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National family planning programs have swept much of the developing 

world since the 1960s. Although the main motivation of these programs 

has been to enhance economic growth by reducing population growth, 

empirical evidence on their effectiveness is extremely scarce. Depending 

on the unique data from China’s 30-year-old one-child policy, the current 

article examines the effect of birth control on economic growth. After 

addressing endogeneity and accounting for dynamic effects, we find 

evidence in contrast to the motivation of family planning programs: Birth 

control has hindered China’s economic growth, and the total loss of this 

amounts to 5.6 trillion U.S. dollars. (JEL J13 O47) 
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1. Introduction  

National family planning programs have swept much of the developing world since the 

1960s (Mundial 1984). The number of countries adopting national family planning 

programs reached more than 115 by the 1990s (Cleland et al. 2006), and global efforts 

on birth control are still in progress in developing countries (Kuang and Brodsky 2016, 

Stover and Sonneveldt 2017). While the vast majority of countries adopted voluntary 

family planning programs, the programs in highly populated countries, such as China, 

India, Bangladesh, and Indonesia, had significant elements of coercion (Harkavy and 

Roy 2007, Feng et al. 2013). Ironically, although the main motivation of these programs 

was to enhance income growth by reducing population growth (Coale and Hoover 1958, 

Ehrlich 1968),2 empirical evidence on this is extremely scarce. 

We believe the lack of empirical evidence is partly because of data limitation. The 

economic effect of a birth rate change may last for decades and differ over time (Bloom 

et al. 1998). Data from developing countries in which the birth control policies changed 

frequently is not suitable for evaluating the long-run and dynamic effects. An even more 

important reason for the minimal evidence is the difficulty caused by endogenous 

fertility. Fertility and income are simultaneously determined in an economy (McNicoll 

1984, Becker and Barro 1988), and the effect of income on fertility likely changes with 

the level of economic development (Galor and Weil 2000). Without obtaining 

exogenous fertility variation caused by a birth control policy, it is impossible to 

rigorously evaluate the causal effect of birth control on economic growth. 

Depending on the unique data from China’s one-child policy (OCP), the current 

 
2  The rationale for family planning programs has extended to women’s empowerment and 

reproductive health and rights since the fifth international population conference held in Cairo in 1994 

(Cleland et al. 2006). 
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article provides an empirical examination of the effect of birth control on economic 

growth. China implemented the OCP from 1980 to 2011, and the policy generally 

allowed couples with a non-agricultural hukou (China’s household registration system) 

to have only one child and allowed couples with an agricultural hukou to have a second 

child if the first was a daughter. The three decades of data from the OCP enables us to 

evaluate the long-run and dynamic effects. In addition, the highly coercive OCP 

substantially reduces the concern of endogenous fertility: The extremely low birth quota 

left almost no room for parents to endogenously choose their number of children 

according to their income and, therefore, significantly blocked the reverse causality 

from income to fertility.3 Furthermore, the different birth limitations among residents 

with agricultural and non-agricultural hukou provides a potential instrument variable 

(IV) for identifying the causal effect. 

Although the strict OCP substantially reduced the concern of endogeneity, fertility 

was still endogenous if the OCP was violated and the violation was correlated with 

income. For example, the incoming of new local political leaders might affect both the 

strictness of the OCP and local income growth. For this reason, we identify the effect 

through the system generalized method of moments (SYS-GMM) estimation that 

regress per capita GDP growth rate on the birth rate. In the estimation, the time-

invariant determinants of the violation are eliminated by taking first difference, and the 

potentially endogenous birth rate (caused by the time-varying determinants of the 

violation) is instrumented by the lagged birth rate as well as by the percentage of 

residents with an agricultural hukou. After controlling for the various potential 

determinants of the violation, our IVs are likely uncorrelated with the error term and, 

 
3 The birth limitations of 1.0 and 1.5 per couple were far below the average birth rate in other middle- 

and low-income countries during 1980-2010, which was 3.3 per woman (World Bank 2018). 
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therefore, the effect identified is unbiased. 

We obtain the net effect of a change in fertility on economic growth by estimating 

and adding the current and delayed effects. This is necessary because the different 

interactions of an individual with the economy over his or her lifetime.4 For example, 

a birth is associated with a current burden on the economy but also contributes to the 

future labor force. To obtain the dynamic effects, we estimate a series of the above-

mentioned SYS-GMM models where the birth rate is lagged by different years. The 

model in which the birth rate is lagged by, for example, 10 years captures the effect of 

a higher birth rate 10 years ago on the current period’s income growth rate. The dynamic 

effects were then added to obtain the net effect. 

We find that a unit decline in the birth rate caused by the OCP increases the current 

period’s annual growth rate of per capita GDP by 0.29% but reduces the annual growth 

rate 5, 10, 15, and 20 years later by 0.30%, 0.46%, 0.30%, and 0.1%. Therefore, in 

contrast to the motivation of birth control policies, our finding suggests that the net 

effect of birth control on economic growth is significantly negative. This finding is 

robust to alternative IVs, control variables, and estimation methods. Combining these 

marginal effects with per capita GDP, population size, and the OCP-induced declines 

in the birth rate, we approximate that the total loss in GDP caused by the 30-year OCP 

was 38.2 trillion yuan (or 5.6 trillion U.S. dollars) with a 95% confidence interval of 

 
4 The net effect can also be obtained by estimating a long-run effect model if the following two 

assumptions are valid: first, the time series is long enough to cover a life cycle, and second, the age 

structure is stable (i.e., time-invariant birth rate and death rate). While the first assumption may be valid, 

the second assumption is obviously invalid. Although the dynamic effects of a change in fertility on 

income growth have been stressed in studies interested in the demographic dividend (e.g., Bloom and 

Williamson 1998, Bloom et al. 2009), most fertility-growth studies simply ignore the dynamic effects by 

implicitly assuming a stable age structure. However, nearly all developing economics are in demographic 

transition and contain an unstable age structure. 
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36.8 to 39.6 trillion yuan. This loss is nearly as large as the total real GDP in China in 

2010, which was 41.0 trillion yuan. 

