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Poverty Traps and Climate Change 
Richard S.J. Tola,b,c,d 

Abstract:  We use a demo-economic model to examine the question of whether climate change could widen or 
deepen poverty traps.  The model includes two crucial mechanisms. Parents are risk averse when deciding how 
many children to have; fertility is high when infant survival is low. High fertility spreads scarce household resources 
thin, resulting in children being poorly educated. At the macro level, technological progress is slow because of 
decreasing returns to scale in agriculture. With high population growth and slow technological progress, the 
economy stagnates. If, on the other hand, infant survival is high, then fertility is low, education is high, and the 
economy grows exponentially. Diarrhea and malaria are among the leading causes of infant mortality; both are 
sensitive to weather and climate. There may thus be a climate-related poverty trap where climate change 
increases disease burdens that reinforce poverty. We estimate finite-mixture models of per capita income, fertility, 
and mortality at the national scale. As predicted by the model, the observations are bi-modal. Temperature has 
statistically significant effects: hotter countries are more likely to be classified as poor; hotter countries are more 
likely to be classified as high mortality; and the number of children per woman in high fertility societies increases 
with temperature. We then use the model to simulate a number of different futures, focusing on the question 
whether climate change may widen and deepen the health/fertility poverty trap. The results suggest that this is 
unlikely for reasonable parameter choices. Climate change may have a substantial effect on specific causes of 
infant mortality, but the effect on total infant mortality is more muted. More importantly, the model is driven by 
infant survival, and climate change has a much smaller proportional effect on survival than on mortality. 
Furthermore, climate change will be relatively small over the next few decades. In the medium term, the impact of 
climate change is therefore dwarfed by other factors (health and education in this model). In the long term, 
climate change is more important, but the long term is primarily shaped by the medium term. 
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Poverty Traps and Climate Change 

1. Introduction 

Poverty is concentrated in the tropics and subtropics. Whereas the correlation between temperature 
and wealth is indisputable, there is strong disagreement on causation. Some argue that geography is a 
prime driver of economic development (Diamond 1999); others argue economic growth is not affected 
by environmental factors (Easterly and Levine 2003). If climate can partly explain poverty, then climate 
change may well have an impact too. Previous papers studied the impact of climate change on the rate 
of exponential growth (Fankhauser and Tol 2005). In this paper, we focus on poverty traps. 

As far as we know (Section 2), we are the first to study the effects of climate change on poverty traps. 
The literature on climate and poverty traps is still thin, and we contribute a new model calibration with 
new sensitivity analysis, as well as new empirical evidence. 

There are three research parts to the paper. In Section 3, we use a model in which risk-averse parents 
decide on the number and level of education of their children. Fertility is high when infant survival is 
low. Household resources are spread thin, and children are poorly educated as a result. At the macro 
level, technological progress is slow with decreasing returns to scale in agriculture. With high population 
growth and slow technological progress, the economy stagnates. On the other hand, the economy 
grows exponentially when infant survival is high, fertility is low, and education is high. Diarrhea and 
malaria are among the leading causes of infant mortality; both are sensitive to weather and climate. 
There is thus prima facie evidence that there may be a climate-related poverty trap. 

In the empirical part of the paper (Section 4), we test the key predictions of the theoretical model, 
particularly the double equilibria. Observations of per capita income, fertility, and mortality are indeed 
bi-modal.. Hotter countries are more likely to be classified as poor; hotter countries are more likely to be 
classified as high mortality; and the number of children by women in high fertility societies increases 
with temperature. The data thus support the theory: climate partly explains why some countries are 
poor and others rich. 

We then (Section 5) use the model to simulate a number of different futures, focusing on the question 
whether climate change may widen or deepen the health/fertility poverty trap. 

2. Previous literature 

Climate change could affect economic growth and development, but our understanding is limited. 
(Fankhauser and Tol 2005) investigate four standard models of economic growth and three channels 
through which climate affects economic growth: production, capital depreciation, and the labor force. 
They find that, in three models, the climate-change-induced fall in economic output over the century is 
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slightly larger than the direct impact on markets1 – that is, the total impact is more than twice as large 
as the direct impact – while the 4th model (which emphasizes human capital accumulation) points to an 
indirect impact that is 1.5 times as large as the direct impact. In the three models, impacts crowd out 
consumption and investment in physical capital, while in the fourth model investment in human capital 
too is crowded out. (Hallegatte 2005) reaches a similar conclusion. (Hallegatte and Thery 2007) highlight 
that the impact of climate change through natural hazards on economic growth can be amplified by 
market imperfections and the business cycle. (Eboli et al. 2010) use a multi-sector, multi-region growth 
model. The impact of climate change would lead to a 0.3% reduction of GDP in 2050. Regional impacts 
are more pronounced, ranging from -1.0% in developing countries to +0.4% in Australia and Canada. 

