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ABSTRACT  All leading long-term global population projections agree on continuing 
fertility decline, resulting in a rate of population size growth that will continue to 
decline toward zero and would eventually turn negative. However, scholarly and pop
ular arguments have suggested that because fertility transmits intergenerationally (i.e., 
higher fertility parents tend to have higher fertility children) and is heterogeneous 
within a population, long-term population growth must eventually be positive, as high-
fertility groups come to dominate the population. In this research note, we show that 
inter­gen­er­a­tional trans­mis­sion of fer­til­ity is not suf­fi­cient for pos­i­tive long-term pop­u­la
tion growth, for empirical and theoretical reasons. First, because transmission is imper
fect, the combination of transmission rates and fertility rates may be quantitatively 
insuf­fi­cient for long-term pop­u­la­tion growth: higher fer­til­ity par­ents may nev­er­the­less 
produce too few children who retain higher fertility preferences. Second, today even 
higher fertility subpopulations show declining fertility rates, which may eventually fall 
below replacement (and in some populations already are). Therefore, although different 
models of fertility transmission across generations reach different conclusions, depop
ulation is likely under any model if, in the future, even higher fertility subpopulations 
prefer and achieve below-replacement fertility. These results highlight the plausibility 
of long-term global depopulation and the importance of understanding the possible 
consequences of depopulation.
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Introduction

Global fertility is projected to fall below replacement levels, which will eventu
ally cause negative population growth (KC and Lutz 2017; United Nations 2019; 
Vollset et  al. 2020). Survey evi­dence con­firms agree­ment among demog­ra­phers 
that fertility will continue to fall (Gietel-Basten et al. 2014). However, some recent 
publications that apply models of intergenerational transmission from the math
ematical biology literature proposed that low fertility is unlikely to endure and 
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global population growth is unlikely to become negative (Burger and DeLong 
2016; Collins and Page 2019; Ellis et al. 2017; Murphy and Wang 2003). These 
arguments also appear in popular-audience accounts of fertility (Ingraham 2015; 
Kaufmann 2010). Such authors reason that high fertility is intergenerationally 
transmissible, and so if there are higher and lower fertility patterns exhibited 
within subpopulations, eventually the composition of the population will converge 
toward the higher fertility pattern.1

Here we observe that—even granting the premise that higher fertility parents have 
higher fertility children with high probability—such intergenerational transmission is 
not suf­fi­cient for pos­i­tive long-term pop­u­la­tion growth (LTPG).2 One reason is that 
research­ers should not con­flate higher fertility within a heterogeneous population 
with high or above-replacement fer­til­ity: it is an empir­i­cal ques­tion whether future 
higher fertility subpopulations will have above-replacement fertility. If not, then pop
ulation growth will be negative. There is strong historical and global evidence that 
even higher fertility groups will trend to near or below replacement fertility. The sec
ond reason is that the existence of a subpopulation with above-replacement fertility 
is not suf­fi­cient for pos­i­tive LTPG, even with inter­gen­er­a­tional trans­mis­sion. This is 
because an insuf­fi­cient num­ber of chil­dren of high-fer­til­ity par­ents may retain their 
parents’ behaviors—that is, even if fertility is correlated within a family across gen
erations, the correlation may be less than 1.0.

There are other convergent arguments in the literature. Boyd and Richerson 
(1988:199–202), for exam­ple, described mech­a­nisms by which cul­tural and bio­log
ical transmission could together cause sustained fertility decline. Kolk et al. (2014), 
in a point allied to but separate from ours, highlighted that fertility heterogeneity and 
intergenerational transmission could be consistent with long-term population decline, 
but only if new low-fertility groups (“types”) are culturally invented again and again 
in the future. One of our contributions is to show that this is possible in a model with 
just two types.

Because we respond to a literature concerned with both genetic and social trans
mis­sion and because we claim that inter­gen­er­a­tional trans­mis­sion is not suf­fi­cient for 
positive growth, we do not specify or limit our arguments to either genetic or social 
transmission of parental traits. Our arguments show that neither of these forms of 
trans­mis­sion is suf­fi­cient for pos­i­tive LTPG.