To the best of our knowledge, the current article is the first to evaluate the net effect 

of a birth control policy on economic growth while considering the long-run dynamic 

effects. Most of the existing studies on birth control policies focused on the effects on 

other family outcomes, such as birth behavior (Ahn 1994, Huang et al. 2016), human 

capital investment in children (Rosenzweig and Zhang 2009, Li and Zhang 2017), and 

sex ratio imbalance (Ebenstein 2010, Goodkind 2011). A most relevant study was 

conducted by Li and Zhang (2007), who examined only the current effect of a decline 

in birth rate caused by China’s OCP and concluded that birth control had improved 

economic growth in China. By considering both the current and delayed effects, we 

arrive at the opposite conclusion. 

This article also contributes to the broader literature on population growth and 

economic growth. The theoretical literature has debated the causal effects of population 

growth on economic growth at least since Thomas Malthus (1798), though the empirical 

evidence on this is mixed.5 The surveys of postwar literature generally found no robust 

 
5 The classical economist Malthus (1798) argued that a higher population depressed incomes per 

capita by diluting the fixed factors of production. The following neoclassical models (Solow 1956, 

Nelson 1956, Cass 1965) inherit this legacy by assuming diminishing returns to labour but also admit the 

possibility that population growth improves economic growth by inducing capital accumulation. 

However, the endogenous growth models (Romer 1990, Grossman and Helpman 1991, Aghion and 

Howitt 1992) generally predict a positive effect of population growth on income growth through 

improving technological progress. Empirically, Kremer (1993) found that income growth has been in 

proportion to population size over most of human history; however, a typical post-war observation is that 

the highest levels of fertility can be found in the poorest countries (Galor and Weil 2000). Many scholars 

(e.g., Coale and Hoover 1958, Mill 1965) understood this cross-country negative correlation as evidence 

of the negative effect of fertility on growth. On the other hand, economists like Kuznets (1960) and 

Boserup (1981) believed that population size actually enhances economic growth. 
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effect of changes in fertility rates on income growth (e.g., Simon 1989, Kelley and 

Schmidt 1994, Dasgupta 1995, Headey and Hodge 2009). It has long been argued that 

endogenous fertility is a major cause of the inconsistency in the population-growth 

literature. By addressing endogenous fertility, this article find results echoing the 

believe of “population optimists” (Boserup 1981, Romer 1986, Krugman 1991, Simon 

1992) that population growth promotes economic growth. 

The rest of this paper is organized as follows: Section 2 contains data and summary 

statistics, Section 3 details the econometric model, Section 4 presents estimation results, 

and the last section concludes the article. 

 

2. Data and summary statistics 

China formally implemented the OCP in 1980 to curb its surging population (Coale 

1981, Zhu 2003). In general, the OCP allowed couples with a non-agricultural hukou to 

have only one child but allowed couples with an agricultural hukou to have a second 

child if the first was a girl (Feeney et al. 1989, Baochang et al. 2007).6,7 Residents who 

violated the OCP not only faced a stiff fine but also faced the risk of employment loss 

and being unable to register their children for health care and education (Feng et al. 

2013). There were three important exceptions within the OCP (Feeney et al. 1989, 

Baochang et al. 2007). First, residents in Xinjiang and Tibet were not subject to the 

 
6 Hukou was a system of household registration in mainland China during 1958-2014 under which 

each resident was classified in an agricultural or non-agricultural hukou (Zhao 2014). 

7 In fact, a universal one-child limitation was imposed at the beginning, but this draconian policy 

was met with strong resistance in China’s vast rural areas and was modified in 1984 (some regions in 

1982) to allow residents with an agricultural hukou to have a second child if the first was a girl (Hardee-

Cleaveland and Banister 1988, Yi 1989). 

https://en.wikipedia.org/wiki/Mainland_China
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OCP until the early 1990s. Second, couples with an agricultural hukou in three 

provincial cities (Beijing, Tianjin, and Shanghai) were only allowed to have one child. 

Third, residents who belonged to an ethnic minority population group (except, since the 

1990s, minorities of Zhuang and Manchu) were allowed to have more than one child.8 

The OCP lasted for three decades, was significantly modified in 2011, and abolished in 

2015.9 

In order to employ the different birth statutes between residents with agricultural 

and non-agricultural hukou to identify the effect of fertility on income growth, our main 

analyses depended on provincial data over the three decades of the OCP. This study 

primarily used data from 24 of the 31 provincial districts in the mainland of China. 

Xinjiang, Tibet, Beijing, Tianjin, and Shanghai were excluded because they had no 

differences in their fertility statutes between hukou statuses (see the first and second 

exceptions of the OCP), and Hainan and Chongqing were excluded because they were 

separated from Guangdong and Sichuan in 1988 and 1997. However, during robustness 

checks, we included various alternative sample years and sample provinces. In order to 

reduce the confounding effect of unobservable inter-annual shocks, the total sample 

 
8 In addition, several other groups of population are allowed to have two children: 1) Rural couples 

in four provinces with a significant share of minority in population (Hainan, Ningxia, Qinghai, and 

Yunnan) 2) Miners who work underground, fishermen, farmers in mountainous or poor areas, and those 

deemed to have economic difficulties; 3) Those in a uxorilocal marriage; 4) Returning overseas Chinese; 

5) Persons with the status of being the single child of a revolutionary martyr; 6) The first child has died 

or is physically handicapped. 

9 The OCP was significantly modified in 2011 to allow all parents who were only child themselves 

to have two children. This modification was important because in 2011, after three decades of the OCP, 

a large share of parents of prime reproductive ages (aged 25–44) were only children themselves. In 2015, 

the OCP was abolished and was replaced by a universal two-child policy. 
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period was divided into six five-year intervals and variables were calculated as five-

year averages. Therefore, the data used in this analysis is primarily the averages of 

1980–1984, 1985–1989, 1990–1994, 1995–1999, 2000–2004, and 2005–2009 within 

24 provinces. 