Using a biophysical model of the human body’s ability to do work, (Kjellstrom et al. 2009) find that by 
the end of the century climate change may reduce labor productivity by 11-27% in the humid 
(sub)tropics. Assuming an output elasticity of labor of 0.8 (Romer 1996), this would reduce economic 
output in the affected sectors (involving heavy manual labor without air conditioning) by 8-22%. 
Although structural change in the economy may well reduce the dependence on manual labor and air 
conditioning would be an effective adaptation, even the ameliorated impact would have a substantial, 
but as yet unquantified, impact on economic growth. 

In a statistical analysis, (Dell et al. 2009) find that one degree of warming would reduce income by 1.2% 
in the short run  and by 0.5% in the long run . The difference is due to adaptation. (Horowitz, 2009) finds 
a much larger effect: a 3.8% drop in income in the long run  for one degree of warming. In a yet-
unpublished study, (Dell et al. 2008) find that climate (change) has no effect on economic growth in 
countries with an income above the global median ($PPP,20003170) but a large impact on countries below 
the median. If companies can fully adapt to a new climate in 10 years time, economic growth in the 21st 
century would be 0.6% slower if climate changes according to the A2 scenario than in the case without 
climate change. This is a large impact. For example, if economic growth is 2.6% per year without climate 
change, and 2.0% with, then a century of climate change would reduce income by 44%. 

The above studies are about the impact of climate and climate change on economic growth at national 
or regional scales. However, some countries (or groups of people within countries) have not enjoyed any 
growth at all, living at subsistence level much like previous generations. 

Because poverty is concentrated in the tropics and subtropics, some analysts concluded that a tropical 
climate is one cause of poverty. (Gallup et al. 1999) emphasize the link between climate, disease, and 
poverty while (Masters and McMillan 2001) focus on climate, agricultural pests, and poverty. Other 
studies (Acemoglu et al. 2001;Acemoglu et al. 2002;Easterly and Levine 2003) argue that climatic 
influence on development disappears if differences in human institutions (the rule of law, education, 
etc) are accounted for. (Bhattacharyya 2009)  attempts to reconcile the two schools of thought, arguing 
that the geography of diseases is more important for the least developed economies, while institutions 
                                                                                 

1 There is considerable uncertainty about the direct impact of climate change on markets (Tol 2009). The impact on 
economic growth roughly scales with the market impact. 
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matter more for developed and other developing countries. (van der Vliert 2008) demonstrates that 
climate affects human culture and thus institutions, but this venue has yet to be explored in the 
economic growth literature. (Bloom et al. 2003) find limited support for an impact of climate change on 
past growth in a single-equilibrium model, but strong support in a multiple-equilibrium model: hot and 
wet conditions and large variability in rainfall reduce long-term growth in poor countries (but not in hot 
ones) and increase the probability of being poor. 

There are two equilibria in the model of (Galor and Weil 1996). One is characterized by high population 
growth and low capital intensity (the ‘Malthusian’ equilibrium), the other by low population growth and 
high capital intensity (the ‘Solowian’ equilibrium). Physical labor plays a more important role in setting 
wages, output, and savings in the Malthusian equilibrium than in the Solowian equilibrium. This implies 
that anything that affects physical labor is more important in the Malthusian equilibrium than in the 
Solowian one. And, as capital intensity separates the two equilibria, a reduced productivity of physical 
labor would reduce savings and capital intensity, locking the economy deeper into the poverty trap. 
Physical labor would be negatively affected by an increase in morbidity and by a decrease of crop yields 
(as the model implicitly assumes that physical labor is primarily used in agriculture). Skilled labor is 
affected by long-term cognitive impairment, which is associated with childhood malnutrition and 
disease, both of which are linked to climate. Climate may thus help to explain the occurrence of poverty 
traps, and climate change could widen poverty traps. 

