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Abstract

Households disagree about whether a larger population raises the living standard (Romerians)
or lowers it (Malthusians). I embed this disagreement in a general-equilibrium fertility model
with dynastic altruism and semi-endogenous productivity dynamics. Wrong beliefs generate
distinct pathologies: in Malthusian worlds, Romerians result in boom-bust cycles, whereas in
Romerian worlds, Malthusians produce prolonged stagnation. These dynamics offer a unified
reading of demographic history, from pre-industrial cycles to delayed takeoff and the modern
fertility decline. Using data from the General Social Survey, I document that individuals
with Malthusian beliefs report lower ideal fertility and have fewer children, consistent with
the model’s prediction in a perceived growing-population environment. On the policy side, I
theorize government disclosures as Delphic forward guidance for fertility decisions and identify
a dilemma: public information is most valuable exactly when the planner knows the least.
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1 Introduction

A long-standing debate in economics concerns whether a larger population raises or lowers living
standards. Malthus (1798) argued that population growth strains finite resources and drives wages
toward subsistence, a view echoed by Ehrlich (1968) and Meadows et al. (1972). Romer (1990)
countered that more people generate more ideas, and that this innovation channel may dominate
resource dilution in the long run, a position supported by Kremer (1993), Jones (2022), and
Hopenhayn et al. (2022), among others.

This disagreement has never been more consequential than it is today. Over the past century,
the world witnessed an unprecedented demographic explosion, with global population rising from
under two billion to over eight billion. Yet demographers now project an equally dramatic reversal:
fertility rates have fallen below replacement across much of the developed world, and by century’s
end, population may be shrinking in most major economies (Bricker and Ibbitson, 2019). Whether
this coming decline portends prosperity or stagnation depends on which side of the classic debate
is correct.

Rather than adjudicating between the two positions, this paper studies the implications of the
disagreement itself for population and economic growth. The central mechanism operates through
fertility choice and learning. For altruistic parents who care about the world their children will
inherit, the disagreement matters: a parent who expects a more populous future to be poorer
faces a different return to having an additional child than one who expects it to be richer. These
belief-driven differences in fertility aggregate into population dynamics, and population dynamics
in turn generate the productivity outcomes that either confirm or challenge the worldviews that
produced them. This paper formalizes the feedback loop and its implications for long-run growth,
demographic history, and policy.

I develop an overlapping-generations model with three components. First, fertility choice
follows the canonical dynastic-altruism problem of Barro and Becker (1989): parents value the
well-being of their descendants, so beliefs about how population affects long-run living standards
shape the perceived return to having an additional child. Second, productivity evolves according
to a semi-endogenous growth mechanism in the spirit of Jones (1995). Economic growth depends
not on population size per se, but on the gap between actual population and a knowledge-consistent
reference level that rises with accumulated ideas; I refer to this deviation as the population gap. A
one-time increase in population raises growth only temporarily, while sustained population growth
keeps the gap open and affects growth permanently, and the disagreement between Malthusians and
Romerians is precisely about the sign of this population-gap effect. Third, the model endogenizes the
evolution of beliefs: worldviews persist through intergenerational transmission within households,
while a culturally shared posterior is updated at the economy level from realized growth outcomes.
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Together, these elements close a feedback loop: beliefs shape fertility, fertility shapes population
and growth, and growth outcomes either validate or undermine the beliefs that produced them.

The first main theoretical result is that the fertility ranking between Malthusians and Romerians
is state-dependent: which side has more children depends on where the population currently stands
and where it is headed. The logic is simple. The belief-driven component of the value of a
descendant equals the household’s belief about scale effects multiplied by the discounted expected
future path of the population gap. Romerians therefore out-reproduce Malthusians exactly when
population sits above the reference or is expected to grow. When population sits at the reference
and is expected to stay there, the two types choose identical fertility. Below the reference, the
ranking flips: in a shrinking world, Malthusians become the growth optimists and out-reproduce
Romerians. Whether a worldview counts as optimistic thus depends on the trajectory the economy
is on, and not on the worldview alone.

The model rests on a single behavioral premise: beliefs about population’s economic conse-
quences shape fertility. Before drawing out the dynamic implications, I provide modern micro-level
evidence for this premise—and I am deliberate about how much weight the evidence is asked to
bear. Using data from the General Social Survey (GSS), I document robust negative correlations be-
tween Malthusian beliefs (measured by agreement with the statement that Earth cannot continue to
support population growth) and both ideal and actual fertility. Individuals with Malthusian beliefs
report ideal fertility about 0.27 children lower than non-Malthusians and have 0.29 fewer children,
gaps of roughly 11 and 16 percent of the respective sample means. The relationships persist after
controlling for age, education, sex, and survey year, and they appear across demographic groups.
Because the survey waves were fielded against a salient and growing world population, the model’s
requirement of a positive discounted population gap is plausibly satisfied in the data context, and the
observed negative gradient is exactly what the theory predicts; through the identification argument
developed in the model section, the same sign also selects the preference regime on which all of
the paper’s dynamics rest. A back-of-the-envelope calculation indicates that the gap between an
all-Romerian and an all-Malthusian population would be roughly 0.29 children, more than half of
the 0.5-child gap between current U.S. total fertility and replacement. Two caveats discipline the
exercise. First, the GSS proxy—fielded in the survey’s environment modules—plausibly captures
ecological rather than narrowly economic Malthusianism; Section 3 argues that for the fertility
margin the model isolates, this distinction is second-order, since both amount to pessimism about
the living standard a more populous future delivers, while making clear that the modern survey
evidence validates the mechanism’s behavioral foundation rather than the paper’s historical claims.
Second, because stated beliefs might be cheap talk, I lean on the quasi-experimental evidence of
Robertson (2025): officials of British India taught by Malthus himself at Haileybury provided sys-
tematically less famine relief, decades later, than officials taught by his successor and critic Richard
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Jones. Malthusian economic ideas, exogenously assigned, durably alter high-stakes behavior.
With this foundation in place, the main theoretical contribution is to show that the prevailing

belief interacts with the underlying technology to generate qualitatively different pathologies de-
pending on which worldview matches the truth. The key is informational: when population is
in line with the knowledge stock, the rival models predict the same growth, so outcomes reveal
almost nothing about whether scale effects are positive or negative—and under semi-endogenous
dynamics this uninformative point is an attractor, since a stagnant population lets the knowledge
stock catch up on its own. Two forces then move the belief distribution: demographic selection,
which favors whichever type is optimistic about the realized trajectory, and learning from aggregate
data, which favors the truth but only where the data are informative. In a Malthusian world, the
two forces oppose each other above the reference and align below it, and their tug-of-war generates
boom-bust cycles with the four-phase anatomy familiar from pre-industrial demography: expan-
sion, crisis, contraction, and a recovery engineered by the pessimists themselves, who raise fertility
when population shrinks and act as a demographic thermostat.

In the mirror case of a Romerian world, the same informational structure produces what I call the
dormant trap. Near the reference, the fertility differential collapses along with the informativeness
of the data, so the two engines of belief change shut down together: Romerians and Malthusians
have the same number of children, the data are silent, and the population share of each worldview
freezes. When prevailing beliefs are sufficiently pessimistic, the dormant point is locally absorbing,
and wrong beliefs can persist forever. This is genuine dormancy rather than slow learning: the very
forces that would generate escape are switched off by the trap itself. When escape does occur, it
is endogenous and self-cementing. If fertility at the dormant point rises above replacement, slow
demographic selection gradually tilts the belief distribution toward optimism until the trap loses
stability; population growth then pushes the economy permanently into the informative region, and
learning locks in the truth.

The model’s reading of history is a theory of transition risk, and the risk runs in a particular
direction. In a world whose true scale effect is still Malthusian, the model predicts a self-stabilizing
quasi-equilibrium rather than collapse. Below the reference, pessimists are the high-fertility type,
and their thermostat behavior engineers recovery from mortality shocks. Those shocks are also the
era’s informative episodes: a depopulated world delivers rising wages, which is exactly what the
prevailing belief predicts. The pre-industrial configuration is therefore epistemically self-sealing,
producing either silence or confirmation. If accumulated knowledge then turns the true scale effect
favorable, as in the transition logic of Hansen and Prescott (2002), nothing in the data announces
the change. The economy sits at the uninformative reference with pessimistic beliefs, which is
precisely the absorbing configuration of the dormant trap. The delay before takeoff reflects no
learning rather than slow learning, and its length is governed by the stagnation gap, not by the
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informativeness of history. Escape must then come from outside the data, which is where the
model connects to the culture of growth in Mokyr (2016): a cultural shift toward optimism of the
kind Mokyr documents for the Industrial Enlightenment is exactly the object capable of springing
the trap when evidence cannot. Because escape is self-cementing, takeoff is a one-way door. The
mirror risk arises when congestion or environmental constraints turn the true scale effect negative
while Romerian optimism remains widespread: fertility overshoots, and the correction arrives as
an informational crisis. Section 6 develops these transition risks, applies the same machinery to
the modern fertility decline, and derives the margins that separate its competing readings, namely
whether belief revisions track macroeconomic news or cultural narratives, and whether the belief–
fertility gradient reverses where depopulation is the salient trajectory.

The theoretical results naturally raise a policy question: if wrong beliefs can permanently trap
economies in stagnation or generate damaging cycles, can public communication help? Answering
this requires confronting what “help” means when the population itself is endogenous to policy
(Golosov et al., 2007). I analyze optimal announcement policy under dynastic, total utilitarian,
and average utilitarian criteria. Because the policy operates by shifting households’ beliefs about
the long-run consequences of population rather than the price of children, it differs in kind from
conventional family policy—subsidized childcare, baby bonuses, parental leave, child tax credits—
and its closest analogue is central-bank forward guidance and the broader practice of unconventional
policy through communication (Eggertsson and Woodford, 2003; Woodford, 2005; Blinder et al.,
2008; Campbell et al., 2012). I accordingly label the planner’s announcement an unconventional
family policy, intended to complement the conventional instruments surveyed in Doepke et al.
(2023). A key finding is a dilemma: public information is most valuable precisely in the dormant
trap, where announcements are the only force that can move beliefs since the data are silent by
construction—yet the same silence starves the planner of evidence. The planner must speak loudest
where it knows least.

Related Literature

This paper connects literatures on endogenous fertility and unified growth, population scale effects,
heterogeneous beliefs, cultural transmission, and public information. Its main contribution is to
make disagreement about the sign of population scale effects a state variable in fertility and growth
dynamics.

On fertility and growth, the foundations are Becker (1960), whose time-cost-of-children for-
mulation I adopt, and Barro and Becker (1989), whose dynastic preference structure (positive flow
utility and curvature on the altruism weight) I take seriously rather than approximate away; de la
Croix and Doepke (2003) pin down the time cost of one child at approximately fifteen percent of a
parent’s time endowment, which disciplines my calibration. Subsequent work enriches this frame-
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work with human capital (Galor and Weil, 2000), mortality transitions (Kalemli-Ozcan, 2003),
and intergenerational transfers (Lee, 2003), elements synthesized by unified growth theory (Galor,
2011). Hansen and Prescott (2002) provide a natural transition benchmark: as usable knowledge
grows, a less land-intensive production process becomes profitable and the economy moves from
Malthusian stagnation toward modern growth. On scale effects, Romer (1990), Kremer (1993),
Jones (1995, 2022), and Bloom et al. (2020) provide alternative frameworks; the semi-endogenous
structure adopted here nests the strong-scale-effects case as a limit. Ashraf and Galor (2013) finds
positive long-horizon scale effects, Voigtländer and Voth (2013) document Malthusian dynamism
in early modern Europe, and Acemoglu et al. (2026) documents that lower birth rates are associated
with higher growth in GDP per working-age adult. My contribution is to make beliefs about the sign
of the scale effect a state variable of the transition itself. In unified growth theory, takeoff occurs
when the modern technology becomes profitable. Here, takeoff occurs only when the demographic
path generates the evidence that makes households believe it has become profitable, and Theo-
rem 1 shows that the two dates can be separated by an arbitrarily long, endogenously uninformative
interval. The same ingredient generates an absorbing informational trap in Romerian worlds and
amplifies boom-bust cycles in Malthusian ones, depending on the state and the direction of the
underlying truth.

On beliefs, Angeletos and La’O (2013); Angeletos et al. (2018), Coibion and Gorodnichenko
(2015), Bordalo et al. (2018), and Malmendier and Nagel (2011) examine dispersed information
and expectation formation in macroeconomics, while Simsek (2013), Geanakoplos (2010), and
Scheinkman and Xiong (2003) study disagreement in finance. Closer to this paper, a recent
line of work treats heterogeneous priors over slow-moving structural parameters as a primitive:
Bakkensen et al. (2025) embed climate-belief disagreement into mortgage origination, and Gans
(2026) formalizes a strategic entry game in which prior heterogeneity is primitive, building on
Agrawal et al. (2025) and Felin and Zenger (2009, 2017). Closest in spirit on the durability of
economic worldviews, Robertson (2025) shows that Malthusian training altered British Indian
bureaucrats’ famine-relief decisions decades later. This paper applies the approach to fertility,
where the relevant slow-moving parameter is the sign of the population–growth relationship. On
cultural transmission, I draw on Cavalli-Sforza and Feldman (1981), Bisin and Verdier (2001,
2011), and Doepke and Zilibotti (2019).

Four further strands supply tools and contrasts. The global games literature (Carlsson and
Van Damme, 1993; Morris and Shin, 1998, 2003; Frankel et al., 2003) and Athey (2001)’s single-
crossing condition enter only as technical devices for selecting among multiple equilibria when
they arise—a region that turns out to be empty at the baseline calibration (Appendix B); the
paper’s substantive content does not turn on the selection step. The boom-bust dynamics of
the Malthusian regime share the structural ingredients identified by Beaudry et al. (2020) for
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endogenous cycles in macroeconomic aggregates—strategic complementarities combined with a
dampening accumulation variable—applied here to fertility and beliefs rather than to investment and
risk premia (Section 5.2 and Appendix E.5). On public information and welfare, Morris and Shin
(2002) shows that public information can be harmful in coordination games by crowding out private
information, and Golosov et al. (2007) provide a systematic analysis of efficiency concepts when
fertility is endogenous; the dormant trap I identify differs from poverty traps built on technological
nonconvexities or credit constraints (Azariadis and Drazen, 1990; Banerjee and Newman, 1993) in
that it arises from endogenous uninformativeness of signals, and it can be permanently absorbing
because the forces that would generate escape are themselves functions of the distance from the
trap point. Finally, the policy framework is conceptually analogous to the literature on central-bank
communication and forward guidance (Eggertsson and Woodford, 2003; Woodford, 2005; Blinder
et al., 2008; Campbell et al., 2012); to the best of my knowledge, this paper is the first to draw the
analogy explicitly and to propose government information revelation as an unconventional family
policy.

The paper proceeds as follows. Section 2 presents the model and derives the state-dependent
fertility ranking. Section 3 provides the micro-level evidence, discusses what the belief proxy does
and does not measure, and explains the conditioning under which the model’s prediction applies
to the data. Section 4 summarizes the strategic structure of fertility choice and the expectational
feedback at the reference; the formal statements, the full taxonomy of equilibrium regions, and
the selection argument are in Appendix B. Section 5 examines long-run dynamics, including the
dormant trap and Malthusian-world cycles. Section 6 discusses demographic history and the
modern fertility decline. Section 7 analyzes optimal communication policy, with formal welfare
statements and proofs in Appendix D. Section 8 concludes. All proofs are in the Appendix;
Appendix E collects supplementary discussion, and Appendix F collects notation and the model’s
key thresholds for reference.

2 Model

I develop a discrete-time overlapping generations model with dynastic altruism. The economy is
populated by a continuum of households who make fertility decisions and differ in their beliefs
about the structural relationship between population scale and productivity growth. Throughout,
fertility is a private household optimization: each household takes aggregates as given, in the
standard way of competitive general equilibrium with belief heterogeneity. The role of beliefs is to
shift each household’s forecast of aggregate variables, not to change what the household imagines
its own choice does to those aggregates. Figure 1 below previews the feedback loop the model
formalizes.
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2.1 Environment

Time is discrete and indexed by t = 0, 1, 2, . . .. Each period, a generation of adults makes economic
decisions, and their children become adults in the following period.

Time Endowment and Cost of Children. Each adult is endowed with one unit of time. An
adult who chooses fertility nit spends a fraction ψ(nit) ∈ [0, 1) of that time on child-rearing and
supplies the remainder 1− ψ(nit) to the labor market. The implicit price of an additional child is
the forgone labor income.

Production. A single final good is produced using effective labor:

Yt = AtLt, Lt = Nt ·
∫ 1

0

(
1− ψ(nit)

)
di, (1)

where At is total factor productivity, Nt is adult population, and Lt is aggregate effective labor
supply.1 The competitive wage equals At, so a type-j household with fertility nj,t consumes

cj,t = At

(
1− ψ(nj,t)

)
. (2)

TFP Dynamics: The Population Gap. The central state variable is the population gap xt,
introduced verbally in the introduction, which measures the extent to which population has outpaced
the knowledge stock. Log-productivity evolves as

lnAt+1 = lnAt + g(xt; θ
∗) + ηt+1, ηt+1

i.i.d.∼ N (0, σ2
η), (3)

where θ∗ ∈ Θ = {θR, θM} is the scale-effect parameter over which households disagree, and the
population gap follows

xt+1 = (1− µ) xt + ln n̄t, µ ∈ (0, 1], (4)

with n̄t aggregate fertility. The parameter µ governs how quickly the knowledge stock catches
up with population; I call it the catch-up rate. Fertility above replacement (n̄t > 1) widens the
gap, while the (1 − µ) term captures the erosion of scale advantages as knowledge accumulates.
A one-time increase in population raises xt and hence growth (under θ > 0) only temporarily,
decaying at rate µ, while sustained population growth n̄ > 1 sustains x at the balanced-growth level

1I interpret At broadly as “effective” TFP that incorporates any potential dilution effects from fixed factors.
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xbgp = ln n̄/µ and therefore raises long-run growth permanently:

g∞ = g(ln n̄/µ; θ∗). (5)

This is the defining property of semi-endogenous growth (Jones, 1995): long-run growth is tied to
population growth, not population level.2

The paper’s main qualitative results require only four properties of g.

Assumption 1 (Structural Properties of g). The growth function g(·; θ) : R → R satisfies:

(C1) Common crossing point. g(0; θR) = g(0; θM) ≡ ḡ.

(C2) Continuity at the crossing point. x 7→ g(x; θ) is continuous, so the difference g(x; θR) −
g(x; θM) is continuous and vanishes as x→ 0.

(C3) Separation away from the crossing point. For x outside any neighborhood of 0, g(x; θR) ̸=
g(x; θM), with |g(x; θR)− g(x; θM)| → ∞ as |x| → ∞.

(C4) Sign orientation. g(·; θR) is increasing and g(·; θM) decreasing in a neighborhood of 0;
equivalently, g(·; θR) single-crosses g(·; θM) from below at x = 0.

Properties (C1)–(C2) generate the informational degeneracy at x = 0: when population is in
line with the knowledge stock, the two beliefs predict identical signal distributions. Economically,
(C1)–(C2) capture the idea that the rival worldviews must overlap somewhere in the data. If the
two models disagreed at every state, agents would rapidly identify the truth, and the persistent
disagreement that motivates the analysis could not survive. Property (C3) ensures that learning
eventually becomes effective once the population gap deviates substantially. Property (C4) gives
the Romerian-versus-Malthusian interpretation its content.

Leading Tractable Case. Throughout most of the paper I work with the linear case

g(x; θ) = ḡ + θ x, θR > 0 > θM , (6)

which satisfies Assumption 1, yields closed forms throughout, and underlies the calibrated results;
the qualitative theorems hold for any g satisfying Assumption 1, with θ̃j ≡ ∂g(0; θj)/∂x the relevant
local slope (θ̃j = θj in the leading case).3

2A Jones-style microfoundation delivering (3)–(4), together with the strong-scale-effects limit µ → 0 that recovers
the Kremer–Romer benchmark, is given in Appendix E. I treat µ as common knowledge; the disagreement concerns θ
only.

3How θ relates to the level and growth channels in Kremer (1993), and why the static level channel is deliberately
neutralized by the preference structure below, is discussed in Appendix E.
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Interpretation ofx = 0x = 0x = 0. Whenxt = 0, the deterministic component of growth equals ḡ regardless
of θ∗, so observations near xt = 0 are uninformative about the scale-effect parameter. Equivalently,
because xt measures the deviation of population growth from stationarity, xt = 0 is the point at
which fertility equals replacement: the informational singularity and the demographic rest point
coincide by construction. Crucially, under (4) this uninformative reference is an attractor of
stagnation: if n̄t = 1, then xt → 0 geometrically. A stagnant economy does not merely happen to
sit where the data are silent; it is drawn there. This feature is central to the dormant trap analyzed
in Section 5.4

Households and Beliefs. The economy contains a unit mass of dynastic households indexed by
i ∈ [0, 1].

Assumption 2 (Belief Types). A fraction ϕt ∈ [0, 1] of households are Romerians with belief
θR > 0; the remaining 1− ϕt are Malthusians with belief θM < 0.

A “Romerian world” has θ∗ = θR, and a “Malthusian world” has θ∗ = θM . Each household
knows its own type; the aggregate distribution ϕt is common knowledge. Households act on their
worldview as if certain of it. Bayesian updating operates at the population level: a social credence
πt ∈ [0, 1], a culturally shared posterior over {θR, θM}, is updated from observed productivity
outcomes and governs the rate at which new generations are recruited into each type.5

Time-Cost Function.

Assumption 3 (Time Cost of Children). For curvature σ ∈ (0, 1) and γ > 0, the time-cost function
is

ψσ(n) = 1−
[
1− (1− σ)γ

2
n2
] 1

1−σ
, n ∈ [0, nmax), nmax ≡

√
2

(1−σ)γ
. (7)

This specification satisfies ψσ(0) = 0, ψ′
σ > 0, ψσ → 1 as n → nmax, and is constructed so

that the utility-denominated marginal cost of a child is exactly linear: (1− ψσ(n))
−σψ′

σ(n) = γn

(verified in Appendix A). It nests the exponential-quadratic form 1− e−γn2/2 as σ → 1. Following
de la Croix and Doepke (2003), the time cost of one child is approximately fifteen percent of a
parent’s time endowment, which under (7) pins down γ = 2

(
1− 0.851−σ

)
/(1− σ); at the baseline

σ = 0.5, γ ≈ 0.312 (approaching 0.325 in the σ → 1 limit).
4The parameter θ < 0 represents dynamic congestion or environmental drag rather than classical fixed-factor

dilution operating on the level of output; capturing the latter would require an additional production margin, which is
straightforward but distinct from the channel modeled here.