Table 1 presents this study’s data sources. Most of the data used in this paper (rows 

1–9) was derived from China Compendium of Statistics 1949–2008 (2010), National 

Bureau of Statistics of China, and China Population (and Employment) Statistics 

Yearbook (2009–2010). The data for the remaining three variables (rows 10–12), which 

will be used only in sensitivity checks, was derived from the National Population 

Census of the PRC, China 1% National Population Sample Survey, and China 

Population Statistics Compendium 1949–1985 (1988). Although data is available for 

each of the sample years for most variables (so their five-year averages can be 

calculated), the data for the last three variables (rows 10–12) was only available for 

1982, 1987, 1990, 1995, 2000, and 2005 (during this study’s sample period). This data 

has been matched to each of the five-year intervals within the main dataset.10 

  

 
10 For example, the data from 1982 has been matched with the average from 1980–1984, and the 

data from 1990 has been matched with the average from 1990–1994. 
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Table 1. Data sources 

(1) Real per capita GDP (yuan) 

1980–2007: China Compendium of Statistics 1949–2008 

(2010)  

2008–2009: National Bureau of Statistics of China 

(http://www.stats.gov.cn/english/) 

(2) Investment share in GDP (%) 

(3) Growth of labor force share (%) 

(4) Trade share in GDP (%) 

(5) Government spending share (%) 

(6) Birth rate (1/1000) 1980–2007: China Compendium of Statistics 1949–2008 

(2010) 

2008–2009: China Population and Employment Statistics 

Yearbook (2009–2010) 

(7) Natural growth rate of population 

(fertility minus mortality, 1/1000) 

(8) PAH: Percentage of residents with 

agricultural hukou (%) 
1980–2009: China Population (and Employment) 

Statistics Yearbook (1981–2010)  
(9) Percentage of labor with primary, 

middle, or high school education 

(%) 

(10) Percentage of minority population 

(%)# 

1982, 1990, 2000: National Population Census of the 

PRC (1982, 1990, and 2000) † 

1987, 1995, 2005: China 1% National Population Sample 

Survey (1987, 1995, and 2005)  (11) Youth dependency ratio (%)  

(12) Net out-migration rate (%)  

1981, 1985: China Population Statistics 

Compendium 1949–1985 (1988) 

1990, 2000: National Population Census of the PRC 

(1990 and 2000) 

1995, 2005: China 1% National Population Sample 

Survey (1995, 2005) 

Note: † The National Population Census of the PRC was conducted by the National Bureau of 

Statistics of the PRC in 1953, 1964, 1982, 1990, 2000, and 2010. The National Bureau of Statistics 

also conducts the 1% Population Sample Survey during inter-censual years ending in 5. These surveys 

were generally conduced in December of the survey years and therefore represents the data of the 

survey year. #These are the best minority data sources this study found. A related study (Li and Zhang 

2007) did indicate that they used minority data in five year intervals from 1978–1998 from other 

sources; however, we failed to retrieve the data from the sources provided in their paper. 

 

 

Table 2 contains the summary statistics of the variables. The key variables in our 

analyses are annual growth rate of real per capita GDP, the birth rate, natural growth 

rate of population, percentage of residents with agricultural hukou, and percentage of 

minorities in the population. The annual growth rate of real per capita GDP will be 

used as the dependent variable in the econometric estimation. China observed 

remarkable growth during the sample period, and the average annual growth rate was 

8.5%. The birth rate, defined as the total number of live births per 1,000 women in a 

https://en.wikipedia.org/wiki/National_Bureau_of_Statistics_of_the_People%27s_Republic_of_China
https://en.wikipedia.org/wiki/National_Bureau_of_Statistics_of_the_People%27s_Republic_of_China
https://en.wikipedia.org/wiki/People%27s_Republic_of_China
https://en.wikipedia.org/wiki/National_Bureau_of_Statistics_of_the_People%27s_Republic_of_China
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year, is the key independent variable in our main analysis. The average births per 1,000 

women was 17.3 with a standard deviation of 4.7. See Figure 1 for the provincial birth 

rate declines during the OCP. The natural growth rate of population will be used as an 

alternative key independent variable (in place of the birth rate) to test the possibility of 

inferring the effect of population growth from the effect of changes in the fertility rate.  

The percentage of residents with agricultural hukou (PAH) will be used as an IV 

for the birth rate. The average PAH was 78.7%. See Figure 1 for provincial changes in 

the PAH during the OCP. The percentage of minorities in the population (PMP) will be 

used as an alternative IV when making a comparison to the work of Li and Zhang (2007), 

who also used it as an IV. Our main analyses do not depend on the PMP because, as 

shown in the appendix, it is likely a weak IV.  

Table 2 also summarizes 10 time-varying control variables that are believed to have 

effects on income growth (Levine and Renelt 1992, Kelley and Schmidt 2005): five-

year lagged real per capita GDP (in constant 2010 price); percentage of labor with 

primary, middle, and high school education; net out-migration rate, which is out-

migration minus in-migration; youth dependency ratio, which is the population ages 0–

15 divided by the population ages 16–64; investment share in GDP; growth of labor 

force share; trade share in GDP; and government spending share in GDP. 
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Table 2. Summary statistics of variables 

Variables N Mean S.D. 

