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Abstract

We examine the potential for climate change to impact fertility via adaptations in human
behavior. We start by discussing a wide range of economic channels through which climate
change might impact fertility, including sectoral reallocation, the gender wage gap, longevity,
and child mortality. Then, we build a quantitative model that combines standard economic-
demographic theory with existing estimates of the economic consequences of climate change.
In the model, increases in global temperature affect agricultural and non-agricultural sectors
differently. Near the equator, where many poor countries are located, climate change has a
larger negative effect on agriculture. The resulting scarcity in agricultural goods acts as a force
towards higher agricultural prices and wages, leading to a labor reallocation into this sector.
Since agriculture makes less use of skilled labor, climate damage decreases the return to acquiring
skills, inducing parents to invest less resources in the education of each child and to increase
fertility. These patterns are reversed at higher latitudes, suggesting that climate change may
exacerbate inequities by reducing fertility and increasing education in richer northern countries,
while increasing fertility and reducing education in poorer tropical countries. While the model
only examines the role of one specific mechanism, it suggests that climate change could have an

impact on fertility, indicating the need for future work on this important topic.

Climate change will have a substantial impact on the economy [1l 2]. There is also a broad
consensus that economic factors affect fertility [3, 4} [5]. Thus, climate change has the potential to
affect fertility patternsﬂ Since higher fertility is linked to negative economic outcomes [13], 14], the
climate-to-fertility feedback could substantially alter the economic damages from global climate
change. It may also exacerbate the inequity embedded in climate change.

Many economic theories of long-run demographic change emphasize industrialization and the
transition out of agriculture [3, [I5], known as structural transformation. Meanwhile, there is sub-
stantial evidence that climate change affects agricultural and non-agricultural sectors differently
[16, [1, I7], thereby altering the transition process. Thus, economic theory suggests that future
changes in climate may substantially influence fertility patterns via the process of structural trans-
formation, among other possible avenues.

In this paper, we discuss the potential for human adaptation to climate change to alter long-run
fertility patterns. Our primary goal is to highlight this important issue and spur future work in this
area. We focus on economic mechanisms, specifically changes in human behavior resulting from

changes in the incentives generated by effective relative prices. We proceed in two steps. First,

! A recent study finds that temperature may have long-run effects on fertility via reproductive health [6], a finding
which is consistent with evidence on short-run temperature fluctuations and seasonality [7), [8]. Similarly, climate
change can cause other large societal disruptions, such as natural disasters and civil war, that may also impact
fertility patterns [9] [I0L 1T, 12]. While important, these mechanisms are not the focus of the current study, which
focuses on economic mechanisms.



we discuss a wide range of potential mechanisms — including sectoral reallocation, child mortality,
longevity, and the gender wage gap — through which climate change may impact fertility. Second,
we build a model that combines standard economic theory regarding structural transformation and
endogenous fertility with existing estimates of the sectoral impacts of climate change. The results
suggest climate change will indeed impact fertility, demonstrating the need for future work on this
topic.

Our model examines the relationship between structural transformation and the quantity-
quality trade-off, which has played a substantial role in past demographic transitions [3] [15] and is
likely to be an important channel for future climate impacts. The quantity-quality trade-off refers
to the decision faced by prospective parents whether to have fewer children with greater health
and education investment per child or more children with less investment per child. To isolate the
impact of climate change on demographic outcomes, we focus primarily on a hypothetical economy
modelled after Colombia, for which global temperatures and technology can be treated as exogenous
factors. We find that climate damage leads to higher fertility and lower educational attainment.

We also use our model to perform a number of quantitative experiments. First, we re-examine
our hypothetical economy at different latitudes to investigate spatial heterogeneity in the impacts
of climate change. We find evidence for substantial inequities: at high latitudes, the demographic
effects of climate change are reversed, leading to lower fertility and greater education attainment.
Second, we examine whether realistic mitigation policies will substantially alter fertility patterns.
We find that feasible but stringent policies can essentially eliminate the demographic impacts of
climate change. Finally, we examine how the impacts of climate change differ in rich and poor
countries, holding location fixed. We find essentially no difference, which suggests that location,

rather than income, will be the primary source of heterogeneity of climate impacts on fertility.

How climate change may impact fertility

In this section, we discuss how climate change may alter fertility via different economic channels.
Clearly, non-economic factors, especially cultural norms, have important consequences for fertility
decisions [18, [19]. It is unclear, however, how climate change might affect cultural norms over the
relevant time horizons. Thus, we leave the role of cultural evolution as an open question for future
research.