5Although the formal apparatus uses Bayes’ rule, the cognitive interpretation is restricted to the population level:
individuals act as types under certainty, and (12) is best read as a tractable functional form for socialization dynamics.
Alternative formalisms, including ambiguity aversion (Hansen and Sargent, 2001, 2008), are discussed in Appendix E.
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Preferences. Households have Barro–Becker dynastic preferences:

Uit = u(cit) + β n 1−ε
it Eit [Vi,t+1] , u(c) =

c1−σ

1− σ
, (8)

with σ ∈ (0, 1), altruism curvature ε ∈ (0, 1), and β ∈ (0, 1). I set ε = 0.5, within the range used
in the quantitative Barro–Becker literature (Manuelli and Seshadri, 2009; Lee and Seshadri, 2019;
Daruich, 2018), and calibrate β so that the common dormant-point fertility equals replacement,
n0 = 1.6 In closed form,

β† =
γ

κσ [γ + (1− ε)u(1− ψσ(1))]
,

which gives β† ≈ 0.22 at the baseline (ε, σ, ḡ, σ2
η) = (0.5, 0.5, 0.25, 0.04). Define κσ ≡ exp{(1−

σ)ḡ + 1
2
(1− σ)2σ2

η}, the per-generation growth factor of marginal dynastic value at the reference.
I assume throughout the boundedness condition βκσ n1−ε

max < 1, which guarantees finite dynastic
value and an interior fertility optimum (it holds comfortably at the baseline calibration).

Why these preferences. Each ingredient is load-bearing; Appendix E.1 discusses them one by
one, and I summarize here. The time cost combined with CRRA utility makes the TFP level
cancel from the fertility first-order condition: a higher wage raises the opportunity cost of a child
in the same proportion, so the uncontroversial Malthusian level channel (“higher income supports
more children”) is shut down by construction, and beliefs affect fertility only through forecasts of
growth, which is where the disagreement actually lives. The curvature σ < 1 is the restriction the
Barro–Becker framework itself imposes for children to carry positive marginal dynastic value; the
mirror regime σ > 1 reverses the sign of the belief–fertility gradient (Remark 1), and the evidence
in Section 3 is consistent with σ < 1. Finally, the altruism curvature ε is what makes the fertility
problem well-posed, and it acquires independent significance in the welfare analysis, where the
gap between utilitarian head-counting and dynastic n1−ε-weighting becomes a distinct normative
wedge (Section 7).

Population Dynamics.

Nt+1 = n̄t ·Nt, n̄t = ϕtnR,t + (1− ϕt)nM,t. (9)
6Under the growth-rate interpretation of x, this is not an additional normalization but the demographic content of

condition (C2). Because xt measures the deviation of population growth from stationarity—the natural state variable
when scale effects operate through population growth rather than level, as in the semi-endogenous tradition—the
requirement that x = 0 be a fixed point of the common policy coincides with the requirement that the common fertility
choice equal replacement. The two conditions are logically distinct only under a level-based definition of x. The
historical fact that net population growth was close to zero before the Industrial Revolution therefore functions as a
consistency check on the framework, not as discipline on a free parameter.
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2.2 Belief Formation and Intergenerational Transmission

Beliefs evolve through two complementary channels. Cultural transmission carries parental world-
views to the next generation and lends the belief distribution its inertia; evidence-driven updating
lets the social credence respond to observed aggregate productivity growth.

Assumption 4 (Cultural Transmission). A child born to a type-j household adopts type j with
probability λ ∈ [0, 1] and forms beliefs through learning with probability 1− λ.

Bayesian Learning. Observed log-productivity growth is

st ≡ ln(At+1/At) = g(xt; θ
∗) + ηt+1. (10)

Given st and xt, the likelihood under belief θ is

ℓ(st | θ, xt) =
1√
2πση

exp

(
−(st − g(xt; θ))

2

2σ2
η

)
, (11)

and Bayes’ rule gives

πt+1 =
πt · ℓ(st | θR, xt)

πt · ℓ(st | θR, xt) + (1− πt) · ℓ(st | θM , xt)
. (12)

Children who learn adopt Romerian beliefs with probability πt+1 and Malthusian beliefs with
probability 1− πt+1.

Signal Informativeness. A useful summary of how well aggregate data distinguish the two
worldviews is the Kullback–Leibler divergence between signal distributions,

It ≡ [g(xt; θR)− g(xt; θM)]2

2σ2
η

leading case
=

(θR − θM)2 x2t
2σ2

η

. (13)

This measures statistical distinguishability at state xt, not an information cost.7 By (C1), It = 0 at
xt = 0; by (C2) it vanishes continuously as xt → 0; by (C3) it grows without bound as |xt| → ∞.
The quadratic vanishing of It near the reference, set against the linear vanishing of the fertility
differential established below, governs the entire trap analysis.

7In rational inattention models (Sims, 2003), KL divergence measures attention costs. Here it is purely diagnostic:
agents observe aggregate signals at zero cost, and It indexes how informative those signals are.
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Evolution of Belief Distribution.

ϕt+1 = λϕbirth
t + (1− λ)πt+1, ϕbirth

t = ϕtnR,t/n̄t. (14)

Independence of Types. A household’s type and other households’ types are drawn independently
from the population distribution induced by (ϕt, πt); knowing one’s own type does not shift
beliefs about others’ types. All households observe the same aggregate data (At, Nt, xt) and
update the common social credence πt identically; heterogeneity lies in types (worldviews), not
in signals. This contrasts with coordination-game environments where agents share a prior but
receive heterogeneous signals (Morris and Shin, 1998; Angeletos et al., 2018). Here, agents hold
heterogeneous priors but observe common signals.8

Figure 1 assembles the environment into a single picture: beliefs shape fertility through dynastic
altruism; fertility choices aggregate into the population gap; the gap and the true technology
generate the growth signal; and the signal feeds back into beliefs through learning, while the
fertility differential feeds back through demographic selection.

Belief distribution
(ϕt, πt)

Fertility choices
nR,t, nM,t

Population gap
xt+1 = (1− µ)xt + ln n̄t

Growth signal
st = g(xt; θ

∗) + ηt+1

dynastic altruism

aggregation, (4)

true technology θ∗

learning, (12)

demographic selection, (14)

Figure 1. The belief–fertility–growth feedback loop.
Notes: Solid arrows trace the within-period causal chain; the dashed arrow is the compositional feedback
from differential fertility to the belief distribution. Near the reference x = 0, both feedback channels into
beliefs—learning, which vanishes quadratically in x, and selection, which vanishes linearly—shut down
together. This joint dormancy is the mechanism behind the trap analyzed in Section 5.

2.3 Equilibrium

Definition 1 (Equilibrium). An equilibrium consists of fertility policiesnR(At, xt, ϕt, πt),nM(At, xt, ϕt, πt);
aggregate fertility n̄(At, xt, ϕt, πt); and laws of motion for (At+1, xt+1, ϕt+1, πt+1) given by (3),

8This is the natural counterpart of the theory-based view of strategic disagreement (Felin and Zenger, 2009, 2017).
The perturbation introducing heterogeneous signals about ϕ in Appendix B is a technical device for equilibrium
selection, not a substantive feature of the environment.
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(4), (14), and (12), such that (a) each household’s fertility maximizes (8) subject to (2) given the
household’s type and the aggregate fertility function; (b) expectations about aggregate fertility are
consistent with the equilibrium aggregate; and (c) actual laws of motion use the true θ∗ and realized
ηt+1.

Atomistic households and the role of aggregates. Two features deserve emphasis. First, house-
holds are atomistic: no household reasons that “my child will raise aggregate xt+1”; individual
fertility is infinitesimal in its effect on aggregates and households recognize this. Second, the
dynastic benefit of a child is determined in equilibrium, not internalized as an externality. Beliefs
about θ shift each household’s forecast of the aggregate TFP path through (3)–(4), which shifts the
marginal benefit of a child through the continuation value. The strategic interaction of Section 4
arises because each household’s optimal fertility depends on its forecast of aggregate fertility, not
because households internalize their own contribution to it.9

2.4 Household Optimization and the State-Dependent Fertility Ranking

The Bellman for a type-j household reads

Vj(A, x, ϕ, π) = max
n≥0

{ [A(1− ψσ(n))]
1−σ

1− σ
+ βn1−εEj

[
Vj(A

′, x′, ϕ′, π′)
]}
, (15)

where Ej is the expectation under g(·; θj). The value function is homogeneous of degree 1− σ in
A; I work with the conjecture

Vj(A, x, ϕ, π) = A1−σ
[
w̄j + ξj x

]
+ h.o.t., (16)

a first-order expansion in (x, ln n̄e) around the dormant point (x, n̄e) = (0, 1), with n̄e the (sta-
tionary) expected aggregate fertility. The first-order condition for fertility, using the exact identity
(1− ψσ)

−σψ′
σ = γn, is

γ n1+ε
j = β(1− ε)

Ej[Vj(A
′, x′, ϕ′, π′)]

A1−σ
, (17)

in which the TFP level has cancelled: fertility depends on beliefs only through forecasts of growth.

Lemma 1 (Value Function and the Dormant Point). Under Assumptions 1–4, the boundedness
9The Bellman below treats a type-j parent’s continuation value as the value function of a type-j child, even though

the child may switch with probability 1 − λ. An exact formulation would replace Ej [Vj ] by a type mixture; the two
coincide when λ is close to 1 or when VR and VM are close in the relevant region, both of which hold near the reference
states studied below, and exactly so at the dormant point, where VR = VM to first order.
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condition, and the regularity condition (D) of Appendix A, the local coefficients are

w̄j =
u
(
1− ψσ(n

∗
j)
)

1− δj
(at n̄e = 1), ξj =

δj (1− σ) θ̃j w̄j

1− (1− µ)δj
, δj ≡ βκσ(n

∗
j)

1−ε < 1, (18)

with sign(ξj) = sign(θ̃j) since σ < 1 implies w̄j > 0. At the dormant point (x, n̄e) = (0, 1), the
fertility first-order condition is belief-free: both types choose the common level n0 solving

γ n1+ε =
β(1− ε)κσ u

(
1− ψσ(n)

)
1− βκσn1−ε

, (19)

which has a solution in (0, nmax), unique under condition (D).

The economics behind the belief-free property is worth stating in plain terms. Beliefs enter the
fertility decision only through forecasts of how the population gap will affect future growth. At the
dormant point the gap is zero and, with stationary expectations, is expected to remain zero forever.
A Romerian and a Malthusian then forecast exactly the same future, so they value an additional
child identically and choose the same fertility. Disagreement exists but has nothing to act on.

Define the stagnation gap ν ≡ n0 − 1. In the baseline calibration I impose the historically
disciplined normalization n0 = 1, equivalently ν = 0, by choosing β = β† ≈ 0.22 from the
closed-form expression above. The next two results characterize how beliefs move fertility away
from the common level.

Lemma 2 (The Discounted Gap Forecast). Under (4) with constant expected fertility n̄e, the
discounted expected path of the population gap satisfies

Xt ≡ Et

[∑
k≥0

δkxt+k

]
=

xt +
δ

1− δ
ln n̄e

1− (1− µ)δ
, δ ≡ δ0 = βκσ(n

0)1−ε. (20)

In a steady state with x∗ = ln n̄/µ, X∗ = x∗/(1− δ), so sign(X∗) = sign(ln n̄).

I refer to Xt as the discounted gap forecast. It summarizes everything a parent’s worldview
has to operate on: the current population gap plus the discounted accumulation of expected future
fertility. The numerator makes clear thatXt is positive in two situations, when population currently
exceeds the reference (xt > 0) or when the population is expected to grow (n̄e > 1), and that
expectations of permanent growth carry the multiplier δ/(1 − δ) because they keep the gap open
period after period.

Proposition 1 (State-Dependent Fertility Ranking). To first order around the dormant point,

nR,t − nM,t = K (1− σ) (θ̃R − θ̃M) w̄0Xt + O
(
∥(xt, ln n̄e)∥2

)
, (21)

15



where K > 0 and (1− σ)w̄0 = (1− ψσ(n
0))1−σ/(1− δ0) > 0. Hence under σ < 1:

(i) Xt > 0 (population above the reference and/or expected to grow): nR > nM , so Romerians
are the high-fertility type;

(ii) Xt = 0 (at the reference with stationary expectations): nR = nM = n0, so belief hetero-
geneity is behaviorally dormant;

(iii) Xt < 0 (population below the reference or shrinking): nR < nM . The ranking flips, and
Malthusians, who believe a small population means high growth, are the optimists about the
realized trajectory and the high-fertility type.

The economic content of the proposition is that optimism and pessimism are defined relative
to a trajectory, not in the abstract. A Romerian looking at a growing population expects her
grandchildren to inherit a richer world, which raises the value of having descendants. A Malthusian
looking at the same trajectory expects a poorer world and scales back. When the population is
shrinking, the same worldviews swap roles: it is now the Malthusian who expects an improving
world and the Romerian who expects decline, so the fertility ranking inverts along with the trajectory.
Figure 2 makes the geometry explicit: the two fertility policies cross exactly once, at the dormant
point, and the ranking is determined entirely by which side of the crossing the discounted gap
forecast lies on.

Remark 1 (The role of σ and identification). The factor (1 − σ) in (21) is not decorative. Within
the admissible Barro–Becker regime (σ < 1, ε < 1), growth optimism raises the marginal value
of descendants: with intertemporal elasticity above one, the substitution motive dominates, and
a brighter future raises the return to claims on that future. In the mirror regime (σ > 1, which
requires ε > 1 for well-posedness), the wealth effect dominates instead. Descendants will be
rich anyway, their marginal utility low, and growth optimism lowers fertility; the gradient in (21)
reverses (Appendix A). The sign of the empirical belief–fertility gradient, given a perceived growing
population (Xt > 0), therefore identifies the preference regime. The evidence in Section 3 selects
σ < 1. The log case σ = 1 is an interior limit, not a degeneracy: (1− σ)w̄0 → 1/(1− δ0) > 0.

Three features of Proposition 1 organize the rest of the paper. First, the testable prediction taken
to the data in Section 3 is conditional: Romerians out-reproduce Malthusians given an expected
above-reference population path. Second, the exact dormancy at Xt = 0 means that the two
engines of belief dynamics, demographic selection (proportional to the fertility differential, hence
O(|x|) near the reference) and learning (proportional to It, hence O(x2)), vanish together at the
reference, with selection vanishing more slowly. Third, the differential is self-referential at xt = 0:
its sign depends on ln n̄e, which in equilibrium depends on the differential. Section 4 shows this
self-reference can generate expectational multiplicity between stagnation and self-fulfilling growth.
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Xt < 0 0 Xt > 0

n0

nR (Romerian)

nM (Malthusian)

dormant point: nR = nM = n0

case (i): nR > nMcase (iii): nM > nR

discounted gap forecast Xt
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Figure 2. The State-Dependent Fertility Ranking of Proposition 1

Notes: First-order fertility policies implied by (21): nj ≈ n0+K(1−σ)θ̃jw̄
0Xt, drawn for the admissible

regime σ < 1. When the discounted gap forecast is positive (population above the reference and/or
expected to grow), Romerians are the high-fertility type. At Xt = 0 the two policies cross exactly: both
types choose the common level n0 and belief heterogeneity is behaviorally dormant. Below the reference
the ranking flips: Malthusians, optimists about the realized trajectory, out-reproduce Romerians. Slopes
are illustrative; in the σ > 1 mirror regime of Remark 1 the two lines swap.

3 Empirical Evidence: Beliefs and Fertility

The model rests on a single behavioral premise: beliefs about the long-run economic consequences
of population shape fertility. This section provides modern micro-level evidence on that premise,
and it is worth being explicit at the outset about what the evidence is and is not asked to do. It
is not asked to validate the model’s historical claims about pre-industrial cycles or the Industrial
Revolution; no survey of pre-industrial households exists, and none of the dynamics of Sections 5
and 6 can be tested with two cross-sections. It is asked to do two narrower jobs. First, to establish
that the belief–fertility gradient exists, has the sign the model predicts given a perceived growing
population (Proposition 1(i)), and is economically meaningful. Second, through Remark 1, to use
that sign to select the preference regime (σ < 1) on which all of the dynamic results rest. This
section should be read, in short, as a micro-validation of the mechanism’s foundation, not as a test
of the superstructure built on it.

3.1 Data

I use the General Social Survey (GSS), a nationally representative survey of U.S. adults. The key
belief variable comes from the question: “The earth cannot continue to support population growth
at its present rate.” Respondents indicate agreement on a five-point scale, and I classify those who
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agree or strongly agree as holding Malthusian beliefs. This question was asked in the 2000 and
2010 waves.10 I examine two fertility measures: stated preferences (“ideal number of children”)
and realized fertility (actual number of children). The sample contains 1,822 observations.

3.2 What the Belief Measure Captures: Ecological versus Economic Malthusianism

A conceptual caveat should precede the results. The GSS question was fielded in the survey’s
environment modules, and a respondent in 2000 or 2010 who agrees that Earth “cannot continue to
support population growth at its present rate” is most plausibly expressing concern about ecological
carrying capacity—resource depletion, environmental degradation, and, increasingly by 2010,
climate—rather than the classical economic Malthusianism of wages driven toward subsistence by
fixed factors. The proxy is a measure of population pessimism in its contemporary idiom, not a
direct elicitation of the scale-effect parameter θ.

How much this matters depends on what the proxy is asked to do. For the fertility margin
the model isolates, the distinction is second-order. What enters the household’s problem is the
perceived effect of population scale on the living standard of one’s descendants, and the model
deliberately interprets At broadly, as effective productivity net of congestion and environmental
drag (see the footnotes to (1) and to the interpretation of x = 0 in Section 2). A parent who expects
a more populous world to be ecologically degraded and a parent who expects it to be economically
immiserated hold the same payoff-relevant belief, θ < 0: both expect their children to inherit a
poorer world, in the broad sense that matters for dynastic altruism. For the historical interpretations
of Section 6, by contrast, the distinction is substantive. Documenting that contemporary ecological
pessimists have fewer children does not establish that pre-industrial households responded to
economic Malthusianism, and I do not use it to; the historical discussion rests on the theory and
on the historical record. What the modern data validate is the belief-to-fertility arrow of Figure 1,
across whichever idiom of population pessimism a given era supplies.

3.3 The Behavioral Force of Malthusian Ideas: Quasi-Experimental Evidence

A second natural worry about any survey-based approach is that stated beliefs are cheap talk:
agreeing with a gloomy statement about the planet costs nothing, while a child costs a great deal.
Before turning to the correlational evidence, it is therefore worth putting on the table the strongest
available evidence that Malthusian economic ideas, as such, move high-stakes behavior. Robertson
(2025) studies the training of British Indian officials at Haileybury, where Malthus himself taught
political economy. Malthus’s abrupt death and his replacement by Richard Jones, a prominent critic

10The use of survey-measured belief proxies has a substantial track record in environmental and climate finance
(Howe et al., 2015; Bernstein et al., 2019; Baldauf et al., 2020; Bakkensen and Barrage, 2022; Bakkensen et al., 2025),
with validation evidence that aggregated belief measures correlate strongly with door-to-door individual surveys.
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of Malthusian doctrine, generated plausibly exogenous variation in the ideas to which successive
cohorts of officials were exposed. Officials taught by Malthus later provided systematically less
drought relief than officials taught by Jones—decisions taken decades after leaving the classroom,
with lives at stake.

Three features of this evidence matter for the present paper. First, the variation is quasi-
experimental: which doctrine an official absorbed was determined by the timing of a death, not
by the official’s own disposition. Second, the outcome is costly behavior rather than a stated
attitude, which addresses the cheap-talk concern directly. Third, the effects persisted for decades,
which is precisely the durability that the model’s slow-moving worldviews—transmitted culturally
and updated only by aggregate evidence—are built to capture. Bureaucratic famine relief is not
household fertility, so this evidence cannot substitute for the fertility-margin evidence below; the
two are complements. The GSS ties population pessimism to the fertility margin directly but
observationally, while Robertson (2025) establishes, with clean identification, that Malthusian
economic ideas have durable behavioral force. Together they make it difficult to dismiss the belief
channel as measurement noise or ex-post rationalization.

3.4 Descriptive Patterns

Table 1 presents summary statistics. Mean ideal fertility is 2.50 (s.d. 0.87) and mean actual fertility
is 1.81 (s.d. 1.64). Approximately 55 percent of respondents hold Malthusian beliefs.

Table 1. Summary Statistics

Variable N Mean Std. Dev. Min Max

Ideal number of children 1,822 2.50 0.87 0 7
Actual number of children 1,822 1.81 1.64 0 8
Malthusian belief (binary) 1,822 0.55 0.50 0 1
Malthusian belief (1–5 scale) 1,822 3.44 1.03 1 5
Age 1,822 46.8 17.3 18 89
Years of education 1,822 13.3 2.96 0 20
Female 1,822 0.56 0.50 0 1

Notes: Data from GSS, 2000 and 2010 waves. Malthusian belief (binary)
equals one if respondent agrees or strongly agrees that Earth cannot continue
to support population growth.

Figure 3 displays mean ideal and actual fertility by Malthusian belief intensity. There is a clear
monotonic negative relationship between belief strength and both fertility measures. Respondents
who strongly disagree report an average ideal of 2.98 children and have 1.76 children, while those
who strongly agree report 2.24 and 1.52.
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Figure 3. Fertility by Malthusian Belief Intensity
Notes: Data from GSS, 2000 and 2010 waves (N = 1,822). Bars show mean ideal (navy) and actual
(maroon) number of children for each level of the Malthusian belief scale. Error bars indicate 95%
confidence intervals.

A natural concern is that this relationship is driven by education. Figure 4 shows mean ideal
fertility by education group and belief type. Within every education category, Malthusians report
lower ideal fertility than non-Malthusians, with gaps ranging from 0.20 to 0.45 children.