Key variables    

Annual growth rate of real per capita GDP (%, constant 2010 

price)  
144 8.5 3.2 

The birth rate (1/1000) 141 17.3 4.7 

Natural growth rate of population (birth rate minus death rate, 

1/1000) 
141 11.0 4.6 

PAH: Percentage of residents with agricultural hukou (%)  144 78.7 10.1 

PMP: Percentage of minorities in the population (%) 144 11.3 14.3 

Control variables    

Five-year lagged real per capita GDP (yuan, constant 2010 

price) 
144 8589 7482 

Percentage of labor with primary education (grades 1–6, %)  144 43.2 10.3 

Percentage of labor with middle education (grades 7–9, %)  144 30.3 8.2 

Percentage of labor with high education (grades 10–12, %)  144 9.2 2.9 

Net out-migration rate (out-migration minus in-migration, %) 144 0.6 6.6 

Youth dependency ratio (%) 144 41.8 11.5 

Investment share (% of GDP) 144 39.5 11.5 

Growth of labor force share (%) 143 1.8 3.5 

Trade share (% of GDP) 143 11.6 14.3 

Government spending share (% of GDP) 144 13.3 5.4 

Note: The number of observations for most variables are 144 (i.e., 24*6), but we have three missing 

values for the birth rate and the natural growth rate of population (Guangdong for 1980 and 2000 and 

Shaanxi for 2000), one missing value for the growth of labor force share (Inner Mongolia for 1980), 

and one missing value for trade share (Shaanxi for 1980). 

Figure 1 presents the correlation between the provincial PAH and the birth rate in 

1979 (Panel A) and 1981–2010 (Panel B). We find no obvious correlation between these 

factors just before the OCP in 1979. However, the birth rate varies from 14.6 to 27.6 

across provinces, and the PAH was around 85% in most provinces (except the four 
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northeast ones, which can be seen in the geographic distribution in Figure A2).11 

However, there is an obvious positive correlation between these factors for the 1981–

2010 average. Although both the birth rate and the PAH dropped significantly compared 

to 1979, provinces with a higher PAH generally had higher birth rates. This reflects the 

fact that the OCP dramatically reduced fertility rates and that fertility statutes were less 

severe for individuals with an agricultural hukou. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

 
Figure 1. Correlation between the percentage of residents with agricultural hukou 

(PAH), the birth rate in 1979 (Section A), and the 1980–2010 average (Section B) 

Figure 2 shows a positive correlation between the PAH and the growth rate of per 

capita GDP for most provinces during the OCP. Specifically, Panel A shows that the 

 
11 This lack of correlation was possible because a significant share of the labour with agricultural 

hukou were actually working in non-agricultural sectors, which implies that many determinants of the 

birth rate that were correlated with working sectors, such as income and education, were not necessarily 

correlated with hukou status. Although the hukou was initially set in 1958 based on a family’s production 

sector (agricultural or non-agricultural) (Zhao 2014), massive rural-urban migration had been observed 

since then, and many migrants were not able to change their hukou status (Yang 1993, Solinger 1999). 

For example, the average share of labour in agriculture was 50.7% during 1980–2010 (National Bureau 

of Statistics of China 2011), but the average PAH during the same period was as high as 78.8%. 
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entire sample indicates a weak positive correlation between the PAH and the growth 

rate. Panels B and C find obvious positive correlations in the eight eastern coastal 

provinces and the 10 central provinces, respectively (see Figure A2 for the geographic 

distribution). Panel D finds no obvious correlation for the remaining six western 

provinces where minorities constitute a large share of the population. 12  This is 

potentially because there were no differences in fertility statutes among minorities with 

different hukou statuses. Figures 1 and 2 together provide suggestive evidence that 

provinces with a higher birth rate (caused by higher PAHs) experienced faster economic 

growth during the OCP.  

 

Figure 2. Correlation between the percentage of residents with agricultural hukou 

(PAH) and the growth rate of per capita GDP (1980–2010)  

  

 
12 The average share of minorities in the six provinces was 27.4% but was 4.7% in other sample 

provinces. See Figure A2 for details.  
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3. Methods 

This study estimates the effect of fertility change on economic growth using a standard 

growth model:13 

(1) 
( )

log ,

1,2,..., ; 1,2,...,

it it it i iti t
g y BR X u

i N t T


   

−
= + + + +

= =
 

in which itg  is the annual growth rate of real per capita GDP in year t  and province 

i ; ( )log
i t

y
−  is the log of real per capita GDP lagged by   years (  is the interval 

of the data), which is usually included in a growth regression to account for the effect 

of initial income on the growth rate; 
itBR   is the birth rate; 

itX   are other usually 

included time-varying determinants of economic growth, such as education, the share 

of investment in GDP, the share of trade in GDP, youth dependency ratio, net migration 

rate, and the growth rate of labor force (Levine and Renelt 1992, Kelley and Schmidt 

2005); iu   denotes location fixed effects used to account for all observable and 

unobservable time-unvarying determinants of growth;  ,  , and   are coefficients; 

and it  is the error term. 

To account for endogeneity, we estimate model (1) by the system generalized 

method of moments (SYS-GMM) (Arellano and Bover 1995, Blundell and Bond 1998). 

We take the first difference to remove iu  and its associated omitted-variable bias. The 

differencing results in  

(2) 
( )

log

1,2,..., ; 1,2,...,

it it it iti t
g y BR X

i N t T


   

−
 =  +  + +

= =
. 

 
13 This kind of model has been widely used in empirical growth literature (e.g., Mankiw et al. 1992, 

Levine and Renelt 1992, Islam 1995, Li and Zhang 2007) 
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Endogenous variables (i.e., ( )log
i t

y
−

  and itBR )14 in the differenced equation are 

then instrumented by their lagged levels. Since the lagged values of ( )log
i t

y
−  (i.e., 

( )2
log

i t
y

−
, ( )3
log

i t
y

−
,…, 0log iy ) are orthogonal to the error term it  and correlated 

with ( )log
i t

y
−

 , we can use them as IVs to produce a GMM estimator of  . Similarly, 

we use lags of the birth rate (i.e., ( )2i t
BR

−
 , ( )3i t

BR
−

 ,…, 0iBR  )15  as IVs for itBR  

based on the assumption that these lags are correlated to itBR  but uncorrelated to 

it  . The latter assumption is equal to that omitted determinants of the current 

economic growth are uncorrelated with past birth rates. This assumption is likely true 

because predictable determinants of the birth rate have been controlled by the first 

difference, which removes all fixed effects, and the control variables included; 

unpredictable shocks to the current economic growth are unlikely to be correlated with 

past birth rates.  