We formalize conditions under which intergenerational transmission does not cause 
pos­i­tive LTPG: if enough chil­dren of high-fer­til­ity par­ents become low-fer­til­ity adults, 
long-term population growth can be negative even with both intergenerational transmis
sion and an above-replacement-fertility subpopulation. Whether modeled population 
growth is positive or negative in the long run depends on model structure, parame
ters, and initial conditions, but we show that it is not guaranteed by the mere fact of  

1  In fact, the model of Collins and Page (2019) implies the stronger claim that aggregate fertility rates are 
always increas­ing via this mech­a­nism in post–demo­graphic tran­si­tion set­tings, counter to the expe­ri­ences 
of developed countries over the previous half century.
2  Our note com­ple­ments the empir­i­cal find­ings of Vogl (2020), who does not focus on long-term future 
pop­u­la­tion growth but quantifies with sur­vey data that any effect of inter­gen­er­a­tional trans­mis­sion on 
aggregate fertility has historically been small.
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intergenerational transmission.3 We also show that depopulation is likely under any 
model if, in the future, even higher fertility subpopulations prefer and achieve below-
replacement fertility, as empirical facts suggest.

Evidence of Fertility Decline Among High-Fertility Groups

Figure 1 displays fertility trends in 48 countries using data from the Demographic 
and Health Survey (DHS).4 These 48 countries account for nearly 45% of the world’s 
population and 60% of births each year. They are primarily developing and emerging 
economies, which is useful for our purposes because these are, in general, the pop
ulations for which above-replacement fertility currently exists. The horizontal axis 
of the fig­ure is cohort (year of birth) binned into five-year incre­ments from 1950 to 
1989; the vertical axis is the average parity at age 30 of women in that cohort bin.5 
Each thin line represents a different country, and the thick line represents the average  

3  Our purpose here is not to establish which is the correct model of intergenerational transmission of fer
tility heterogeneity.
4  The set of 48 countries is the subset of all DHS countries for which at least 500 women are interviewed 
in at least six of the eight cohort bins pictured.
5  In principle, such cohort fertility rates could be declining over time merely because women are delaying 
fertility to later ages; however, the declining trends documented in this section also appear for later-age 
cohort fertility (restricting attention to earlier cohorts).
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Fig. 1  Women’s parity at age 30, by birth cohort, for 48 countries. The horizontal axis is cohort (year of 
birth) binned into five-year increments from 1950 to 1989; the vertical axis is the average parity at age 
30 of women in that cohort bin. Each thin line represents a different country; the thick line represents the 
average across countries. Source: Demographic and Health Surveys.
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across countries. All but two of the 48 countries have decreasing fertility rates. The 
evidence offers no reason to conclude that the downward trend will stop above 
replacement levels. Indeed, many of even these emerging and developing economies 
are already below or near replacement level.

Figure 2 focuses on India, which accounts for one sixth of the world’s popula
tion and has historically been a focus of global population policy debates (Connelly 
2010). India is home to diverse subpopulations, which differ, among other ways, 
in their aver­age fer­til­ity lev­els. In this fig­ure, we cat­e­go­rize women into 16 non
overlapping groups by interacting indicators for north India/south India, rural/urban, 
Muslim/not Muslim, and no education/some education. For example, one of the thin 
lines represents south Indian, rural, Muslim women with some education. Each of the 
16 groups demonstrates a clear downward slope. As with nearly all countries in the 
DHS, all major subpopulations within India—including those with the highest levels 
of fertility—have declining fertility.

These empir­i­cal facts cast doubt on a nec­es­sary con­di­tion for pos­i­tive LTPG: that 
higher fertility subpopulations will sustain high (i.e., above replacement) levels of 
fertility. The necessity of this condition can be seen clearly by considering the math
ematical biology model of Kolk et  al. (2014). Their Model 1 describes the long-
term evo­lu­tion of the com­po­si­tion of a pop­u­la­tion with two fer­til­ity types: higher 
and lower. In their model, the composition of the population converges entirely to 
the higher type. But the quantitative fertility level of the higher fertility types is an 
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Fig. 2  Women’s parity at age 30, by birth cohort, for 16 different subpopulations in India. The 16 nonover-
lapping groups are generated by interacting indicators for north India/south India, rural/urban, Muslim/not 
Muslim, and no education/some education. The horizontal axis is cohort (year of birth) binned into five-
year increments from 1950 to 1989; the vertical axis is the average parity at age 30 of women in that cohort 
bin. Each thin line represents a different subpopulation; the thick line represents the average for India 
overall. Source: Demographic and Health Surveys.
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unconstrained, exogenous parameter of the model.6 If higher fertility types have 
below-replacement fertility (as Figures 1 and 2 suggest may someday happen) then 
the model of Kolk et al. (2014) would project a depopulating world, even as the com
position shifts to higher fertility types.