(Bonds et al. 2010) and (Strulik 2008) posit theoretical models and offer limited empirical support. 
Climate-related diseases such as malaria and diarrhea impair children’s cognitive and physical 
development. This leads to poverty in their later life so that there are limited means to protect their 
own children against these diseases. Furthermore, high infant mortality may induce parents to have 
many children so that their investment in education and health care is spread thin. An increase in infant 
and child mortality and morbidity due to climate change would thus trap more people in poverty. The 
model by (Strulik 2008) is discussed in detail below. It is a micro-based dynamic general equilibrium 
model. The model by (Bonds et al. 2010), on the other hand, is a model of disease dynamics enhanced 
with phenomenological descriptions of the impact of income on disease and of the impact of disease on 
income. 

In sum, the literature on the impact of climate and climate change on economic growth and 
development has yet to reach firm conclusions. There is agreement that climate change could moderate 
the rate of economic growth, by a little according to some studies and by a lot according to others. 
There is disagreement about whether climate change could affect the nature of economic development, 
with some studies suggesting that more people may be trapped in poverty and fewer people enjoying 
exponential growth. The latter effect is potentially more important – contrast the difference between 
0% and 1% growth, and between 1% and 2% growth – and therefore our focus. 
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3. The model 

We use the model by (Strulik 2008). Let utility u be given by 

(1) 𝑢 = ln(𝑐 − 𝑐̅) + 𝛽1 ln(𝑛𝜋) + 𝛽2ln (ℎ). 

That is, utility is derived from consumption c in excess of subsistence consumption 𝑐̅; from the number 
of surviving childen nπ; and from the education of those children (which is proportional to therelative 
investment h). 

The children’s survival probability π depends on an exogenous probability 𝜋� and the investment h. 
Specifically, 

(2) 𝜋 = 𝜋� + (1 − 𝜇𝜋�)𝜆ℎ. 

where μ and λ are parameters. 

Solving the first order conditions under budget constraint y = c+nhy gives 

(3) 𝑐 = 𝑦+𝛽1𝑐̅
1+𝛽1

, 

(4) 𝑛 = (1−𝜇𝜋�)(1−𝑐̅ 𝑦⁄ )𝛽1𝛽2𝜆
(𝛽1−𝛽2)(1+𝛽1)𝜋�

, and 

(5) ℎ = (𝛽1−𝛽2)𝜋�
(1−𝜇𝜋�)𝛽2𝜆

. 

Per capita income y follows from the production function: 

(6) 𝑌 = 𝐴(ℎ�𝐿)𝛼𝑋1−𝛼. 

where A is total factor productivity. Normalizing land supply X=1, marginal labour productivity sets the 
wage:  

(7) 𝑦 = 𝛼𝐴ℎ�𝛼𝐿𝛼−1. 

The model dynamics follow from At+1 = (1+g)At (exogenous technological progress), ℎ�𝑡+1 = ℎ𝑡 (human 
capital investment), and Lt+1 = (n-1)Lt (population growth). The exogenous survival rate is given by 

𝜋� = 𝑎(1 − 𝑒−𝑏𝑦). 

This set of equations behaves as follows. Details and derivations are given by (Strulik 2008). Equations 
(6) and (7) are Malthusian in that there are decreasing returns to scale in labor. However, this can be 
overcome if technological progress is sufficiently high and if there is sufficient investment in human 
capital. If income is close to subsistence consumption, then both the number of children and investment 
in their health and education is low. The investment in children monotonically increases with income. 
However, the number of children first increases and then decreases with income. 

The model has two equilibria. In one, there is exponential growth. The other equilibrium is a poverty 
trap. This is illustrated in Figure 1. The calibration of the model is almost the same as in  (Strulik 2008): 
𝑐̅ = 100; λ = 6.4; μ = 0.89; β1 = 0.3; β2 = 0.227; α = 0.8; a = 0.737; b = 0.0025. Figures A1 and A2 



6 

compare the modeled child mortality to the observed under-five mortality and the modeled number of 
children to the observed total fertility rate, respectively, in 2005. Figure 1 shows the average growth 
rate over a century, assuming a 20% exogenous increase in total factor productivity per 20 years. In this 
particular calibration, economies are caught in a poverty trap if their income is below $600 per person 
per year. The equilibrium income is $240/p/yr. 