3.5 Regression Analysis

Table 2 presents linear regressions of both ideal and actual fertility on Malthusian beliefs with
demographic controls.11

Malthusians report ideal fertility 0.27 children lower than non-Malthusians (column 1), about
11 percent of the sample mean. The coefficient on actual fertility is −0.29 (column 3), implying
Malthusians have approximately 16 percent fewer children. The coefficient on actual fertility is
larger in absolute value than the coefficient on ideal fertility, suggesting that the belief–fertility
relationship is not confined to stated preferences and also appears in realized behavior.

11All specifications include both age and age squared, so the coefficient on age in the table reflects the linear
component only.
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3.6 Completed Fertility and Heterogeneity

A concern with actual fertility is that younger respondents may not have completed childbearing.
Table 3 restricts the sample to women aged 45+ and men aged 50+. Among those with completed
fertility, Malthusians have 0.26 fewer children than non-Malthusians, similar to the full-sample
estimate.

Table 4 examines heterogeneity by education. The belief–fertility relationship is present across
education groups for both outcome measures. For ideal fertility, the coefficient is somewhat
larger for less educated respondents; for actual fertility, the pattern reverses, with the coefficient
larger among the more educated. The descriptive pattern is consistent with the interpretation that
Malthusian beliefs affect fertility preferences across the education distribution but translate into
behavior more strongly among the more educated, perhaps because they face fewer constraints on
achieving their fertility targets.
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Table 2. Correlation Between Malthusian Beliefs and Fertility

Ideal Fertility Actual Fertility

(1) (2) (3) (4)

Malthusian −0.268∗∗∗ −0.292∗∗∗

(0.041) (0.066)
Malthusian (continuous) −0.153∗∗∗ −0.146∗∗∗

(0.021) (0.033)
Age −0.014∗∗ −0.015∗∗ 0.112∗∗∗ 0.111∗∗∗

(0.006) (0.006) (0.010) (0.010)
Female 0.015 0.026 0.091 0.104

(0.040) (0.040) (0.068) (0.068)
Education −0.047∗∗∗ −0.046∗∗∗ −0.144∗∗∗ −0.143∗∗∗

(0.007) (0.007) (0.013) (0.013)

Year FE Yes Yes Yes Yes
Observations 1,822 1,822 1,822 1,822
R2 0.060 0.069 0.262 0.262

Notes: All models include age squared and year fixed effects. Robust standard
errors in parentheses. The reported age coefficient is the linear term only. ∗p <
0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

Table 3. Actual Fertility by Completed Fertility Status

Full Sample Completed Fertility Not Yet Completed
(1) (2) (3)

Malthusian −0.292∗∗∗ −0.257∗∗ −0.288∗∗∗

(0.066) (0.109) (0.079)

Observations 1,822 848 974
R2 0.262 0.112 0.266

Notes: Dependent variable is actual number of children. All models control
for age, age squared, sex, education, and year. Robust standard errors in
parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

3.7 Conditioning on the Expected Population Path

Proposition 1 makes the model’s prediction conditional: Romerians out-reproduce Malthusians if
and only if households perceive a positive discounted gap forecast, Xt > 0. Taking the prediction
to the GSS therefore requires asking whether the conditioning is satisfied in the data context.
Three observations suggest it is. First, the survey question itself presupposes a growing population
(“population growth at its present rate”), so respondents are evaluating a trajectory with n̄ > 1,
which by Lemma 2 implies Xt > 0 even at xt = 0, and a fortiori for any xt ≥ 0. Second, global
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Table 4. Heterogeneity in the Belief–Fertility Relationship

Ideal Fertility Actual Fertility

HS or Less Some College+ HS or Less Some College+

Malthusian −0.318∗∗∗ −0.235∗∗∗ −0.209∗ −0.392∗∗∗

(0.069) (0.049) (0.115) (0.081)

Observations 821 1,001 821 1,001
R2 0.045 0.029 0.163 0.240

Notes: Dependent variable is ideal (columns 1–2) or actual (columns 3–4) number
of children. Robust standard errors in parentheses. ∗p < 0.10, ∗∗p < 0.05,
∗∗∗p < 0.01.

population was growing at roughly 1.2–1.3 percent per year around the 2000 and 2010 waves,
and the population-growth discourse of the period (from both optimist and pessimist sides) took
continued growth as the baseline. Third, the prediction’s reversal region, perceived population
decline, was not a salient feature of public expectations in the U.S. in 2000 or 2010. The observed
negative gradient between Malthusian beliefs and fertility is therefore exactly the model’s case-(i)
prediction.

The test is accordingly a joint test, and its sign content is informative in both directions.
Within the model, a negative gradient given perceived Xt > 0 identifies the σ < 1 regime of
Remark 1: households with intertemporal elasticity above one convert growth pessimism into
lower fertility. Had the gradient been positive, the data would have selected the reversed-curvature
regime, with very different dynamic implications (optimists would then be the low-fertility type,
and the selection dynamics of Section 5 would invert). The model also yields an out-of-sample
prediction that distinguishes it from a naive “pessimism reduces fertility” story: in populations
that perceive a shrinking population path, the gradient should attenuate and ultimately reverse.
Malthusians, optimistic about a depopulating world, should have relatively more children. Survey
settings where depopulation is the salient scenario (e.g., contemporary East Asia) offer a natural
testing ground, which I leave to future work.

3.8 Interpretation, Aggregate Implications, and Limitations

The empirical findings are consistent with the model’s central conditional prediction: in a context
where the population path is perceived to be growing, individuals who believe population growth is
unsustainable both desire and have fewer children. The relationships are economically meaningful
and statistically robust. Two features deserve emphasis. First, the relationship holds for actual
fertility, as well as for stated preferences. Second, the coefficient on actual fertility is at least as
large as the coefficient on ideal fertility.
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Beyond statistical significance, the estimated gaps are economically meaningful at the aggregate
level. Aggregate fertility in the model is n̄ = ϕnR+(1−ϕ)nM , so the marginal aggregate effect of a
shift in the Romerian share is ∂n̄/∂ϕ = nR−nM . Taking the actual-fertility coefficient from Table 2
as a measure of this gap givesnR−nM ≈ 0.29. A counterfactual population in which all respondents
held non-Malthusian beliefs would have mean fertility approximately 1.81 + 0.55 × 0.29 ≈ 1.97,
while a fully Malthusian population would have approximately 1.81 − 0.45 × 0.29 ≈ 1.68. The
implied range, roughly 1.68 to 1.97, brackets most of the gap between current U.S. total fertility
(about 1.6) and replacement (2.1) and spans a substantial fraction of the cross-country variation
in completed fertility among rich economies. Equivalently, a ten-percentage-point shift in the
Malthusian share moves aggregate fertility by approximately 0.03 children. These calculations are
deliberately conservative: they treat the micro coefficient as a static partial-equilibrium response
and ignore the dynamic amplification mechanisms the model formalizes (cultural transmission,
evidence-driven updating, and state-dependent demographic selection), all of which compound
the static effect over generations. Within the model, they also measure the differential at the
current perceived Xt; equation (21) implies the gap itself should covary with perceived population
trajectories, an additional testable restriction.

Several limitations are worth flagging. The evidence remains correlational and could reflect
reverse causality or omitted-variable bias; the cross-sectional coefficient may also understate the
aggregate effect if beliefs and behavior co-move at the social-network or community level, and
may overstate it if part of the cross-sectional gap reflects unobserved heterogeneity correlated with
both beliefs and fertility. The cross-sectional nature of the data precludes tracking how belief
changes affect subsequent fertility decisions. The belief measure also captures concern about
global population sustainability rather than specifically the scale-effect parameter θ, as discussed
in Section 3.2. The GSS evidence should therefore be read as direct but observational evidence
on the fertility margin, complemented by the quasi-experimental evidence of Section 3.3: the GSS
links Malthusian beliefs directly to fertility but is observational, while Robertson (2025) shows
that exogenously assigned Malthusian economic ideas change high-stakes behavior, though in
bureaucratic relief rather than household fertility.12 Despite these limitations, the evidence, together
with the back-of-the-envelope calculation above and the historical evidence on the behavioral force
of Malthusian ideas, provides suggestive support that the belief channel is quantitatively, and not
only qualitatively, relevant for aggregate fertility dynamics. This is the division of labor announced
at the start of the section: the modern data validate the mechanism’s behavioral foundation and

12A natural template for stronger identification would combine survey-based belief proxies with high-resolution
geographic variation in exposure to belief-relevant shocks, such as extreme weather events, salient environmental
news, pronatalist policy changes, or curriculum and media variation. Another possibility is to use repeated cross-
sections to track within-county changes in beliefs against subsequent fertility. The GSS data alone do not support such
designs, and I view causal identification as a priority for follow-up empirical work.
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select the preference regime; the historical interpretations of Section 6 rest on the theory and the
historical record, not on the survey.

4 Strategic Interaction and Expectational Feedback

Although fertility is a private decision, household decisions interact in equilibrium because each
household’s optimal fertility depends on its forecast of aggregate fertility: aggregate fertility moves
the future population gap, and the gap moves every household’s continuation value. The full
formal analysis of this interaction—the fertility game, the taxonomy of within-period equilibrium
regions, the expectational multiplicity at the reference, and a global-games selection argument—is
developed in Appendix B. Because the multiplicity regions turn out to be empty at the baseline
calibration, the text confines itself to the three findings the rest of the paper needs.

First, the sign of strategic interaction is a property of worldviews. Under σ < 1, Romerian
fertility is a strategic complement to aggregate fertility while Malthusian fertility is a strategic
substitute (Proposition 6, stated and proved in Appendix B): the best-response slopes satisfy
dR > 0 > dM , with closed forms in (31). The intuition is direct. When a Romerian expects
everyone else to have more children, she expects a wider future population gap and therefore
faster growth, which makes her own marginal child more valuable; a Malthusian reading the same
forecast expects slower growth and cuts back. One refinement is worth emphasizing: the slopes are
constant in sign across states, even though the fertility levels flip ranking with Xt (Proposition 1).
A Romerian always responds to higher expected aggregate fertility by raising her own, whether she
currently out-reproduces Malthusians or not, because the marginal expected child is always more
valuable to her when the future is more populous. Slopes are properties of worldviews; rankings
are properties of worldviews and trajectories.

Second, composition determines whether these responses can ever destabilize the within-period
equilibrium. The aggregate best-response slope ρ(ϕ) = ϕ dR+(1−ϕ) dM partitions the share space
into three regions (Theorem 3, Appendix B). When Malthusians dominate, any rise in expected
fertility is met mostly by pessimists cutting back: the aggregate response is self-damping and the
equilibrium is locally unique unconditionally. In mixed populations, offsetting responses keep
the aggregate reaction below one-for-one and the standard contraction argument again delivers
uniqueness. Only when optimists are sufficiently numerous and scale effects sufficiently strong
(dR > 1) can multiple equilibria arise—and quantitatively this requires θ̃R ≳ 10.4 at the baseline
calibration, an order of magnitude above plausible semi-endogenous values. The static multiplicity
region is therefore empty at baseline, and nothing downstream depends on equilibrium selection.
Under Kremer-style calibrations (µ → 0, large θR), where the region can be occupied at high ϕ,
Theorem 4 in Appendix B establishes a unique risk-dominant selection in the vanishing-noise limit
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of a standard global-games perturbation; an announcement can then play a second role by moving
the economy across the selection cutoff, a channel Section 7 takes up. Table 6 in Appendix B maps
the full partition.

Third, and economically prior to any within-period issue, a distinct form of multiplicity lives
at the reference itself. At xt = 0, Proposition 1 makes the fertility differential—and hence
aggregate fertility—depend on expected future aggregate fertility through Xt: the differential is
self-referential. Aggregating (21) under stationary expectations and imposing consistency yields a
fixed-point problem whose local slope defines the expectational feedback

b̂(ϕ) ≡ D θ̄ϕ δ
0

1− δ0
, θ̄ϕ ≡ ϕθ̃R + (1− ϕ)θ̃M , (22)

where D > 0 collects constants from (21) and is given explicitly in (34) of Appendix B. Proposi-
tion 7 (Appendix B) shows that when b̂(ϕ) < 1, the stationary-expectations equilibrium near the
reference is locally unique and determinate; when b̂(ϕ) > 1, the reference becomes expectation-
ally unstable and is flanked by two self-consistent selections, stagnation and self-fulfilling growth.
The mechanism is the familiar coordination logic operating through the durable component of
expectations: if households expect the population to grow permanently, the discounted gap forecast
turns positive, Romerians raise fertility, and the expectation validates itself; if households expect
stagnation, the fertility differential stays dormant and stagnation is equally self-consistent. Because
the expectational feedback carries the multiplier δ0/(1− δ0), reflecting expectations about perma-
nent fertility rather than one period of it, the threshold for expectational multiplicity (θ̄ϕ ≳ 7.7 at
baseline) is lower than for static multiplicity (θ̃R ≳ 10.4); lower still is the threshold governing the
dynamic stability of the dormant point (θ̄ϕ ≈ 1.1), derived in Section 5. The ordering—trap desta-
bilization first, then expectational indeterminacy, then static multiplicity—means the economically
relevant coordination margin near the reference is the dynamic one (Table 9, Appendix F).

One structural property deserves emphasis here because it recurs throughout the paper. Because
Malthusian best responses slope downward, the Malthusian fraction 1 − ϕ pushes both ρ(ϕ)

and b̂(ϕ) down: pessimists enlarge the contraction region, shrink both multiplicity regions, and
dampen expectational feedback. Pessimists, paradoxically, stabilize the equilibrium structure of
the economy. Section 5 reveals the dark side of the same property: the identical negative feedback
that stabilizes equilibria also stabilizes stagnation.

5 Long-Run Dynamics and the Role of Wrong Beliefs

This section presents the long-run co-evolution of beliefs, population, and the population gap. Two
forces drive the Romerian share ϕt, and both are state-dependent.
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5.1 Two State-Dependent Forces

Demographic selection favors trajectory-optimists. Selection on births is

ϕbirth
t − ϕt =

ϕt(1− ϕt) (nR,t − nM,t)

n̄t

,

which by Proposition 1 shares the sign of Xt. Selection rewards whichever type believes the
current trajectory is good news, rather than favoring Romerians as such: it favors Romerians when
population is above the reference or growing, and Malthusians when it is below or shrinking. Near
the reference, selection vanishes linearly in xt.

Proposition 2 (Selection Favors Trajectory-Optimists). At any interior state, sign
(
ϕbirth
t − ϕt

)
=

sign
(
(1− σ)Xt

)
, and |ϕbirth

t − ϕt| ≤ Csel |Xt| for a constant Csel given in Appendix A.

The intuition is mechanical but worth stating. Parents who believe the current trajectory leads
to a richer future place a higher value on descendants and have more children, so their worldview
is over-represented among births. Demographic selection is therefore an engine that amplifies
whichever belief happens to look favorable given the path the economy is on, with no regard for
whether that belief is true.

Learning favors the truth, quadratically. The posterior drift under truth θ∗ satisfies Eθ∗ [∆πt |
Ft] = sign-toward-truth × πt(1 − πt)It + o(It), with It ∝ x2t near the reference. Learning
vanishes quadratically in xt.

The order comparison, drawn in Figure 5, is the engine of everything that follows: near the
reference, selection (linear) dominates learning (quadratic); far from it, learning dominates. In
a Romerian world above the reference, the two forces align. In a Malthusian world above the
reference, they oppose. Below the reference, they align again, this time in favor of Malthusians, in
both worlds.

5.2 Dynamics in a Malthusian World: State-Dependent Opposition and Cycles

When θ∗ = θM , the configuration of forces varies with the region of the state space.

Proposition 3 (State-Dependent Drift in Malthusian Worlds). Suppose θ∗ = θM < 0, σ < 1, and
Assumption 1 holds. Let CM(πt) ≡ 2π2

t (1− πt) > 0 denote the leading-order learning coefficient
under truth θM . At any interior state,

EθM [ϕt+1 − ϕt | Ft] = λ
ϕt(1− ϕt)(nR,t − nM,t)

n̄t︸ ︷︷ ︸
selection: sign of Xt

+(1− λ)(πt − ϕt)︸ ︷︷ ︸
cultural regression

+(1− λ)
[
−CM(πt)It + o(It)

]︸ ︷︷ ︸
learning: toward truth, ∝x2

t

.
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Figure 5. Two Engines of Belief Change: Linear Selection versus Quadratic Learning
Notes: Demographic selection is proportional to the fertility differential and hence vanishes linearly in the
distance from the reference (Propositions 1 and 2); learning is proportional to the signal informativeness
It in (13) and vanishes quadratically. Near the reference selection dominates; beyond the crossover x̂
(given in closed form in Proposition 3) learning dominates. At xt = 0 both engines are exactly zero—the
joint dormancy underlying Theorem 1. In a Malthusian world above the reference the two forces point in
opposite directions, generating the cycle of Figure 6; magnitudes drawn are illustrative.

Consequently: (i) for xt > 0 (with Xt > 0), selection and learning oppose; selection dominates
for 0 < xt < x̂ and learning dominates for xt > x̂, where x̂ is given in closed form in Appendix A;
(ii) for xt < 0 (with Xt < 0), both forces favor Malthusians and the belief drift is unambiguously
non-positive (up to cultural regression); (iii) the drift in ϕt admits no uniform sign, and monotone
convergence of the deterministic skeleton is ruled out whenever ϕt, πt are interior.

The reason the two forces oppose above the reference is that they answer different questions.
Selection asks which belief makes the current trajectory look attractive, and with a growing
population that is the Romerian belief, even though it is false. Learning asks which belief fits
the data, and with the gap open the disappointing growth realizations favor the true Malthusian
model. Near the reference the data are nearly silent while the fertility differential is merely small,
so selection wins; far from the reference the data become sufficiently informative for learning to
dominate. This tug-of-war is what generates cycles.

Cycle anatomy. The state-dependence produces the boom-bust pattern familiar from pre-industrial
demography, with four identifiable phases, traced in the (x, ϕ) plane in Figure 6. Expansion
(0 < x < x̂): signals are weak, selection favors Romerians, ϕt and fertility rise, xt climbs. Crisis
(x > x̂): growth disappoints because θ∗ = θM ; the Malthusian model fits sharply better at large x;
πt collapses, overwhelming selection; ϕt falls. Contraction: with pessimists ascendant and x still
high, Xt > 0 and θ̄ϕ < 0 imply fertility below the dormant level; population shrinks and xt falls
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through zero. Recovery: at x < 0 the Malthusian majority turns optimistic about the depopulated
world (the thermostat at work), and fertility recovers above the dormant level, pulling xt back
toward zero, where selection begins to favor Romerians again and the cycle can repeat.

xt

ϕt

0 x̂

I. Expansion
selection lifts ϕ; x climbs

II. Crisis
growth disappoints;
π collapses, ϕ falls

III. Contraction
n̄ < 1; x falls through 0

IV. Recovery
thermostat: nM rises
below reference; x ↑

Figure 6. Anatomy of the Boom-Bust Cycle in a Malthusian World (Proposition 3)
Notes: Schematic orbit in the (xt, ϕt) plane, traversed clockwise. In the expansion band 0 < x < x̂, signals
are weak and selection (which dominates left of x̂, Figure 5) spreads Romerian optimism. Past x̂, the data
turn informative, the true Malthusian model fits sharply better, and the crisis collapses the social credence
and ϕ. In the contraction, the pessimist majority holds fertility below replacement and x falls through zero.
In the recovery, Malthusians—now optimists about the depopulated world by Proposition 1(iii)—raise
fertility, pulling x back toward the reference, where selection begins to favor Romerians again and the cycle
can repeat. Busts are reinforced by selection; recoveries are engineered by the pessimists’ own thermostat
behavior.

The structural ingredients behind these cycles—strategic complementarities among optimists
(Proposition 6), an accumulation variable (xt) that depresses the value of further accumulation
under θ∗ = θM , and sluggish adjustment governed by the catch-up rate µ—map directly onto the
conditions identified by Beaudry et al. (2020) for endogenous boom-bust dynamics in macroe-
conomic aggregates; Appendix E.5 spells out the correspondence, including the transition from
damped oscillations to a limit cycle as complementarities strengthen.

Relative to a framework in which selection uniformly favors optimists, this anatomy has two
distinctive features: busts are reinforced by selection (both forces push ϕ down once x < 0),
making crises sharper; and recoveries are generated by the pessimists’ own behavior rather than
by any return of optimism, making troughs self-limiting. The strength and length of the cycles are
governed by the responsiveness of learning: weak learning (noisy signals or nearby rival models)
lengthens expansions, strong learning corrects optimism quickly and settles the system near a
Malthusian-dominated quasi-steady state, and pronounced recurrent cycles arise at intermediate
responsiveness. Appendix E.6 develops these comparative statics.
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5.3 The Dormant Trap

Consider the neighborhood of the reference. Aggregate fertility there is n̄t ≈ n0 + Dθ̄ϕtXt, and
the gap dynamics (4) linearize to

xt+1 ≈
(
1− µ+ bϕt

)
xt + ν, bϕ ≡ Dθ̄ϕ

1− b̂(ϕ)
, (23)

where bϕ is the equilibrium response of log-fertility to the population gap (incorporating the
expectational feedback of Section 4, assumed determinate: b̂(ϕ) < 1) and ν = n0 − 1 is the
stagnation gap. The reference is locally stable if and only if

bϕ < µ : (24)

the reference catches up with population faster than belief-driven fertility widens the gap. Since bϕ
is increasing in average optimism θ̄ϕ, condition (24) holds automatically for Malthusian-majority
societies and fails once optimism is widespread enough (θ̄ϕ ≳ 1.1 at the baseline calibration).
For Malthusian majorities, θ̄ϕ < 0 gives bϕ < 0: pessimists raise fertility when x < 0 and cut it
when x > 0, a demographic thermostat that actively pulls the economy back to the uninforma-
tive reference. Stagnation is locally absorbing precisely when prevailing beliefs are sufficiently
pessimistic.

Theorem 1 (The Dormant Informational Poverty Trap). Suppose σ < 1, the leading case (6),
expectational determinacy, n0 = 1, and the uniform dormancy condition: over the relevant belief
range ϕ ∈ [0, ϕ̄+ ς],

b̄ ≡ sup
ϕ

bϕ < µ and b ≡ inf
ϕ
bϕ > −(2− µ),

and let ρ ≡ max
{
|1− µ+ b̄|, |1− µ+ b|

}
∈ [0, 1).

