013⇤ �0.001 0.028⇤⇤⇤

(0.007) (0.009) (0.006)
Trade �0.001 �0.002⇤⇤ �0.0001

(0.001) (0.001) (0.0003)

Country FE Yes Yes No Yes Yes No
Year FE No Yes No No Yes No
First-di↵erence No No Yes No No Yes
R2 0.204 0.060 0.008 0.206 0.059 0.0145
Adjusted R2 0.167 0.008 0.008 0.166 0.004 0.014
F Statistic 55.095 17.061 39.610 19.278 6.034 21.712
(p-value) (0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Observations 3,408 3,408 3,253 3,185 3,185 3,034

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

Both the quadratic and the linear-log models suggest that the relationship between

GDP per capita and FALYs per capita is diminishing as income rises. To assess whether

this is the case, it is instructive to compare these models to the linear models reported

in Table 5. Comparing Table 5 columnwise with Table 3 and 4 in terms of R2 and

adjusted R

2 reveals that the linear models have a lower goodness of fit. This suggests

that the diminishing relationships of the quadratic and linear-log models is a better

description of the data.

It still needs to be settled whether the diminishing relationship between GDP per

capita and FALYs per capita takes the form of a Kuznets curve (as implied by the

quadratic models) or whether it is continuously positive, albeit at a decreasing rate (as

implied by the linear-log models). Versions of these two models are plotted in Figure 1.

Columnwise comparisons of Table 3 and 4 in terms of R2 and adjusted R

2 suggest that

linear-log models consistently outperform the quadratic models in terms of goodness

of fit.
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Table 5: Linear models

(1) (2) (3) (4) (5) (6)

GDP per capita 0.030⇤⇤⇤ 0.016⇤⇤⇤ 0.006 0.025⇤⇤⇤ 0.017⇤⇤⇤ 0.009⇤

(0.006) (0.006) (0.005) (0.006) (0.006) (0.005)
Urbanisation 0.031⇤⇤⇤ 0.009 0.040⇤⇤⇤

(0.007) (0.010) (0.007)
Trade �0.001 �0.002⇤⇤ �0.0001

(0.001) (0.001) (0.0003)

Country FE Yes Yes No Yes Yes No
Year FE No Yes No No Yes No
First-di↵erence No No Yes No No Yes
R2 0.132 0.031 0.000 0.187 0.046 0.006
Adjusted R2 0.090 -0.022 0.000 0.146 -0.009 0.005
F Statistic 21.785 7.158 1.851 17.570 4.480 14.796
(p-value) (0.000) (0.008) (0.176) (0.000) (0.005) (0.000)
Observations 3,408 3,408 3,253 3,185 3,185 3,034

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

While this does not necessarily imply that the linear-log specifications are superior as

causal or predictive models, it does suggest that we should be cautious in interpreting

the negative quadratic coe�cients in the quadratic models as proving the existence of a

Kuznets curve. Given that there are so few observations beyond the predicted income

turning points, the negative quadratic coe�cients might merely reflect the diminishing

relationship between GDP per capita and FALYs per capita. At any rate, for countries

that are far from the income turning point, the linear-log models are more informative

in most situations since their coe�cients have a more straightforward interpretation.
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4.3 Individual farmed animal species

Table 6 presents versions of the linear-log model in which the dependent variable is

FALYs per capita for each individual animal species (rather than aggregated across

all species). The relationship between per capita income and poultry life years is

statistically significant and very large in magnitude compared to the coe�cients for

other animal species. While this relationship is also significant for layer chicken life

years and pig life years, the magnitude is much smaller than for poultry. For the

remaining animal species, the GDP per capita coe�cients are small and non-significant,

although some of these coe�cients are significant in alternative specifications (see Table

11 and 12 in the appendix). This suggests that our main findings concerning the

relationship between per capita income and total FALYs per capita (for all species

combined) are driven to a large extent by increases in consumption of poultry, and to

some extent by increases in consumption of eggs and pigmeat.
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Table 6: Linear-log model with country fixed e↵ects (individual species)

Dependent variable:

FALYs per capita
Beef cows Pigs Mutton/goats Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

log(GDP per capita) �0.002 0.017⇤⇤⇤ �0.0001 0.446⇤⇤⇤ �0.001 0.060⇤⇤⇤

(0.005) (0.006) (0.002) (0.083) (0.001) (0.016)
Urbanisation �0.001 �0.0004 �0.00005 0.014⇤⇤ �0.0001 0.0004