In the economic approach to fertility, parents have a finite set of resources and preferences over
various outcomes, as with any other decision. They use these resources to achieve the best possible
outcome attainable within their economic constraints. In relation to fertility, the decision has two
parts. First, individuals must decide the quantity of resources, both time and money, to devote
to childrearing. Second, conditional on the total amount of resources devoted to childrearing,

individuals must decide whether to use those resources to have more children or invest more in the



future of each child. This latter decision is known as the quantity-quality trade-off. This simple
model of choice delivers several insights. First, when the relative cost of having a child increases —
either because the absolute cost of having a child increases or the cost of another activity decreases
— the fertility rate will fall. Second, when the relative benefit of having another child decreases,
then fertility will fall. Thus, the economic model of fertility suggests that climate change will affect
fertility decisions by altering the relative costs and benefits of having children and investing in the
well-being of each Childﬂ

Effects through structural transformation

We start by focusing on how climate change might affect fertility by altering the composition of pro-
duction within an economy. In response to negative economic impacts from climate change in the
tropics, labor is likely to reallocate towards agriculture, where large climate impacts are expected
relative to other sectors. This can occur for two reasons. First, the low elasticity of substitution
between the demand for agricultural and non-agricultural goods implies that the scarcity of agri-
cultural goods will increase prices and wages in this sector, creating incentives for labor reallocation
[22, 23]. Second, if climate damage decreases income, consumers would have an incentive to spend
a greater fraction of their income on agriculture goods when compared to a world without climate
change [23| 24]. This would again increase the relative wage of agricultural workers and motivate
labor reallocation.

There are many ways that structural transformation can influence fertility. As discussed above,
the quantity-quality trade-off [25, 26l 27] has been a major driving force in past demographic
transitions [15], 28, 29, 30]. Agricultural production makes less use of skilled labor compared to
other sectors [31],[32], implying that climate damages that raise the return to working in agriculture
will also lower the relative return to education. Economic theory and evidence, therefore, suggest
that parents will adapt to these changes in relative prices by spending fewer resources on educating
children and more on increasing fertility.

Structural change can also impact fertility via the gender wage gap. In many societies, women
bear most of the responsibility for raising children. Thus, when labor opportunities for women
increase, so does the opportunity cost of raising children [3, 15 33]. Moreover, theory and evidence
suggest that, on average, women have a comparative advantage in education-intensive work, while
men have comparative advantage in brawn-based modes of production [34, B5]. Thus, when an
economy reallocates towards agriculture, the opportunity cost for women to raise children may
decrease, leading to an increase in fertility. Existing evidence suggests that the gender wage gap
has been an important factor in long-run demographic change in Europe [3] [15]. Unfortunately, we

are not aware of empirical work characterizing the strength of these comparative advantages across

2Economic theories of fertility focus on the desire for a specific level of fertility. Fertility also depends on access to
birth control. It is thus possible for climate change to impact fertility through availability of contraception [20, 21].



the globe.

Sectoral Impacts of Climate Change. The proposed effects of climate change on fertility
through structural transformation depend on the assumption of differential impacts of climate
change across sectors. In this section, we briefly review the literature on climate damages and, in
particular, the differential effect of climate change on agricultural and non-agricultural production.
There is a widespread consensus that such a differential effect exists [16} [I, I7]. The reasoning
is straightforward. Crop yields are weather-dependent and thus are highly sensitive to changes in
climatic conditions [36], B7, B8]. As a result, changes in temperature directly affect the inherent
productivity of specific production techniques (e.g., planting maize with certain inputs and a certain
amount of labor). The same is not true for production techniques that are not inherently sensitive
to weather conditions.

This does not imply that changes in climate do not affect other sectors. Indeed, aggregate
economic evidence suggests that such an effect exists [39]. Increasing temperatures can lower
worker productivity or decrease attendance [40)]. Moreover, climate change can affect long-term
worker health [41I], increase the potential for extreme weather [2], and lead to coastal erosion
[42, [43], all of which would affect production in essentially any industry. Importantly, however,
these factors should also affect agricultural production. Thus, in aggregate, agriculture should be
more sensitive to changes in temperature as compared to other sectors.

This also does not imply that the all climate impacts are negative or equally distributed across
the globe. Existing research also suggests that there is considerable spatial heterogeneity in the
impact of climate change on agriculture [36, 37, 38]. Given the vast difference in temperatures and
crops grown around the globe, increasing temperatures will have different effects on agricultural

productivity in different regions.