(i) (Exact dormant point.) If x0 = 0 and ϕ0, π0 ≤ ϕ̄, then xt = 0, It = 0, πt = π0, and
nR,t = nM,t = 1 for all t, almost surely; moreover ϕt → π0 if λ < 1, while ϕt ≡ ϕ0 if λ = 1.
In either case, wrong beliefs are never corrected, regardless of the truth.

(ii) (Near-dormant states.) If |x0| ≤ δ̄ and ϕ0, π0 ≤ ϕ̄, then there is an event G(x0) with
P(G(x0)) ≥ 1−C|x0|/ς such that on G(x0): |xt| ≤ ρt|x0|; total signal information is finite,∑

t It ≤ I0/(1 − ρ2); the social credence converges, πt → π∞, with E|π∞ − π0| ≤ C|x0|;
cumulative selection is finite; and ϕt converges, with ϕt → π∞ when λ < 1. Consequently,
with probability at least 1− C|x0|/ϵ, the limiting credence is within ϵ of its initial value.
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(iii) (Generic case: divergent escape time.) If ν ̸= 0, the population gap converges to a
neighborhood of x∗ = ν/(µ− b̄), where learning operates at rate I(x∗) ∝ x∗2 and selection
at rate ∝ |x∗|. For any target credence or share gap, the expected escape time satisfies

E[T esc] ≥ gap
λ a1|x∗|+ (1− λ) a2 x∗2

= Ω
(
|ν|−1

)
as ν → 0,

with constants a1, a2 given in Appendix A; if ν < 0, selection actively pushes ϕt down and
escape relies on learning alone, giving E[T esc] = Ω(ν−2).

The proof is in Appendix A. In plain terms, an economy parked at the reference produces
data consistent with both worldviews, so the social credence cannot move; and because both types
choose the same fertility there, the composition of the population cannot move either. The trap
maintains itself: stagnant population keeps the gap closed, the closed gap keeps the data silent and
the fertility differential dormant, and silent data with a dormant differential keep the population
stagnant. The result is substantially stronger than a slow-learning bound, for a structural reason.
In a benchmark where optimists always out-reproduce pessimists, demographic selection provides
an escape channel that requires no information. Here, Proposition 1 shows the fertility differential
itself is proportional to the distance from the trap point, so both escape engines are functions of
|xt|, and stagnation switches both off. Three further observations sharpen the economics.

Pessimism entrenches; optimism destabilizes. Because bϕ rises with θ̄ϕ, the trap’s stability is
a property of the belief distribution, not only of the technology. A Malthusian-majority society at
the reference is doubly trapped: signals are silent, and the pessimist thermostat actively corrects
any excursion that would have generated evidence.

The deepening spiral when ν < 0. If fertility at the dormant point is below replacement, the
quasi-steady gap x∗ is negative: population drifts below the reference, where by Proposition 1(iii)
Malthusians are the high-fertility type. In a Romerian world, demographic selection then actively
spreads the false belief. And as θ̄ϕ falls, bϕ falls, |x∗| = |ν|/(µ − bϕ) shrinks, and the signals get
quieter. Pessimism therefore becomes self-reinforcing: it lowers the distance from the reference
and weakens the evidence that could overturn it. Section 6 reads the modern fertility decline
through this lens.

Endogenous escape when ν > 0. If fertility at the dormant point exceeds replacement, x∗ > 0:
selection slowly favors Romerians, θ̄ϕ drifts up, and once bϕ crosses µ the trap loses stability.
Population growth and optimism then feed each other, xt exits the uninformative region, and
learning takes over. The escape is self-cementing: along the ensuing growth path, xt → ln n̄/µ > 0
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permanently, so the data remain informative forever and the truth is locked in (Theorem 2). The
trap, in other words, is metastable from above and absorbing from below. Figure 7 collects the
geometry: panel (a) shows the linearized gap dynamics under the three belief regimes, and panel
(b) maps the trap’s regimes in the space of average optimism and the stagnation gap.

45◦

bϕ < 0

0 < bϕ < µ
bϕ > µ

dormant point

xt

xt+1

(a) Linearized gap dynamics, xt+1 = (1−µ+bϕ)xt

θ̄ϕ

ν
bϕ = µ

0

metastable trap:
slow selection escape,
E[T esc] = Ω(ν−1)

deepening spiral:
selection spreads pessimism,

E[T esc] = Ω(ν−2)

trap unstable:
self-cementing

escape to growth

(b) Trap regimes in (θ̄ϕ, ν) space

Figure 7. The Dormant Trap: Local Stability and Regimes (Theorem 1)
Notes: Panel (a) plots the linearized law of motion (23) with ν = 0 against the 45◦ line for three belief regimes.
Under a Malthusian majority (bϕ < 0, solid), the demographic thermostat actively pulls the gap back to the
dormant point; under moderate optimism (0 < bϕ < µ, dashed), the dormant point remains stable because
the knowledge stock catches up faster than belief-driven fertility widens the gap; once optimism is widespread
enough that bϕ > µ (dash-dotted), the dormant point is unstable and any excursion is amplified. Panel (b) maps
the regimes of Theorem 1 in the space of average optimism θ̄ϕ and the stagnation gap ν = n0 − 1. Left of the
destabilization threshold (θ̄ϕ ≈ 1.1 at baseline, Table 9), the trap is locally stable: with ν > 0 it is metastable,
escaped slowly by selection with expected escape time Ω(ν−1); with ν < 0 selection favors Malthusians, the
false belief spreads while signals get quieter, and escape relies on learning alone, Ω(ν−2). Right of the threshold,
population growth and optimism feed each other and the escape is self-cementing (Theorem 2).

5.4 Dynamics in a Romerian World, Conditional on Escape

Theorem 2 (Conditional Convergence in Romerian Worlds). Suppose θ∗ = θR, Assumption 1
holds, and either λ < 1 or λ = 1 with ϕ0 > 0. On the event Eϵ = {lim inft n̄t ≥ 1 + ϵ} for some
ϵ > 0: (i) lim inft xt ≥ ln(1 + ϵ)/µ > 0, so It is bounded below eventually and

∑
t It = ∞; (ii)

πt → 1 almost surely; (iii) ϕt → 1 almost surely; (iv) aggregate fertility converges to the Romerian
balanced-growth level and gt → ḡ + θR ln n̄∞/µ.

The theorem says that once the population grows persistently, the truth wins: sustained growth
keeps the gap open, the data speak clearly, the social credence converges to the true model, and
selection and socialization carry the population composition with it. The conditioning matters,
however. Theorem 1 shows its complement has positive probability, and indeed probability one
from deep inside the trap. The contrast with a framework in which selection always favors optimists
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is instructive: there, convergence to the truth would be almost sure and only slow; here, under semi-
endogenous dynamics with state-dependent selection, the truth is guaranteed to emerge only along
paths that generate evidence, and whether such paths occur is itself equilibrium-determined.

5.5 Synthesis: The Asymmetry of Wrong Beliefs

Table 5. Pathologies from Wrong Beliefs

Malthusian World (θ∗ < 0) Romerian World (θ∗ > 0)

Wrong belief Romerian (θR > 0) Malthusian (θM < 0)
Selection (x > 0) Favors Romerians (incorrect) Favors Romerians (correct)
Selection (x < 0) Favors Malthusians (correct) Favors Malthusians (incorrect)
Learning Favors truth, ∝ x2 Favors truth, ∝ x2

At the reference Both forces dormant; beliefs frozen
Pathology Boom-bust cycles Absorbing stagnation trap
Long-run outcome State-dependent recurrence Truth iff escape occurs

Wrong beliefs are always costly, but the geometry of the cost differs. Pessimism in a Romerian
world is self-protecting: it parks the economy where neither evidence nor selection can dislodge it,
and, if fertility sits below replacement, it rigs selection in its own favor. Optimism in a Malthusian
world is self-undermining: it generates exactly the population excursions that produce the evidence
of its falsity. Societies are thus more vulnerable to excessive optimism in terms of stability, and
more vulnerable to excessive pessimism in terms of stagnation, with the uncomfortable corollary
that stagnation, unlike volatility, may never announce its own error.

5.6 Robustness

Each maintained condition plays an identifiable role, and Appendix C catalogues what would break
if each were dropped, condition by condition. Two fragilities deserve emphasis in the text. First,
the absorbing character of the dormant trap is a genuinely semi-endogenous phenomenon: in
the strong-scale-effects limit µ → 0, the population gap becomes a random walk in fertility, the
reference is no longer an attractor of stagnation, and the trap reverts to a slow-learning region rather
than an absorbing set. Second, the preference regime matters: with σ > 1 (and ε > 1), all rankings
in Proposition 1 reverse, selection favors trajectory-pessimists, and the empirical belief–fertility
gradient should flip sign; the data reject this regime (Section 3.7).
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6 Demographic History Through the Model’s Lens

This section reads the demographic record from the Black Death to the present through the model,
and reads the model against the main accounts of that record in unified growth theory (Galor and
Weil, 2000; Galor, 2011; Hansen and Prescott, 2002) and in the economic history of ideas (Mokyr,
2002, 2016). The model is an organizing lens rather than a causal history, but the fit is informative
in both directions. The record supplies the two large excursions from the population reference
that the theory identifies as the informative episodes, namely the post-plague depopulation and the
modern population boom. The existing literatures, in turn, supply candidate mechanisms for the
one thing the baseline model leaves exogenous: shifts in the belief distribution ϕt that do not come
from Bayesian updating on demographic data.

6.1 The Black Death and the Self-Sealing Malthusian World

The pre-industrial economy is the best-documented case of a Malthusian world (θ∗ = θM ) governed
by Malthusian beliefs. Clark (2007) assembles English real wage series from 1209 onward showing
no trend gain in living standards over six centuries despite continuous technological change, the
signature of a binding land constraint. The Black Death of 1347–1351, which killed between a third
and half of Europe’s population, then ran the largest demographic experiment of the pre-modern
era: real wages roughly doubled in England and much of Western Europe over the following
decades and remained elevated for more than a century, before eroding as population recovered
(Clark, 2007; Pamuk, 2007).

In the model’s notation, the plague was a deep excursion into x < 0, where signal informative-
ness It ∝ x2t is high.13 At x < 0, the true Malthusian model predicts above-trend growth in living
standards, and the post-plague wage boom is exactly that realization, so Bayes’ rule (12) moves the
social credence sharply toward θM . On this account, the pessimism that Malthus (1798) would later
formalize was not a cognitive failure but the rational output of the data his world had generated;
the most dramatic demographic event in a millennium had vindicated the land-constraint model in
the most visible prices of the age. The recovery that followed is the thermostat at work. At x < 0,
Malthusians are the high-fertility type by Proposition 1(iii), so the repopulation of the fifteenth
and sixteenth centuries, which eventually undid the wage gains, was engineered by the pessimists
themselves. The model thereby reconciles two facts that a naive belief–fertility story cannot hold
together: hegemonic population pessimism and vigorous post-plague recovery.

Voigtländer and Voth (2013) argue that early modern Europe’s comparatively high incomes
rested on the “three horsemen” of war, urban disease, and the European Marriage Pattern, mecha-

13Mortality shocks are outside the law of motion (4); I treat them as unanticipated displacements of the state (xt, Nt),
after which the model’s dynamics resume.
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nisms that held population down within a still-Malthusian environment. Through the model’s lens,
this regime is a sustained, externally maintained excursion below the reference, and its epistemic
effect is to keep refreshing the evidence for pessimism: because the mechanism that raised living
standards operated through population suppression, it also kept vindicating θM . Every state the
pre-industrial economy visited therefore produced either silence, at the reference, or confirmation,
away from it. This is the self-sealing property: on the eve of the transition, four centuries of the
best available evidence pointed the wrong way about the world that was coming.

6.2 The Long Delay and the Escape

The central timing puzzle of unified growth theory is the gap between the availability of growth-
relevant knowledge and the demographic-economic takeoff. In Hansen and Prescott (2002), a less
land-intensive technology becomes profitable once usable knowledge crosses a threshold; in Galor
and Weil (2000), the interaction of population size and technological progress eventually raises the
return to human capital enough to trigger the quantity–quality switch. In both accounts, the deep
parameters shift well before the takeoff is visible. The present model adds a sharp statement about
why the shift is invisible: by (C1), a Romerian world and a Malthusian world are observationally
identical at the population reference. An economy sitting at x ≈ 0 with ϕ ≈ 0 when the true scale
effect turns favorable is in precisely the absorbing configuration of Theorem 1. The delay is not
slow learning but no learning, and its expected length is governed by the stagnation gap ν, diverging
at rate ν−1 as fertility at the dormant point approaches replacement.

The model offers two escape channels, and each has a counterpart in the historical literature.
The first is compositional. In the metastable case ν > 0, the small quasi-steady gap x∗ > 0 makes
demographic selection favor optimists at a rate proportional to |x∗|, slowly tilting ϕt until average
optimism crosses the threshold bϕ > µ and the escape becomes self-cementing. This mechanism
is a deliberate epistemic cousin of Galor and Moav (2002), in which natural selection over quality
preferences during the Malthusian era gradually raises the population share of high-investment
lineages until the transition is triggered from within. In both theories the Malthusian regime sows
its own demise through differential reproduction; the difference is what is being selected. In Galor
and Moav it is preferences over child quality, here it is beliefs about what population growth does,
and the two are complements rather than rivals, since selection on beliefs can operate alongside
selection on preferences and both predict that demography moves before the productivity data
visibly confirm the new regime. The acceleration of English and European population growth over
the eighteenth century, ahead of clearly modern rates of productivity growth, is consistent with
either compositional story.

The second channel is an exogenous shift in ϕt itself, and here the model connects to Mokyr
(2016). Mokyr’s account of the Industrial Enlightenment is, at bottom, a theory of belief change that
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did not run through macroeconomic data: a cultural evolution among European elites, propagated
through the Republic of Letters, that replaced the presumption of a static world with a presumption
of improvability, before any national accounts could have confirmed that presumption. In the
model’s terms, this is a shock to the belief distribution arriving while the economy still sits in the
uninformative region, exactly the object that Theorem 1 identifies as capable of springing the trap
when data cannot. The model thus gives Mokyr’s cultural mechanism a precise structural role:
ideas mattered most when evidence was structurally unavailable, and the value of the new optimism
lay not only in what it asserted but in the demographic and economic expansion it catalyzed, which
finally moved xt into the region where the data could speak. Once there, Theorem 2 implies the
escape is self-cementing, which matches the one-way character of the transition: takeoff has been
rare, late, and, once achieved, permanent.

6.3 The Demographic Transition and the Modern Boom

The demographic transition, the sustained fall in fertility beginning in Western Europe in the late
nineteenth century, is the pivot of unified growth theory, and the leading explanations run through
the quantity–quality tradeoff and the rising return to human capital (Becker, 1960; Galor and Weil,
2000; Galor, 2012), the decline in child mortality, and the rising opportunity cost of women’s
time (Doepke and Zilibotti, 2019; Doepke et al., 2023). The model does not compete with these
accounts of the transition’s onset; scale beliefs are one argument of fertility choice, not the whole of
it. What the model adds is an account of the transition’s informational byproduct. The population
boom that preceded and accompanied the transition, and above all the global boom of the twentieth
century, held xt far above the reference for decades. By (23), this was the longest sustained visit
to the informative region in recorded history, and the realizations observed there were, for most
of the century, extraordinary: the fastest income growth ever recorded coinciding with the fastest
population growth ever recorded. Bayes’ rule read this as powerful evidence for θR, and the middle
of the twentieth century was accordingly the high-water mark of measured optimism about progress.

The same logic dates the origins of the current pessimism. The productivity slowdown after
1970 arrived while the population gap was still wide open, which is precisely the configuration in
which disappointing growth is most damaging to Romerian credence. The overpopulation literature
of the same era (Ehrlich, 1968; Meadows et al., 1972) supplied a ready alternative model, and the
evidence of Bloom et al. (2020) that ideas have become harder to find gives the pessimistic reading
contemporary empirical content. Whether the resulting fall in πt constitutes correct learning or
the beginning of a mistaken spiral is exactly the question the next subsection poses; the point
here is that the model locates the informative episode correctly. On its account, today’s beliefs
about population were forged in the twentieth century’s own demographic experiment, just as early
modern pessimism was forged in the aftermath of the plague.
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6.4 The Modern Fertility Decline: Three Readings and How to Separate Them

Fertility is below replacement across the developed world and falling rapidly elsewhere (Doepke et
al., 2023; Jones, 2022). The model admits three readings of the decline, corresponding to different
configurations of (θ∗, ϕt, xt), and they carry different observable signatures.

Trap entry. On the first reading, the truth is Romerian but pessimism is spreading through
cultural transmission, with late twentieth-century overpopulation narratives and contemporary
climate anxiety as vectors (Baldauf et al., 2020; Bakkensen et al., 2025). While population is still
perceived as growing, Malthusians are the low-fertility type by Proposition 1(i), the sign found
in the GSS. As aggregate fertility falls through replacement, however, the economy enters the
deepening spiral of Section 5.3: xt drifts below the reference, selection begins to favor pessimists,
and the signals grow quieter as the gap shrinks. If this reading is right, the world is running the
eighteenth century’s transition in reverse, entering the dormant trap rather than escaping it, and
Jones (2022) has characterized the resulting “Empty Planet” path, in which a shrinking population
starves idea production, as the central growth risk of the coming century. The reading’s signatures:
belief revisions should increasingly decouple from macroeconomic news and track narratives as
It → 0; the belief–fertility gradient should attenuate and ultimately reverse where depopulation
becomes the salient trajectory, the out-of-sample prediction of Section 3.7; and the decline should
be self-reinforcing rather than self-limiting.

Correct learning. On the second reading, the truth itself has deteriorated, whether because
ideas are harder to find (Bloom et al., 2020) or because environmental constraints now bind, and
Section 6.3’s dating implies that current pessimism is the rational residue of evidence generated
while the twentieth-century population gap was open. The signatures invert the first reading’s:
belief revisions should track productivity and innovation news, the gradient should be strongest
among the best-informed, and fertility should stabilize once beliefs align with the new truth rather
than spiral.

Orthogonal forces. Finally, the decline may be dominated by the quantity–quality margin and
the other forces at the center of the demographic transition literature (Becker, 1960; Galor and
Weil, 2000; Doepke and Zilibotti, 2019), with scale beliefs epiphenomenal. Under a strong version
of this reading, belief measures should not predict fertility conditional on socioeconomic controls.
The survival of the GSS gradient under those controls weighs against the strong version, though
not against quantity–quality as the principal driver of the level of the decline; the belief channel is
a complement here, not a rival.
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The three readings disagree about the information content of today’s data, and panel evidence
linking belief revisions to macroeconomic versus narrative shocks would separate them. They
share one implication, however, and it is the model’s uncomfortable contribution to the debate. As
fertility converges toward replacement from either direction, the population gap closes and the data
go silent. Whichever reading is correct, the window in which evidence can adjudicate is closing as
the decline proceeds. The history recounted above suggests what tends to fill such windows: after
the plague, it was the wage data that spoke; on the eve of the takeoff, when the data were silent, it
was Mokyr’s cultural entrepreneurs. The planner’s dilemma of Section 7 is the modern version of
that predicament, and it is why separating the readings is urgent rather than merely interesting.

7 Policy: Welfare Criteria and the Value of Public Information

I now analyze the welfare effects of public announcements about the scale-effect parameter θ.
The analysis combines an information-provision channel that operates throughout the state space,
a selection-shifting channel inside the static multiplicity region (Appendix B), and, new to this
framework, an expectation-coordination channel at the reference, where the announcement can
select between stagnation and self-fulfilling growth. Formal statements and proofs of the welfare
results are collected in Appendix D; the text develops the economics.

7.1 Welfare Criteria with Endogenous Population

Evaluating welfare when fertility is a choice variable raises fundamental conceptual issues, because
the set of people who exist depends on policy.

Dynastic Welfare.

W dyn = ϕ0VR(A0, x0, ϕ0, π0) + (1− ϕ0)VM(A0, x0, ϕ0, π0), (25)

closely related to the P-efficiency concept of Golosov et al. (2007).

Total Utilitarian Welfare.

W tot = E∗

[
∞∑
t=0

βtNt · u(ct)

]
, (26)

well-defined under βκσ n̄ < 1 at the relevant equilibrium.
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Average utilitarian benchmark.

W avg = E∗

[
∞∑
t=0

βtu(ct)

]
. (27)

The criteria span a substantively distinct normative spectrum. Beyond the familiar contrast,
the Barro–Becker structure adds a new wedge: the total utilitarian planner weights descendants
linearly in numbers, while dynasties weight them by n1−ε. This “head-counting wedge” exists even
under correct common beliefs and zero scale effects, and the welfare decomposition below makes
it explicit.

7.2 The First-Best Allocation and Welfare Decomposition

A planner who knows θ∗ and chooses a symmetric fertility path under W tot solves a Bellman
problem whose structure parallels the household’s; the derivation is in Appendix D. The planner’s
first-order condition (35) differs from the household condition (17) in two wedges. The first is a
scale-externality wedge βκσξP : the planner internalizes that aggregate fertility moves the future
population gap, which no atomistic household does, and the sign of this wedge is the sign of θ∗. The
second is a head-counting wedge arising from the planner’s linear-in-n weighting of descendants
against the household’s dynastic (1− ε)n−ε factor; it is positive and belief-independent.

Proposition 4 (First-Best vs. Decentralized Fertility). In a Romerian world (θ∗ > 0): (i) nFB >

nCB, where nCB is the common-correct-belief decentralized fertility; (ii) at any state with X > 0,
nFB > nCB > n∗

M . In a Malthusian world, the externality component reverses sign while the
head-counting component does not; nFB < nCB whenever the scale externality dominates the
head-counting wedge, with the explicit condition in Appendix D.

In words, the proposition says that in a Romerian world even a population of fully informed
households would have too few children, for two reinforcing reasons: no household internalizes
its children’s contribution to future ideas, and dynastic parents discount the sheer number of
descendants in a way a head-counting planner does not. In a Malthusian world the two motives pull
in opposite directions, since the externality now argues for fewer children while the head-counting
motive still argues for more, and which one wins is a quantitative question.