Figures 1 and 2 focus on developing countries, where fertility is generally highest 
today. But discussions of intergenerational transmission in fertility are often moti
vated by reference to higher fertility among religious subpopulations in developed 
countries, such as the United States (Ellis et  al. 2017; Ingraham 2015; Kaufmann 
2010). Although these observations are not essential to our argument, we note two 
important facts about demographic patterns in the United States. First, fertility rates 
among religious Americans, despite a consistently higher level than among nonre
ligious Americans, are falling approximately in parallel with fertility rates for the 
whole population (Perry and Schleifer 2019). For example, the National Survey of 
Family Growth (NSFG) shows that, between cohorts born in the 1940s and cohorts 
born in the 1970s, completed fertility for both religious and nonreligious women 
(operationalized as religious service attendance) fell by approximately 20%. Second, 
such group iden­ti­ties—whether defined by reli­gion, edu­ca­tional attain­ment, rural/ur-
ban status, or cultural conservatism—are not transmitted perfectly across genera
tions. The NSFG shows that the fraction of Americans who report being religious is 
falling over time, from 57% in 1988 to 43% in 2019. We take up the implications of 
such imperfect intergenerational transmission next.

A Stylized Two-Type Model of Population Dynamics

So far we have provided empirical evidence that many groups are trending toward 
below-replacement fertility. However, some authors have argued that if even one 
group remains above replacement, then this high-fertility group would eventually 
drive population fertility toward their high rate (e.g., Collins and Page 2019). In 
this section, we show analytically that the existence of such a subgroup is not a suf
fi­cient con­di­tion for pos­i­tive LTPG. Instead, we dem­on­strate in a two-type model 
that long-run population decline can exist in a world with a subgroup that has both 
above-replacement fertility and (imperfect) vertical transmission of fertility from 
mother to daugh­ter. The intu­i­tion is this: if high-fer­til­ity par­ents have chil­dren at 
above-replacement levels, but only some fraction of those children receive the high-
fertility type, then the size of the high-fertility group (and the overall population) 
can nonetheless decline.

6  In con­trast, the post–demo­graphic tran­si­tion model of Collins and Page (2019) does not contain any 
parameter for average desired fertility levels. Instead, the fertility of the next generation is a function 
(representing what they call “heritability”) only of the fertility of the last generation. Because such a 
model does not admit cul­tural, social, or eco­nomic influ­ences on desired and achieved fer­til­ity other than 
through this nar­row inter­gen­er­a­tional trans­mis­sion chan­nel, we inter­pret it as dif­fi­cult to rec­on­cile with the 
empirical facts of Figures 1 and 2, which reflect chil­dren of high-fer­til­ity par­ents transitioning to rad­i­cally 
lower fertility behavior over the course of only a few generations. Therefore, we depart from their model 
by mod­el­ing the empir­i­cally rel­e­vant pos­si­bil­ity that post–demo­graphic tran­si­tion fer­til­ity could, in part, 
reflect changes (such as in pref­er­ences) beyond or in addi­tion to inter­gen­er­a­tional trans­mis­sion.
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Denote high- and low-fertility types i∈{H ,L} with reproductive rates FH > 1 > FL , 
respec­tively, where we have sim­pli­fied to a sin­gle-sex envi­ron­ment such that a repro
ductive rate 1 is replacement level.7 This two-type model with transmissible fertility 
from parents to offspring builds on the structure employed by Kolk et al. (2014).8 In 
our model, we emphasize that children’s received fertility type, which is a function 
solely of their parent’s type, is imperfectly transmitted. In particular, the offspring of 
type i retain their parent’s fertility preferences with probability pi  →  i  and switch types 
with probability (1− pi  →  i).

For simplicity, we focus on the case in which the fertility rate and transition prob
abilities (Fi , pi  →  i ) are con­stant for each type. Such a spe­cial case with fixed trans­mis
sion probabilities is called a Markov model. Because we are not interested in deriving 
or characterizing constant (or other) equilibrium shares of the population,9 but instead 
are interested in the asymptotic total size of the pop­u­la­tion, we need not assume fixed 
Mar­kov prob­a­bil­i­ties: it would be suf­fi­cient for our pur­poses if tran­si­tion prob­a­bil­i
ties fluc­tu­ate, are linked to the pro­por­tion of the trait in the pop­u­la­tion, or oth­er­wise 
evolve but are bounded by the inequality we derive below (Condition 2).10 Fixed 
probabilities would be incompatible with standard models of genetic inheritance in 
which genetic transmission is dependent on the proportion of a trait in a population.11 
However, for sim­plic­ity we assume fixed Mar­kov prob­a­bil­i­ties, know­ing that our 
model can be immediately relaxed in this way.