(0.001) (0.001) (0.0002) (0.007) (0.0001) (0.002)
Trade �0.0002 �0.00002 �0.0001⇤⇤ �0.00003 �0.00003⇤⇤ �0.001⇤⇤⇤

(0.0001) (0.0001) (0.00003) (0.001) (0.00001) (0.0002)

R2 0.025 0.0255 0.0129 0.193 0.0465 0.072
Adjusted R2 -0.0242 -0.0237 -0.0369 0.153 -0.00165 0.0251
F Statistic 2.452 3.612 2.076 19.585 6.325 8.654
(p-value) (0.066) (0.015) (0.106) (0.000) (0.000) (0.000)
Observations 3,185 3,185 3,185 3,185 3,185 3,185

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

Table 7 reports versions of the quadratic model for individual animal species. As in

the linear-log model, the magnitude of the e↵ect is greater for poultry than for other

animal species. Interestingly, the linear coe�cient in the dairy cow specification is

estimated to be negative, suggesting that per capita income may even be associated

with a reduction in the number of life years spent by dairy cows in animal agriculture.

However, this last result is sensitive to the choice of model specification (see Table 9-12

in the appendix).

Table 7: Quadratic model with country e↵ects (individual species)

Dependent variable:

FALYs per capita
Beef cows Pigs Mutton/goats Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

GDP per capita �0.001 0.001 �0.0005 0.046⇤⇤⇤ �0.0004⇤⇤⇤ 0.003⇤

(0.001) (0.001) (0.0004) (0.009) (0.0001) (0.002)
(GDP per capita)2 0.00001 �0.00000 0.00000 �0.0002⇤⇤⇤ 0.00000 �0.00002

(0.00001) (0.00001) (0.00000) (0.0001) (0.00000) (0.00002)
Urbanisation �0.001 0.0002 0.0001 0.022⇤⇤⇤ �0.0001 0.003⇤

(0.001) (0.001) (0.0002) (0.006) (0.0001) (0.001)
Trade �0.0001 �0.00002 �0.0001⇤ �0.001 �0.00002⇤ �0.001⇤⇤⇤

(0.0001) (0.0001) (0.00003) (0.001) (0.00001) (0.0002)

R2 0.0292 0.0127 0.0204 0.211 0.106 0.043
Adjusted R2 -0.0201 -0.0375 -0.0294 0.171 0.0606 -0.00561
F Statistic 1.921 0.813 2.036 14.969 6.748 5.462
(p-value) (0.110) (0.519) (0.092) (0.000) (0.000) (0.000)
Turning point NA 143,776 NA 99,924 NA 94,747
Observations 3,185 3,185 3,185 3,185 3,185 3,185

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.
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5 Discussion

5.1 Limitations

Our analysis is susceptible to many of the standard problems associated with observa-

tional panel data. While country and time fixed e↵ects models can rule out omitted

variables that vary across countries but are constant over time as well as omitted vari-

ables that are constant across entities but vary over time, there may still be omitted

variables that vary both over time and across entities. Since such omitted variables

cannot be ruled out, there is no guarantee that the strict exogeneity assumption of

fixed e↵ects regression holds. As a result, our regressions do not yield credible causal

conclusions.

The lack of causal interpretation does not, however, mean that the estimated re-

lationship between per capita income and FALYs per capita is spurious. In fact, this

relationship seems to be highly robust. First, the large number of countries in our

sample (155 out of the 195 countries in the world) and a period of more than 20 years

lends strength to our estimated relationships. Second, we use clustered standard errors

to correct for potential inferences problems stemming from heteroscedasticity and au-

tocorrelation (Arellano, 1987). Third, as can be seen from Figure 1 in Section 4, there

does not seem to be any very large outliers that drive the results. Fourth, and most

importantly, our main findings are relatively consistent across all specifications.