How costly are wrong and dispersed beliefs, and what can an announcement do about them?
Proposition 9, stated and proved in Appendix D, decomposes the welfare gap between the first
best and the heterogeneous-beliefs equilibrium, to second order, into four components with plain
readings: a head-counting component ∆0, the loss from parents valuing the number of descen-
dants less than a head-counting planner does; an externality component ∆1, the classic loss from
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households ignoring their children’s effect on the aggregate; a mean-bias component ∆2, the loss
from the average belief being wrong; and a dispersion component ∆3, the loss from belief disper-
sion inducing fertility dispersion across households. In a Romerian world with pessimistic mean
bias—the empirically relevant configuration documented in Section 3—all four components are
nonnegative. Public announcements can reduce ∆2 and ∆3 but cannot address ∆0 or ∆1 without
additional instruments. Notably, the dispersion component is itself state-dependent: by Propo-
sition 1, belief dispersion translates into fertility dispersion in proportion to |Xt|, so the welfare
cost of disagreement vanishes at the reference. Disagreement is costless exactly where it is also
incorrigible.

7.3 The Planner’s Announcement Problem: Three Channels

The planner observes θ̂ = θ∗+νp, νp ∼ N (0, σ2
ν), and publicly releases z = µa+ν̃, ν̃ ∼ N (0, τ−1

A ).

Assumption 5 (Announcement Credibility). Households treat the announcement as a Gaussian
signal with precision τA > 0; τA → ∞ implies full adoption, τA → 0 implies the announcement is
ignored.

(1) Information provision. The announcement enters the social updating rule (12) as an
additional public signal, shifting πpost

t and, through (14), the recruitment of the next generation.
Existing types are unchanged; the policy operates through socialization, biting with a one-generation
lag.

(2) Static selection-shifting. In the multiplicity region of Theorem 3(iii) (Appendix B), the
announcement moves the risk-dominant cutoff ϕrd.

(3) Expectation coordination. Near the reference, when b̂(ϕ) is at or above one (Proposition 7),
the announcement serves as a public coordinating device between stagnation and growth expec-
tations. This is the closest formal analogue of forward guidance: the planner does not change
the technology or the price of children, but selects which self-consistent expectation of aggregate
fertility prevails. Even when b̂(ϕ) < 1 and expectations are determinate, an announcement that
raises expected n̄ raises Xt, which by Proposition 1 activates the dormant fertility differential
and re-engages demographic selection, an effect with no counterpart in models where the fertility
ranking is state-independent.

7.4 Optimal Announcement under Different Criteria

The benchmark is the dynastic criterion, which respects households’ own beliefs. Under it, the
optimal announcement is truthful in expectation and maximally informative (Theorem 5, stated and
proved in Appendix D). The intuition is that each type expects a truthful, precise announcement
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to vindicate its own worldview, so both types welcome informativeness, while any bias helps one
type exactly insofar as it hurts the other. Truth-telling is the only policy that no household, judged
by its own lights, would object to.

The utilitarian criteria break this neutrality, because the planner is now trying to close the
fertility wedges of Proposition 4 with the only instrument it has. Theorem 6, stated and proved in
Appendix D, characterizes the optimum underW tot in a Romerian world withX0 ≥ 0: the optimal
announcement is the planner’s best estimate tilted by an optimism shade, µtot

a = θ̂ + χtot with
χtot > 0 whenever the combined wedge ∆0 +∆1 is positive. The comparative statics are intuitive.
The shade increases with the size of the fertility wedge the planner is trying to close, hence with
|θ∗| and, holding the announcement’s pass-through to fertility fixed, with the population gap; it
decreases with the cost of eroding credibility; and it is hump-shaped in the pass-through itself—
when words barely move behavior, shading is pointless, and when they move behavior powerfully,
a small tilt suffices. In a Malthusian world the externality component of the shade reverses sign
while the head-counting component does not, so the shade turns pessimistic only when the scale
externality dominates.

The optimism shade arises because the utilitarian planner is trying to use the only instrument
it has, namely beliefs, to close fertility gaps it cannot tax or subsidize away. In a Romerian
world decentralized fertility is too low for the two reasons identified in Proposition 4, so tilting
the announcement toward optimism raises fertility toward the first best. The optimal tilt balances
this gain against the cost of eroding credibility, which is why the shade scales with the size of the
wedges and with how strongly announcements pass through to fertility.

The average utilitarian planner shades in the same direction but by less (Corollary 2, Ap-
pendix D): it values the future only through per-capita utility, so it internalizes the scale externality,
since more people raise everyone’s productivity, but attaches no value to the number of people
enjoying it. In a Romerian world the announcements are therefore ordered µdyn

a = θ̂ < µavg
a < µtot

a

(Corollary 3). Inside the static multiplicity region there is a further selection-shifting shadeχsel > 0,
non-monotone in ϕ and peaking near the risk-dominant cutoff, where a slightly more optimistic
announcement can tip the economy from the low-fertility to the high-fertility equilibrium, a discrete
welfare gain (Proposition 10, Appendix D). Table 7 in Appendix D summarizes the comparison of
decentralized and planner allocations across welfare criteria.

7.5 Announcements in the Dormant Trap and the Planner’s Dilemma

In the dormant trap, the structure of Theorem 1 gives announcements a unique status: since∑
t It <∞, the cumulative information content of all future data is bounded, and for deep trap states

it is negligible. The announcement then becomes the only force that can move the social credence,
rather than merely a supplement to learning. Appendix D (Proposition 11) shows the expected value
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of a truthful announcement in the trap takes the form V trap = P esc∆W esc − P deepen∆W deepen,
with a moderate precision threshold above which V trap > 0: because ∆W esc reflects escape from
permanent stagnation (not merely accelerated convergence), the threshold is lower than in the
corresponding slow-trap analysis.

Moreover, the announcement operates doubly: it shifts π directly, and by raising expected
n̄ it raises X , reactivating selection. By contrast, in a Malthusian world with cycles, the value
of announcement comes from reducing dispersion and dampening oscillations, partially offset by
adjustment costs (Proposition 12); the required precision threshold is higher.

Remark 2 (The Planner’s Dilemma, Sharpened). Public information is most valuable in the
dormant trap, where it is the sole engine of belief change and can avert permanent stagnation. But
the trap silences the planner’s own sources: the historical signals that inform θ̂ carry finite total
information, so the planner’s signal precision is endogenously low exactly where the announcement
matters most. The planner must speak loudest where it knows least.

This dilemma is distinct from Morris and Shin (2002), where the concern is that public in-
formation may be too influential; here, the planner may have nothing well-founded to say when
saying something is most consequential. Two mitigating forces help. First, heterogeneity dampens
over-coordination: Romerians amplify a public signal while Malthusians absorb it, lowering the
precision threshold for beneficial announcement in mixed populations. This is the same stabilizing
role of pessimists noted in Section 4, now operating on the policy margin. Second, in the trap,
even an announcement based on weak evidence has option value if it pushes the economy into the
informative region: the announcement need not be right, only informative enough to generate states
in which the data can subsequently adjudicate. This “epistemic pump-priming” rationale has no
analogue when learning is always active, and it is the model’s most distinctive policy implication.

7.6 Policy Implications

The communication policy analyzed here is an unconventional family policy: it shapes beliefs
about the long-run productivity consequences of population rather than the price of children, and
its closest analogue is the Delphic forward guidance studied in the central-bank communication
literature (Eggertsson and Woodford, 2003; Woodford, 2005; Blinder et al., 2008; Campbell et al.,
2012). As in monetary communication, credibility (τA) is essential, and optimal communication
can depart from naive truth-telling once externalities are present. The model yields four practical
lessons.

When to speak. Near the dormant trap, even a moderately imprecise signal may be worth
announcing. Data will not do the planner’s work there, and the downside of imperfect speech is
bounded while the upside includes averting permanent stagnation.
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What to say. The welfare criterion is decisive. A dynastic planner should tell the truth; in
the model, a total utilitarian planner has an incentive to shade communication toward optimism in
Romerian worlds, with the magnitude scaling in the externality, the population gap, and credibility.

What the announcement does. Near the reference, its primary effect is catalytic rather than
informational, since raising expected aggregate fertility activates the dormant differential and
restarts both selection and learning. Near the multiplicity cutoffs, it selects equilibria. Far above
the reference in a Malthusian world, its timing matters, with announcements during expansions
accelerating learning and damping the coming crisis.14

The epistemic lesson. Credibility is a stock, built in normal times and spent in the trap. Because
the trap starves the planner of evidence, acknowledging uncertainty, while still acting to generate
informative states, may be the most honest and ultimately most credible policy.

8 Conclusion

This paper develops an overlapping-generations framework in which households disagree about the
long-run economic consequences of population, and traces the implications of that disagreement
for fertility, growth, and learning. Households remain atomistic throughout: what they disagree
about is the slope of an aggregate relationship, and through it, their forecasts of the world they are
bringing children into.

The framework’s central object is a state-dependent fertility ranking: growth optimists out-
reproduce pessimists only when the expected population path lies above the knowledge-consistent
reference; at the reference the ranking dissolves exactly, and below it the ranking inverts. From this
single result flow the paper’s main findings. In Romerian worlds, stagnation can be permanently
absorbing: at the reference, signals are silent and the fertility differential is dormant, so neither
learning nor demographic selection operates, and wrong beliefs can survive forever—the error hides
its own evidence—until an endogenous, self-cementing escape triggered by above-replacement
fertility at the dormant point. In Malthusian worlds, selection favors trajectory-optimists rather
than any fixed camp, producing boom-bust cycles in which busts are reinforced by selection and
recoveries are engineered by the pessimists’ own thermostat behavior. The empirical evidence from
the GSS, a robust negative gradient between Malthusian beliefs and fertility in a context where
the population path was salient and growing, is consistent with the model’s conditional prediction
and pins down the preference regime on which the dynamics rest. That evidence is asked to carry
a precise and limited load: together with the quasi-experimental evidence that Malthusian ideas
durably alter high-stakes behavior, it validates the belief-to-fertility arrow at the base of the feedback

14A related time-inconsistency problem, in which anticipated ex-post pronatalist support during fertility crises
amplifies cycle dynamics in the manner of bailout policies, is discussed in Appendix E.
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loop—not the historical superstructure built upon it.
The reading of history that emerges is a theory of transition risk. The model takes the Malthusian

forces that governed pre-industrial wages, population, and mortality as given, and adds a belief
channel to the escape from that world. Pessimism can delay takeoff long after scale effects have
turned favorable: low fertility holds the population gap at the uninformative reference, so the data
never announce that the world has changed. Optimism creates the mirror danger. If congestion
or environmental constraints turn the true scale effect negative while Romerian beliefs remain
widespread, fertility overshoots and the correction arrives as a crisis. The modern fertility decline
admits the same competing readings: drift toward an informational trap, rational learning about
weaker scale effects, or a quantity–quality adjustment with beliefs on the sidelines. These readings
carry different policy implications, and the model identifies the evidence that would separate them,
namely whether belief revisions track cultural narratives or news about productivity, innovation,
and constraints.

Many extensions remain: formal analysis of limit cycles in the Malthusian regime, causal
identification of the belief–fertility link and of its predicted reversal in depopulating contexts,
integration with the quantity–quality margin, a reputational microfoundation for credibility, and
a quantitative implementation that could adjudicate between the dual readings of both past and
present. These are exciting avenues for future research.
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Pamuk, Şevket, “The Black Death and the Origins of the ‘Great Divergence’ across Europe,
1300–1600,” European Review of Economic History, 2007, 11 (3), 289–317.

Robertson, Eric, “Economic Ideas and Policy Implementation: Evidence from Malthusian Training
in British Indian Bureaucracy,” 2025.

Romer, Paul M, “Endogenous Technological Change,” Journal of Political Economy, 1990, 98 (5,
Part 2), S71–S102.
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A Proofs and Auxiliary Theoretical Results

A note on the appendix proofs

Throughout, the laws of motion are (3) and (4) with g(·; θ) satisfying Assumption 1; θ̃j ≡
∂g(0; θj)/∂x (= θj in the leading case), with θ̃R > 0 > θ̃M by (C4). The signal divergence is
It = [g(xt; θR)−g(xt; θM)]2/(2σ2

η), vanishing continuously at xt = 0 by (C1)–(C2) and unbounded
as |xt| → ∞ by (C3). The Bayes-rule calculations for πt and the log-odds Lt ≡ ln[(1− πt)/πt] are
exact; the value-function expansion is first order in (x, ln n̄e) around the dormant point (0, 1), and
statements involving it hold to that order. The strategic-interaction results (Propositions 6 and 7,
Theorems 3 and 4) are stated and proved together in Appendix B; the welfare statements and proofs
are collected in Appendix D.

Three maintained regularity conditions are used. (D) Local determinacy of household fertility:
the fixed-point equation (29) has a unique root n0 ∈ (0, nmax), and H ′(n0) > 0. A sufficient global
condition is H ′(n) > 0 for all n ∈ (0, nmax). (DP ) Local determinacy of planner fertility: the
planner’s first-order condition has a locally unique root with positive slope of marginal cost minus
marginal benefit. (G) Global single-crossing: extending (C3)–(C4) to the exact value function,
type-j fertility is monotone in the discounted gap forecast with the limits nR → nmax, nM → 0 as
X → +∞ (and conversely). Condition (G) is used only for the global multiplicity and selection
statements (Appendix B) and for the global fertility ranking nR ≷ nM as X ≷ 0 away from the
reference.

The baseline trap calibration imposes n0 = 1, equivalently

β = β† =
γ

κσ [γ + (1− ε)u(1− ψσ(1))]
,

so that (x, n̄) = (0, 1) is an invariant dormant point. This normalization matches the empirical fact
that net pre-industrial population growth was close to zero.

A.1 The time-cost identity

Under (7), write B(n) ≡ 1− (1− σ)γ
2
n2, so 1− ψσ(n) = B1/(1−σ). Then

ψ′
σ(n) = − 1

1−σ
B

1
1−σ

−1 ·
(
−(1− σ)γn

)
= γnB

σ
1−σ , (1− ψσ)

−σ = B− σ
1−σ ,

so (1−ψσ(n))
−σψ′

σ(n) = γn exactly. Two further exact identities used repeatedly: u(1−ψσ(n)) =

B(n)/(1− σ) and d
dn
u(1− ψσ(n)) = −γn.
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A.2 Proof of Lemma 1

Step 1: Homogeneity. Substituting c = A(1 − ψσ(n)) into (15), every term scales with A1−σ

provided the continuation does; under (3),

Ej

[
A′1−σ

]
= A1−σ exp

{
(1− σ)g(x; θj) +

1
2
(1− σ)2σ2

η

}
,

which to first order in x equals A1−σκσ
(
1 + (1 − σ)θ̃jx

)
. The conjecture (16) is therefore self-

consistent.

Step 2: Expansion of the continuation. With x′ = (1− µ)x+ ln n̄e,

Ej[V
′
j ]

A1−σ
= κσ

[
w̄j + ξj

(
(1− µ)x+ ln n̄e

)
+ (1− σ)θ̃jw̄j x

]
+O

(
∥(x, ln n̄e)∥2

)
. (28)

Step 3: Coefficient matching. Substituting (28) into (15) at the optimum n∗
j (locally constant by

the envelope theorem) and matching the constant and the x-coefficient, with δj ≡ βκσ(n
∗
j)

1−ε:

w̄j = u(1− ψσ(n
∗
j)) + δj

[
w̄j + ξj ln n̄

e
]
, ξj = δj

[
(1− µ)ξj + (1− σ)θ̃jw̄j

]
.

Solving the second equation yields ξj in (18); at n̄e = 1 the first gives w̄j = u∗j/(1 − δj). Since
σ < 1 implies u > 0, w̄j > 0, and sign(ξj) = sign(θ̃j). The boundedness condition gives δj < 1

on the feasible domain.

Step 4: The dormant fixed point. The FOC (17) at (x, n̄e) = (0, 1) reads

H(n) ≡ γn1+ε − β(1− ε)κσ u(1− ψσ(n))

1− βκσn1−ε
= 0, (29)

which is belief-free: no θj appears, so both types choose the same n0. Existence: H(0) =

−β(1−ε)κσ/(1−σ) < 0; as n ↑ nmax, u(1−ψσ(n)) = B(n)/(1−σ) → 0 while the denominator
stays bounded away from zero by the boundedness condition, so H(n−

max) = γn1+ε
max > 0; the

intermediate value theorem gives a root. Uniqueness is imposed by condition (D), or by the
sufficient global condition H ′(n) > 0 on (0, nmax). Under this condition the root is unique, and
local comparative statics are governed by m0 ≡ [H ′(n0)]−1 > 0.

Finally, imposing n0 = 1 pins down the baseline discount factor. Evaluating (29) at n = 1

gives

γ =
β(1− ε)κσu(1− ψσ(1))

1− βκσ
,
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hence
β† =

γ

κσ [γ + (1− ε)u(1− ψσ(1))]
.

At the baseline values this gives β† ≃ 0.22. The second-order condition for the household problem
holds locally by (D): marginal cost crosses marginal benefit from below at the root. □

A.3 Proof of Lemma 2

Iterating (4) with constant ln n̄e: xt+k = (1− µ)kxt + ln n̄e 1−(1−µ)k

µ
. Then

∑
k≥0

δkxt+k =
xt

1− δ(1− µ)
+
ln n̄e

µ

[ 1

1− δ
− 1

1− δ(1− µ)

]
=

xt
1− δ(1− µ)

+
δ ln n̄e

(1− δ)(1− δ(1− µ))
,

using 1
1−δ

− 1
1−δ(1−µ)

= δµ
(1−δ)(1−δ(1−µ))

. This is (20). In steady state ln n̄ = µx∗, so X∗ =

x∗
[
1 + δµ

1−δ

]
/(1− δ(1− µ)) = x∗/(1− δ). □

A.4 Proof of Proposition 1

Write the FOC as γn1+ε
j = Rj(nj; x, ln n̄

e) with

Rj = β(1−ε)κσ
[
w̄j(nj, ln n̄

e)+ξj ln n̄
e+Ξjx

]
, Ξj ≡ (1−µ)ξj+(1−σ)θ̃jw̄j =

(1− σ)θ̃jw̄j

1− (1− µ)δj
,

where the last equality uses ξj = δjΞj from Lemma 1. By the implicit function theorem, with
m0 ≡ [H ′(n0)]−1 > 0 under (D),

∂nj

∂x

∣∣∣
0
= m0 β(1−ε)κσ Ξ0

j ,
∂nj

∂ ln n̄e

∣∣∣
0
= m0 β(1−ε)κσ

[
ξj+

∂w̄j

∂ ln n̄e

]
= m0 β(1−ε)κσ

ξj
1− δ0

,

where the constant equation gives ∂w̄j/∂ ln n̄
e = δjξj/(1− δj) by the envelope theorem (holding

nj). Because the dormant fixed point (29) is belief-free, all coefficients evaluated at (0, 1) are
common across types except through θ̃j: w̄0

R = w̄0
M = w̄0, δ0R = δ0M = δ0, m0

R = m0
M = m0.

Hence, using ξj = δ0Ξ0
j ,

nj − n0 = m0β(1− ε)κσ Ξ
0
j

[
x+

δ0 ln n̄e

1− δ0

]
+O(2) = m0β(1− ε)κσ (1− σ)θ̃jw̄

0X +O(2),

where the second equality uses Lemma 2. Differencing across types yields (21) with K =

m0β(1−ε)κσ > 0. The identity (1−σ)w̄0 = (1−σ)u0/(1−δ0) = (1−ψσ(n
0))1−σ/(1−δ0) > 0

follows from u(z) = z1−σ/(1 − σ). Cases (i)–(iii) follow from the sign of X . For the reversed
regime (Remark 1): with σ > 1 and ε > 1 (required so that βn1−εEj[V

′], with Ej[V
′] < 0, is

52



increasing in n), the factor (1−ε) inK is negative and (1−σ)w̄0 = (1−ψ0)1−σ/(1−δ0) > 0 still,
so the product K(1 − σ)(θ̃R − θ̃M)w̄0 flips sign through K, reversing the ranking; equivalently,
growth optimism lowers the (negative) magnitude of Ej[V

′], and with marginal benefit increasing
in n the optimum falls. □

A.5 Proof of Proposition 2

Immediate from ϕbirth − ϕ = ϕ(1 − ϕ)(nR − nM)/n̄ and Proposition 1: the sign is that of
(1− σ)Xt, and |ϕbirth − ϕ| ≤ 1

4
K(1− σ)(θ̃R − θ̃M)w̄0|Xt|/nlo ≡ Csel|Xt| using ϕ(1− ϕ) ≤ 1/4

and n̄ ≥ nlo > 0 on the relevant domain. □

A.6 Exact log-odds dynamics

For any g satisfying Assumption 1, Bayes’ rule (12) with Gaussian likelihoods gives the exact
increment

Lt+1 − Lt = −∆gt
σ2
η

[
st − 1

2

(
g(xt; θR) + g(xt; θM)

)]
, ∆gt ≡ g(xt; θR)− g(xt; θM). (30)

Under truth θ∗ = θR,

E[∆Lt | Ft] = −It, Var(∆Lt | Ft) = 2It,

and under truth θ∗ = θM ,

E[∆Lt | Ft] = +It, Var(∆Lt | Ft) = 2It.

Since π(L) = (1 + eL)−1, π′(L) = −π(1 − π) and π′′(L) = π(1 − π)(1 − 2π). Therefore a
second-order Taylor expansion gives

EθR [∆πt | Ft] = 2πt(1− πt)
2It + o(It),

and
EθM [∆πt | Ft] = −2π2

t (1− πt)It + o(It).

Thus learning moves the social credence toward the truth at order It. Also, since π(L) is 1/4-
Lipschitz,

|∆πt| ≤
1

4
|∆Lt|, E|∆Lt| ≤ It +

√
2It.
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A.7 Proof of Theorem 1

Part (i): exact dormant point. Suppose x0 = 0 and n0 = 1. At x = 0, Assumption 1(C1) gives

g(0; θR) = g(0; θM),

so ∆g0 = 0 and the likelihood ratio is exactly one for every realization of the Gaussian shock.
Hence π1 = π0. Since n̄e = 1, Proposition 1 gives nR = nM = n0 = 1, so n̄0 = 1 and

x1 = (1− µ)x0 + ln n̄0 = 0.

The same argument applies inductively: xt = 0, It = 0, πt = π0, and nR,t = nM,t = 1 for all t.
Then ϕbirth

t = ϕt, and
ϕt+1 = λϕt + (1− λ)π0,

so ϕt → π0 if λ < 1, while ϕt = ϕ0 if λ = 1, exactly as stated. In either case beliefs are never
corrected by data. This proves the almost-sure exact-dormancy statement.