Potential impacts outside of structural transformation

Many theories of long-run changes in fertility emphasize life expectancy and child mortality. Since
climate change will affect mortality [44], [45], this is a potential link from climate to fertility. For
example, theory and evidence strongly suggest that increases in life expectancy are associated with
greater human capital accumulation and lower fertility [46, [47), 48], because longer life expectancy
increases the benefits from early investment in human capital.

Change in child mortality can also be an important driver of long-run changes in fertility [3].
Specifically, parents may increase fertility in the face of high and uncertain mortality rates in order
to ensure that they achieve some minimum desired level of fertility [3]. The theoretical relationship
between mortality and the number of surviving children, however, is ambiguous [3, 15, [49], and
statistical evidence on the effect of mortality on the number of surviving children is mixed [3} [15].

In particular, countervailing forces, such as the increased cost of having surviving children and the



increased incentive to invest in the health of each surviving child, create a link between higher
mortality and a decrease in fertility, leaving the overall effect uncertain and context-dependent
[3, 15, [49].

Parents may also desire children in order to have a source of support in old age [50]. This theory
is known as the old-age security hypothesis [15]. Climate change could impact fertility via the old-
age security hypothesis in two main ways. First, if the government must lower social support due
to lost revenues, then parents may respond by increasing fertility. Second, if migration increases
in response to climate change, however, then children will not be as strong a source of support,
and fertility could decrease. In either case, the strength of the link between fertility and old-age
support will be limited by the development of functioning financial systems [15].

When examining cross-country data, there is a strong negative correlation between income
and fertility levels, which could imply that climate change may directly affect fertility via changes
in income. Economic theory and evidence, however, do not suggest a simple causal effect from
increasing income to decreasing fertility [4, [51]. In other words, it is not that richer individuals can
afford to have fewer children, which seems unlikely given that raising children is resource-intensive.
Instead, the simple correlation is best explained by the more nuanced causal mechanisms discussed
above. Quantity-quality mechanisms are particularly relevant in this regard [I5, 29, B0]. If there
is a greater return to education in developed countries, then the quantity-quality trade-off would

suggest a negative correlation between fertility and income.

Model

As discussed above, there are many mechanisms that will determine the full strength of the effect
of climate change on fertility. We now turn to a examination of one particular mechanism, the
interaction of structural transformation and the quantity-quality trade-off. Our goal with this
modelling exploration is not to provide a full quantitative accounting of the effects of climate change
on demographic outcomes. Instead, by showing the importance of one mechanism, we demonstrate
that climate impacts are likely to be substantial, highlighting the need to future research. We also
highlight important sources of heterogeneity that may exacerbate existing inequities.

Our model combines standard economic-demographic theory and empirical evidence on the
consequences of climate change. We build on the standard overlapping generations (OLG) approach
to endogenous fertility [27, 52] 26]E| We follow individuals through two stages of life. In the first
stage of life, they are children who consume parental time. In the second stage, they work, consume
goods, and raise children. To capture the quantity-quality trade-off, we assume that parents have
preferences over the lifetime earnings of children and that raising a skilled child uses more parental

time than raising an unskilled child. Since skilled children earn higher wages, parents face a trade-off

3The online supplemental material contains the key equations for our economic model and a related discussion.



between quality and quantity.

We employ a two-sector model of structural transformation. There are two types of goods,
agricultural and non-agricultural. Existing research shows that agriculture uses substantially less
skilled labor per unit value produced than does non-agricultural production [31, 32]. To simplify
analysis, we assume non-agricultural work uses only skilled labor and agricultural work uses only
unskilled labor.

Consistent with empirical evidence, we employ a model with low substitutability between the
two types of goods, implying that workers reallocate towards more damaged sectors after a climate
shock [22] 23]. Thus, if climate impacts lower the productivity of agricultural production, the
scarcity of food leads to an increase in relative food prices. The increase in relative food prices then
increases relative wage for agricultural work and lowers the incentive for parents to invest in child
quality. As a result, fertility increases and educational attainment decreases. This is the economic
mechanism through which climate change affects fertility and human capital in our model.

