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Abstract
This paper examines the e¤ects of China’
s One Child Policy (OCP) in a stylized uni…ed growth model
where demographic change plays a central role. Introducing a population constraint into Galor and Weil
(2000) model, our theoretical analysis shows that parents are willing to invest in the education of their children
immediately after the OCP intervention. Raising the education level, in turn, boosts rates of technological
progress and economic growth over the short run, but the low population mass resulting from the OCP
hampers the natural economic evolution. This eventually reduces the education gain and technology growth,
retarding economic growth in the steady state. We next calibrate our model to match the key data moments
in China. A permanent OCP is found to accelerate economic growth by up to 60% over the short run (40
years, or two generations under our assumed generation length), but depress long-run growth to 6:95% (8:94%
under natural evolution). For a temporary OCP lifted after two generations, the economic growth shows an
immediate decline of about 27%, followed by a gradual recovery to the steady state under natural evolution.
While the OCP reduces welfare, the welfare loss from a temporary OCP is less than that from a permanent
OCP. This suggests that the recent decision of the Chinese government to abandon the OCP and move to a
two-child policy is likely to improve economic growth and welfare over the long run.
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Introduction

Since the publication of Malthus’seminal work, An Essay on the Principle of Population, the evolution of population and per capita income has been an important topic in the discussion of economic
growth and development. In particular, economists have sought consistent frameworks that capture
the historical evolution of population growth and economic growth, including the transitions from one
stage of development to the next. To the best of our knowledge, Galor and Weil (2000; henceforth,
GW) were the …rst to attempt such a uni…ed growth model. From a macroeconomic perspective,
they divide the historical evolution of population and output into three regimes, with each regime
capturing the relationship between the growth rates of per capita income and population. Figure 1
depicts the growth rates of population and per capita income in Western Europe from the 7th to
20th centuries.
Before the 1700s, income per capita was roughly constant and population growth was low. This
stage, which GW designate as the Malthusian Regime, features a positive relationship between the
growth rates of output and population. The Malthusian Regime prevailed for over a millennium in
the GW observation period, and likely much longer.
During 1700 to 1900, Western economies transitioned to the Post-Malthusian Regime. In this era,
output growth allowed income per capita to continue rising instead of solely re‡ecting population
growth. Although the Malthusian relationship between income per capita and population growth
remains in place, the diluting e¤ect of high population on income per capita is counteracted by
technological progress that allows for moderate growth in both income per capita and population.
The Modern Growth Regime extends from 1900 to the present day. It is characterized by the
demographic transition in which quality, rather than quantity, is the standard for child rearing. This
regime is characterized by a decline in population growth combined with strong growth in income
per capita.1
The GW model, a uni…ed growth model that encompasses the endogenous transitions between
the three regimes described above, provides a comprehensive theoretical framework for explaining
the transition mechanism. This endogenous growth mechanism depends on the interaction of popula1

The negative relationship of population growth and economic growth has been a popular topic in existing literature.

Some researchers explain that the trade-o¤ in lower fertility rates for investment in children in developed economies
induces a substitution of quality for quantity (Barro and Becker, 1989; Becker et al., 1990). Others argue that the
higher relative wages of women in developed economies increases the opportunity cost of raising children (e.g. Galor
and Weil, 1996).
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tion, education, and technology. First, increases in the population size boost the rate of technological
progress through the rapid di¤usion of new ideas and the increased likelihood of technological breakthroughs. This e¤ect is most associated with the transition from the Malthusian Regime to the
Post-Malthusian Regime. Second, parental decisions on the amount of formal education their children receive a¤ect the rate of technological progress. The intuition here is that children are more
likely to adopt and use advanced technology if they are more highly educated, and thus the rate of
technological progress is accelerated. Finally, technological progress raises the rate of return to human capital, which changes the emphasis in child-rearing from quantity to quality. This shift is most
associated with the transition from the Post-Malthusian Regime to the Modern Growth Regime.
The Chinese economy manifests the same three stages of GW development in the output and
population growth rates over a compressed period that runs roughly from the 1500s to the present.2
Figure 2 provides a summary based on Maddison (2003, 2007). Notably, China’s transition from
its Post-Malthusian stage (1914–1976) to the Modern Growth stage (1977–2003) coincides closely
with the implementation of the One-Child Policy (OCP) in China around 1979. This inspires us to
consider whether there is a link between the OCP and the development transition. In particular, we
ask whether the transition between stages of development can be manipulated by population policies
instead of natural evolution. Thus, we introduce a policy variable that a¤ects population growth
into the GW model to capture the e¤ects of the OCP.
As the e¤ects involve complicated endogenous interactions among the parameters, the GW model
also serves as an excellent tool for examining economic dynamics in the presence of population
control.3 Unfortunately, the GW model’s focus on per capita income growth may not provide a
fair assessment of the OCP. As Liao (2013, p.49) points out, “focusing solely on GDP per capita
as a measure of economic well-being paints an incomplete picture of the welfare consequences of
population policies”. To perform a welfare analysis of the OCP, we thus follow Song et al. (2015)
to compute the welfare cost of the OCP relative to natural evolution. This is done by adopting
the socially discounted lifetime utility of the representative household under alternative regimes.
Our …rst main contribution is to provide a formal theoretical analysis of the impact of population
control policy on the timing of takeo¤ from stagnation to sustained economic growth. We seek
to answer a two-part question. Could the modernization process be a manipulated outcome of
2
3

For a recent overview of China growth, see Zhu (2012).
The only macroeconomic analysis of OCP in China that we are aware of is Liao (2013). See also Liao (2011) for a

more detailed presentation of her overlapping generations model.