Part (ii): near-dormant states. Let ν = 0, let ϕ0, π0 ≤ ϕ̄, and let the uniform dormancy
condition hold: ρ ≡ max{|1 − µ + b̄|, |1 − µ + b|} < 1, where b̄ = supϕ≤ϕ̄+ς bϕ < µ and
b = infϕ≤ϕ̄+ς bϕ > −(2 − µ). Note that the one-sided condition b̄ < µ alone does not suffice: if
bϕ < −(2− µ), the linearized root 1− µ+ bϕ lies below −1 and the thermostat overshoots, so the
two-sided condition is the correct hypothesis. Define the stopping time

τ = inf{t : ϕt > ϕ̄+ ς}.

For t < τ , local determinacy and Proposition 1 imply

ln n̄t = bϕtxt +O(x2t ),

hence
xt+1 = (1− µ+ bϕt)xt +O(x2t ), |xt+1| ≤ ρ|xt|+ C0x

2
t .

Choose δ̄ > 0 small enough that ρ′ ≡ ρ + C0δ̄ < 1; to ease notation I continue to write ρ for ρ′.
Thus |xt| ≤ ρt|x0| up to τ . In the leading case,

It =
(θR − θM)2

2σ2
η

x2t ≤ I0ρ
2t,

54



so ∑
t<τ

It ≤
I0

1− ρ2
.

By the log-odds bounds,

∑
t<τ

E|∆πt| ≤
1

4

∑
t<τ

(
It +

√
2It

)
≤ C|x0|.

Hence πt has finite total variation on the no-exit event and converges to a limit π∞, with

E|π∞ − π0| ≤ C|x0|.

Similarly, Proposition 2 gives

|ϕbirth
t − ϕt| ≤ C|xt| ≤ Cρt|x0|,

so cumulative demographic selection is finite.
It remains to control the probability of exit. From (14),

ϕt+1 = λϕt + (1− λ)πt+1 + et, |et| = λ|ϕbirth
t − ϕt|.

The error sequence is summable on the contraction event. Since ϕ0, π0 ≤ ϕ̄ and ϕt+1 is a convex
combination of ϕt and πt+1 up to the summable errors, iterating gives

sup
t<τ

ϕt ≤ ϕ̄+ C|x0|+ sup
t<τ

|πt − π0|.

Using the preceding total-variation bound and Markov’s inequality,

P(τ <∞) ≤ C|x0|
ς

.

Let G(x0) = {τ = ∞}. Then

P(G(x0)) ≥ 1− C|x0|
ς

,

and all contraction, finite-information, finite-selection, and convergence conclusions hold on G(x0).
For the convergence of the share, note from (14) with summable et: if λ < 1, πt → π∞ forces
ϕt → π∞; if λ = 1, ϕt has summable increments and converges to a limit within C|x0| of ϕ0.
Finally,

P(|π∞ − π0| > ϵ) ≤ C|x0|
ϵ

.
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Part (iii): generic case. When ν ̸= 0, the linearized gap law is

xt+1 = (1− µ+ bϕt)xt + ν +O(x2t ).

For slowly moving ϕt, the quasi-steady gap is

x∗(ϕt) =
ν

µ− bϕt

.

Uniform dormancy gives |x∗| = O(|ν|). In that region, the selection drift is O(|x∗|) by Proposi-
tion 2, while the learning drift is O(x∗2) by the log-odds expansion. Thus the maximal favorable
drift toward an escape target is bounded by

D = λa1|x∗|+ (1− λ)a2x
∗2.

For any target distance denoted by “gap,” optional stopping applied to the compensated process
(using bounded increments) gives the standard drift lower bound for hitting times,

E[T esc] ≥ gap
D

= Ω(|ν|−1).

The martingale component of the belief dynamics does not alter these orders: the conditional
variance of the log-odds increments is 2It = O(x∗2), so by optional stopping applied toM2

t −⟨M⟩t,
traversing a fixed log-odds distance by fluctuation alone requires Ω(x∗−2) = Ω(ν−2) periods in
expectation; combining the drift and diffusion channels leaves the stated bounds unchanged. If
ν < 0, then x∗ < 0, so demographic selection favors Malthusians and pushes ϕt away from
Romerian escape. The favorable drift then comes only from learning, of order x∗2, and the
diffusion channel is of the same order, yielding

E[T esc] = Ω(ν−2).

□

A.8 Proof of Theorem 2

On Eϵ, there exists T (ω) such that n̄t ≥ 1 + ϵ for all t ≥ T . Iterating (4),

lim inf
t

xt ≥
ln(1 + ϵ)

µ
> 0.
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Because fertility is bounded above by nmax, xt is also bounded above eventually. Hence It is
bounded below by some c > 0 and above by some C <∞ for all large t.

Under θ∗ = θR, the log-odds process satisfies

Lt = LT −
t−1∑
s=T

Is +Mt,

whereMt is a martingale with quadratic variation bounded by 2C(t−T ). By the martingale strong
law, Mt/t → 0 almost surely. Since

∑t−1
s=T Is ≥ c(t − T ), we obtain Lt → −∞, hence πt → 1

almost surely.
If λ < 1, then

1− ϕt+1 ≤ λ(1− ϕt) + (1− λ)(1− πt+1),

because ϕbirth
t ≥ ϕt when Xt > 0; here the global ranking nR ≥ nM for Xt > 0 away from the

reference is guaranteed by condition (G), since the first-order expansion of Proposition 1 applies
only near the dormant point. Since πt → 1, the recursion implies ϕt → 1.

If λ = 1 and ϕ0 > 0, then persistent Xt > 0 bounded away from zero implies, by condition
(G), nR,t/nM,t > 1 bounded away from one eventually. The birth-share recursion

ϕt+1 =
ϕtnR,t

ϕtnR,t + (1− ϕt)nM,t

is then a standard replicator map, so ϕt → 1.
Continuity of the fertility policies then gives convergence of aggregate fertility to the all-

Romerian balanced-growth level, and (5) gives

gt → ḡ + θR
ln n̄∞

µ
.

□

A.9 Proof of Proposition 3

The decomposition follows from (14):

ϕt+1 − ϕt = λ(ϕbirth
t − ϕt) + (1− λ)(πt+1 − ϕt).

Adding and subtracting πt,

EθM [ϕt+1 − ϕt | Ft] = λ(ϕbirth
t − ϕt) + (1− λ)(πt − ϕt) + (1− λ)EθM [πt+1 − πt | Ft].
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By the log-odds expansion,

EθM [πt+1 − πt | Ft] = −2π2
t (1− πt)It + o(It) ≡ −CM(πt)It + o(It),

where CM(πt) > 0 at interior beliefs. The selection term has the sign of Xt by Proposition 2.
For xt > 0 with Xt > 0, selection is positive and of order xt, while learning is negative and of

order x2t . Equating the leading terms in the linear case, using Xt = CXxt to first order (up to the
bounded expectational-feedback factor (1 − b̂(ϕ))−1, which does not affect the order comparison
under determinacy), gives

x̂ =
2σ2

η λϕ(1− ϕ)K(1− σ)(θ̃R − θ̃M)w̄0CX

(1− λ)CM(π) (θR − θM)2 n̄
, CX =

1

1− (1− µ)δ0
.

Selection dominates for 0 < xt < x̂ and learning dominates for xt > x̂, up to the cultural-regression
term.

For xt < 0 with Xt < 0, both selection and learning push toward Malthusianism. The total
drift is therefore non-positive whenever the cultural-regression term is non-positive, i.e. whenever
πt ≤ ϕt, and otherwise the only offsetting term is (1− λ)(πt − ϕt). This is the sense in which both
substantive forces favor Malthusians below the reference.

Finally, because the drift is positive for small positive xt when selection dominates and negative
for sufficiently large positive xt when learning dominates, no uniform sign for the drift exists on the
interior state space. Monotone convergence of the deterministic skeleton is therefore ruled out. □

A.10 Trap Boundary (Auxiliary Result)

Proposition 5. The critical population gap at which the learning channel matches demographic
selection in magnitude solves

[
g(xcrit; θR)− g(xcrit; θM)

]2
=

2σ2
η λϕ(1− ϕ)K(1− σ)(θ̃R − θ̃M) w̄0 |X(xcrit)|

(1− λ)C(π) n̄
,

where C(π) is the leading-order posterior-drift coefficient of the log-odds expansion: C(π) =

2π(1− π)2 under truth θR and C(π) = CM(π) = 2π2(1− π) under truth θM . In the leading case
under truth θM , this reduces exactly to |xcrit| = x̂ of Proposition 3. High noise σ2

η and strong
cultural transmission λ enlarge the selection-dominated band; large belief dispersion (θR − θM)2

shrinks it.

Proof. Equate the leading-order selection drift λϕ(1−ϕ)(nR−nM)/n̄, with the fertility differential
given by (21), with the leading-order learning drift (1 − λ)C(π)It from the log-odds expansion,
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and solve. In the leading case under truth θM , substituting I = (θR−θM)2x2/(2σ2
η) andX = CXx

recovers x̂ exactly. □

A.11 Trap Duration (Auxiliary Result)

Corollary 1. Under Theorem 1(iii), if g(x; θR) − g(x; θM) = O(|x|k) near zero for some k ≥ 1,
then the learning contribution to escape is O(|x∗|2k). If demographic selection assists escape,
E[T esc] = Ω(|x∗|−1). If selection is absent or adverse, E[T esc] = Ω(|x∗|−2k). The leading case is
k = 1.

Proof. Selection is linear in the discounted gap forecast, hence O(|x∗|), while KL information is
quadratic in the model-implied signal gap, hence O(|x∗|2k). The inverse-drift hitting-time bound
gives the stated orders. □

B Strategic Interaction, Equilibrium Regions, and Selection

This appendix develops the formal analysis of strategic interaction summarized in Section 4: the
fertility game and the sign of best responses (Proposition 6), the full taxonomy of within-period
equilibria (Theorem 3), the expectational multiplicity at the reference (Proposition 7), and the
equilibrium-selection argument for the multiplicity region (Theorem 4). Statements and proofs are
collected together; the maintained regularity conditions (D) and (G) are those of Appendix A.

B.1 The Fertility Game and the Sign of Strategic Interaction

Consider fertility choice as a private-decision game among households. Each household i chooses
ni, taking aggregate fertility n̄ =

∫
ni di as given when forming forecasts. The household’s

payoff depends on (ni, n̄) through a single channel: higher n̄ raises x′ = (1 − µ)x + ln n̄, which
through (3) affects the forecast TFP path and hence the continuation value. Type j exhibits strategic
complementarity if the cross-partial of its payoff in (nj, n̄) is positive and substitutability if negative;
this notion does not require households to think their own choice affects n̄.

Proposition 6 (Strategic Interaction). Under Assumptions 1–4 and σ < 1: (i) Romerians ex-
hibit strategic complementarity, dn∗

R/dn̄
e > 0; (ii) Malthusians exhibit strategic substitutability,

dn∗
M/dn̄

e < 0. To leading order at the dormant point,

dj ≡
dn∗

j

dn̄e

∣∣∣∣
ref

=
β(1− ε)κσ ξj
γ(1 + ε)(n0)ε n̄

=
β(1− ε)κσ δ

0(1− σ)θ̃jw̄
0

γ(1 + ε)(n0)ε n̄
(
1− (1− µ)δ0

) , (31)

so sign(dj) = sign
(
(1− σ)θ̃j

)
= sign(θ̃j).
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Proof of Proposition 6

Within the period, today’s aggregate fertility n̄ affects the household’s problem only through
x′ = (1 − µ)x + ln n̄, holding continuation coefficients at their stationary values. From (28),
∂(Ej[V

′
j ]/A

1−σ)/∂ ln n̄ = κσξj , so by the implicit function theorem

dj =
dn∗

j

dn̄e

∣∣∣
ref

= m0 β(1− ε)κσ
ξj
n̄
,

which is (31) upon substituting m0 = [γ(1 + ε)(n0)ε]−1 to leading order and ξj from (18). The
sign is that of ξj , i.e. of (1 − σ)θ̃jw̄j , which under σ < 1 is the sign of θ̃j: dR > 0, dM < 0. The
cross-partial characterization follows since ∂2Uj/∂nj∂n̄ = β(1 − ε)n−ε

j κσξjA
1−σ/n̄, sharing the

sign of ξj .
Two distinct objects should not be conflated. The slope dj above is the response to one period’s

aggregate fertility, holding expectations of all future aggregate fertility fixed; this is the relevant
slope for the within-period game of Section 4. The derivative ∂nj/∂ ln n̄

e computed in the proof
of Proposition 1 is the response to a permanent (stationary) change in expected aggregate fertility,
which additionally moves the constant w̄j and therefore carries the extra factor 1/(1 − δ0). The
permanent response underlies the expectational feedback b̂(ϕ) of (22); the transitory response
underlies ρ(ϕ) defined below. □

B.2 Three Equilibrium Regions

Define the aggregate best-response slope

ρ(ϕ) ≡ ϕ dR + (1− ϕ) dM = ϕ dR − (1− ϕ) |dM |, (32)

with dR > 0 > dM by Proposition 6, crossing zero at ϕ∗ = |dM |/(dR + |dM |) and one at
ϕ∗∗ = (1 + |dM |)/(dR + |dM |) provided dR > 1.

Theorem 3 (Equilibrium Existence and Uniqueness by Region). Suppose Assumptions 1–4 hold,
σ < 1, and Proposition 6 applies at the relevant reference. Then:

(i) Malthusian-dominated region, ϕ < ϕ∗ϕ < ϕ∗ϕ < ϕ∗. The aggregate best response is strictly decreasing
near any candidate fixed point; the within-period equilibrium is locally unique uncondition-
ally.

(ii) Contraction region, ϕ∗ ≤ ϕ ≤ ϕ∗∗ϕ∗ ≤ ϕ ≤ ϕ∗∗ϕ∗ ≤ ϕ ≤ ϕ∗∗ (or all ϕ ≥ ϕ∗ϕ ≥ ϕ∗ϕ ≥ ϕ∗ when dR ≤ 1)dR ≤ 1)dR ≤ 1). 0 ≤ ρ(ϕ) < 1; the
contraction-mapping argument applies and the equilibrium is locally unique.
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(iii) Multiplicity region,ϕ > ϕ∗∗ϕ > ϕ∗∗ϕ > ϕ∗∗ (only when dR > 1)dR > 1)dR > 1). The best response can cross the 45-degree
line at multiple points, generating an odd number of locally ordered equilibria of which the
extreme two are stable.

The economics of the three regions follows from how the two types’ responses compose. When
Malthusians dominate, any rise in expected aggregate fertility is met mostly by pessimists cutting
back, so the aggregate response is self-damping and the equilibrium is pinned down regardless
of how strong individual responses are. In mixed populations the offsetting responses keep the
aggregate reaction below one-for-one, and the usual contraction logic delivers uniqueness. Only
when optimists are sufficiently numerous and scale effects sufficiently strong can a rise in expected
fertility call forth an even larger rise in actual fertility, which is the soil in which multiple equilibria
grow. The condition dR > 1 reads, substituting (31),

θ̃R > θ̃critR ≡
γ(1 + ε)(n0)ε n̄

(
1− (1− µ)δ0

)
β(1− ε)κσ δ0(1− σ)w̄0

. (33)

At the baseline calibration with µ = 0.5, θ̃critR ≈ 10.4, an order of magnitude above plausible
semi-endogenous values, so the multiplicity region is empty at baseline and nothing downstream
depends on equilibrium selection. Under Kremer-style calibrations (µ→ 0, large θR) the threshold
falls and the region can be occupied at high ϕ. Both cases are covered.

Proof of Theorem 3

Let BR(n̄e) = ϕn∗
R(n̄

e) + (1 − ϕ)n∗
M(n̄e). A within-period equilibrium is a fixed point of BR,

and the local slope at the reference is

ρ(ϕ) = ϕdR + (1− ϕ)dM .

(i) If ϕ < ϕ∗, then ρ(ϕ) < 0. Hence BR is locally downward-sloping at the reference fixed
point and

d

dn̄e
{BR(n̄e)− n̄e} = ρ(ϕ)− 1 < 0.

By the implicit-function theorem, the fixed point is locally unique. If, in addition, the same
negative-slope condition holds globally on the relevant fertility interval, then uniqueness is global.

(ii) If ϕ∗ ≤ ϕ ≤ ϕ∗∗, then 0 ≤ ρ(ϕ) < 1. Therefore BR is a local contraction around the
reference fixed point, so the within-period equilibrium is locally unique. If the contraction bound
|BR′| < 1 holds globally on the relevant interval, Banach’s theorem gives global uniqueness.

(iii) If ϕ > ϕ∗∗, then ρ(ϕ) > 1, which is the local positive-feedback region. This condition by
itself does not force multiplicity, but it permits multiplicity. Under the global single-crossing/S-
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shape restriction (G), the aggregate best response crosses the 45-degree line at least three times:
the middle crossing is locally unstable and the two outer crossings are locally stable. Thus the
multiplicity result is a global-shape implication, while ρ(ϕ) > 1 is the local necessary feedback
condition.

The condition dR > 1 rearranges to (33). □

B.3 Expectational Multiplicity at the Reference

Within-period multiplicity is not the only, or even the primary, coordination issue. At xt = 0,
Proposition 1 makes the fertility differential, and hence aggregate fertility, depend on expected future
aggregate fertility through Xt. Consider stationary expectations: households expect aggregate
fertility n̄e to persist. Aggregating (21) and imposing consistency yields a fixed-point problem in
n̄:

n̄ = n0 +D θ̄ϕ

[
x+

δ0

1− δ0
ln n̄

]
, D ≡ K(1− σ)w̄0

1− (1− µ)δ0
, (34)

whereD > 0 collects constants from (21), and θ̄ϕ and the expectational feedback b̂(ϕ) are as defined
in (22).

Proposition 7 (Stagnation versus Self-Fulfilling Growth). At x = 0: (i) if b̂(ϕ) < 1, the stationary-
expectations equilibrium near the reference is locally unique and determinate; (ii) if b̂(ϕ) >
1, the reference-consistent equilibrium is expectationally unstable, and under the global single-
crossing structure of Assumption (G) in Appendix A there exist at least three stationary-expectations
equilibria, including a low-fertility (stagnation) and a high-fertility (growth) selection. The growth
selection is partially self-fulfilling: expecting n̄ > 1 makesX > 0, which raises Romerian fertility,
which validates the expectation.

Figure 8 illustrates the fixed-point structure: when the expectational feedback exceeds one,
the reference crossing turns unstable and is flanked by stable stagnation and growth selections.
The comparison of this threshold with the static-multiplicity and trap-destabilization thresholds is
discussed in Section 4 and summarized in Table 9.

Proof of Proposition 7

Under the baseline dormant calibration n0 = 1, stationary-expectations consistency at x = 0

requires

n̄ = Γ(n̄) ≡ 1 +Dθ̄ϕ
δ0

1− δ0
ln n̄

to first order, with exact counterpart under (G). Thus n̄ = 1 is a reference-consistent fixed point.
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Figure 8. Expectational Multiplicity at the Reference (Proposition 7)
Notes: Stylized fixed-point map (34) at x = 0 under the global single-crossing shape (G). When the
expectational feedback b̂(ϕ) is below one (dashed curve), the map crosses the 45◦ line only at the reference
n̄ = 1, which is locally determinate. When b̂(ϕ) > 1 (solid curve), the reference crossing has slope
above one and is expectationally unstable (open circle), flanked by two stable self-consistent selections:
stagnation at n̄S < 1 and self-fulfilling growth at n̄G > 1 (filled circles). Curvature is exaggerated for
visibility.

(i) If

b̂(ϕ) = Dθ̄ϕ
δ0

1− δ0
< 1,

then near n̄ = 1,
d

dn̄
{n̄− Γ(n̄)} = 1− b̂(ϕ)

n̄

is strictly positive. Hence the fixed point is locally unique by the implicit-function theorem, and
iterative expectation revision is locally stable.

(ii) If b̂(ϕ) > 1, the reference fixed point is crossed with slope greater than one and is therefore
expectationally unstable. Under (G), the exact map Γ is continuous and has the required global
single-crossing shape: for sufficiently low expected fertility, the induced aggregate response lies
above the 45-degree line, while near the upper fertility bound it lies below it. The unstable reference
crossing then implies at least two additional fixed points, one below and one above the reference.
The high-fertility fixed point is self-fulfilling because n̄e > 1 impliesX > 0, which raises Romerian
fertility by Proposition 1, validating the high-growth expectation. □
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B.4 Stability and Equilibrium Selection

Within the static multiplicity region, local stability eliminates the middle equilibrium but leaves
two stable selections. To break the remaining indeterminacy I adopt a standard selection argument
in the spirit of Frankel et al. (2003), perturbing the common-knowledge structure with small private
noise about the state and selecting the risk-dominant equilibrium in the vanishing-noise limit. The
technical step is a reduction: because Malthusians have a strictly downward-sloping best response
with a unique fixed point given any aggregate level, their best response can be substituted out,
leaving a reduced game among Romerians that satisfies the standard conditions.15

Theorem 4 (Risk-Dominant Selection in the Multiplicity Region). Consider the multiplicity region
of Theorem 3(iii). Suppose households observe private signals ϕi = ϕ+ ζi with ζi ∼ N (0, σ2

ζ ) and
the prior on ϕ is diffuse. As σζ → 0, iterated deletion of strictly dominated strategies in the reduced
Romerian subgame selects a unique threshold equilibrium with cutoff ϕrd ∈ (ϕ∗∗, 1), risk-dominant
in the sense of Frankel et al. (2003).

The exact selection device matters less than the qualitative observation that an empirically
motivated refinement is available; readers uncomfortable with the particular limit argument can
substitute any standard alternative without affecting the substantive results.

Proof of Theorem 4

Step 1 (Reduction). Given average Romerian fertility n̄R, aggregate fertility solves n̄ = ϕn̄R+(1−
ϕ)n∗

M(n̄); since dM < 0 the left side minus right side is strictly increasing in n̄, so the solution
n̄ = T (n̄R) is unique with T ′ = ϕ/(1− (1− ϕ)dM) > 0.