Figure 2 shows the impact of a 1% decrease in the survival probability per twenty years on the average 
growth rate over the century. The effect is always negative, but lowest for very low incomes, highest for 
somewhat higher incomes, and in the middle for higher incomes. As a result, the poverty trap widens 
and deepens. Economies are caught in a poverty trap if their initial income is below $800/p/yr (rather 
than $600/p/yr), and the equilibrium income is $220/p/yr (rather than $240/p/yr). 

4. Empirical evidence 

The Strulik model makes three predictions: There are two equilibria for per capita income, for fertility, 
and for mortality. We test these predictions and the sensitivity of these equilibria to climate. (Tang et al. 
2009) set out to test the “income-climate trap of health development” – much as we do. However, 
although the text speaks of vicious and virtuous cycles, the estimated model is (1) linear (plus 
interaction terms) and (2) unimodal. Their model specification is inconsistent with their research 
question. The “twin peaks” model by (Quah 1996) is, as the name suggests, bimodal and thus directly 
tackles the question of two equilibria. (Bloom et al. 2004) apply a bimodal model to the relationship 
between health, climate, and development. They improve on Quah’s approach by including explanatory 
variables. Advances in statistical and computational capabilities since 2001 (when the paper was 
written) mean that further improvements are possible.  

We estimate a finite mixture model, using Partha Deb’s procedure in Stata.2 Conceptually, the model is 
simple. There are two regimes. Each regime is a linear model of the dependant variable in its 
explanatory variables, estimated by (what would be) ordinary least squares (in a single regime). The two 
regimes are linked by a logit model. Numerically, the model is complicated because it is highly nonlinear. 
Particularly, regime-sorting is endogenous (unlike in, say, a censoring model). 

Table 1 summarizes the regression results. Appendix B gives the full details. Hotter countries are more 
likely to be classified as low income. Among the rich countries, hotter ones are less rich. There is no 
statistically significant relationship between temperature and per capita income is poor countries. 
Hotter countries are more likely to be classified as high mortality, but temperature does not have a 
significant effect on mortality among either high or low mortality countries. Hotter countries are 
somewhat likely to be classified as high fertility. Among high fertility countries, hotter ones have higher 
fertility. Among low fertility countries, temperature does not have a significant impact. These results 
are, qualitatively, in line with the prediction of the Strulik model. 
                                                                                 

2 http://ideas.repec.org/c/boc/bocode/s456895.html 
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Table 1 also indicates which other explanatory variables are significant. The results are consistent with 
previous findings in the correlates-of-growth literature (Barro and Sala-i-Martin 1995). Most 
importantly, the data support a bimodal model of per capita income, mortality and fertility. That is, the 
data discern two equilibria. 

5. The impact of climate change 

Figure 2 illustrates the impact of a steady increase in childhood mortality. This may happen because of 
climate change or for other reasons. We use the same model calibration as above. Instead of 
considering a continuum of arbitrary economies, we take the average income of each of some 200 
countries in the year 2000 as our starting point. We assume that malaria mortality increases by 7.9% per 
degree Celsius of warming (Tol 2002). We assume that diarrhea mortality increases by 

�𝑇𝑏𝑎𝑠𝑒+𝑊𝑎𝑟𝑚𝑖𝑛𝑔
𝑇𝑏𝑎𝑠𝑒

�
1.14

 (Link and Tol 2004). The shares of diarrhea and malaria in total under-15 mortality 

are taken from the Global Burden of Disease project.3 

Figure 3 shows the average growth rate over the period 2000-2100 for three alternative scenarios of 
technological change. In the base case, labor productivity exogenously increases by 45% per 20 years, so 
that per capita income in Africa grows by 1.0% per year – just as it did over 1950-2000. In the high case, 
technological change goes up to 54% and income growth to 1.5%; in the low case, technology grows by 
37% and income by 0.5%. Figure 4 again shows the growth rate for three scenarios of temperature 
change. In the base case, the Earth warms by 3.4ºC between 2000 and 2100, the IPCC’s best guess in the 
A2 scenario (Meehl et al. 2007). In the high scenario, warming is twice as large, and in the low scenario 
half as large. Figure 5 repeats the exercise for labor elasticity. In the base case, the labor elasticity of 
output is 0.7. In the high case, this is 0.8, and in the low case 0.6.4 

The pattern that emerges is that poorest countries grow fastest. There is a dip in growth around $350 
per person per year, and a local maximum around $700/p/yr.  The richest country grows about 0.8% per 
year. This pattern becomes less (more) pronounced as exogenous technological change increases 
(decreases). For the low scenario, although growth approaches zero in a few countries, all grow. The 
effect of climate change is minimal. The effect of the labor elasticity is large. For a high value, poorer 
countries grow faster than richer countries. For a low value, there is an economic shrink between 
$250/p/yr and $550/p/yr. 