2

government intervention? If yes, what are the costs and bene…ts of such intervention? As GW
model is one of the few popular models that provide an instrument for understanding the interaction
between the demographic transition and the takeo¤ from stagnation to sustained economic growth,
we employ the GW model as our workhorse for the theoretical analysis and treat it as the natural
evolution process, comparing it with a manipulated version in which several OCP scenarios are
considered. The results of this theoretical modeling suggest that an OCP improves short-run growth
performance at the expense of steady-state growth.
Our second contribution is the empirical. Based on Chinese data, our calibration shows that
the long-run equilibrium growth rate of per capita GDP under natural evolution is about 8:94%.
Relative to natural evolution, a permanent OCP raises economic growth for the …rst two generations
by about 60% and 17% respectively. It then lags the rate of natural evolution and eventually is
22% lower in the steady state. A temporary OCP that lasts two generations has a positive e¤ect
on per capita GDP growth for the …rst two generations as in the permanent OCP case, but then
becomes worse than a permanent OCP right after it is lifted. Per capita income growth is about 27%
below that of natural evolution for the subsequent generation. Thereafter, per capita income growth
recovers, approaching the same rate of steady-state growth. We also note the intuitively obvious fact
that the welfare cost over time is always higher for a permanent OCP than a temporary OCP as
the permanent OCP has more severe adverse e¤ect on the demographics. Finally, we perform a few
counterfactuals that relate to the timing and duration of OCP regimes.
Related Literature
There are many empirical studies on the relationship between population growth and economic
growth. Most cross-sectional analyses …nd a negative relationship between the two variables, including Barlow (1994), Brander and Dowrick (1994), Coale (1986), Hazledine and Moreland (1977),
Kelley and Schmidt (1994, 1995), and McNicoll (1984). The majority of empirical works, however,
do not provide a causal e¤ect of population changes on economic growth (Simon, 1989). A review
of the debate provided by Kelley (1988) asserts that there is no de…nite conclusion from the body of
empirical tests. Temple (1999) also supports this review.
A notable exception is Li and Zhang (2007), who present empirical evidence for a statistically
signi…cant negative causal e¤ect of population growth on economic growth by exploiting the exogenous nature of the OCP of China. Due to limited data, however, their study only presents short-run
e¤ects. Moreover, it lacks a theoretical framework for explaining the identi…ed dynamics.
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Our paper thus seeks to move the discussion ahead by using the GW model to investigate both
the qualitative and quantitative e¤ects of the OCP on China’s economic development and welfare.
To this end, the most relevant study is Liao (2013), who studies the e¤ects of OCP on income and
welfare in an overlapping generations setting. She …nds that OCP speeds up the accumulation of
human capital and raises per capita income in the steady state. Our uni…ed growth model yields
the same conclusion on human capital accumulation, but per capita income growth only rises for
a few generations and is lower along the balanced growth path. Thus, the quality improvement in
labor cannot compensate its accumulated loss in quantity over time due to OCP.4 From the welfare
perspective, we corroborate Liao’s …nding that there is a trade-o¤ between generations with the
current generations gaining and future generations losing.
The remainder of the paper is organized as follows. Section 2 describes the basic structure of
the GW model under the OCP. Following Lagerlöf (2006) and using Chinese data, we calibrate the
model and provide some quantitative …ndings in Section 3. Section 4 states the conclusions and
o¤ers some policy considerations.

2

Basic model

Consider a two-period overlapping-generations model in which agents live for two periods.5 In the
initial childhood period, agents have no income, consume nothing and receive an education …nanced
by their parents; whereas in the adulthood period, they earn income from their human capital input
and resources owned, consume, decide on how many children they will have and how much they will
invest into their children’s education. For notational convenience, we follow GW and assume that
members of generation t, denoted Lt , participate in the labor market in period t.
According to Galor (2005, p. 238), the uni…ed growth model “is based upon the interaction
between several building blocks: the Malthusian elements, the engines of technological progress, the
origin of human capital formation, and the determinants of parental choice regarding the quantity and
quality of o¤spring.” For our purposes, the OCP obviously a¤ects the decision of parents as to how
many children they will have, the quality of their upbringing, and the human capital accumulation
4

This is consistent with the …nding of Rosenzweig and Zhang (2009) that the e¤ect of OCP on human capital

accumulation is modest.
5
We refer to GW’s original paper for details. We use identical notation to theirs as much as possible for easy
reference.

4

process. The subsistence consumption constraint, however, remains unchanged.6

2.1

Human capital accumulation, technology, and income

Let ht+1 denote the human capital accumulated for a member of generation t + 1 (the children of
generation t). It follows that
ht+1 = h (et+1 ; gt+1 ) ;

(1)

where et+1 is the education investment made in generation t + 1 by generation t and gt+1 is technological progress, which is given by
gt+1

At+1 At
= g (et ; Lt )
At

(2)

where g(0; L) > 0, gi > 0, and gii > 0 for i = e; L. Following GW, we assume that h > 0, he > 0,
hg < 0, hee < 0, hgg > 0 and heg > 0 for 8 (et+1 ; gt+1 )

0, such that human capital is increasing but

concave in education, decreasing but convex in the rate of technological progress, and technology
complements skills in the production of human capital.
Per capita production, or income, denoted by zt , is given by the Cobb-Douglas technology:

where xt

1

At X
Lt

zt = h t

= ht xt1

;

(3)

At X=Lt represents the per capita resources, At represents the endogenously determined

technology level at time t, Lt is the e¢ ciency labor input, X is the resource owned by the agents,
and

2 (0; 1) measures the pro…t share of human capital.