Step 2 (Supermodularity). In the reduced game with payoffs ŨR(n
i
R, n̄R) = UR(n

i
R, T (n̄R)),

the cross-partial equals ∂2UR/∂n∂n̄ · T ′ > 0 by Proposition 6 and Step 1.
Step 3 (Monotone signals). Signals ϕi = ϕ + ζi, ζi ∼ N (0, σ2

ζ ) i.i.d., diffuse prior: posteriors
satisfy MLRP; payoff differences are single-crossing in type; Athey (2001) Theorem 1 gives
existence of monotone pure-strategy equilibria.

Step 4 (Dominance regions). Under (G), for ϕ small the low-fertility action strictly dominates
(Malthusian substitutability caps the aggregate), and for ϕ near 1 with dR > 1 the high-fertility
action strictly dominates, by direct evaluation of the FOC at the extreme aggregates.

Step 5 (Limit uniqueness). The reduced game satisfies the conditions of Frankel et al. (2003)
Theorem 1 (supermodularity, state monotonicity, continuity, dominance regions); as σζ → 0,
iterated deletion selects a unique threshold profile with cutoff ϕrd ∈ (ϕ∗∗, 1), characterized by
the Laplacian indifference condition

∫ 1

0
[UR(n

∗
R(n̄q), n̄q) − U0

R] dq = 0, where n̄q is the aggregate
15The construction of monotone pure best responses uses the single-crossing approach of Athey (2001).
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implied by a fraction q of Romerians playing high. The selected equilibrium is risk-dominant in
the sense of Frankel et al. (2003). □

Why selection matters for policy. Outside the multiplicity regions, an announcement shifts the
social credence and through it the unique equilibrium. Inside them, an announcement plays a second
role: it can move the economy across ϕrd (static selection) or coordinate stationary expectations on
the growth path rather than stagnation (expectational selection). Section 7 treats all three roles; the
expectational one is the closest analogue of forward guidance.

B.5 Map of Regions

Table 6 summarizes the partition.

Table 6. Equilibrium Regions and Their Economic Content

Region Condition ρ(ϕ) Equilibrium Application

Malthusian-dominated ϕ < ϕ∗ < 0 Unique Trap; pre-industrial
Contraction ϕ∗ ≤ ϕ ≤ ϕ∗∗ [0, 1) Unique (contraction) Most calibrations
Static multiplicity ϕ > ϕ∗∗ > 1 Multiple; RD selection Strong scale effects
Expectational indet. b̂(ϕ) > 1 — Stagnation vs. growth Optimistic; x ≈ 0

Notes: Static multiplicity requires θ̃R > θ̃critR ≈ 10.4 at baseline; expectational indeterminacy
requires θ̄ϕ ≳ 7.7. The two thresholds are linked by 1/(1− δ0) ≈ 1.34. RD denotes risk-dominant
selection (Theorem 4). Thresholds are illustrative.

C Robustness: What Would Break the Results

This appendix catalogues, condition by condition, the role each maintained assumption plays in the
results of Sections 2–5, complementing the summary discussion in Section 5.6.

1. Without (C1) (no common crossing). No state is uninformative; learning is always active;
the dormant trap vanishes and Theorem 2 holds unconditionally.

2. Without (C2) (discontinuity at the crossing). The uninformative region has measure zero;
Theorem 1(i) fails because I does not vanish with |x|.

3. Without (C3) (no eventual separation). Informativeness is capped; the crisis phase of the
Malthusian cycle and the self-cementing property of escape both weaken.

4. Without (C4) (no sign orientation). The optimist/pessimist labels lose content and the
trajectory-selection result degenerates.
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5. With σ > 1 (and ε > 1). All rankings in Proposition 1 reverse, selection favors trajectory-
pessimists, and the empirical gradient should flip sign; the data reject this regime (Section 3.7).

6. With µ→ 0 (strong scale effects). The population gap becomes a random walk in fertility,
the reference is no longer an attractor of stagnation, and the trap reverts to a slow-learning
region rather than an absorbing set, recovering the weaker trap of the fully-endogenous bench-
mark. The absorbing character of the trap is thus a genuinely semi-endogenous phenomenon.

7. State-dependent noise. If σ2
η(x) → 0 as x → 0 at the same rate as the model gap, the

signal-to-noise ratio stays bounded and the trap dissolves; the trap requires that noise not
vanish faster than the rival-model gap at the crossing.

8. Multiple crossings. If g(·; θR) = g(·; θM) at several values of x, the state space contains
multiple dormant points and the economy can shuttle between traps; the qualitative results
survive locally around each.

D Welfare Analysis: Proofs, Deferred Statements, and Auxiliary Results

D.1 Planner’s Problem under Total Utilitarianism

Bellman and coefficients. The planner solves V P (A,N, x) = maxn{Nu(A(1 − ψσ(n))) +

βE∗[V P (A′, nN, x′)]} with x′ = (1 − µ)x + lnn. Conjecture V P = NA1−σ(wP + ξPx). Then
E∗[V P ′] = nNA1−σκσ[(w

P + ξPx′) + (1 − σ)θ̃∗wPx] + O(2), and matching coefficients with
δP ≡ βκσn

FB (assumed < 1):

wP =
u(1− ψσ(n

FB))

1− δP
(at x′ = 0), ξP =

δP (1− σ)θ̃∗wP

1− (1− µ)δP
,

the same form as the household’s with the linear-in-n discount. The first-order condition, using
d
dn
[n(wP + ξPx′(n))] = wP + ξPx′ + ξP , is

γ nFB = βκσ
[
wP + ξPx′ + (1− σ)θ̃∗wPx

]
+ βκσ ξ

P , (35)

where the final term βκσξ
P is the scale-externality wedge referenced in the text: the planner

internalizes that aggregate fertility movesx′, which no atomistic household does, with sign sign((1−
σ)θ̃∗) = sign(θ∗).
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D.2 Proof of Proposition 4

Throughout, marginal benefits and costs are measured in units of A1−σ, and I use the exact identity
d
dn
u(1 − ψσ(n)) = −γn, so that both the planner and the household face the same marginal cost

schedule γn. Define

Ṽ (n;x, x′) ≡ w(n) + ξ x′ + (1− σ)θ̃∗w(n) x, w(n) =
u(1− ψσ(n))

1− δ(n)
,

the common-correct-belief continuation kernel, so that the two first-order conditions read

household: γn = β(1− ε)n−εκσ Ṽ (n)︸ ︷︷ ︸
MBh(n)

, planner: γn = βκσ Ṽ (n) + βκσ ξ
P︸ ︷︷ ︸

MBP (n)

.

(The discount factors insidew(n) differ across the two problems, δ(n) = βκσn
1−ε for the household

and δ(n) = βκσn for the planner, but they coincide at the baseline n = 1, and the comparison below
is local.) I maintain, in addition to condition (D), its planner counterpart (DP ): γn−MBP (n) is
strictly increasing at any root (verified at the baseline calibration by the same sufficient inequality
as (D) with (1− ε)n−ε replaced by 1). Under (D) and (DP ), each first-order condition has a unique
root in the relevant range, and the roots are ranked by the pointwise ranking of the marginal-
benefit schedules: if MBP (n) > MBh(n) on a neighborhood of the roots, then nFB > nCB, and
conversely.

Decomposition into two wedges. The pointwise gap is

MBP (n)−MBh(n) = βκσ Ṽ (n)
[
1− (1− ε)n−ε

]︸ ︷︷ ︸
Λ0(n;x): head-counting

+ βκσ ξ
P︸ ︷︷ ︸

Λ1: scale externality

. (36)

The head-counting wedge Λ0 is strictly positive whenever n > (1 − ε)1/ε (= 0.25 at ε = 0.5,
comfortably below any equilibrium fertility) and Ṽ > 0, which holds under σ < 1; it is independent
of beliefs about θ and persists even at θ∗ = 0. The externality wedgeΛ1 carries the sign of (1−σ)θ̃∗,
i.e. of θ∗.

Part (i): Romerian world. With θ∗ = θR > 0, ξP > 0, so both wedges in (36) are strictly
positive andMBP > MBh pointwise on the relevant range; by the ranking argument, nFB > nCB.

Part (ii). At any state with X > 0, Proposition 1 gives nCB = n∗(θR) > n∗(θM) = n∗
M (the

common-correct-belief allocation in a Romerian world coincides with the all-Romerian decentral-
ized choice). Combining with Part (i), nFB > nCB > n∗

M .
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Malthusian world and the dominance condition. With θ∗ = θM < 0, the externality wedge
is negative while the head-counting wedge remains positive, so the comparison turns on relative
magnitudes. Evaluating (36) at the household allocation nCB and at the dormant point (x =

x′ = 0, where Ṽ = wP ), MBP (n
CB) < MBh(n

CB), and hence nFB < nCB, if and only if
|ξP | >

[
1 − (1 − ε)(nCB)−ε

]
wP . Substituting the closed form for ξP , this is the dominance

condition
δP (1− σ) |θ̃M |
1− (1− µ)δP

> 1− (1− ε) (nCB)−ε, (37)

referenced in the main text. When (37) holds, the scale externality dominates head-counting and
decentralized fertility is too high; when it fails, the planner’s head-counting motive dominates even
in a Malthusian world and nFB ≥ nCB. The right-hand side of (37) is increasing in nCB and
vanishes as nCB → (1 − ε)1/ε, so the condition is easier to satisfy in low-fertility states; at the
baseline calibration with nCB ≈ n0 ≈ 1.0, the right-hand side equals 1− (1− ε) = 0.5, and with
δP ≈ 0.25 and µ = 0.5, (37) requires |θ̃M | ≳ 3.5. □

D.3 Announcement-Relevant Wedges and Their Ordering (Auxiliary Result)

For the announcement theorems it is convenient to work with the marginal value of aggregate
fertility under each criterion, evaluated at a common decentralized equilibrium path with n̄ ≥ 1.
By the envelope theorem on each household’s private margin, only the uninternalized aggregate
channel survives.

Proposition 8 (Wedge Ordering). Define the per-capita announcement-relevant wedges at the
decentralized common-correct-belief equilibrium:

Λtot = Λ0+Λ1, Λavg = βκσ ξ
a, ξa ≡ δa (1− σ) θ̃∗wa

1− (1− µ)δa
, δa ≡ βκσ, wa ≡ u(1− ψσ(n̄))

1− δa
,

where Λ0,Λ1 are as in (36). In a Romerian world with n̄ ≥ 1,

0 < Λavg < Λtot.

In a Malthusian world, Λavg < 0 while sign(Λtot) is negative if and only if the dominance condition
(37) holds.

Proof. The average-utilitarian Bellman is V a(A, x) = u(A(1 − ψσ(n))) + β E∗[V a(A′, x′)], with
discounting at β and no n-weighting; the conjecture V a = A1−σ(wa+ξax) and coefficient matching
exactly as in Lemma 1 (with δa = βκσ in place of δj) deliver the statedwa, ξa. The marginal average-
utilitarian value of aggregate fertility runs only through x′ = (1−µ)x+ln n̄, giving Λavg = βκσξ

a

per unit ln n̄.
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Both ξa and ξP can be written as (1− σ)θ̃∗ u · f(δ) with

f(δ) ≡ δ

(1− δ)
(
1− (1− µ)δ

) ,
which is strictly increasing on (0, 1): its numerator is increasing and both factors of its denominator
are decreasing in δ. Since δa = βκσ ≤ βκσn̄ = δP , with strict inequality when n̄ > 1, we obtain
0 < ξa ≤ ξP in a Romerian world, hence 0 < Λavg ≤ Λ1 < Λ0 + Λ1 = Λtot, using Λ0 > 0;
the final strict inequality holds for all n̄ ≥ 1. In a Malthusian world the same monotonicity gives
ξP ≤ ξa < 0, so Λavg < 0, and Λtot = Λ0 + Λ1 < 0 iff |Λ1| > Λ0, which is (37). □

D.4 Welfare Decomposition: Deferred Statement and Proof

The following proposition, summarized in prose in Section 7, formalizes the decomposition of the
welfare gap between the first best and the heterogeneous-beliefs equilibrium.

Proposition 9 (Welfare Decomposition). Under the total utilitarian criterion, a local second-order
expansion around the first best gives

W FB(θ∗)−WHB = ∆0(ε) + ∆1(θ
∗) + ∆2(θ

∗, θ̄) + ∆3(Var(θi)) + o(2), (38)

where ∆0 ≥ 0 is the head-counting component, ∆3 ≥ 0 is the dispersion component with ∆3 ≈
(Ω′κ2/2)Var(θi), ∆2 is increasing in squared mean belief bias when the bias is adverse, and the
combined wedge component satisfies ∆0 +∆1 ≥ 0 always. In a Romerian world with pessimistic
mean bias, all four components are nonnegative. In a Malthusian world with optimistic mean bias,
∆2 ≥ 0, ∆3 ≥ 0, and ∆0 + ∆1 ≥ 0; the component ∆1 taken by itself is nonnegative if and
only if the strong dominance condition |Λ1| ≥ 2Λ0 of the proof below holds, which strengthens the
dominance condition of Proposition 4.

Step 0: Exact quadratic structure of flow utility. Under (7), flow utility is exactly quadratic in
fertility:

u(1− ψσ(n)) =
B(n)

1− σ
=

1

1− σ
− γ

2
n2,

so the per-period welfare cost of fertility dispersion across households is exactly γ
2
Var(ni) per capita.

Continuation terms contribute additional (nonnegative, under (DP )) curvature; write Ω > 0 for the
total curvature of W tot in symmetric fertility at nFB (well-defined by the second-order condition
under (DP )) and Ω′ ≥ γ · (1 − βκσn̄)

−1 > 0 for the curvature with respect to cross-sectional
dispersion.
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Step 1: Allocation gaps in wedge units. Let h > 0 denote the slope of γn −MB(n) at the
relevant root (regularity (D)/(DP )). To first order in the wedges,

nFB−nCB(θ∗) =
Λ0 + Λ1

h
, nCB(θ̄)−nCB(θ∗) = κ (θ̄−θ∗), κ ≡ ∂nCB

∂θ̃
> 0 atX > 0,

where κ = K(1 − σ)w̄0X + O(X2) by Proposition 1; note for later use that κ = O(|X|). In
the heterogeneous-beliefs equilibrium, individual fertility is ni = nCB(θi) + O(2), so the cross-
sectional mean and variance satisfy

n̄HB = nCB(θ̄) +O(2), Var(ni) = κ2 Var(θi) +O(3),

where θ̄ ≡ ϕθR + (1− ϕ)θM and Var(θi) = ϕ(1− ϕ)(θR − θM)2.

Step 2: Quadratic expansion around the first best. Expanding W tot to second order around
the symmetric allocation nFB,

W FB −WHB =
Ω

2

(
n̄HB − nFB

)2
+

Ω′

2
Var(ni) + o(2).

Substituting n̄HB − nFB = −Λ0+Λ1

h
+ κ(θ̄ − θ∗) and expanding the square,

W FB −WHB =
Ω

2h2
Λ2

0 +
Ω

2h2
Λ1

(
Λ1 + 2Λ0

)
+

Ω

2
κ2(θ̄ − θ∗)2

− Ω

h

(
Λ0 + Λ1

)
κ(θ̄ − θ∗) +

Ω′

2
κ2Var(θi) + o(2).

(39)

Step 3: Sign assignment. Define

∆0 ≡
Ω

2h2
Λ2

0, ∆1 ≡
Ω

2h2
Λ1(Λ1 + 2Λ0),

∆2 ≡
Ω

2
κ2(θ̄ − θ∗)2 − Ω

h
(Λ0 + Λ1)κ(θ̄ − θ∗), ∆3 ≡

Ω′

2
κ2Var(θi).

Then: ∆0 ≥ 0 always and is independent of (θ̄,Var(θi), θ∗); ∆3 ≥ 0 always, with ∆3 = O(X2) by
Step 1, which is the state-dependence noted in the main text: the welfare cost of dispersion vanishes
at the dormant point. The combined wedge component satisfies

∆0 +∆1 =
Ω

2h2
(
Λ0 + Λ1

)2 ≥ 0 always.

Taken by itself, ∆1 ≥ 0 if and only if Λ1(Λ1 + 2Λ0) ≥ 0: in a Romerian world (Λ0,Λ1 > 0) this
is automatic, while in a Malthusian world (Λ1 < 0) it requires the strong dominance condition
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|Λ1| ≥ 2Λ0, which strictly strengthens (37) (|Λ1| > Λ0). ∆2 ≥ 0 and increasing in (θ̄ − θ∗)2 holds
whenever the cross term is nonnegative, i.e. whenever the mean bias is adverse: sign(θ̄ − θ∗) =

−sign(Λ0 + Λ1). Collecting cases: in a Romerian world with pessimistic mean bias (θ̄ ≤ θ∗), the
empirically relevant configuration documented in Section 3, every term in (39) is nonnegative. In a
Malthusian world satisfying (37) with optimistic mean bias, ∆2, ∆3, and the combined component
∆0+∆1 are nonnegative; the finer claim that∆1 alone is nonnegative holds under strong dominance,
and the decomposition is to be read accordingly.

Step 4: The favorable-bias cross term and the shading logic. When the mean bias is instead
favorable (e.g., optimism in a Romerian world), the cross term in ∆2 is negative: biased beliefs
partially substitute for the missing corrective instrument, and welfare losses are smaller than the sum
of the squared components. This is not a defect of the decomposition but the exact mathematical
content of the optimism shade: Theorem 6 chooses the announcement to induce a favorable mean
bias of precisely the size that maximizes this offset, net of credibility costs. Finally, announcements
operate on (θ̄,Var(θi)) through the recruitment channel and therefore move ∆2 and ∆3 but leave
Λ0 and Λ1, and hence ∆0,∆1, unchanged, as claimed. □

D.5 Deferred Statements: Announcement Results

This subsection collects the formal statements of the announcement results summarized in Section 7;
the proofs follow in the subsequent subsections.

Theorem 5 (Optimal Announcement: Dynastic Welfare). Under the interim dynastic Pareto crite-
rion described in Appendix D, the optimal announcement is truthful in expectation: µdyn

a = θ̂, and
the planner prefers maximal informativeness.

Theorem 6 (Optimal Announcement: Total Utilitarian Welfare). Consider θ∗ = θR > 0 and a
state with X0 ≥ 0. Under W tot, the optimal announcement satisfies

µtot
a = θ̂ + χtot, (40)

where χtot > 0 is an “optimism shade” whenever ∆0+∆1 > 0. Writing P for the announcement’s
pass-through to aggregate fertility, c for the credibility-erosion cost, and Ω for the welfare curvature
(all defined in the proof below), the shade: (i) increases in |θ∗| and, for x0 ≥ 0 and holding the
pass-through P fixed, in x0; (ii) decreases in the credibility-erosion cost c; (iii) is hump-shaped
in the pass-through P , maximized at P =

√
c/Ω; and consequently (iv) increases in X0 and in

credibility τA in the low-pass-through region ΩP 2 < c, and decreases in them in the high-pass-
through region ΩP 2 > c. In a Malthusian world the externality component of the shade reverses
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sign; the head-counting component does not, so the total-utilitarian shade in a Malthusian world
is toward pessimism only when the scale externality dominates.

Corollary 2 (Optimal Announcement: Average Utilitarian Welfare). UnderW avg, µavg
a = θ̂+χavg

with 0 < χavg < χtot in a Romerian world (reversing in a Malthusian world under the dominance
condition of Proposition 4), because the average-utilitarian wedge omits the population-multiplier
and head-counting terms.

Corollary 3 (Ordering of Announcements). In a Romerian world, µdyn
a = θ̂ < µavg

a < µtot
a .

Proposition 10 (Selection-Shifting Effect). In the static multiplicity region, µtot,sel
a = µtot

a + χsel

with χsel > 0 in a Romerian world, non-monotone in ϕ: peaking near ϕrd and vanishing far from
it.

Table 7 summarizes the resulting comparison of decentralized and planner allocations across
welfare criteria.

Table 7. Decentralized vs. Planner Allocations by Welfare Criterion

Dynastic Average Util. Total Util.

Malthusian World (θ∗ < 0)
Decentralized fertility Too high (scale externality), tempered by head-counting
Optimal announcement Truthful Shaded toward θM † Shaded toward θM †

Coordination roles None Modest Strongest
Residual inefficiency ∆0 +∆1 Reduced Most reduced

Romerian World (θ∗ > 0), X ≥ 0
Decentralized fertility Too low (externality + head-counting + wrong beliefs)
Optimal announcement Truthful Mildly shaded toward θR Strongly shaded toward θR
Coordination roles None Modest Strongest
Residual inefficiency ∆0 +∆1 Reduced Most reduced

†Under the dominance condition of Proposition 4.

D.6 Proof of Theorem 5

The announcement enters the model only through the face-value update of the social credence. For
an announcement with mean µa and precision τA, Bayes’ rule on the two-point support gives the
exact log-odds shift

Lpost − L = − τA(θR − θM)
[
z − 1

2
(θR + θM)

]
, z ∼ N (µa, τ

−1
A ), (41)

so ∂ E[πpost]/∂µa = π(1− π)τA(θR − θM) ≡ απ(τA) > 0, increasing in τA. Write µa = θ̂ + χ.
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Step 1: Unanimous subjective value of informativeness. Under type j’s subjective belief, θ̂ is
centered on θj , so with χ = 0 the subjective expected log-odds shift from (41) is ∓τA(θR−θM)2/2,
toward type j’s own truth, for both types, with magnitude increasing in τA. Each type is certain
of its own model and therefore subjectively expects a truthful announcement to vindicate it; since
each type’s continuation value is (subjectively) increasing in the alignment of the future type
composition with its own worldview along the relevant trajectory, both types attach weakly positive,
and, whenever Xt ̸= 0 and απ > 0, strictly positive, subjective value to announcement precision.
Maximal informativeness is thus unanimously preferred.

Step 2: Shading is subjectively zero-sum with state-dependent sides. The marginal subjective
value of the shade to type j is, by the envelope theorem on the private fertility margin,

∂Vj
∂χ

∣∣∣∣
χ=0

=
∂Vj
∂ϕ′︸︷︷︸

∝ ξj (nR−nM )

· (1− λ)απ = cj ξj (nR − nM)απ, cj > 0,

where the factor (nR−nM) appears because the future Romerian share affects type j’s welfare only
through future aggregate fertility. Since ξRξM < 0 and the factor (nR−nM) ∝ (1−σ)(θ̃R− θ̃M)Xt

is common, the two types’ marginal values of shading have strictly opposite signs at every state
with Xt ̸= 0 (Romerians favor χ > 0 and Malthusians χ < 0 when Xt > 0; both sides flip when
Xt < 0), and both vanish at Xt = 0.