Another limitation that should be considered is the possibility of measurement er-

rors. The FAO consumption data is based on production data adjusted for exports

and imports, and failures to properly adjust for this may lead to measurement errors

in the dependent variable. More worryingly, in the absence of international data, we

used US data to adjust for changes in animal sizes that have occurred over time. These

data are unlikely to be representative for the rest of the world and may lead to biased

estimates. In addition, OLS-, fixed e↵ects and first di↵erence models are all known to

be sensitive to attenuation bias, or regression dilution, in the presence of measurement

errors. If present, the estimator will be biased downward toward zero, but the e↵ect is

more pronounced for OLS- or first di↵erence models compared to fixed e↵ects models

(Griliches & Hausman, 1986).
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5.2 Implications for animal welfare

The findings presented in Section 4 suggest that increases in per capita income are

associated with increases in FALYs per capita, at least for the overwhelming major-

ity of countries that have not surpassed the income turning points predicted by the

quadratic regression models. Rather than attempting to carry out a complete social

welfare analysis of these findings, this section raises some important considerations and

challenges associated with carrying out such an analysis.

First, it must be recognized that the social welfare implications of an increased

number of FALYs depends on how much weight the social welfare function (SWF)

gives to animal welfare in comparison to human welfare (Eichner & Pethig, 2006). As

mentioned in the introduction, both theoretical arguments and survey evidence sup-

port the view that animals should carry at least some intrinsic weight in public decision

making (Johansson-Stenman, 2018). Nevertheless, this perspective is still uncommon

in applied economic analyses (for exceptions, see Clarke & Ng, 2006; Norwood & Lusk,

2011).

Second, it should be noted that an increase in FALYs implies a change in the number

of individual farmed animals that are brought into existence as opposed to the welfare

levels of existing farmed animals (cf. Blackorby & Donaldson, 1992). Analysing the

social welfare implications of such a change requires a SWF that ranks states of a↵airs

with di↵erent population sizes. While defining such a SWF is associated with a number

of problems5, most economists that have written on the topic favour some type of total

or critical-level utilitarian SWF (Ng, 1986; Blackorby et al., 1995). According to such

SWFs, social welfare is reduced if individuals (including animals) with net negative

welfare are added to the population. Establishing whether the the welfare of farmed

animals is positive or negative is therefore crucial to determine how farmed animal

welfare is impacted by an increase in the number of FALYs.

Unfortunately, there are no generally agreed upon methods through which animal

welfare can be measured with high confidence. The only quantitative estimates of an-

imal welfare in the economics literature are the welfare ratings by Norwood and Lusk

(2011). They rate the welfare of di↵erent types of farmed animals on a scale from –10

to 10, where negative numbers imply that the animal would be better o↵ not being

born. In this rating, some types of farmed animals, such as beef cows, are deemed to

5In fact, there are impossibility theorems showing that there exists no social welfare function that
satisfies a set of compelling axioms in variable population cases (Arrhenius, 2000).
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have positive welfare, while others, such as pigs, are deemed to have negative welfare

(Norwood & Lusk, 2011, p. 229). However, many authors take a more pessimistic view,

arguing that most farmed animals, especially in the US, have net negative welfare (e.g.

Matheny & Chan, 2005; Singer, 2011; Sarek et al., 2018).

If these authors are right in their pessimism, and we adopt a total utilitarian SWF

that incorporates animal welfare, then the empirical findings presented in Section 4

indicate that economic growth may be associated with significant negative externali-

ties for farmed animal welfare. However, it should be noted that these costs must be

weighted against the human welfare gains from higher per capita income (Stevenson &

Wolfers, 2013; Jones & Klenow, 2016).

6 Concluding remarks

While previous literature has focused on environmental or public health aspects of

meat consumption, issues of animal welfare have often been neglected in economics.

In contrast to previous studies examining the relationship between income and meat

consumption, the present paper does not focus on the amount of consumed meat, but

on the number of additional life years that farmed animals spend in agriculture as a

result of increases in meat consumption. As such, the results of this paper could be

informative in light of recent work that seeks to extend welfare economics to incorpo-

rate animal welfare.

We find that an increase in GDP per capita is associated with a rise in FALYs per

capita. Furthermore, we find that this relationship diminishes as income rises and that

there might even be a turning point at which the number of per capita farmed animal

life years declines with per capita income. Depending on model specification, the es-

timated income turning points vary between $66,539 and $115,544 (2011 US$ PPP),

corresponding to the 98th and 99.8th percentiles of the per capita income distribution

for 2013 in our dataset. This is considerably higher than corresponding estimates found

in the literature on the relationship between income and meat consumption, which has

found turning points between $40,312 and $61,043 (Cole & McCoskey, 2013; Vranken

et al., 2014). In fact, our estimated turning points are so high that even if there is a

Kuznets curve relationship between per capita income and FALYs per capita, it might

not be of great practical importance given that few countries are likely to achieve this

level of income in the foreseeable future.
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The most clear omittance in the present paper is likewise the most readily apparent

extension for future research: the expansion of the research question to include fish.