2.2

Preference and population control

The utility function of an agent is given by
ut = (1
where

) ln ct + ln (nt ht+1 ) ;

(4)

2 (0; 1), ct and nt are the consumption and number of (surviving) children in each period,

respectively. Agents face the budget constraint
zt n t (
6

q

+

e

et+1 ) + ct = zt ;

(5)

For an alternative analysis on the relation between the China OCP and human capital accumulation, see Rosenzweig

and Zhang (2009).
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where

q

and

e

are the fractions of the individual’s unit time endowment required for raising and

educating a child. Similar to Liao (2013), the OCP is captured by a quantitative upper bound n:
nt

n:

(6)

According to (6), when nt < n, we again have the original GW model. For nt

n, we simply have

nt = n. When nt = n = 1, we have the simplest, but important, form of population control whereby
population is held constant over time.7 We take this as our benchmark case for the analysis of the
OCP.
The agent has to maximize their utility subject to the following constraints: the budget constraint (5), the human capital accumulation constraint (1), the population policy restriction (6), a
e
c, and the quality constraint of non-negative education,

subsistence consumption constraint, ct
et+1

0. Thus, the optimization problem for an agent of generation t is
max (1

nt ;et+1

) ln fzt [1

nt (

q

+

e

et+1 )]g + ln [nt h (et+1 ; gt+1 )]

(7)

s.t.
zt [1

nt (

nt

q

+

n;

e

e
c

et+1 )]

et+1

0:

The …rst-order conditions are given by
nt :
(1
1

) ( q + e et+1 )
+
nt ( q + e et+1 )
nt

t zt (

q

e

+

et+1 )

t

=0

et+1 :
(1
and et+1
t

e

he (et+1 ; gt+1 )
1 nt ( +
h (et+1 ; gt+1 )
(1
) nt
he (et+1 ; gt+1 )
+
1 nt ( q + e et+1 )
h (et+1 ; gt+1 )
q

ee
t+1 )
e

+

e

t zt n t
t zt n t

0 and et+1

e

0

= 0

:
zt [1

t

nt

)

nt (

q

+

e

et+1 )]

:
n

e
c

0;

t

0 and

t (zt [1

nt

0;

t

0 and

t (n

nt (

q

+

e

et+1 )]

e
c) = 0

nt ) = 0:

From the …rst-order conditions, the quality-quantity decision of an agent depends on whether the
constraints on subsistence consumption, population control policies, and non-negative education
investment are binding.
7

This is the only quantitative restriction on nt such that we can have a stationary steady-state equilibrium.
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2.3

E¤ective population control

If the policy constraint on fertility is not binding where n < n or

t

= 0, then the model is simply

that of GW. As the novelty of our analysis lies in the binding fertility restriction case in which n = n
or

t

> 0, we focus on this case for the derivation of the dynamical system below. In addition, as we

develop the model for studying China’s OCP, we must have an e¤ective OCP in the Post-Malthusian
period, when the subsistence consumption constraint no longer binds.
2.3.1

The consumption choice

When the shadow price of consumption
When

t

t

is positive, the subsistence constraint is binding as ct = e
c.

equals zero, the consumption is above the subsistence level, i.e. ct > e
c, which is given

by the budget constraint (5). Following GW in de…ning the level of potential income at which the
subsistence constraint just binds as z~ e
c= (1
), we have
8
<
e
c
if zt
ct =
: z [1 n ( q + e e )] if z
t
t+1
t
2.3.2

z~ ,

(8)

z~ .

The fertility choice

The number of the children is determined by the policy parameter nt = n in the Post-Malthusian
period, where

t

= 0. Thus,

t

t

=

can be solved as
1
n

1

n(

q

ee
t+1 )

+

(

q

+

e

et+1 ) :

(9)

Then, we have

t

=

n ( q + e et+1 )
n [1 n ( q + e et+1 )]

(et+1 ; n) :

(10)

From (3), we have
zt = ht xt1

z (et ; gt ; xt ) :

It is straightforward to show that the partial derivatives are given by
ze (et ; gt ; xt ) > 0; zg (et ; gt ; xt ) < 0; zx (et ; gt ; xt ) > 0:
Finally, the e¢ cient level of resources per capita is determined by
1 + gt+1
xt+1
=
.
xt
n
7

(11)

2.3.3

The education choice

From the …rst-order condition for et+1 , we de…ne an implicit function of et+t and gt+1 as follows:
8
< = 0 if et+1 > 0
(12)
G (et+1 ; gt+1 ; n) ( q + e et+1 ) he [1
(n; et+1 )] e h
:
0 if et+1 = 0

where

n ( q + e et+1 )
[1 n ( q + e et+1 )]

(n; et+1 ) =

(13)

by using (10). From (13), we obtain
e (n; et+1 )

=

n (n; et+1 )

@ (n; et+1 )
=
@et+1

[1

@ (n; et+1 )
=
@n

=

(1
n(

)n e
2 <0,
q + ee
t+1 )]

) ( q + e et+1 )
< 0:
n ( q + e et+1 )]2

(1
[1

Hence, we have
Gn =
q

Gg = (
Ge = (

q

e

+

+

e

e

h

et+1 ) heg

n

<0,
(1

)

e

e

he +

e

et+1 ) hee +

hg > 0 ,

h

e

<0,

where
e

he +

e

h

e

=

eh

1

n(

q

e

+

ee
t+1 )

1

n(

q

+

ee
t+1 )

< 0:

To ensure that there exists a positive gt+1 such that the chosen level of education is zero, we assume
further that
Assumption A1 G (0; 0; n) < 0:
The solution of et+1 is given by
G (et+1 ; gt+1 ; n) = 0:
In addition, following GW, we assume et+1 to be concave in gt+1 :
2
Assumption A2 @ 2 e (gt+1 ; n) =@gt+1
< 0 for gt+1 > g .