The above estimation method, in which GMM is applied to the first-differenced 

equation, is usually called the first-differenced GMM (DIF-GMM). The DIF-GMM 

estimates are biased upwards and inefficient when N  is finite (Arellano and Bover 

1995). As proposed by Blundell and Bond (1998), this study addresses the small sample 

bias by the SYS-GMM estimator that combines equations of the first differences (2) 

instrumented by lagged levels, with an additional set of equations in levels (1) 

instrumented by lagged first differences. We will use the SYS-GMM for our main 

estimation but will also report the DIF-GMM estimates for comparison. 

 
14 First difference makes the predetermined variable 

( )
log

i t
y

−
 endogenous; the error term 

( )it it i t 
  

−
  −  is correlated with the regressor ( ) ( ) ( )2

log log log
i t i t i t

y y y
  − − −

  − . 

15 Here we use only lags 2 and higher (i.e., lag 1 is excluded) as the instruments because the lag 1 of 

the birth rate is likely correlated to the error term in the differenced equation. 
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The SYS-GMM estimator of the equation (1) captures only the current effect of a 

change in the birth rate on the growth rate in the same period. However, a change in 

current birth rate may also have effects on future growth rates. We now extend model 

(1) to capture both the current and the delayed effects: 

(3) ( ) ( )
log

1,2,..., ; 1, 2,..., .

q

it it i iti t i t q
g y BR X u

i N t T

 
   

− −
= + + + +

= =
  

The only difference from (1) is that the birth rate is lagged by q  years in (3), where 

0,1,2,...,q Q=  . Model (3) is the same as model (1) if 0q =  . When 1q   , the 

coefficient 
q  captures the effect of a higher birth rate q  years ago on the growth 

rate in the current year. Therefore, by estimating separate models where the birth rate 

is lagged by different years (including zero), we can obtain both the current and delayed 

effects of a higher birth rate. We estimate model (3) using the SYS-GMM procedure 

previously introduced, and the instruments for ( )i t q
BR

−
  are the lagged values of the 

lagged birth rate (i.e., ( )2i t q
BR

 − − , ( )3i t q
BR

 − − ,…, 0iBR ). The sum of the current and the 

delayed effects reflects the net effect of a higher birth rate on economic growth. 

The above SYS-GMM estimation only includes internal IVs for the birth rate—the 

lagged values of the instrumented variables. To raise the explanatory power, we also 

include an external IV: the PAH. As previously detailed, a higher PAH corresponds to 

a higher statutory birth rate. In addition, in a SYS-GMM estimation that removes fixed 

effects and controls for various time-varying factors, we assume that the PAH does not 

have a partial effect on economic growth except that through the birth rate. A similar 

IV was used in previous studies on the effect of the OCP on child quality (e.g., Qian 

2009, Liu 2014). Tests presented in Table A1 of the appendix show that both the internal 
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and external IVs have significant explanatory power regarding the birth rate. Our main 

analyses will include both the internal and the external IVs. But as robustness checks, 

we will also estimate models that include only one of them.16 

 

4. Results 

In this section, we estimate the baseline model (3), provide various robustness tests, 

and calculate the total effect of the OCP on economic growth in China. 

4.1 Baseline Results 

The baseline SYS-GMM estimates are reported in Table 3. From columns (1) to (5), we 

report the regressions where the birth rate is lagged by 0, 5, 10, 15, and 20 years, 

respectively.17  The model is estimated by the Blundell and Bond (1998) two-step 

procedure where the covariance matrix is corrected for finite-sample bias using the 

method of Windmeijer (2005).18 In each regression, the (current or lagged) birth rate 

is instrumented by its lags as well as the PAH (in the same period as the birth rate). 

 
16 The statutory birth rate difference between Han Chinese and minorities, as previously mentioned, 

suggests that the PMP is also a potential external IV. Our main analyses do not include the PMP as an 

IV because, as detailed in Appendix A1, minorities comprised only a small share of the population and 

most minorities were living in several non-presentative western provinces where the population and 

economic densities were much lower than the remaining provinces. A test presented in Table A1 finds 

that the PMP has no significant explanatory power on the birth rate during 1980-2009, suggesting that 

the PMP is a weak IV. However, in a robustness check that replaces the PAH with the PMP as an IV we 

still find a negative current effect and a positive delayed effect of a higher birth rate. 

17 Recall that this study uses five-year interval data from 1980–2009. Since the SYS-GMM is 

estimated in a first-difference framework, the longest lag allowed is 20 years (four periods). 

18  The Blundell-Bond estimators have one- and two-step variants (Blundell and Bond 1998). 

Although two-step estimation is asymptotically more efficient, the reported two-step standard errors tend 

to be severely downward biased (Arellano and Bond 1991). Windmeijer (2005) developed a finite-

sample correction to the two-step covariance matrix to correct this downward bias. 
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These baseline regressions include only the two most important control variables: 

lagged log GDP and education level; more controls will be used to test the robustness 

of the model in the following section. 

Table 3. SYS-GMM estimates of the effect of birth rate on GDP growth rate 

Dependent variable: Annual growth rate of real per capita GDP (%) 

 Lagged years of the birth rate 

Independent variables 
(1) 

0–5 

(2) 

5–10 

(3) 

10–15 

(4) 

15–20 

(5) 

20–25 

Birth rate (1/1000) -0.29*** 0.30*** 0.46*** 0.30*** 0.10 

 (0.06) (0.05) (0.13) (0.12) (0.22) 

Five-year lagged LogGDP 1.68*** 4.44*** 5.43*** 4.11*** 21.40 

 (0.31) (0.47) (0.54) (1.00) (13.73) 

Primary education (%) 0.09 0.33*** 0.52*** 0.90*** -1.43 

 (0.07) (0.03) (0.15) (0.27) (1.88) 

Middle school education (%) -0.22*** -0.13*** -0.34*** -0.17** 0.03 

 (0.03) (0.04) (0.02) (0.08) (0.24) 