Our specification for climate damages comes from Desmet and Rossi-Hansberg [I7]. These
estimates capture the differential effect of climate change on agricultural and non-agricultural in-
dustries, as well as the spatial heterogeneity in the impacts of climate change. These estimates
are particularly well suited to our application, because they were generated for a two-sector model
similar to ours[l

Our focus is on the demographic effects of climate change, rather than the causes of climate
change or the optimal policy response. Consequently, we consider the case of a small economy for
which technological progress and global temperature can be taken as exogenous variables. In our
primary analysis, we calibrate the model to match demographic features of Colombia. We also
present results for Switzerland in the supplemental online material. To ensure that our base case
is consistent with existing demographic projections used in climate change analysis, we calibrate
our model to past demographic trends and the projections embodied in the Shared Socioeconomic
Pathways [56]. Specifically, we calibrate the model to SSP2, which serves as a ‘middle of the road’
scenarioﬂ The model fit is evaluated in Figure The demographic projections show the usual
trends for developing countries, increasing education and falling fertility. Despite its simplicity, our
model captures these patterns well.

We use the calibrated model to examine how demographic outcomes change when global tem-
perature changes. Specifically, we examine how different levels of global mitigation will affect pop-
ulation dynamics by comparing demographic outcomes under different exogenous emissions paths
given in the Representative Concentration Pathways (RCPs) [57, 58]. Holding the underlying de-
mographic parameters fixed, changes in emissions capture different global mitigation scenarios.

Figure [2] presents the global carbon concentrations and temperature for Colombia under the differ-

“Unfortunately, these damage estimates do not allow for ‘tipping points’ in climate damages [53} 54} [55].
5The details of the calibration procedure are discussed in the online supplemental material.
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Figure 1: Comparison of the baseline model with the forecast data for Colombia [59]. We assume that the existing
projections do not take into account the feedback from climate to demography. As a result, the baseline model
assumes a constant climate. The left panel shows the ratio of skilled to unskilled labor. The panel on the right shows
the child/adult ratio, a measure of fertility that corresponds directly to the economic-demographic model. We define
children as those under 20 years of age. To focus on adults of child-bearing age, we consider individuals aged 20-39.
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Figure 2: Climate characteristics of the four RCP scenarios. The left panel shows atmospheric concentraition in
ppm CO; equivalent from the RCPs [60]. The RCP data are combined with the climate dynamics in Desmet and
Rossi-Hansberg [17] to yield latitude-specific temperatures, which are presented in the right panel.

ent RCPs.

Results

Figure [3] presents the results of the computational exercises, which are designed to better under-
stand the effects of climate change on fertility via the quantity-quality trade-off and structural
transformation. All results are shown relative to a baseline case with constant climate.
Adaptation. The model captures how adaptation to climate change may include changes in
fertility and human capital accumulation via structural transformation and the quantity-quality
trade-off. The results are presented in Figure We start by considering effects predicted for
Colombia in its true location. We focus on RCP 8.5, a pessimistic scenario without strong mitigation

policies. The temperature at 5 degrees latitude will increase by 10% in the year 2100, compared
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Figure 3: Results from the four RCP scenarios for different latitudes as percentage change compared to the baseline.
The baseline scenario assumes a constant climate. The left column presents results for a hypothetical economy like
Colombia at its true latitude of 5 degrees. The center and right columns investigate the role of spatial heterogeneity
by considering the same hypothetical economy at alternate locations.

to the baseline scenario with constant climate. The damage estimates imply that the relative
productivity of the non-agricultural sector will increase by almost 45%.

As described above, this increases wages in the agricultural sector due to the low substitutability
between consumption goods. Since agricultural production uses unskilled workers, this lowers the
return to acquiring skill. The model suggests that ratio of skilled to unskilled children decreases by
15% compared to the baseline. The quantity-quality trade-off implies that fertility will rise when
education falls. Consistent with the economic model, we measure fertility via the child-to-adult
ratio. As education decreases, fertility increases, but then converges back to the baseline level. This
convergence occurs because the baseline model predicts that developing countries will experience
rapidly falling fertility independently of other forces (see Figure . The model suggests that, in the
long-run, the total child population will be 1.35% higher due to the transitory changes in fertility.
Overall, climate change leads to less education and greater fertility, when compared to a world with
a constant climate.

Mitigation. The above results demonstrate that standard economic theory, when combined



with existing estimates of the impact of climate change, predicts that changes in climate will affect
fertility and human capital accumulation, when compared to a world with a constant climate.
We now turn to investigating the role of mitigation policies. Holding the underlying economic-
demographic model constant, we examine the effect of exogenous differences in mitigation policies,
which result in differences in carbon concentrations.