In this setting, the evolution of types can be written as follows, where Ni is the 
num­ber of types in each period:

	 Nt+1 = ANt ,� (1)

where

N = NH
NL

⎡
⎣
⎢

⎤
⎦
⎥ , A =

pH  → H FH 1− pL  → L( )FL
1− pH  → H( )FH pL  → LFL

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
,

7  This single-sex model allows us to ignore assortative mating and is equivalent to assuming that only 
females’ types matter. The most literal reading of our model is that the probability that a daughter is high or 
low type is a function only of whether her mother is high or low type. Our explicit assumption of a single- 
sex model serves to clarify our departure from a model in which genetic transmission depends, through 
parental matching, on the proportion of a trait in the population—though see Model D in the online supple
mentary materials for an example of negative LTPG in a two-sex model with matching and transmission 
dependent on the proportion of the trait in the population.
8  Cavalli-Sforza and Feldman (1981) also used a sim­pli­fied two-type model of ver­ti­cal trans­mis­sion.
9  Compare this with Preston and Campbell (1993), who used a Markov model of differential fertility to 
study the share of the population with intergenerationally transmissible traits. Lam (1993) observed in 
response that their argument for convergence to a steady-state composition of the population is driven by 
the set­ting of fixed Mar­kov tran­si­tion prob­a­bil­i­ties. Because we have a dif­fer­ent the­o­ret­i­cal goal, we need 
not assume a fixed Mar­kov matrix, but we do so for ease of expo­si­tion.
10  For example, it could be the case that pH→H  increases over the generations but FH  decreases, so that 
Condition 2, introduced below, is always met.
11  For exam­ple, in pop­u­la­tion genet­i­cists’ sim­ple Hardy–Weinberg model of a ran­domly mat­ing, sta­ble 
population, the observed proportion of a genotype trait is a nonlinear function of its genetic prevalence 
because parents of a type must match. See details in Falconer (1960).
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2009Intergenerational Transmission Is Not Sufficient for Population Growth

and the transition matrix A specifies how types evolve. The num­ber of high types 
at t +1 equals NH, t ( pH  →  H FH) + NL, t ((1− pL  →  L)FL), which could be greater or less 
than the number of high types at t , depending on model parameters. Because, by 
con­struc­tion, the low types can­not sus­tain their num­bers with­out inflow (FL < 1), it is 
straightforward to show that there is positive LTPG only if there is long-run growth 
in the subset of high types.12

To further simplify the initial exposition of high-type dynamics, assume that 
pL  → L = 1. That is, children of low types receive that type with certainty. This exact 
assumption is not necessary for the model’s main qualitative conclusions, and we 
relax it in the appendix, but it generates a simple and intuitive condition for long-term 
decline. Combining this one-way switching assumption with the general property of 
Markov processes that Nt = AtN0 , it can be shown that the population of high types 
evolves according to NH, t = ( pH  → H × FH )t NH,0. The high types decline—and there
fore the long-run aggregate population size declines—if

	 pH  → H × FH <1. � (2)

Condition 2 is the essential, intuitive requirement for negative LTPG. Even if transi
tion prob­a­bil­i­ties are not fixed in a Mar­kov sense, LTPG is neg­a­tive if there is a time 
after which Condition 2 is always true.

In the online appendix, we relax the assumption that pL  → L = 1. We prove, with 
fixed trans­mis­sion prob­a­bil­i­ties, that pos­i­tive LTPG will not occur if

	
pH  →H × FH < 1− FHFL + FL(FH −1)pL  → L

1− FL
,
	

(3)

which can be sat­is­fied by a range of fea­si­ble and empir­i­cally plau­si­ble param­e­ters. 
This con­di­tion simplifies to Condition 2 if pL  → L = 1 or FL = 0.