In sum, Figures 3-5 show that economic parameters dominate the climate signal. The reason is that the 
crucial parameter in the Strulik model is the childhood survival rate. The minimum under-5 survival rate 
is 91%. That is, maximum mortality is 9%. Malaria and diarrhea make up to 39% of that. If malaria and 
                                                                                 

3 http://www.who.int/topics/global_burden_of_disease/en/ 
4 We also tried variants of the model in which the rate of technological progress, exogenous in the simulations 
shown in the paper, was some function of per capita income. This does not materially affect the impact of climate 
change, although the pattern of economic growth can be very different. 
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diarrhea death rates double, mortality does up from 9 to 12%, but survival only falls from 91 to 88% -- a 
modest change. Furthermore, the more dramatic impacts of climate change will only occur later in the 
century whereas economic growth is cumulative over the century, with the early decades having a large 
effect. 

6. Discussion and conclusion 

In this paper, we offer three pieces of evidence on the questions whether there may be a climate-
related poverty trap and how climate change would affect that poverty trap. In the first part of the 
paper, we borrow and calibrate a theoretical model in which a health-related poverty trap emerges 
from the rational choices of economic agents and their interactions with the environment. More 
specifically, if infant mortality is high, parents opt to have many children but lack the resources to 
educate them well. Poorly educated children command low wages, and their sheer numbers further 
depress their productivity. The economy is thus trapped in poverty. This becomes more pronounced if 
infant mortality increases for whatever reason. However, this model is nothing but an internally 
consistent mathematical formalization of a hypothesis. In the second part, we use finite-mixture 
classification-cum-regression models to show that the international cross-section of per capita income, 
fertility, and mortality supports that there are two equilibria (one poverty trap and one with exponential 
growth); and that climate has a statistically significant impact: hotter countries are more likely to be 
classified as poor; hotter countries are more likely to be classified as high mortality; and the number of 
children by women in high fertility societies increases with temperature. In the third part, we use the 
model to explore alternative futures. We assume that climate change increase the incidence of malaria 
and diarrhea. We show that it is unlikely for reasonable parameter choices that climate change would 
widen and deepen the health/fertility poverty trap. Climate change would have a substantial effect on 
specific causes of infant mortality, but a small overall impact on total infant mortality. The effect on 
infant survival, the variable that drives the model, is smaller still. Moreover, the impact of climate 
change is dwarfed by health and education in the short to medium term, as would be expected. In the 
long term, climate change is more important, but the long term is of course primarily shaped by the 
medium term. 

As with any study, there are a number of caveats. The model is but one of many models with poverty 
traps (Azariadis and Stachurski 2005;Chakraborty et al. 2010). Other models may suggest different 
conclusions. The model used is specified such that it is computable in closed form. While this should not 
affect the qualitative results, it may well have an impact on the quantitative findings. 

In the empirical analysis, we use a cross-section, essentially distinguishing between countries that are 
and always have been at subsistence level and countries that have escaped the poverty trap and grow 
exponentially. A Markov-switching model (Jerzmanowski 2006) would allow for a richer, dynamic 
representation of the same mechanisms. We treat countries as homogenous units, but it may well be 
that different classes of people or different regions are on different development paths. 
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In the scenario study, we consider the impact of climate change on malaria and diarrhea mortality. We 
omit morbidity and consequent stunting (Walker et al. 2007). We ignore other impacts of climate 
change on mortality, notably through undernutrition (Lloyd et al. 2011). 

All this suggests that the current paper is a first step only. We offer a coherent framework to study the 
effects of changes in infant mortality on the early stages of economic growth. That framework can be 
used, by ourselves and others, to explore variations and alternatives. This includes other risk factors 
than climate change, and progress in medicine, such as a malaria vaccine (The RTS 2011). 
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Table 1. Summary regression results: Estimates for the effect of the natural logarithm of the maximum monthly temperature 
and the sign of other explanatory variablesa. 