Mood and Brooke (2012) estimate that between 37 and 120 billion farmed fish are

slaughtered globally each year and the number has been increasing substantially over

the years. Farmed fish life years are therefore likely to be a major driver of the changes

in the total number of FALYs per capita. The sheer number of animals means it will

most likely be influential when assessing the relationship between income and FALYs.

Furthermore, the large number also suggests that fish welfare could be an important

consideration for an animal welfare.

Although long-term economic growth has great potential for improving human

flourishing and well-being (Cowen, 2007), it may also be associated with significant

drawbacks such as climate change (Keller, 2004) and technological risks to human life

(Jones, 2016). If the welfare of additional farmed animals is net negative, the associa-

tion between growth and FALYs may be another such drawback. From this perspective,

the present paper can be viewed as being part of a greater project of assessing the over-

all social welfare gains from economic growth. The findings may thus be of relevance

not only to public policy, but for any actor that aims to increase social welfare by

leveraging economic growth.
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Appendix

A1. Alternative specifications of main findings

Table 8: Alternative specifications

(1) (2) (3) (4) (5) (6)

GDP per capita 0.091⇤⇤⇤ 0.050⇤⇤⇤ 0.092⇤⇤⇤

(0.017) (0.010) (0.018)
(GDP per capita)2 �0.001⇤⇤⇤ �0.0003⇤⇤⇤ �0.001⇤⇤⇤

(0.0002) (0.0001) (0.0002)
log(GDP per capita) 0.887⇤⇤⇤ 0.536⇤⇤⇤ 0.904⇤⇤⇤

(0.124) (0.092) (0.126)
Urbanisation 0.022⇤⇤⇤ 0.026⇤⇤⇤ 0.021⇤⇤⇤ 0.011 0.016⇤⇤⇤ 0.011

(0.006) (0.005) (0.006) (0.007) (0.005) (0.007)
Trade 0.004⇤⇤ �0.001⇤ 0.004⇤⇤ 0.003 �0.001 0.003

(0.002) (0.001) (0.002) (0.002) (0.001) (0.002)
Constant �0.277 0.246 �0.392 0.295

(0.245) (0.275) (0.266) (0.254)

Specification Pooled Random Year Pooled Random Year
OLS e↵ects FE OLS e↵ects FE

R2 0.591 0.239 0.588 0.629 0.245 0.628
Adjusted R2 0.590 0.238 0.585 0.629 0.244 0.625
F Statistic 67.471 24.471 64.496 109.628 31.905 104.850
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Turning point 65,040 98,765 65,592 NA NA NA
Observations 3,185 3,185 3,185 3,185 3,185 3,185

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.
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A2. Individual species models

Table 9: Quadratic model with country and time e↵ects (individual species)

Dependent variable:

FALYs per capita
Beef cows Pigs Mutton/goats Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

GDP per capita 0.001 0.001 0.0001 0.028⇤⇤⇤ �0.0001 0.002
(0.001) (0.001) (0.0004) (0.009) (0.0001) (0.002)

(GDP per capita)2 �0.00001 �0.00000 �0.00000 �0.0001⇤ �0.00000 �0.00001
(0.00001) (0.00001) (0.00000) (0.0001) (0.00000) (0.00001)

Urbanisation 0.001 0.0002 0.001⇤⇤ 0.006 0.0002⇤ 0.001
(0.001) (0.001) (0.0003) (0.009) (0.0001) (0.002)

Trade �0.0001 �0.00002 �0.00004 �0.001 �0.00001 �0.001⇤⇤⇤

(0.0001) (0.0001) (0.00004) (0.001) (0.00001) (0.0002)

R2 0.00903 0.00513 0.0177 0.0439 0.0282 0.0242
Adjusted R2 -0.0486 -0.0527 -0.0395 -0.0117 -0.0283 -0.0325
F Statistic 0.904 0.544 2.049 3.390 1.590 3.569
(p-value) (0.463) (0.704) (0.090) (0.011) (0.180) (0.008)
Turning point 78,786 178,830 112,077 117,233 NA 109,605
Observations 3,185 3,185 3,185 3,185 3,185 3,185