High school education (%) 0.14*** 0.16*** 0.09*** 0.60*** 0.17 

 (0.02) (0.02) (0.03) (0.16) (0.67) 

Hansen test of over-identification restriction 

J-statistics 19.2 22.3 15.8 13.2 2.5 

P-value 0.95 0.81 0.78 0.43 0.74 

Arellano-Bond test for second-order serial correlation 

z-statistics 1.61 1.51 0.65 -- -- 

P-value 0.11 0.13 0.51 -- -- 

Provinces 25 25 25 25 25 

Observations 144 121 98 73 48 

Notes: 1) The birth rate is instrumented by all of its lags as well as the PAH, and the lagged 

LogGDP is instrumented by all of its lags; 2) We adopt the forward orthogonal deviations 

transformation (see Arellano and Bover 1995 for details) instead of the first difference 

transformation to avoid the magnifying of gaps in unbalanced panels (See Table 2); 3). The 

Arellano-Bond test is not reported in columns (4) and (5) because the number of observations 

is too small for the test when delaying the birth rate by 15 and 20 years. 4) The Huber-White 

heteroskedastic consistent standard errors are reported in parentheses. 5). *, **, and *** 

represent significance levels of 10%, 5%, and 1%.  

 

As reported in Table 3, although the current effect (Column 1) of a higher birth rate 

on GDP growth rate is negative, all delayed effects are positive (Columns 2–5). Most 
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estimated coefficients of the birth rate are statistically significant at 1% level, except 

where the birth rate is lagged by 20 years (Column 5). Specifically, other things being 

equal, a unit increase in the birth rate will reduce the annual growth rate of per capita 

GDP by 0.29% in 0–5 years, but will increase the annual growth rate by 0.30%, 0.46%, 

0.30%, and 0.1% in the following 5–10, 10–15, 15–20, and 20–25 years, respectively. 

The negative current effect of a higher birth rate is substantially smaller than the 

positive delayed effects, which implies a negative net effect of birth control on the 

growth of per capita GDP. 

These findings are intuitive when referencing back to the literature regarding the 

costs and benefits of population growth. The net effect of population growth on 

economic growth depends on the cost of childrearing (especially the time cost for 

mothers) (Galor and Weil 1996), the capital dilution effect (Malthus 1798, Solow 1956), 

and the induced capital accumulation and innovation (because of population pressure 

and a larger number of innovators) (Boserup 1981, Romer 1986, Krugman 1991, Simon 

1992). In the first several years of childrearing, the time cost is very high; the induced 

capital accumulation and innovation may occur immediately if parents save more and 

work harder to feed more children; the capital dilution effect occurs only when the new 

cohort enters the labor force; and the larger labor force will also incentivize capital 

accumulation and innovation. Therefore, our findings suggest that the negative time 

cost dominates initially; with the decline of the time cost as children growing, the 

positive effect of the induced capital accumulation and innovation dominates; finally, 

when the new cohort enter labor force, the negative capital dilution effect obscures the 

positive effect of the induced capital accumulation and innovation. 

For control variables, the estimated coefficients of the five-year lagged per capita 

GDP are positive for all regressions, which indicates inter-provincial divergence in per 
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capita income in China during the sample period. This finding is consistent with the 

widely observed expansive trend of inter-provincial income disparities during this 

period (e.g., Jones et al. 2003, Zhang and Zou 2012).19 The estimated coefficients of 

the shares of labor force with different levels of education are generally statistically 

significant, and the overall effect of education is positive, which reflects that human 

capital investment enhances economic growth. 

Table 3 also reports the J-statistics and P-value of the Hansen overidentification 

restriction test. The P-values of the Hansen tests are all larger than 0.1 in columns (1)–

(5), which suggests that there is no evidence to reject the validity of our IVs in each 

regression. We also report the Arellano-Bond tests (Arellano and Bond 1991) for the 

second-order serial correlation in the first-differenced residuals; no second-order serial 

correlation in the first-differenced residuals is a necessary condition for consistent 

estimates. The P-value of the Arellano-Bond test is larger than 0.1 for each regression 

in which the test was conducted,20 which suggests that the null hypothesis, which is the 

absence of the second-order serial correlation, has not been rejected. 

4.2 Robustness check 

We check the robustness of the above findings to measures of population growth, 

alternative IVs, control variables, estimation methods, and subsamples. All checks 

considered here include the same model setting as the baseline model, except for the 

one specified in each check. To save space, we report only the estimates of the birth 

 
19 Theoretical models predict that it is possible for income growth to decrease with income 

level (Solow 1956), independent of income level (Lucas Jr 1988), and increase with income 

level (Romer 1986), depending on the relative effects of diminishing returns to capital and the 

externalities of technical change. 

20 The Arellano-Bond test is not conducted for regressions that contain a 15 or 20 year 

delayed birth rate because the number of observations is too small for the test. 
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rate, and full results are available in the online appendix. 

The first check replaces the key explanatory variable, the birth rate, with the 

natural growth rate of the population, which is the birth rate minus the death rate. Our 

main analyses infer the effect of population growth on economic growth through the 

effect of the birth rate. To determine if this inference is reliable, Row (1) of Table 4 

presents the estimates from the model that replace the birth rate with the natural growth 

rate of population. The main finding is consistent with the baseline model: a higher 

natural growth rate of population has a negative effect on economic growth only within 

a 5-year period and the effects become positive after that, and the following positive 

effects overcome the initial negative effect. 

Rows (2) to (4) test the sensitivity to the IVs of the birth rate. The baseline GMM 

estimation includes both the internal and external IVs. Row (2) presents the model uses 

only the internal IVs (lags of the birth rate), and Row (3) uses only the external IV (the 

PAH). The initial negative effect of a higher birth rate is still smaller than the following 

positive effects, although the effect is no longer statistically significant when the birth 

rate is lagged by 15 years. Row (4) replaces the external IV (the PAH) by the percentage 

of minorities in the population (PMP) to make a comparison with a similar study (Li 

and Zhang 2007) that used the PMP as the IV. Consistent with Li and Zhang (2007), we 

also find a negative current effect (note that they did not report the delayed effects). 