  Income Mortality Fertility 
Temperature Low 0.194 

(0.414) 
0.134 

(3.639) 
0.543 

(0.589) 
 High -0.914*** 

(0.227) 
-17.2 

(62.3) 
0.748*** 

(0.028) 
 Switchb 4.69** 

(1.81) 
-37.3** 

(16.7) 
-1.92* 
(1.44) 

Significant and 
positive 

Low Latitude, coastal land, 
Christian, area, number of 

borders 

Muslim Fractionalization 

 High Landlocked, coastal land, 
area, length of border 

Number of borders Violent conflict, Muslim, 
fractionalization, number of 

borders 
 Switchb Landlocked, Muslim, 

fractionalization, number of 
borders 

Coastal land - 

Significant and 
negative 

Low - Trade openness, latitude, 
coastal land, area, length of 

border 

Latitude, coastal land 

 High Fractionalization Latitude Trade openness, latitude, 
landlocked, land coastal, 

Christian, area 
 Switchb Length of border Latitude, fractionalization, 

area 
- 

a Latitude = latitude; coastal land = share of land within 100 km of the coast; Christian = dummy for Christianity as dominant 
religion; Muslim = dummy for Islam as dominant religion; area = land area; number of borders = number of land borders; length 
of border = length of land border; fractionalization = ethnolinguistic fractionalization; landlocked = dummy if no coast; Trade 
openness = Openness to international trade; violent conflict = dummy if country is involved in civil or interstate war. 
b Switch = the probability of being in the poor regime.  
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Figure 1. The growth rate of per capita income as a function of per capita income. 
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Figure 2. The impact of an increase in mortality on economic growth. 
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Figure 3. The average growth rate of per capita income for 2000-2100 as a function of per capita income in 2000 for three 
alternative scenarios of exogenous improvements in labor productivity. 
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Figure 4. The average growth rate of per capita income for 2000-2100 as a function of per capita income in 2000 for three 
alternative scenarios of climate change. 
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Figure 5. The average growth rate of per capita income for 2000-2100 as a function of per capita income in 2000 for three 
alternative assumptions about the labor elasticity of output. 
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Appendix A: Calibration results 

 
Figure A1. Observed under-five mortality and modeled children mortality. 
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Figure A2. Observed total fertility rate and modeled total fertility rate. 
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Appendix B: Regression results 

 

Table B1. Regression results for per capita income. 

 Low mortality Switch High mortality 

 Coef. Std. Err. z Coef. Std. Err. z Coef. Std. Err. z 

Trade liberalization 3.12E-01 1.50E-01 2.08    1.19E-01 1.56E-01 0.77 
Conflict -3.59E-01 1.86E-01 -1.93    4.28E-01 1.70E-01 2.52 
Latitude 6.45E-02 9.40E-03 6.86    -1.02E-02 7.48E-03 -1.37 
Land locked 3.56E-03 1.87E-01 0.02 6.42E+00 2.16E+00 2.97 1.09E+00 3.25E-01 3.36 
Land coastal 1.13E+00 3.38E-01 3.34    8.74E-01 2.75E-01 3.18 
Christianity 1.16E+00 1.92E-01 6.03    3.68E-01 1.47E-01 2.50 
Islam 5.03E-01 2.06E-01 2.45 8.77E+00 3.84E+00 2.29 -8.43E-01 4.86E-01 -1.74 
Ethno-linguistic fractionalization 2.83E-01 2.82E-01 1.00 3.29E+00 1.57E+00 2.10 -1.14E+00 3.27E-01 -3.49 
Ln Max Temp 3.00E-01 3.77E-01 0.79 3.15E+00 1.44E+00 2.19 -9.05E-01 2.60E-01 -3.47 
Area 6.53E-07 2.14E-07 3.05    1.81E-07 3.37E-08 5.38 
Number of land borders 1.70E-01 4.80E-02 3.53 1.32E+00 4.55E-01 2.89 -3.54E-02 3.57E-02 -0.99 
Length of land border -1.74E-04 7.38E-05 -2.35 -1.98E-03 7.16E-04 -2.77 -7.01E-05 2.78E-05 -2.52 
Constant 3.81E+00 1.43E+00 2.66 -1.22E+01 4.93E+00 -2.47 1.24E+01 1.12E+00 11.04 
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Table B2. Regression results for total fertility. 