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

Table 10: Quadratic model with first di↵erences (individual species)

Dependent variable:

FALYs per capita
Beef cows Pigs Mutton/goat Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

GDP per capita 0.002⇤⇤⇤ 0.001⇤ 0.001 0.033⇤⇤⇤ 0.0001 0.005⇤⇤⇤

(0.001) (0.001) (0.0004) (0.011) (0.0001) (0.002)
(GDP per capita)2 �0.00001⇤⇤⇤ �0.00001 �0.00000 �0.0003⇤⇤ �0.00000⇤ �0.00003⇤⇤

(0.00000) (0.00000) (0.00000) (0.0001) (0.00000) (0.00001)
Urbanisation �0.002⇤⇤⇤ 0.0005 �0.0003 0.028⇤⇤⇤ �0.0002⇤⇤ 0.004⇤

(0.001) (0.0004) (0.0002) (0.005) (0.0001) (0.002)
Trade �0.00003 �0.00003 �0.00003⇤⇤ �0.0001 �0.00001 �0.0001

(0.00004) (0.00002) (0.00001) (0.0003) (0.00000) (0.0001)

R2 0.00709 0.00237 0.00867 0.0106 0.000963 0.0113
Adjusted R2 0.00611 0.00139 0.00769 0.00961 -2.65e-05 0.0103
F Statistic 4.108 2.949 1.944 18.486 2.835 6.098
(p-value) (0.003) (0.022) (0.106) (0.000) (0.027) (0.000)
Turning point 84,700 82,256 127,984 65,195 62,593 96,888
Observations 3,034 3,034 3,034 3,034 3,034 3,034

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.
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Table 11: Linear-log model with country and time e↵ects (individual species)

Dependent variable:

FALYs per capita
Beef cows Pigs Mutton/goats Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

log(GDP per capita) 0.014⇤ 0.018⇤⇤⇤ 0.006⇤⇤ 0.288⇤⇤⇤ 0.003⇤⇤⇤ 0.059⇤⇤⇤

(0.007) (0.006) (0.003) (0.082) (0.001) (0.017)
Urbanisation 0.001 �0.0002 0.001⇤⇤ �0.003 0.0002⇤ 0.0004

(0.001) (0.001) (0.0003) (0.009) (0.0001) (0.002)
Trade �0.0001 �0.00001 �0.00004 �0.001 �0.00001 �0.001⇤⇤⇤

(0.0001) (0.0001) (0.00004) (0.001) (0.00001) (0.0002)

R2 0.0149 0.0177 0.0293 0.0358 0.049 0.0499
Adjusted R2 -0.042 -0.039 -0.0269 -0.020 -0.00595 -0.00505
F Statistic 1.664 3.243 3.046 4.571 7.064 7.004
(p-value) (0.177) (0.024) (0.031) (0.004) (0.000) (0.000)
Observations 3,185 3,185 3,185 3,185 3,185 3,185

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.

Table 12: Linear-log model with first di↵erences (individual species)

Dependent variable:

FALYs per capita
Beefcows Pigs Mutton/goat Poultry Dairy cows Layer chickens

(1) (2) (3) (4) (5) (6)

log(GDP per capita) 0.015⇤⇤⇤ 0.009⇤⇤⇤ 0.003 0.229⇤⇤⇤ 0.002⇤⇤⇤ 0.051⇤⇤⇤

(0.004) (0.003) (0.002) (0.045) (0.001) (0.012)
Urbanisation �0.002⇤⇤⇤ 0.0003 �0.0002 0.027⇤⇤⇤ �0.0002⇤⇤⇤ 0.003

(0.001) (0.0004) (0.0002) (0.005) (0.0001) (0.002)
Trade �0.00002 �0.00002 �0.00002⇤ 0.0001 �0.00001 �0.00004

(0.00004) (0.00002) (0.00001) (0.0003) (0.00000) (0.0001)

R2 0.00348 0.00287 0.0024 0.00769 0.00297 0.0117
Adjusted R2 0.00282 0.00221 0.00175 0.00704 0.00231 0.011
F Statistic 4.887 5.413 2.221 25.597 5.207 7.834
(p-value) (0.003) (0.001) (0.088) (0.000) (0.002) (0.000)
Observations 3,034 3,034 3,034 3,034 3,034 3,034

Note: ⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Robust standard errors are clustered at the country level.
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