The delayed effects are mostly insignificant except where the birth rate is lagged by 5–

10 years. This is presumably because the PMP is a weak IV (see the appendix for 

evidence). 
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Table 4. Robustness checks 

Dependent variable: Annual growth rate of real per capita GDP (%) 

 Lagged years of the birth rate 

 
(1) 

0–5 

(2) 

5–10 

(3) 

10–15 

(4) 

15–20 

(5) 

20–25 

Sensitive to the measure of population growth 

(1) Replace the birth rate by 

the natural growth rate of 

population 

-0.25*** 0.25*** 0.36*** 0.44*** 0.13 

(0.03) (0.07) (0.11) (0.14) (0.23) 

Sensitive to IVs 

(2) No external IV -0.24*** 0.24*** 0.38*** 0.17 -0.19 

(0.04) (0.05) (0.11) (0.14) (0.21) 

(3) No internal IV -0.67*** 0.43*** 1.13*** 0.13 0.29 

 (0.11) (0.13) (0.36) (0.22) (0.26) 

(4) Use the percentages of 

minority population as the 

external IV 

-0.28*** 0.16** 0.09 -0.04 -0.25 

(0.04) (0.06) (0.06) (0.10) (0.39) 

Sensitive to control variables 

(5) Include six more controls -0.42*** 0.69*** 0.31* 0.30 1.45 

(0.12) (0.15) (0.18) (0.22) (11.24) 

(6) Include year dummies 0.15 0.27* 0.59*** 0.62*** 0.02 

(0.11) (0.14) (0.18) (0.21) (0.24) 

Sensitive to estimation methods 

(7) DIF-GMM -0.40*** 0.51*** 0.13 0.78* -0.13 

 (0.04) (0.07) (0.18) (0.42) (0.13) 

(8) Panel Regressions with 

fixed effects 

-0.28** 0.41*** 0.18 0.32 0.32** 

(0.12) (0.12) (0.19) (0.23) (0.14) 

Sensitive to sub-samples 

(9) Drop provinces with a 

high share of minorities 

-0.31*** 0.23* 0.19* 0.36** 0.06 

(0.05) (0.09) (0.12) (0.12) (0.24) 

(10) Drop sample before 

1985 

-0.50*** 0.66*** 0.43* 0.73** 2.98 

(0.04) (0.08) (0.13) (0.07) (0.37) 

Notes: Heteroskedasticity robust t-statistics are reported in parentheses. *, **, and *** 

represent significance levels of 10%, 5%, and 1%.  
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Rows (5) and (6) check the sensitivity to omitted variables. Because we have a 

limited number of observations and adopt an IV approach, the baseline model includes 

only the most important covariables. As a robustness check, Row (5) includes six 

additional controls: net out-migration rate, youth dependency ratio, investment share, 

the growth of labor force share, trade share in GDP, and government spending share in 

GDP. We still find that the initial negative effect is smaller than the following positive 

effects, but the effect delayed by 15 years is no longer statistically significant. Row (6) 

includes a full set of year dummies, although we have accounted for inter-annual 

fluctuations by using five-year average data. We find that the initial effect becomes 

positive and statistically insignificant but the following effects are still positive and 

mostly statistically significant. 

Rows (7) and (8) check the robustness against two alternative estimation methods, 

the first-differenced GMM (DIF-GMM) and the panel model with fixed effects. 

Compared with the SYS-GMM estimates in our baseline analyses, the DIF-GMM 

estimates are more vulnerable to the problems of weak instrument and finite sample 

biases (Bond 2002), while the panel fixed effect estimates cannot address the 

endogenous problem as that in the GMM frameworks. Using these two alternative 

estimation methods we still find that the initial negative effect of a higher birth rate is 

smaller than the following positive effect, although more lagged effects are statistically 

insignificant.  

Rows (9)–(10) test the robustness against subsamples. Row (9) drops five 

provinces (Yunnan, Ningxia, Guizhou, Guangxi, and Qinghai) where more than one-

third of the population were minorities considering that most minorities were not 

subjected to the OCP. Row (10) drops the sample before 1985 in consideration of the 

fact that the OCP during imposed a universal one-child limitation in some regions from 



24 
 

1980–1984 (see footnote 10). The subsample checks support our main finding that 

higher a birth rate reduces growth rates only during the first five years and the following 

positive effects overcome the initial negative effect. 

Finally, Figure 3 shows the sensitivity of the results to the data from each 

individual province. We drop one province from the regression each time and plot the 

subsample estimates in the figure. Although dropping single provinces does have 

effects on the size of the estimates, the pattern of the effect is consistent: the initial 

effects (within five years) are negative and significant, the following effects (from 5–

20 years) are positive and significant, and the effects from 20–25 years are generally 

positive and statistically insignificant. 

 

Figure 3. Sensitive to Sample Provinces 

Note: We estimate the baseline model that excludes one province each time. Statistically 

significant (at 10% level) estimates are marked with a black x, and statistically insignificant 

estimates are marked with a red +. 
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4.3 The total effect of the OCP 

The total economic effect of the OCP can be obtained by combining the marginal effect 

of fertility changes with OCP-induced fertility changes. However, the OCP-induced 

fertility changes are unknown, because fertility declines anyway as per capita income 

grows. For this reason, we propose approximating the OCP-induced fertility rate 

changes using the difference between Chinese fertility rates and those of other 

developing East Asian and Pacific economies. Without the OCP, China may have had 

the same fertility rate as these geographically adjacent economies due to similarly 

economic development levels and cultures. We find that the birth rate in China was 

consistently lower than that of the average of all developing East Asian and Pacific 

economies during the OCP, with a mean difference of 2.33 and a standard deviation of 

0.37.21 

 

Figure 4. The effect of the OCP on the growth rate in 1995 

Note: tOBR  denotes the changes in the birth rate caused by the OCP in year t . 
p  is the 

estimated coefficient of the birth rate lagged by p  periods. The data are in five-year intervals. 