Step 3: The truthful announcement is the unique dynastically optimal policy. I formalize
the interim dynastic Pareto criterion as a two-part requirement: the policy must be interim-
undominated (no feasible alternative is subjectively weakly preferred by both types and strictly
by one), and among undominated policies the planner selects the one maximizing the minimum,
across types, of the subjective value gain relative to the uninformative benchmark τA → 0. By Step
1, at χ = 0 both types’ subjective gains are strictly positive and strictly increasing in τA whenever
Xt ̸= 0, so within the truthful class the maximal feasible precision is unanimity-dominant. By
Step 2, at any τA > 0 and any state with Xt ̸= 0, shading in either direction strictly lowers the
subjective value of exactly one type (to the order of the local expansion maintained throughout), so
the disfavored type’s gain falls strictly below its level under truthfulness, and the minimum across
types is uniquely maximized at χ = 0. Hence (χ, τA) = (0, τmax

A ) is the unique optimum, and
µdyn
a = θ̂. At states with Xt = 0 (the dormant region), all announcement effects are second-order

in X and truthfulness remains (weakly) optimal. □

Remark 3 (Scope of the dynastic theorem). A planner maximizing the additive criterion ϕVR+(1−
ϕ)VM literally, rather than imposing the criterion above, would acquire a residual shading motive
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equal to the subjective-belief-weighted aggregate wedge, of size proportional to θ̄ϕXt: the dynastic
sum internalizes the scale channel at households’ own subjective valuations. This motive vanishes
identically in the trap region (Xt ≈ 0), where the dynastic analysis of Section 7 is applied, and
is the subjective-average analogue of the objective shade in Theorem 6. The max-min unanimity
formalization in the proof is what delivers global truthfulness, and I adopt it as the content of the
dynastic criterion.

D.7 Proof of Theorem 6

Step 1: Pass-through of the announcement to aggregate fertility. From (41) and (14), a unit
increase in µa raises E[πpost] by απ(τA) and hence E[ϕ1] by (1 − λ)απ. The induced change in
next-period aggregate fertility combines the composition effect and the expectational multiplier:

P (τA, X0) ≡ ∂ E[n̄1]

∂µa

=
(1− λ)απ(τA)

(
nR − nM

)
1− b̂(ϕ)

≥ 0, (42)

with (nR − nM) = K(1 − σ)(θ̃R − θ̃M)w̄0X0 + O(2) by Proposition 1. P is increasing in τA
(through απ) and in X0 (through the differential), strictly positive for X0 > 0, and, absent the
expectational channel, vanishes at X0 = 0, where the announcement operates only catalytically by
moving ln n̄e (the case treated in Proposition 11). The hypothesis X0 ≥ 0 of the theorem ensures
P ≥ 0.

Step 2: The planner’s problem. I close the problem with a reduced-form credibility-erosion
cost c χ2/2, c > 0, capturing the reputational loss from systematic bias; the frictionless benchmark
is c→ 0. Using the quadratic structure of Proposition 9, and writing G ≡ nFB −E[n̄1 | χ = 0] for
the residual fertility gap after a truthful announcement,

E
[
W tot(χ)

]
= const − Ω

2

(
G− Pχ

)2 − Ω

2
P 2
z τ

−1
A −

Ω′
eff

2
V disp − c

2
χ2 + o(2),

where P 2
z τ

−1
A is the announcement-noise-induced fertility variance and V disp collects the type-

dispersion terms; both are independent of χ to the order considered and therefore drop from the
first-order condition. Since the truthful announcement centers the post-announcement mean belief
on the truth, G = (Λ0 +Λ1)/h+ o(1), strictly positive in a Romerian world since Λ0,Λ1 > 0 there
(Proposition 4).
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Step 3: The optimal shade. The first-order condition Ω(G− Pχ)P = c χ gives

χtot =
ΩP G

c+ ΩP 2
> 0 ⇐⇒ G > 0, (43)

establishing the sign claim. The second-order condition holds since the objective is strictly concave
in χ.

Step 4: Comparative statics. Differentiating (43),

∂χtot

∂G
=

ΩP

c+ ΩP 2
> 0,

∂χtot

∂c
= − ΩPG

(c+ ΩP 2)2
< 0,

∂χtot

∂P
=

ΩG (c− ΩP 2)

(c+ ΩP 2)2
,

so the shade is monotone increasing in the wedge G, monotone decreasing in the credibility cost c,
and hump-shaped in the pass-through P , maximized at P =

√
c/Ω. Claim (i) follows because G

is increasing in |θ∗| through the scale-externality wedge Λ1 = βκσξ
P and, for x0 ≥ 0, increasing in

x0 through Λ0(·; x0) (the kernel Ṽ is increasing in x in a Romerian world); the x0-statement holds
P fixed, since x0 also enters the pass-through through X0, a channel accounted for separately in
claims (iii)–(iv). Claim (ii) is the c-derivative. Claims (iii)–(iv) follow because P is increasing
in τA through απ(τA) and increasing in X0 through the fertility differential by Proposition 1;
hence in the low-pass-through region ΩP 2 < c the shade increases in both τA and X0, and in the
high-pass-through region ΩP 2 > c it decreases in both.

Step 5: Malthusian reversal. With θ∗ = θM , the externality component ofG reverses sign while
the head-counting component does not; G < 0, and hence χtot < 0, a pessimism shade, if and only
if the dominance condition (37) holds, exactly as stated. □

D.8 Proof of Corollary 2

Repeat Steps 2–3 of Theorem 6 with the average-utilitarian gap Gavg = Λavg/h in place of
Gtot = (Λ0 + Λ1)/h. By Proposition 8, in a Romerian world with n̄ ≥ 1, 0 < Λavg < Λtot,
hence 0 < Gavg < Gtot, and since χ in (43) is strictly increasing in G holding (P, c,Ω) fixed,
0 < χavg < χtot. In a Malthusian world, Λavg < 0 unconditionally while Λtot < 0 requires (37);
under that condition both shades are negative with |χavg| < |χtot| whenever |Λavg| < |Λtot|, which
holds when the dominance margin in (37) is strict enough that |Λ1| − Λ0 > |Λavg|; otherwise the
ordering of magnitudes can invert while the signs are as stated. □
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D.9 Proof of Corollary 3

Immediate from Theorem 5 (χdyn = 0), Corollary 2, and Theorem 6: in a Romerian world
0 < χavg < χtot, so µdyn

a = θ̂ < µavg
a < µtot

a . □

D.10 Proof of Proposition 10

Work in the static multiplicity region of Theorem 3(iii), where the risk-dominant cutoff ϕrd of
Theorem 4 is characterized by the Laplacian indifference condition

Ψ(ϕrd; θpost) ≡
∫ 1

0

[
UR

(
n∗
R(n̄q), n̄q; θ

post
)
− U0

R

]
dq = 0,

where θpost is the announcement-shifted social credence over θ and n̄q the aggregate implied by a
fraction q of Romerians playing the high action.

Step 1: dϕrd/dµa < 0. A more optimistic announcement raises θpost, which raises the continu-
ation value of the high-fertility action relative to the low action at every q (the payoff difference is
increasing in the perceived scale effect, by the same monotonicity as Proposition 6): ∂Ψ/∂θpost > 0.
Moreover ∂Ψ/∂ϕ > 0 (a higher share of Romerians raises n̄q at every q through the reduction
map T of Theorem 4, and UR is increasing in the aggregate by strategic complementarity). By the
implicit function theorem, dϕrd/dµa = −(∂Ψ/∂θpost)(∂θpost/∂µa)/(∂Ψ/∂ϕ) < 0.

Step 2: Welfare effect. Let g(·) be the prior density of ϕ. Lowering the cutoff switches the
selection from the low- to the high-fertility equilibrium on a set of prior mass g(ϕrd) |dϕrd|. In a
Romerian world the welfare gap W tot(n̄H)−W tot(n̄L) > 0 (the high selection is closer to nFB by
Proposition 4(i)). The selection-shifting marginal benefit of the announcement is therefore

dW tot

dµa

∣∣∣∣
sel

= g(ϕrd) ·
[
W tot(n̄H)−W tot(n̄L)

]
·
∣∣∣dϕrd

dµa

∣∣∣ > 0.

Adding this term to the first-order condition of Theorem 6 shifts the optimum by χsel > 0.
Step 3: Non-monotonicity in ϕ. χsel is proportional to g(ϕrd): when the prior mass of ϕ is

concentrated far from the cutoff on either side, g(ϕrd) ≈ 0 and the selection channel is inert; χsel

peaks when the prior places maximal mass near ϕrd. □

D.11 Value of Announcement in the Dormant Trap (Auxiliary Result)

Proposition 11 (Announcement Value in the Trap). Suppose the economy is in the dormant trap of
Theorem 1 in a Romerian world, with planner posterior p = P(θ∗ = θR | θ̂) > 1

2
, and suppose the

all-Romerian fertility response satisfies bϕ=1 > µ, so that the destabilization threshold is interior.
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Under W tot, the expected value of a truthful announcement of precision τA satisfies

V trap(τA) = pP esc(τA)∆W
esc − (1− p)Pmis(τA)∆W

mis − P deepen(τA)∆W
deepen,

where P esc is increasing in τA above a low threshold with

lim
τA→∞

P esc(τA) = Φ
(θR − θM

2σν

)
> 1

2
,

tending to one as the planner’s own noise σν → 0, and ∆W deepen = O(x20) is second-order.
Provided the limiting upside exceeds the bounded downside,

pΦ
(θR − θM

2σν

)
∆W esc > (1− p) P̄mis ∆Wmis +∆W deepen,

where P̄mis is an upper bound on the misfire probability, there exists a threshold τ trap such that
V trap > 0 for all τA > τ trap; the threshold is moderate because ∆W esc reflects escape from
permanent stagnation while the downside terms are bounded and, in the deepening case, second-
order.

Proof. Escape mechanics. In the trap, by Theorem 1, data-driven belief change is negligible
(
∑

t It = O(x20)); the announcement shifts πpost by the log-odds increment (41) and, through (14),
shifts ϕ1 by (1 − λ)∆π. Define the destabilization threshold ϕdest ≡ inf{ϕ : bϕ ≥ µ}, which is
interior by the maintained proviso bϕ=1 > µ together with the continuity and monotonicity of bϕ in
θ̄ϕ (under (C4)); absent the proviso the set is empty, P esc = 0, and the announcement has no escape
channel. The escape event is E = {ϕ1 > ϕdest}: on E, the linearized gap dynamics (23) have root
1 − µ + bϕ1 > 1, so xt exits any neighborhood of zero in finite time, after which It is bounded
below and, under truth θR, Theorem 2 applies on the ensuing growth path, locking in πt → 1.

Behavior of P esc. Under truth θR, the truthful announcement has z ∼ N (θR, σ
2
ν + τ−1

A ), and
the log-odds shift (41) has mean τA(θR − θM)2/2 > 0, increasing in τA, with standard deviation
τA(θR − θM)

√
σ2
ν + τ−1

A . The shift exceeds the fixed log-odds distance ℓdest to ϕdest if and only if
z > 1

2
(θR + θM) + ℓdest/[τA(θR − θM)], an event whose probability is increasing in τA above a low

threshold and converges, as τA → ∞, to

P
(
z > 1

2
(θR + θM)

)
= Φ

(θR − θM
2σν

)
< 1,

which exceeds 1
2

and tends to one only as σν → 0. This is the stated limit; the planner’s own noise,
not the announcement’s, is the binding constraint at high precision, which is the formal content of
the planner’s dilemma.
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Bounded downside. The deepening event (a low draw of z pushing πpost down) leaves the
economy inside the trap, where by Theorem 1(i) welfare is insensitive to beliefs to first order,
since the fertility differential is dormant, so ∆W deepen = O(x20). The misfire event (truth θM but
announcement triggers an expansion) costs ∆Wmis, bounded by the transitional welfare loss of an
expansion-and-correction episode in a Malthusian world, which is finite under the boundedness
condition; its probability weight is (1 − p)Pmis, and Pmis ≤ P̄mis because under truth θM the
truthful announcement is centered on θM and triggers escape only on a tail event whose probability
is decreasing in τA.

Threshold. ∆W esc is the discounted gap between the Romerian balanced-growth path (g∞ =

ḡ+ θR ln n̄∞/µ) and permanent stagnation (g = ḡ), strictly positive and large. Under the displayed
sufficiency condition, pP esc(τA)∆W

esc is continuous and increasing in τA from a value near zero to
a limit strictly exceeding the bounded downside terms, so the intermediate value theorem delivers
τ trap with V trap > 0 above it. The threshold is decreasing in p and in ∆W esc, and, because
∆W deepen is second-order in the trap, lower than the corresponding threshold in any environment
where wrong beliefs carry first-order flow costs. □

D.12 Value of Announcement Under Malthusian Cycles (Auxiliary Result)

Proposition 12 (Announcement Value Under Cycles). In a Malthusian world with the non-
monotone dynamics of Proposition 3, under W tot,

Vcycle(τA) = Ω̃
[
Var(θi)− EVar(θposti )

]
+ Λ̃

[
(θ̄ − θ∗)2 − E(θ̄post − θ∗)2

]
− Cadj,

with Ω̃, Λ̃ > 0 the marginal welfare values of dispersion and bias reduction implied by Proposition 9,
andCadj > 0 an adjustment cost from disrupting households’ contingent plans mid-cycle. Provided
the attainable bias- and dispersion-reduction gains at full revelation exceedCadj , there is a precision
threshold τ cyc above which Vcycle > 0; the threshold exceeds τ trap.

Proof. The mapping from belief moments to welfare is given by the ∆2 and ∆3 terms of (39),
with Ω̃ = Ω′κ2/2 and Λ̃ = Ωκ2/2 evaluated along the cycle, where κ = O(|Xt|) is bounded
away from zero over the expansion and contraction phases (where |xt| > 0). Both bracketed
terms are nonnegative and increasing in τA: under the objective measure, the posterior probability
assigned to the true model is a submartingale with respect to additional informative signals, so a
truthful public signal reduces the expected squared deviation of the mean belief from the truth, and,
through the recruitment channel, reduces steady-state type dispersion. Cadj is a primitive of the
environment, independent of τA. Hence Vcycle is increasing in τA, and, under the stated proviso that
the full-revelation gains exceed Cadj , it is positive above a threshold τ cyc by the intermediate value
theorem. The threshold comparison with Proposition 11 follows from two structural differences:

78



along the cycle, It > 0, so the data already perform part of the announcement’s work and the
marginal informational value of the announcement is correspondingly lower; and Cadj > 0 has
no counterpart in the trap, where there are no contingent plans to disrupt and the downside is
second-order. Both differences raise the required precision: τ cyc > τ trap. □

E Supplementary Discussion

This appendix collects discussion material referenced throughout the text.

E.1 The Role of Each Preference Ingredient

Each ingredient of the preference structure in Section 2 is load-bearing. The time cost with CRRA
makes the TFP level cancel from the fertility first-order condition: a higher At raises the wage
and the opportunity cost of a child in the same proportion. The uncontroversial Malthusian level
channel (“higher income supports more children”) is thus shut down by construction, and beliefs
affect fertility only through forecasts of growth, which is where the disagreement actually lives.
The curvature σ < 1 is the restriction the Barro–Becker framework itself imposes: with iso-elastic
utility, children carry positive marginal dynastic value only if flow utility is positive, which requires
σ < 1. The mirror regime σ > 1 requires ε > 1 and reverses the sign of the belief–fertility
gradient (Remark 1). The empirical evidence in Section 3 is consistent with the σ < 1 regime.
The altruism curvature ε is what makes the fertility problem well-posed: with a linear weight
βn, the marginal benefit of a child never falls below its marginal cost before the dynastic value
diverges, and no interior optimum exists. This is the standard Barro–Becker structure rather than a
technicality specific to this paper. Making it explicit also disciplines the welfare analysis, where the
gap between utilitarian head-counting and dynastic n1−ε-weighting becomes a distinct normative
wedge (Section 7).

E.2 A Jones-Style Microfoundation for the Population Gap

With idea production ln(At+1/At) = ν + λ lnNt − ω lnAt + ηt+1 (with a slight abuse of notation
local to this subsection, as ν and λ here denote idea-production parameters), defining xt = λ lnNt−
ω lnAt + const (normalizing λ = 1) delivers (3)–(4) with µ = ωθ, up to a feedback of η into x
that I abstract from for tractability; the additional shock does not change the analysis qualitatively.
The limit µ→ 0 recovers the strong-scale-effects case in which xt is a random walk in fertility and
level effects are permanent, the Kremer–Romer benchmark.
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E.3 The Parameter θ and the Two Channels in Kremer (1993)

It is worth being explicit about how θ relates to the two channels in Kremer (1993). Kremer posits
a Malthusian level channel (more TFP feeds more people) and a Romerian growth channel (more
people generate more ideas), arguing the latter dominates in the long run because it acts on the
growth rate. The parameter θ here encodes the strength of the growth channel net of dynamic
congestion. The level channel operates through the static budget constraint and is deliberately neu-
tralized by the preference structure of Section 2, since it is not where the substantive disagreement
lives. The semi-endogenous structure (4) additionally encodes Jones’s amendment to Kremer: even
a true Romerian world exhibits scale effects in growth only relative to the knowledge stock.

E.4 Belief Formalism and Alternatives

Although the formal apparatus of Section 2.2 uses Bayes’ rule, the cognitive interpretation is
restricted to the population level. Individuals act as types under certainty; (12) is best read as a
tractable functional form for socialization dynamics. An alternative would allow ambiguity aversion
(Hansen and Sargent, 2001, 2008); I adopt the Bayesian framework to focus on how disagreement
and signal informativeness interact over time.

E.5 Relation to the Endogenous Boom-Bust Literature

The structural conditions for the cycles of Section 5.2 map directly onto those identified by Beaudry
et al. (2020) for endogenous boom-bust dynamics in macroeconomic aggregates. In their reduced-
form characterization, a hump-shaped spectral density of equilibrium outcomes (their Proposition 1)
requires three ingredients: strategic complementarities across agents, an accumulation variable that,
when high, depresses the marginal individual value of further accumulation, and sufficient sluggish-
ness in adjustment. The model here has all three. Strategic complementarities arise endogenously
among Romerians under σ < 1 (Proposition 6); the population gap xt is the accumulation variable,
which under θ∗ = θM < 0 lowers expected growth and hence the dynastic value of an additional
child; and the semi-endogenous catch-up rate µ governs the sluggishness with which the knowledge
stock catches up with population. Their Proposition 2 further shows that as the strength of com-
plementarities crosses a critical threshold, the system can transition from damped oscillations to a
locally unstable steady state surrounded by a limit cycle, exactly the regime in which the present
model’s Malthusian dynamics live when learning is sufficiently weak relative to selection.
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E.6 Comparative Statics for the Strength of Cycles

When learning is weak (small (θR − θM)2 or large σ2
η), x̂ is large, selection dominates over a

wide band, and expansions run long before crises. When learning is strong, x̂ is small, optimism
is corrected quickly, and the system settles near a Malthusian-dominated quasi-steady state at
x∗M = ν/(µ − bϕ≈0) > 0 (for ν > 0), where a persistent optimist minority is maintained by the
balance between selection at x∗M and recruitment toward the low credence. Pronounced recurrent
cycles arise for intermediate learning responsiveness, the same region a benchmark with state-
independent selection would identify, but now with the recovery phase micro-founded.

E.7 Time Inconsistency of Ex-Post Pronatalist Support

A further parallel with macroeconomic policy deserves mention. Anticipated ex-post pronatalist
support during fertility crises creates a time-inconsistency problem analogous to bailout policies:
anticipating support raises ex-ante fertility, amplifying cycle dynamics in a Malthusian world.
Credible long-run population policy therefore requires explicit commitment limits, in the same way
that credible lender-of-last-resort policy requires constructive ambiguity or statutory constraint.

F Notation and Key Thresholds

Table 8 collects the model’s recurring symbols, and Table 9 the three numerical thresholds that
organize the dynamic analysis.
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Table 8. Summary of Notation

Symbol Description Defined

xt Population gap (population relative to knowledge-consistent reference) (4)
µ Catch-up rate of the knowledge stock (4)
θR, θM Romerian / Malthusian scale-effect beliefs; θ̃j local slope at x = 0 (3), (6)
ϕt Population share of Romerians Assumption 2
πt Social credence (shared posterior on θR) (12)
λ Cultural transmission rate Assumption 4
It Signal informativeness (KL divergence) (13)
n0 Common dormant-point fertility; ν ≡ n0 − 1 stagnation gap (19)
δ0 Effective dynastic discount factor βκσ(n0)1−ε Lemma 2
Xt Discounted gap forecast (20)
dj Within-period best-response slope of type j (31)
ρ(ϕ) Aggregate within-period best-response slope (32)
ϕ∗, ϕ∗∗ Boundaries of the static equilibrium regions Appendix B
ϕrd Risk-dominant selection cutoff Theorem 4
b̂(ϕ) Expectational feedback at the reference (22)
bϕ Equilibrium response of log-fertility to the gap (23)
x̂ Selection–learning crossover gap (Malthusian world) Prop. 3
x∗ Quasi-steady gap ν/(µ− bϕ) Theorem 1(iii)
Λ0,Λ1 Head-counting and scale-externality wedges (36)
∆0, . . . ,∆3 Welfare decomposition components (38)
τA Announcement precision (credibility) Assumption 5

Table 9. Key Thresholds at the Baseline Calibration

Threshold Condition Baseline value Where

Trap destabilization bϕ > µ θ̄ϕ ≳ 1.1 Section 5.3
Expectational indeterminacy b̂(ϕ) > 1 θ̄ϕ ≳ 7.7 Prop. 7, App. B
Static multiplicity dR > 1 θ̃R ≳ 10.4 Theorem 3, App. B

Notes: The ordering—trap destabilization first, then expectational indeterminacy,
then static multiplicity—implies that the economically relevant coordination margin
near the reference is the dynamic one. The expectational and static thresholds are
linked by the factor 1/(1 − δ0) ≈ 1.34. Values are illustrative at the baseline
calibration with µ = 0.5.
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