The RCP 2.6 scenario represents a world with stringent mitigation policies and leads to a 3.3%
higher temperature than the baseline scenario of a constant climate. Recall that temperatures were
10% higher in RCP 8.5. The ratio of non-agricultural productivity is 5% above baseline, instead of
the 45% under RCP 8.5. The model suggests that this effect is too small to have a meaningful impact
on skill accumulation, fertility or the size of the child population over the next 60 years. In other
words, strict mitigation policies can essentially eliminate the demographic consequences of climate
change at low latitudes, at least when restricting attention to the quantity-quality mechanism our
model investigates.

Spatial Heterogeneity. Figure [3| also illustrates the importance of spatial heterogeneity.
We perform a computational experiment considering an economy identical to Colombia’s, but at
alternate latitudes. This experiment captures the heterogeneous effects of climate across latitudes,
holding all else equal.

The effect of climate change on demographic outcomes differs substantially across latitudes.
This occurs for two main reasons. First, the relationship between global and local temperature
depends on latitude. Second, changes in temperature have non-linear effects on agricultural and
non-agricultural productivity. As a result, both the direction and magnitude of the effect on
differential productivities — which drives demographic outcomes — differ across latitudes.

We examine the results for an economy like Colombia that is located at twenty-five degrees of
latitude (Figure |3). The effect of carbon concentrations on temperature are larger at this higher
latitude. The effect on relative productivity, however, is smaller. As a result, the effect on fertility
and skill accumulation is smaller, despite larger changes in temperature.

We also examine the effect of temperature on economic and demographic outcomes for an
economy like Colombia at forty-five degrees of latitude (Figure . In this case, higher temperature
increases the relative productivity of agriculture, pushing workers into other sectors and inducing
parents to substitute toward child education. Thus, population decreases and skill acquisition
increases as a result of climate change. The magnitudes are large. Under RCP 8.5, the ratio
of skilled to unskilled children increases by almost 25% compared to the baseline, and the child
population falls by 3%. Once again, lower carbon concentrations lead to smaller demographic
impacts, but there are still meaningful changes under RCP 2.6.

Heterogeneity by Levels of Development. In the supplemental material, we re-calibrate
the model and repeat all of the exercises for Switzerland, another small economy for which it

is appropriate to take technology and atmospheric carbon dioxide concentrations as exogenous.
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Results for Switzerland illustrate how climate change might affect demographic outcomes in a
richer country. Switzerland has both a higher ratio of skilled children and a lower fertility rate
than Colombia. This is consistent with known demographic patterns in developed and developing
countries and is well described by the calibrated model. We examine Switzerland at its true
location (45 degrees of latitude), as well as alternate locations given in Figure By comparing
the two different hypothetical countries at the same latitude, we can isolate the partial impact of
development. The outcomes for Switzerland and Colombia are nearly identical at all latitudes,
suggesting that location, rather than development, is the primary source of heterogeneity in the

climate-fertility relationship captured by our model.

Discussion and Conclusion

Our model suggests that damage from climate change for countries at low latitudes may be sub-
stantially larger than previously estimated. In particular, by changing the return to acquiring skills,
climate change can induce parents to have more children and invest less in the education of each
child. The increased damage from these channels implies larger benefits from mitigation policies.
Fortunately, the model suggests tha stringent mitigation policies can largely eliminate the impacts
of climate change on fertility via the quantity-quality trade-off channel.

Our model also has implications for inequality. It is widely acknowledged that poor countries are
less capable of adapting to climate change than rich countries [61,[62]. Our results highlight another
potential source of spatial inequality in vulnerability to climate change: the differential effect of
climate change on relative sectoral productivity will affect parental decisions about fertility levels
and education for children. In high latitude countries, which tend to be richer, climate change may
lead to lower fertility and higher skill accumulation, the reverse of what we find for low latitude
countries. These forces may increase the gap between the richer high-latitude countries and poorer
equatorial countries. We find little heterogeneity in impacts when considering differences in levels
of development independently of differences in location.