We next obtain the following lemma to determine the education level et+1 :
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Lemma 1 Under Assumptions A1 and A2, the level of education et+1 is a non-decreasing concave
function of gt+1 :
et+1

8
< =0
= e (gt+1 ; n)
: >0

if gt+1

g

(14)

if gt+1 > g

where g > 0 such that G (0; g; n) = 0, and

@e (gt+1 ; n)
@e (gt+1 ; n)
> 0;
< 0,
@gt+1
@n
for 8gt+1 > g.
Next, recall (2) and the fact that n = n; we have
gt+1 = g (et ; Lt ) = g et ; L0 nt :

(15)

This de…nes another relationship between technological progress and education that shifts over time.8
However, when the population control policy parameter is set such that the population size is constant
(i.e., n = 1), then (15) becomes stable over time.

2.4

The dynamical system

Recalling the de…nition of xt , (14) in Lemma 1 and (15), we obtain the full dynamical system as
follows:
1 + gt+1
xt
n
8
< =0
= e (gt+1 ; n) = e (g (et ; Lt ) ; n)
: >0

(16)

xt+1 =

et+1

if gt+1

g

(17)

if gt+1 > g

gt+1 = g (et ; Lt )

(18)

Lt+1 = nLt :

(19)

where the last dynamic equation comes from the de…nition of the population growth rate. This
system then governs the evolution of income per worker, education/human capital, technological
progress, and the population size of the economy.
8

We note that the relevant restriction is n

1. For the analysis of n > 1, it is qualitatively identical to the case of

natural evolution in GW. However, in the analysis of n < 1, g (et ; Lt ) can shift downward over time.
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2.4.1

The evolution of (et ; gt )

To analyze the evolution of education (et ) and technological progress (gt ), we follow GW and focus on
(17) and (18) for a given population size L. We de…ne the ee locus to be the (et+1 ; gt+1 ) combinations
that satisfy (17), whereas the tg locus is de…ned by (18). We depict the case of multiple steady states
for a moderate population size in Figure 3.
There are two stable steady states. One is a Malthusian trap 0; g ` , while another represents a
Modern Growth steady state eh ; g h . The unstable steady state (eu ; g u ) is the threshold for dividing
the two stable equilibria. Depending on L and n, we can provide the qualitative characterization of
(et ; gt ) under three di¤erent con…gurations. It is straightforward to show that9
dg
> 0:
dn
This, together with Lemma 1, implies that a reduction in n (hence, a lower g), shifts the ee locus
downward in Figure 3. However, the tg locus depends on the current population size, so a reduction
in n does not a¤ect it instantaneously. With gL (et ; Lt ) > 0, the reduction in n begins to a¤ect
the tg locus in the subsequent period. More important, depending on the resulting magnitude of
n, the dynamics of the population size will continue to a¤ect the location of the tg locus over time.
Speci…cally, for n > (<)1, the tg locus shifts up (down) over time in the (et ; gt ) space.
2.4.2

Comparative statics

Consider the benchmark case in which n = 1 initially. We have a constant population size over time
(i.e. Lt = L 8t). Depending on the initial population size, we can obtain only one of the three possible
con…gurations depicted in GW without the endogenous transition over time. Beginning with this
benchmark case, a rise (reduction) in n …rst shifts the ee locus up (down). The instantaneous e¤ect
of the rise (reduction) in n moves us toward the low (high) steady state 0; g ` [ eh ; g h ]. However,
when n is increased (reduced), the tg locus begins to shift up (down) over time in the (et ; gt ) space.
9

Under an e¤ective population control policy, we can obtain the threshold technology growth rate g by setting

G (0; g; n) = 0 (Lemma 1). After some substitution and rearrangement, we have
G (0; g; n) =

q

he (0; g)

e

"

h (0; g) = 0

where
"=

1

n
1

q

n

q

.

Applying the implicit function theorem yields the comparative statics result.
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We eventually converge on the stable high (low) steady state eh ; g h [ 0; g ` ]. Although the two
loci change in opposite directions, the shift of the tg locus over time eventually dominates in the
benchmark case. This provides an illustration of the trade-o¤ e¤ects of population control policies
between the short and long run.
Now consider an alternative case in which population policy is reduced from n > 1 to n = 1 so
as to preserve a stable population size. The reduction of n shifts the ee locus down, whereas the tg
locus remains stable at the current population size over time (see Figure 4). This is an example of
implementing a policy to replace the mechanism of natural evolution (the shift of the tg locus due
growth in the population over time) to achieve the same qualitative equilibrium outcome.
The higher the current population growth rate under population control (n), the larger the
magnitude of the downward shift in the ee locus. Thus, e¤ective population control is more likely to
help a country escape the development trap and move to a stable high steady state eh ; g h .
Finally, suppose that we are at the Post-Malthusian stage in which population reaches a medium
size such that multiple steady states emerge. Given the introduction of the population control policy
represented by a reduction in n, the …rst outcome is a downward shift in the ee locus. There are
three possible ultimate steady-state outcomes depending on the severity of the population control
policy. If the new population policy target is at n = 1, we are very likely to achieve a stable new
higher steady state eh ; g h . This positive outcome is guaranteed when we have the possibility of
n > 1. This is because the tg locus begins to shift up over time, and thus, the high steady state is a
certain equilibrium outcome. However, if the population control policy is su¢ ciently stringent that
n < 1, then the …nal outcome is completely di¤erent. Although a large reduction in n can shift the
ee locus down signi…cantly to where we are initially able to achieve the Modern Growth Regime, the
subsequent developments di¤er. When n < 1, the tg locus also begins to shift down over time. With
this restricted level of n, the …nal outcome must be the case in which the population size declines to
such a low level that we fall into the Malthusian trap.