 Low mortality Switch High mortality 

 Coef. Std. Err. z Coef. Std. Err. z Coef. Std. Err. z 

Trade liberalization -8.39E-02 1.04E-02 -8.08 9.29E-01 5.66E-01 1.64 -3.88E-01 2.87E-01 -1.35 

Conflict 2.77E+00 2.08E-02 132.84 9.17E-02 7.72E-01 0.12 -1.40E-01 3.33E-01 -0.42 

Latitude -2.43E-02 8.95E-04 -27.1 -4.77E-02 3.71E-02 -1.28 -3.16E-02 1.54E-02 -2.05 

Land locked -6.12E-01 2.05E-02 -29.84 -1.21E+00 7.29E-01 -1.66 5.21E-01 3.08E-01 1.69 

Land coastal -1.03E+00 2.66E-02 -38.72 -2.02E-01 1.07E+00 -0.19 -1.12E+00 5.03E-01 -2.22 

Christianity -3.49E-01 1.57E-02 -22.24 -3.87E-01 7.35E-01 -0.53 -5.59E-01 2.88E-01 -1.95 

Islam 8.40E-02 1.88E-02 4.46 -1.12E-01 8.69E-01 -0.13 -3.96E-02 3.58E-01 -0.11 

Ethno-linguistic fractionalization 9.42E-01 2.62E-02 35.97 2.06E+00 1.29E+00 1.59 1.19E+00 5.24E-01 2.28 

Ln Max Temp 7.48E-01 2.80E-02 26.72 -1.92E+00 1.44E+00 -1.33 5.43E-01 5.89E-01 0.92 

Area -1.34E-07 3.39E-09 -39.67 -2.97E-07 2.21E-07 -1.35 7.64E-08 1.48E-07 0.52 

Number of land borders 3.99E-02 3.12E-03 12.82 -6.04E-02 1.47E-01 -0.41 1.34E-02 7.35E-02 0.18 

Length of land border 2.24E-06 2.39E-06 0.93 8.62E-05 1.53E-04 0.56 -1.59E-04 8.93E-05 -1.78 

Constant 1.20E+00 1.12E-01 10.72 7.84E+00 5.55E+00 1.41 2.94E+00 2.23E+00 1.32 
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Table B3. Regression results for infant mortality. 

 Low mortality Switch High mortality 

 Coef. Std. Err. z Coef. Std. Err. z Coef. Std. Err. z 

Trade liberalization -6.43E+00 2.25E+00 -2.85 1.95E+00 1.56E+00 1.25 -1.08E+01 1.35E+01 -0.80 

Conflict -1.64E+00 2.39E+00 -0.68 -1.45E-01 1.65E+00 -0.09 -8.88E+00 1.89E+01 -0.47 

Latitude -2.60E-01 9.35E-02 -2.78 -4.75E-01 2.26E-01 -2.10 -2.69E+00 1.12E+00 -2.41 

Land locked -1.54E-02 2.25E+00 -0.01 -3.37E+00 3.19E+00 -1.05 2.04E+01 1.80E+01 1.13 

Land coastal -7.15E+00 3.17E+00 -2.26 1.58E+01 7.66E+00 2.06 4.54E+00 4.02E+01 0.11 

Christianity 2.86E+00 2.59E+00 1.11 2.95E+00 2.06E+00 1.43 -2.10E+01 1.53E+01 -1.37 

Islam 2.09E+01 3.11E+00 6.72 6.80E+00 3.44E+00 1.98 -1.12E+01 2.08E+01 -0.54 

Ethno-linguistic fractionalization 4.98E+00 3.86E+00 1.29 -7.31E+00 3.38E+00 -2.16 1.93E+01 3.12E+01 0.62 

Ln Max Temp 1.34E-01 3.64E+00 0.04 -3.73E+01 1.67E+01 -2.23 -1.73E+01 6.23E+01 -0.28 

Area -1.46E-06 5.61E-07 -2.61 2.74E-06 1.17E-06 2.34 2.84E-05 2.43E-05 1.17 

Number of land borders -5.85E-01 4.09E-01 -1.43 1.70E+00 8.97E-01 1.89 1.46E+01 6.48E+00 2.25 

Length of land border 1.17E-03 4.11E-04 2.84 7.16E-04 5.02E-04 1.43 -1.36E-02 7.72E-03 -1.77 

Constant 2.56E+01 1.43E+01 1.79 1.14E+02 5.17E+01 2.20 1.72E+02 2.15E+02 0.80 
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