Our model focuses on a single channel. As a result, it is necessarily preliminary, and there
are many ways that future work can build on our results to provide a more complete quantitative
accounting of the impacts of climate change on demographic outcomes. Most immediately, future
studies can quantify the other economic channels discussed in the earlier sections of this paper.
Channels related to health are likely to be of particular importance. Future work could also combine
our model with a realistic representation of international trade, since climate change alters patterns
of comparative advantage [17Hﬂ Moreover, our results suggest that foreign aid targeted to improve

agricultural productivity or improve food availability might be effective at lessening the negative

5 As in other studies that look at structural transformation, we chose to focus on a closed economy for our analysis,
because the data suggest that the allocation of workers between agricultural and manufacturing sectors in rich and
poor countries is inconsistent with the forces of comparative advantage that govern standard trade theory [63} [32] [64].
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demographic consequences of climate change. Thus, further work could highlight the potential for
international development assistance to bolster climate change adaptation. As discussed above,
both cultural factors and large-scale disruptions, such as natural disasters and civil wars, can also
be affected by climate change, resulting in significant impacts on fertility that may have interactions
with the economic mechanisms discussed here. Future work can also expand on our results and
discussion by considering non-economic mechanisms.

To understand the full impact of climate change and the benefits of mitigation policy, it is
important to consider how adaptations to climate change may include demographic change. Our
model suggests that demographic responses to climate change will increase damage in tropical
countries and exacerbate existing inequities, increasing the benefit of mitigation policies. These
results suggest a need for future work to build on our results by exploring and quantifying other

important channels.
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Economic Model

Given that two-sector models and endogenous fertility are uncommon in the climate change eco-
nomics literature, we explain the model in some detail. Our model builds on the standard over-
lapping generation (OLG) framework [27, 26]. We follow individuals through two periods life. For
the first period of life, individuals are children who make no decisions. In the second period of
life, individuals work, have children and make household decisions. Individuals make consumption
and fertility decisions to maximize lifetime utility, which depends on the well-being of their familial
dynasty. Individuals can be skilled (s) or unskilled (u). In the empirical application, we use a

period length of 20 years[]

Preferences

The utility function nests two components. The outer nest is given by:

v(er, g, ny) = (1 =)in(er) +vin(nfwiyy + niwiyq), (1)

where ng J = u,s is the number of children of skill level j, ¢; is consumption of a bundle of
physical goods, and w{ 41 1s the future wages of a child of skill level j. In other words, parents have
preferences over own consumption and the lifetime earnings of their children, which will determine
future consumption by the family. The parameter  captures cultural factors that influence parental
decisions. In the model, we assume that these are not affected by climate and focus on the quantity-
quality trade-off.

Raising children is time-intensive [27, 52]. In particular, a child of type j consumes 7/ units of
parents time. This implies that parents must forgo time spent working and current period familial
consumption to raise childrenﬁ The consumption composite is the numeraire and, therefore, we

normalize its price to one. Thus, the budget constraint corresponding to is given by:

et =1 — 70 — 7°nf]wy. (2)

"Thus, we capture individuals in childhood (0-19 years of age) and childbearing/childrearing years (20-39). As
our model is not meant to capture changes in life expectancy or retirement decisions, we do not model individuals at
later stages of life. As noted in the main text, extending our model to examine the impacts of changes in health and
life expectancy is a particularly promising avenue for future research.

8This set-up is isomorphic to one in which parents pay for other individuals to help raise children, as long as the
other individuals are paid the market wage. If raising children was good-intensive, then fertility would rise over time,
which is at odds with the data.
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The maximization of subject to yields:

e = (1—7y)we

T'nd +1°nf = 7. (3)

Equation (3) encapsulates the quantity-quality trade-off. Because 7° > 7% and the total time
devoted to raising children is fixed, individuals must decide between investing in higher skilled
children — who will earn more income — and having a greater number of total children.

Also, for individuals to have both types of children, it must be the case that:

T° — w1f+1 (4)

u U
T wt+1

As in any investment decision, individuals make decisions to equate relative marginal benefits (wg 1)
and relative marginal costs (77). If this equation did not hold, parents would have only a single
type of child. Under the assumptions of our model, this situation never occurs in equilibrium.

The inner level of utility is a constant elasticity of substitution (CES) function given by:

€

= (a(ca)% +(1- a)(cm)il): , (5)

where € is the elasticity of substitution, ¢, is consumption of the agricultural good, ¢, is consump-
tion of the non-agricultural good, and the time subscripts have been suppressed for convenience.
As e approaches zero, consumers get less satisfaction from substituting non-agricultural goods for

agricultural goods.