2.5

Global dynamics

We now consider how population control policy governs the demographic transition and hence the
evolution of the economy from the Post-Malthusian Regime to the Modern Growth Regime. Following
GW, the global analysis is based on a sequence of phase diagrams that describe the evolution of the
system within each regime and the transition between the regimes on the (et ; xt ) dimension. The

11

phase diagrams contain two elements: the XX locus, which denotes the set of all pairs (et ; xt ) for
which e¤ective resources per worker are constant (xt+1 = xt , 8t), and the EE locus, which denotes
the set of all pairs (et ; xt ) for which the level of education per worker is constant (et+1 = et , 8t).
We …rst derive the XX locus, which is given by
xt+1 = xt () 1 + g (^
e; Lt ) = n .
It is a vertical curve in the (et ; xt ) space located at et = e^. Without delving excessively into analytical
detail, we simply make the following assumption for e^:
Assumption A3 g < g (^
e; L) < g h eh ; L .
We then conclude
xt+1 > xt if et > e^
xt+1 = xt if et = e^
xt+1 < xt if et < e^ .
Furthermore, for a reduction (rise) in n, the XX locus shifts to the left (right).
Next, for the EE locus, we have
EE
or

f(et ; xt ) : et+1 = et g

et+1 = e (g (et ; Lt ) ; n) .

For a given population size, the steady-state values of et are independent of xt . Thus, the EE locus is
again a vertical line in the (et ; xt ) space, the location of which depends on the size of the population
L (which in turn determines the relative positions of the ee locus and the tg locus). The e¤ects of a
change in n on its location operate through the interactions of the ee locus and the tg locus. Overall,
we have three possible cases of steady-state equilibria for any given level of population size and n.

2.6

Conditional steady-state equilibria

We apply our global dynamic analysis to the benchmark case in which n > 1 such that the size of
the population evolves naturally over time. Suppose that a tightening of n to unity is e¤ective when
the population size is at its intermediate level, at which multiple equilibria are present (see Figure
5).
12

The instantaneous e¤ect is that the ee locus in Figure 4 shifts down, meaning that the high
steady state (eh ; g h ) moves to the right, whereas the low steady state (eu ; g u ) moves to the left. As
a result, the EE locus (et+1 = et , 8t) located at eu (eh ) shifts left (right), whereas the XX locus
(xt+1 = xt , 8t) shifts left. Thus, the region where the law of motion indicates a convergence toward
eh expands. The limiting case is the situation where the EE locus located at eu coincides with the
vertical axis so that et = eh .
The above analysis of global dynamics can be completely di¤erent if the population control
policy is stringent enough to achieve n < 1, leading to a decline in the population size over time.
The instantaneous e¤ect again is that the ee locus in Figure 4 shifts down, but the reduction in L
also shifts down the tg locus over time. The location of the steady states begins to reverse: the high
steady state (eh ; g h ) moves to the left, whereas the low steady state (eu ; g u ) moves to the right. In
the phase diagram, this is also re‡ected in the reversed movements of both the EE and XX loci: the
EE locus located at eu (eh ) shifts right (left), whereas the XX locus shifts right. As a result, the
region where et+1 > et shrinks over time and eventually vanishes so that education can only decline
over time. Other things being equal, we are ultimately converging to the Malthusian steady-state
equilibrium of et = 0. Thus, a permanent population control policy that ultimately yields (n < 1)
must be harmful.
Our analysis reveals that there is an instantaneous or short-run gain from restricting population
growth that allows the economy to move toward the high-growth steady state. Qualitatively, a
compromise to improve the overall situation seems to involve tightening the restriction on population
growth for a certain period of time (i.e. temporarily) and then relaxing the restriction to prevent a
decline in the population size over time.

3

Quantitative analysis of China’s OCP

China introduced its OCP in 1979 with the aim of increasing resources per capita and facilitating
China’s economic reforms. Under the policy, each family was limited to a single child, with penalties
imposed for subsequent births. The OCP successfully reduced the average annual population growth
rate from the 1:87% (observed from 1960 to 1979) to the 1:28% (observed from 1980 to 1999).
Before the formal announcement of the OCP, premier Zhou Enlai initiated a nationwide campaign
in the 1970s that called upon cadres at all administrative levels to promote population control.
Later marriage, longer intervals between births, and fewer children were advocated. The o¢ cially
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stated means of policy implementation were education, propaganda, and mild persuasion. While
this approach to population control policy resulted in a decline in the population growth rate in the
early 1970s, more aggressive measures seen necessary. In 1979, the Chinese government o¢ cially
announced the OCP.10
In this section, we introduce a numerical version of the model to study the quantitative e¤ects of
the OCP. To proceed, we specify the functional forms for the technology and preferences of the basic
model à la Lagerlöf (2003, 2006). Then we choose the parameterization following common practice
in the literature. We also propose a welfare analysis for assessing the OCP. Finally, we graphically
present our …ndings of the e¤ects of the OCP on growth and welfare.

3.1

Functional forms

Following Lagerlöf (2003, 2006), we set

q

=

and

e

= 1. The human capital accumulation function

is speci…ed as
ht+1 = h (et+1 ; gt+1 ) =
where

et+1 +
,
et+1 +
+ gt+1

2 (0; 1) denotes the relative time cost of having a child, and hence, et+1 +

can be regarded

as the e¤ective level of education. Furthermore, technological progress gt+1 takes the form
gt+1 = g (et ; Lt ) = (et +

) a (Lt )

where a (Lt ) is the scale e¤ect determined by
a (Lt ) = min f Lt ; a g
where

and a are both positive scale parameters. Therefore, the education dynamics et+1 are a

function of et and Lt .
De…nition 1 The recursive system is de…ned by three dynamic equations on gt+1 , At+1 and Lt+1
and two speci…c equations for et+1 and nt under the population control policy in the Post-Malthusian
Regime:
gt+1 = (et +

) at ,

At+1 = (1 + gt+1 ) At ,
Lt+1 = nt Lt ,
10

See Yang and Chen (2004) and Liao (2013) for a detailed review of the OCP in China.
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where
at = min f Lt ; a g .
When population control policy is not in e¤ ect (i.e. natural evolution is allowed), education and
fertility choices are determined by
n p
et+1 = max 0; (1
nt =
where
zt =

8
<
:

+et+1
1 e
c=zt
+et+1

o

) gt+1
if zt

1

if zt <

1

et +
et +
+ gt

At X
Lt

e
c
e
c
1

.