For example, consider a world in which the average high-fertility woman has 
1.2 female children and the average low-fertility woman has 0.33 female children. 
Assume the higher fertility group is culturally attractive, so that a child of a high- 
fertility parent has an 80% chance of becoming a high-fertility adult (and a 20% 
chance of becoming a low-fertility adult), and a child of a low-fertility parent has 
only a 75% chance of becoming a low-fertility adult (and a 25% chance of becoming 
a high-fertility adult). In this world, the intergenerational correlation of parents’ and 
children’s fertility would be high, but Condition 3 is met, so the size of the population 
would decrease over time.13

12  In the case where high types grow, temporary population decline is possible if the low types shrink 
suf­fi­ciently fast at the start; even­tu­ally, how­ever, only high types are left and their pop­u­la­tion growth nec
essarily takes over.
13  See the online supplementary materials for the calculations corresponding to this numerical example 
(Model A). These materials also contain examples with transmission probabilities that vary exogenously 
over time (Model B) and transmission probabilities that are a function of the proportion of the trait in the 
population (Model C for a single-sex case and Model D for a two-sex case with matching dynamics). 
Models B, C, and D all generate negative LTPG despite the fact that FH >1 and pt,H  →  H > pt,L  →  L for all 
generations t .
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Note that if this model were the true data-generating process in some population, 
then a regression of one’s parent’s fertility on own fertility in that population would 
return a pos­i­tive coef­fi­cient. This is exactly the type of empir­i­cal cor­re­la­tion pointed 
to (incorrectly) as evidence that high-fertility patterns will come to dominate a popu
lation and lead to long-term population growth. Here, the correlation arises in a statis
tical process in which long-term fertility and population both asymptote to zero. This 
is the key error in this lit­er­a­ture: the exis­tence of (high, pos­i­tive) mother–daugh­ter 
fertility correlations and a higher fertility subgroup are not enough to infer whether 
population size will increase over time.

Finally, to return to the point of our empirical section, FH  may itself decline below 
replacement, which would ensure that FH × pH  → H <1. In fact, although the model of 
Kolk et al. (2014) differs from ours in assuming that transmission probabilities depend 
on the com­po­si­tion of the pop­u­la­tion (we model them as fixed), their model and ours 
agree on this implication, in the empirical case where higher fertility becomes low. 
Especially as fertility rates become low, fertility outcomes are importantly shaped 
by fertility preferences, choices, and intentions (e.g., Gietel-Basten 2019; Goldstein 
et al. 2003; Pritchett 1994; Yeatman et al. 2020). One key way in which human pop
ulation dynamics differ from the mathematical dynamics of nonhuman populations is 
the importance of fertility determinants such as culture, economics, preferences, and 
contraception (Kohler and Rodgers 2003).

Discussion

Negative population growth, if it occurs, may have many consequences for societies 
and economies (Jones 2020; Morgan 2003). Here we respond to a literature motivated 
by mathematical biology that intends to cast doubt on projections of depopulation. 
Human fertility is unlike the fertility of other animals because it is shaped by culture, 
economics, and intention. Building on the work of Kolk et al. (2014), we have shown 
here that inter­gen­er­a­tional trans­mis­sion of fer­til­ity is not suf­fi­cient to pre­vent long-
run population decline.

To generate positive LTPG in the simple foregoing model, the number of children 
who retain the high-fertility preferences of their parents must exceed replacement; it 
is not suf­fi­cient merely that higher fer­til­ity types have above-replace­ment fer­til­ity, 
even with transmissibility. The condition for positive LTPG is met through some 
combination of both high fer­til­ity rates and low net out­flow. Empirical evi­dence pre-
sented here and elsewhere suggests that even “higher fertility” types of the future 
may prefer and achieve fertility rates near (or even below) replacement. This would 
leave little (or no) room for positive LTPG in the presence of any intergenerational 
out­flow under any the­o­ret­i­cal model.

Positive LTPG depends on the facts: there may yet arise high-fer­til­ity groups with 
suf­fi­ciently low inter­gen­er­a­tional out­flow to meet the required con­di­tions. Evidence 
broadly suggests that most socioeconomic properties show imperfect intergenera
tional correlation, including important examples such as religious practice, political 
affil­i­a­tion, and income (Chetty et al. 2014; Vogl and Freese 2020). Fertility itself has 
been recently exam­ined in post–demo­graphic tran­si­tion pop­u­la­tions and has been 
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2011Intergenerational Transmission Is Not Sufficient for Population Growth

shown to have positive but low intergenerational correlation, providing evidence that 
the transmission parameter above, pH  → H , is likely low (Vogl 2020).

The twentieth century was characterized by uniquely rapid population growth 
(Lam 2011). Understanding the implications of a switch to population decline, or 
even merely stabilization, is of clear importance. Contrary to some arguments in the 
literature, empirical facts and models of intergenerational transmission do not pro
vide rea­son to con­clude that pos­i­tive pop­u­la­tion growth is bound to con­tinue. ■

Note  The nonalphabetical order of the authors reflects the equal contributions of S.A., K.K., and D.S.
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