Production

There are two sectors, agriculture (a) and ‘manufacturing’ (m), which encompasses all other sectors.
We adopt linear production functions that captures the fact that agricultural production is relatively

less skill-intensive [31], 32]. Specifically,

Yo = D™(T)AnH (6)
Ya = DQ(T)AaLa (7)

where Y, k = a, m is output in sector k, H and L are total skilled and unskilled labor, respectively,
Ay, is productivity in sector k, and DF(T) is the climate impact function for sector k evaluated at

temperature T'. The dynamics for temperature and the impact function are described in the next
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section. Technological progress evolves exogenously according to:
A= 1+ gr)Ari—1, k=a,m. (8)

Equilibrium

Combining individual maximization and production yields the following equilibrium result:

@) () (G omGE) o
(- n <“j{:) .

If an increase in temperature negatively affects agriculture more than manufacturing, then the

ratio ln(%zli((T))) is an increasing function of temperature T'. If € < 1 (i.e., the substitution between

goods is sufficiently low), then the relative wages of skilled individuals decrease as a result of these
climate damages. This raises the relative return to working in agriculture, causing parents to have
relatively more unskilled children. Thus, total fertility increases following equation .

Climate and Damages

To analyze the effect of carbon concentrations in our model, we combine data on the RCPs [60] with
the simplified climate model of Desmet and Rossi-Hansberg [17]. We calculate the temperature

given the latitude and carbon concentration as follows:
T(l,t)= T(1,0)+ 11 P(t)?(1 —v3T(L,0)), (10)

where T'(1,t) is the temperature at latitude [ at time ¢, P(t) is the carbon concentration, and v;
is a constant for j = 1,2,3. Specifically, v; = 0.21, 5 = 0.5 and v3 = 0.0238. Based on the

temperature, we then calculate sector-specific impact function:
DM(T) = max{gro + gk1T + gk 272, 0}, k = a,m, (11)
where g0 = 0.3, gm,1 = 0.08 g2 = —0.0023, ga0 = —2.24, g4,1 = 0.308, and g, 2 = —0.0073.

Solving the Model

The model allows for a simple computational solution, wherein a series of dynamic equations can be
solved in order. First, given the carbon concentrations and latitude, we calculate the temperature
and damage functions using equations and . Next, we calculate the exogenous component
of technology using equation .
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All of the economic decisions are captured by equation @, which can now be solved for the ratio
of skilled to unskilled individuals in every period. We can then solve for the number of children
such that total parenting costs are equal to . Again, this can be found starting in the first period

and working forward.

Calibration

External Parameters

We take € = 0.5 and a = 0.55/2 from [17]. We also take the temperature and impact functions
from [I7] as described above.

We normalize the total time spent on raising children to 50% of total adult time. This as-
sumption does not affect our results since the time cost of raising children is calibrated relative to
total time spent parenting. We take the path of carbon emissions (an input into the temperature
functions) from the RCPs [60].

Calibration of remaining parameters
Economic Variables

We then calibrate the model to find the ratio of productivities in the beginning and end years,
2000 and 2100, as well as 7°, 7", g, and g,. Our goal is to understand how changes in climate
will affect future demographic outcomes. Thus, we calibrate the model to historical data and
demographic projections from SSP2 [59] 56]. We label anyone between the ages of 20 and 40 with
a upper-secondary education or higher as skilled labor, and we label people younger than 20 as
children.

We start by taking the ratio of surviving children to adults between the ages of 20 and 40 for
years 2000 and 2100 from the historical and forecast data. This is equivalent to the growth rate of
people aged 20 to 39. We refer to these growth rates as roggp and 72199 below. This yields

P

N (12)
Prggo
P.

rol0 = —X 1, (13)
Psos0

where P is the population of adults between the ages of 20 and 40 from the data. We also use the

data to calculate the ratio of skilled to unskilled individuals in each period, hogog and hoigg. We
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can find the number of skilled and unskilled children in years 1980 and 2080 using these ratios:

1+ 72000
u _ S _ u
Njgogo = 15 Tt N9s0 = Mggo X F2000; (14)
+ h2000
1472100
u . S . u
Nys0 = T > Maos0 = Na0s0 X h2100- (15)
14 h2100

Since we know that total time spent raising children is equal to «y, we use the data to solve the

following two equations to obtain the time cost of raising children, (7*) and (7°):

7 = T Xmniggy + T X nigg, (16)
7 = 7" X gy + T X N (17)
Next, we use equation @) to solve for the ratio of the initial and final technology levels, im’i;;’;?

and %. For the calibration we assume that climate is fixed at its current levels and will not

change from year 2000 to year 2100E| We then find the technology growth rates. By assumption,
the growth rate of ﬁ—’: is constant:
Amp2100 (1 (2100-2000) Ay, 9000

T gy) S S (18)

)
Aa 2100 Aq,2000

where g, is the growth rate of the technology ratio. It is also the only unknown variable in this

equation and is now observable. Also,

1+
1+g, = 1+ggm’ (19)
a

where g, is the growth rate of A,, and g, is the growth rate of A,. Noting that large developed
countries, which have nearly all production in ‘manufacturing,’ grow at 2% per year (a very common

approximation), we set g,, = 0.02 per year. Now, g, can be extracted from equation .