When the OCP is in e¤ ect, education and fertility choices are determined by
( s
)
]
gt+1
2
1
et+1 = max 0;
" +
gt+1 +
2 (1
)
+
1
gt+1
2 (1
)
nt = n
both for given initial values of L0 , e0 , and n0 , together with the parameters a ,

3.2

Parameterization

, , , , , X, e
c.

Following the suggestion of Boldrin and Jones (2002), we de…ne the length of a generation to be 20
years. The labor share of output

is set to be 0:443, which is estimated using employee compensation

as a fraction Chinese GDP.11 The time devoted to education in the Modern Growth Regime e equals
7:5%, the world average, whereas the fertility rate in the Modern Growth Regime n is normalized
to 1, and the initial population L0 to be 0:364 (Lagerlöf, 2006). We also set the …xed time cost

at

0:15, which is the same as the US value.12
In the uni…ed growth framework, we concentrate on the interaction between the demographic
transition and the take-o¤ from the Post-Malthusian Regime to the Modern Growth Regime. To
11

This is based on the Income Approach Components of the Gross Regional Product Table from the National Bureau

of Statistics of China. Another reference for a detailed analysis of the factor income distribution in China is Bai and
Qian (2009).
12
See the detailed discussion on choosing e , n and
time e , fertility rate n , and the education time

(Lagerlöf, 2006). Here we implicitly assume that the education

in the Modern Growth Regime are identical for all countries. In

other words, all countries converge to the same steady-state over the long run.
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highlight the e¤ect of population control policy, we assume that the OCP is the only e¤ective policy
factor that in‡uences China economic growth in this period.13 We calibrate the target value of the
technology growth rate in the Modern Growth Regime g and the timing of imposing the OCP to
match two certain key data moments of the Chinese experience. These key moments are the timing
of implementing OCP in China, i.e. the …nal generation of the Post-Malthusian period (say, 35th
generation); and the per-adult income growth rate, which is 6% after 40 years (two generations) of
OCP. From this, we back out the steady-state growth rate of technology g and the per capita GDP
under natural evolution. These values are 17:5541 and 8:94%, respectively.
Having obtained values for g and e , we can solve a and

from the equations for the Modern

Growth Regime
g =a
e =a
The parameter

2

(1

(1

) ,
)

.

is set such that population is constant in the Modern Growth Regime, i.e.

n = = ( + e ).
We assume that the population control parameter n = 1 is such that the population size does
not decline when the OCP is in e¤ect. Following Lagerlöf (2006), the remaining parameters such as
, X, and e
c are all normalized to one.

For the initial values, we also follow the method used in Lagerlöf (2006). We assume that the

education level e0 is zero and, hence, that the initial technology is g0 =
the subsistence level such that z0 = e
c= (1

L0 . The income equals

). From the production function, we can solve for A0

for a given z0 , L0 , X, , and . The remaining parameters ( , X, and e
c) are all normalized to 1. We
provide a summary of the parameterization in Table 1.

3.3

Welfare

In addition to Lagerlöf’s quantitative analysis of demographics and growth, we provide a welfare
assessment of the OCP along the lines of Song et al. (2015). We assess the welfare e¤ects of the
permanent and the temporary OCP. To compute the welfare cost of the OCP relative to natural
13

China implemented many reforms in the late 1970s, including the Opening Up Policy, the restoration of national

college entrance examination, and the abolition of the people’s communes, etc. All these reforms had great impact on
the factor productivity and contributed to China’s economic growth. Here, we concentrate on the growth e¤ect of the
demographic transition, i.e. the sphere in which the OCP had its most profound e¤ect.
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evolution, we follow the standard criterion of adopting the (socially) discounted lifetime utility of
the representative household under regime j (either OCP or natural evolution):
V0j

=

1
X

t j j
Lt ut

cjt ; njt ; hjt+1

t=0

where

2 (0; 1) is the social discount factor across generations and ujt cjt ; njt ; hjt+1 = (1

ln njt hjt+1

) ln cjt +

is given by (4). Thus, the equivalent variation is obtained from ! in the following

speci…cation:
1
X

t NE NE
Lt ut

(1 +

E
NE
NE
!) cN
t ; nt ; ht+1

=

t=0

1
X

t OCP OCP
Lt
ut

cOCP
; nOCP
; hOCP
t
t
t+1

t=0

where ! < 0 measures the welfare loss due to the implementation of the OCP. The choice of the
social discount factor

is crucial for the analysis. Following Song et al. (2015), we employ

= 0:975

for our hypothetical planner.