Data

All data used in this study are publicly available.

Figure 1: Model Calibration. To calibrate the model, we require past and projection data
for the fertility rate and the ratio of skilled to unskilled children. To measure fertility in a manner
consistent with the model, we divide the number of children (age 0-19) by the number of adults of
child-bearing age (20-39). This corresponds to the two periods of life tracked in the OLG model.
We label anyone with upper-secondary education as skilled.

The projection data are from the Shared Socioeconomic Pathways (SSPs). These scenarios

9For the calibration and baseline case, we assume that atmospheric concentration is fixed over time. Since fertility
decisions depend on future damages, we fix the concentration at its 2020 values in order to have a consistent initial
point at year 2000 for all scenarios.
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investigate alternative pathways of socioeconomic development in order to lay the foundations for
investigating the impacts of climate change, as well as adaptation and mitigation [65]. Samir and
Lutz use the SSPs to develop detailed demographic predictions about fertility and skill accumulation
[56]. To calibrate the model, we use their projections from SSP2, which is the middle of the road
scenario with medium fertility, mortality and and the Global Education Trend (GET) education
scenario.
All population data was accessed via the Wittgenstein Center, and is available at:
http://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/dataexplorer/index.html.
Figures 2 & 3: Carbon Concentrations. To simulate the model, we require projections for
latitude-specific temperatures. Holding the parameters of the underlying economic-demographic
model fixed, differences in global carbon concentration can capture differences in mitigation strate-
gies undertaken by countries around the world. As shown in Figure 2, we take global carbon
concentrations from the Representative Concentration Pathways [60]. The RCP scenarios explore
the possible development trajectories of radiative forcing that drives climate change [57]. We then
translate RCPs to latitude-specific temperate using the simple climate model in [I7]. We then use
[17] to translate latitude-specific temperatures into sector-specific damages. These data are used
for the simulations in Figure 3. RCP data are available from the International Institute for Applied
Systems Analysis and were accessed via

http://tntcat.iiasa.ac.at:8787/RcpDb/dsd7Action=htmlpage&page=welcomel

Additional Results

In this section, we repeat the exercises from main text focusing on Switzerland, instead of Colombia.
Figure 4] shows the analog to Figure [} It shows the demographic data together with the fit of the
model. As expected, Switzerland has a higher ratio of skilled children at the beginning of the
period and lower fertility. Over time, the existing projections suggest that fertility will stay close
to replacement level and education will increase. Once again, our simple economic-demographic
model captures these trends well.

Figure [p| recreates Figure [3| focusing on Switzerland. The quantitative results are quite similar.
In particular, the model suggests that (a) climate change will impact fertility and human capital
accumulation, (b) stringent mitigation policies can almost eliminate these effects, and (c) there is
considerable spatial heterogeneity.

By using the model to compare Switzerland and Colombia at the same latitude, we can perform
an experiment that isolates the role of development. The fact that the outcomes are so similar
suggests that the location will be dominant driver of heterogeneity in the demographic impacts of

climate change.
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Figure 4: Comparison of the baseline model with the forecast data for Switzerland [59]. We assume that the
projections do not take into account the feedback from climate to demography. As a result, the baseline model
assumes a constant climate. The left panel shows the ratio of skilled to unskilled labor. The panel on the right shows
the child/adult ratio, a measure of fertility that corresponds directly to the economic-demographic model. We define
children as those under 20 years of age. To focus on adults of child-bearing age, we consider individuals aged 20-40.
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Figure 5: Results from the four RCP scenarios for different latitudes as percentage change compared to the baseline.
The baseline scenario assumes a constant climate. The rightmost column presents results for a hypothetical economy
like Switzerland at its true latitude of 45 degrees. The next two columns investigate the role of spatial heterogeneity
by considering the same hypothetical economy at alternate locations.
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