3.4
3.4.1

Findings
The permanent OCP case

From the calibration, once the OCP is implemented (nt = n = 1), the instantaneous e¤ect is a
corresponding jump in GDP per capita. Population control promotes strong growth in GDP per
capita in the short run. This …nding is consistent with our theoretical prediction and the empirical
results of Li and Zhang (2007). In the benchmark case, as shown in Figure 6, the timing of the
imposition of the OCP is chosen to be the 35th generation, i.e. the …nal generation of the PostMalthusian era. When the OCP is implemented, a critical mass of population cannot be accumulated
due to zero population growth. This reduces growth performance in the steady state. However,
Figure 6 also shows that education begins to increase once the OCP is implemented. This implies
that the OCP causes agents to experience the quantity-quality trade-o¤ earlier than under natural
evolution. This is because the reduction in n reduces the threshold level of technological growth (g)
such that it pays to acquire education. However, once the quantity-quality trade-o¤ begins under
natural evolution, the relative gain in per capita income growth under OCP vanishes.
From the analysis, we can see that the OCP in China yields higher economic growth than does
natural evolution for more than two generations (40+ years), owing to both the instantaneous e¤ect
of a smaller population base and a higher education level resulting from an earlier quantity-quality
trade-o¤. Speci…cally, the per capita income growth rates are 5:82% and 6% for the 36th and
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37th generations under permanent OCP, whereas they are 3:64% and 5:12%, respectively, under
natural evolution. The policy’s long-run cost is much higher, however, with a 22% decline in per
capita GDP growth in the steady state (6:95% under permanent OCP versus 8:94% under natural
evolution), due to the lower population mass and education in the steady state. In fact, growth
under natural evolution is higher than growth under OCP starting from the third generation after
the implementation of the policy.
Moreover, the earlier the government imposes the OCP, the lower the resulting GDP per capita
growth rate. This is consistent with our uni…ed growth theory of OCP. The earlier the OCP is
implemented, the less likely we are to achieve critical mass in the labor force, thereby magnifying
the negative quantity e¤ect on growth relative to the positive quantity-quality trade-o¤ e¤ect.
To see this, we perform two OCP experiments. We …rst impose the OCP one generation earlier
(34th generation). Figure 7 shows that the trade-o¤ between the short-run gain and long-run cost
rises signi…cantly. However, if we postpone the OCP for one generation such that it is imposed
during the Modern Growth Period (36th generation), then the trade-o¤ between the short-run gain
and long-run cost diminishes. This con…rms our intuition that delaying the implementation of the
OCP reduces the negative quantity e¤ect and increases the positive quantity-quality trade-o¤ e¤ect.
Summary 1 The OCP promotes growth in the short run, but retards it in the steady state. The
earlier the OCP is imposed, the higher its long-run cost in terms of lower growth.
3.4.2

The temporary OCP case

The Chinese central government recently abandoned the OCP by allowing each family to have two
children. For analytical convenience, we can regard this as the situation in which the population
constraint is non-binding. Thus, we can study the suspension of the OCP by treating the original
OCP as a temporary policy that lasted for two generations (approximately 40 years, 1979–2016).
We illustrate the e¤ects of China’s temporary OCP in Figure 8.
Figure 8 shows that the economy enjoys higher income growth relative to natural evolution for
two generations, then falls behind and ultimately returns to the same steady-state level. Notably,
when population growth rebounds, per capita income growth declines. The duration of the transition
is essentially identical to that under natural evolution. As shown in Figure 8, population growth with
a temporary OCP is higher than that under natural evolution for a few generations in transition.
This intuitively makes sense; a critical population mass has to be achieved under the temporary
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OCP to obtain the same steady-state level of income growth. The temporary OCP exhibits more
‡uctuations in income growth than does the permanent OCP. This is due to the ‡uctuations in
population growth because the economy has to make up for the loss in population due to the OCP
after it has been abandoned. In addition, as in the permanent OCP case, the quantity-quality tradeo¤ begins to be e¤ective once the OCP is in e¤ect. However, once the OCP is lifted, the quantityquality trade-o¤ is reversed. Thus, the quantity-quality trade-o¤ ‡uctuates under the temporary
OCP, whereas it is monotone under natural evolution.
The temporary OCP extends for the duration of the Post-Malthusian period and delays the
emergence of the Modern Growth period. This is intuitive because the temporary OCP delays the
accumulation of the critical mass of population in the uni…ed growth model.
Our calibration shows that the OCP is reversible since the natural evolution of the economy is
restored after the policy is removed. However, it also highlights the fact that the two-generation
gain in income growth under the temporary OCP comes at the expense of approximately eight
generations of lower growth. Nevertheless, our quantitative exercise shows that any temporary
policy on population in the GW model does not have a permanent e¤ect on long-run growth.
Before concluding our analysis on the temporary OCP, we study the e¤ect of the duration of
the temporary OCP. Figure 9 shows that the longer the duration of the temporary OCP, the larger
its deviation from the benchmark of natural evolution. For instance, if we delay the removal of the
OCP for one more generation (i.e. temporary policy lasts three generations), the relative decline
in per capita income growth from the natural-evolution level is much more substantial during the
transition.
Summary 2 Once the OCP is removed, the economy reverts to the steady state under natural evolution. Population growth, per capital income growth, and education all ‡uctuate during the transition,
and the emergence of the Modern Growth era is delayed. The longer the duration of the temporary
OCP, the lower per capita income growth in transition.
3.4.3

Welfare

We now assess the welfare consequences by solving for the equivalent consumption variation of the
OCP relative to natural evolution. Both temporary and permanent OCPs give rise to an initial
welfare gain for less than two generations in return for a subsequent permanent welfare loss (see
Figure 10).
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Welfare is reduced even when per capita income growth is above its level under natural evolution
in the short run. The reason is that the population level at the time when the OCP is implemented
E > LOCP ). Although the OCP promotes short-run growth, it reduces welfare. The
is too low (LN
t
t

demographic factor plays a crucial role in determining overall welfare. Furthermore, as shown in
Figure 10, if the OCP is temporary, its adverse e¤ect on the population mass is less, so the welfare
loss is smaller. This makes sense; population growth, education level, and per capita income growth
are lower in the steady state in the permanent OCP case than in the temporary OCP case. The
latter approaches the same steady state as in the case of natural evolution.
Now suppose we postpone the OCP by one generation. We know that the cost in terms of growth
is smaller because the initial population mass is larger, and thus, the deviation from natural evolution
is smaller. In terms of welfare cost, the intuition carries over to the case of a permanent OCP, except
that we have no short-run gain due to the restriction of the population mass by the OCP. When we
postpone the OCP, the welfare loss in the short run is higher for four generations but the subsequent
loss is smaller. This is consistent with our …ndings on the e¤ects of the OCP on economic growth.
Figure 11 presents an interesting observation on postponing the temporary OCP for a generation.
Again, we observe welfare loss for the entire time path due to the delay of OCP implementation.
However, the welfare loss is exacerbated over time when the OCP is temporary. To understand this
result, we note that population growth rebounds in the benchmark temporary OCP case after the
policy is abandoned. As a result, the steady-state population mass achieves nearly the same level
as under natural evolution. However, when the OCP is imposed during the Modern Growth era
(36th generation), the initial population mass is higher and the initial population growth rate is
lower than in the benchmark case. After two generations, when the OCP is eliminated, the rate
at which population growth rebounds is reduced such that the population mass in the steady state
is lower than the initial level (see Figure 11). This is the source of the welfare loss over the entire
horizon considered relative to the benchmark case. This intuition concerning the adjustment of the
population mass can be applied to understand the welfare cost of the duration of the temporary
OCP. The longer the temporary OCP lasts, the smaller the population mass. Therefore, as shown
in Figure 12, the welfare loss increases with the duration of the temporary OCP.
Summary 3 The OCP reduces welfare. The welfare loss from the temporary OCP is smaller than
that from the permanent OCP. Delaying the implementation of the permanent OCP always results
in a trade-o¤ between a higher short-run loss and a lower long-run cost. In the case of the temporary
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OCP (depending on the timing of the implementation relative to the Modern Growth era), there can
be no welfare gain for delaying the OCP. The welfare cost increases with the policy’s duration.

4

Concluding remarks

This paper extended the GW (2000) model by introducing a population constraint to understand the
role of the OCP on China’s economic growth and demographic transition. Qualitatively, the OCP
promotes growth in the short run, but reduces it in the steady state. The earlier the imposition of
the OCP, the lower the economic growth. From the calibration, we found that without the OCP, the
steady-state growth rate of per capita GDP under natural evolution is approximately 8:94%. Other
things being equal, a permanent OCP in China delivers higher economic growth for approximately
two generations, but its long-run cost is much higher. Ultimately, it results in a 22% reduction in
per capita GDP growth in the steady state.
We also considered the Chinese government’s recent decision to move to a two-child policy. By
allowing each family to have two children, the original OCP becomes a temporary policy that lasted
for two 20-year generations. After rising for two consecutive generations, per capita GDP growth
declines and slowly returns to the level that would be observed under natural evolution. Relative to
its absence, the OCP creates a trade-o¤ in growth between a gain for the …rst two generations and a
loss afterwards. In addition, following the methodology of Song et al. (2015), we assess the welfare
cost of the OCP. We …nd that the welfare cost over time is always higher for the permanent OCP
than the temporary OCP.
We also provided a few counterfactual exercises. On one hand, hastening implementation of a
permanent OCP increases the adverse e¤ect on growth. On the other hand, delaying the time when
the temporary OCP is lifted leads to weaker economic growth over time. Both of these counterfactuals
imply a larger reduction in the population mass such that the adverse e¤ect on growth is larger. In
terms of welfare, the …ndings are robust in that both exercises yield a higher welfare loss over
time. An interesting and important …nding from our counterfactuals is that the welfare cost of the
temporary OCP is very sensitive to its timing relative to the Modern Growth era. We …nd that if we
impose the temporary OCP when the economy enters the Modern Growth Regime, we can be worse
o¤ both in the short run and in the steady state. Again, the intuition is based on the adjustment
of the population mass in response to the OCP. In light of these demographic and macroeconomic
implications, policymakers should be quite cautious in pursuing population restrictions.
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This paper focused on the demographic change of the macroeconomy caused by the OCP, and
was based on a belief that the …rst-order e¤ect of OCP must fall on the population. For the sake
of tractability, we abstract from many factors of China growth noted in the literature, including
savings, investment, openness, capital ‡ows, as well as external and internal trade. We believe that
some of the e¤ects from these factors can be captured in the total factor productivity (TFP) term of
production technology. As discussed in Lagerlöf (2006), most quantitative …ndings of the GW model
do not change qualitatively when TFP changes. However tantalizing, investigation into how these
factors interact with the OCP must remain a matter for future research.
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Table 1: Parameter values
Interpretation

Value

Labor share

0:443

Fixed time cost of raising children

0:15

Educational part of

0:9813

Scale e¤ect parameter

79

Weight on fertility in utility function

0:225

Scale e¤ect parameter

1

X

Land

1

e
c

Subsistence consumption

1

e

Education, modern growth

0:075

g

Technological growth, modern growth

17:554

n

Fertility, modern growth

1

b
L

Threshold population

52:337

n0

Initial fertility

1

L0

Initial population

0:364

A0

Initial technology

0:6236

e0

Initial education

0

g0

Initial technological growth

0:0536

z0

Initial per-worker income

1:176

Parameters

a

Endogenous variables

Initial conditions

Potential GDP growth rate

8:94
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Figure 8. Implementation of temporary OCP at 35th and 36th generations
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Figure 9. Implementation at 35th generation of temporary OCPs of diﬀerent durations
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Figure 10. Welfare equivalent under permanent and temporary OCP from the 35th and 36th generations
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Figure 11. Population mass under temporary OCP implementing from the 35th or 36th generations
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Figure 12. Welfare equivalent under temporary OCPs lasting for 2, 3 and 4 generations
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