We combine the OCP-induced changes in fertility rates with the current and delayed 

marginal effects of the birth rate (the baseline estimates from Table 3) to calculate the 

 
21 To make it comparable, we exclude high-income East Asian and Pacific economies. The economies 

included for comparison are Cambodia, Indonesia, North Korea, Lao PDR, Malaysia, Mongolia, 

Myanmar, Philippines, Thailand, and Vietnam. The birth rate is calculated as the five-year average to 

match the Chinese data. The data was derived from the World Bank (2018). 
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yearly effect of the OCP on the growth rate of per capita GDP. Figure 4 uses 1995 as an 

example to illustrate this calculation. The growth rate in 1995 was affected by the OCP-

induced birth rate declines in 1980, 1985, 1990, and 1995 (note that the data is in five-

year intervals). Therefore, the 1995 effect is 

(4) 
3 2 1 0

1995 1980 1985 1990 19955 * 5 * 5 * 5 *E OBR OBR OBR OBR   = + + + , 

where tOBR  is the OCP-induced changes in the birth rate in year t ; 
0 , 

1 , 
2 , 

and 
3  are the estimated coefficients of the birth rate that is lagged by 0, 5, 10, and 

15 years; and we multiply each coefficient by 5 to reflect that the data is in five-year 

intervals. 

 
Figure 5. Yearly effect of the OCP on the growth rate of per capita GDP 

Note: The 95% confidence interval (shadows in the figure) is calculated from the delta 

method. All values are calculated as five-year averages. 

Figure 5 presents the yearly effect of the OCP on the growth rate of per capita GDP. 

The yearly effect is calculated up until the years 2025–2029 due to the delayed effect 



27 
 

of the OCP. A positive yearly effect was only found during 1980–1984, which was 0.7%. 

The effect became negative during 1985–1989 (-0.3%), and this negative effect grew 

until it reached -2.9% in 2010–2014 and shrank until it reached -0.3% in 2025–2029. 

Based on these estimates, we find an average yearly effect of -1.2%. This is about 14.5% 

of the average per capita GDP growth rate during the OCP, which was 8.5%. 

 
Figure 6. The effect of the OCP on per capita GDP (yuan, constant 2010 price) 

Note: To calculate the yearly effect on the level of per capita GDP, we assume the per capita GDP 

without the OCP as 0y  and that with the OCP as y . We denote the effect of the OCP on yearly 

growth rate (presented in Figure 5) as r , and then we have ( )0 1y y r= + . The yearly effect on per 

capita GDP is then calculated as 0y y− . The value of y  after 2018 is predicted by linear 

extrapolation based on the data from 2011–2018 derived from the National Bureau of Statistics of 

China (2019). All values are calculated as five-year averages. 

Figure 6 presents the yearly effect on the level of per capita GDP, which is calculated 

by combining the yearly effect on the growth rate with yearly per capita GDP (see the 

note on Figure 6 for further details). There was an extremely small initial positive yearly 

effect of only 27 yuan. The following negative effect increased from -14 to -1,512 yuan 



28 
 

and then declined to -315 yuan. The yearly losses account for only a small share of the 

per capita GDP in China. For example, the largest yearly loss observed during 2010–

2014 accounted for only 3.0% of the per capital GDP during the same period, which 

was 50,028 yuan.  

However, the small yearly per capita effect adds up to an enormous total effect. 

When the yearly per capita effect is multiplied by China’s population size, and then 

summed up over 1980–2029, a total loss of 38.2 trillion yuan (or 5.6 trillion U.S. 

dollars)22 can be found with a 95% confidence interval of 36.8 to 39.6 trillion yuan. 

This loss is only slightly smaller than the real GDP in China in 2010, which was 41.0 

trillion yuan. 

 

5. Concluding remarks 

This article estimates the effect of birth control on economic growth in China. After 

addressing endogeneity and accounting for long-run dynamic effects, We find that a 

unit decline in the birth rate caused by the OCP increases the current period’s annual 

growth rate of per capita GDP by 0.29% but reduces the annual growth rate 5, 10, 15, 

and 20 years later by 0.30%, 0.46%, 0.30%, and 0.1%. The total loss in GDP caused by 

the 30-year OCP in China was as large as 38.2 trillion yuan with a 95% confidence 

interval of (-39.6, -36.8). 

These findings provide important empirical evidence for evaluating national birth 

control policies that have swept much of the developing world since the 1960s. 

 
22 The population size is 1.06, 1.14, 1.21, 1.27, 1.31, 1.34, 1.37, 1.41, 1.45, and 1.49 billion in each 

of the 10 five-year intervals from 1980–2029. The population sizes after 2018 are predicted by linear 

extrapolation based on yearly data from 2011–2018 (National Bureau of Statistics of China 2019).  
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Although the main motivation of national family planning programs was to enhance 

income growth by reducing population growth, empirical evidence on this is extremely 

scarce. By launching the nationwide OCP, China established an unprecedented level of 

governmental birth control. However, evidence from the OCP still offers valuable 

lessons for other countries that still with high rates of population growth and adopt 

some sort birth control policies.  

This article also contributes to estimate the causal effect of population growth on 

economic growth. The theoretical literature has debated on this at least since Thomas 

Malthus (1798), though the empirical evidence is mixed. By addressing endogenous 

fertility, this article finds results echoing the believe of “population optimists” that 

population growth promotes economic growth. 

 

 

 

  



30 
 

Reference 

 

Aghion, Philippe, and Peter Howitt. 1992. "A Model of Growth Through Creative Destruction."  

Econometrica: Journal of the Econometric Society:323-351. 

Ahn, Namkee. 1994. "Effects of the one-child family policy on second and third births in Hebei, Shaanxi 

and Shanghai."  Journal of Population Economics 7 (1):63-78. 

Arellano, M, and S Bond. 1991. "Some tests of specification for panel data: Monte Carlo evidence and 

an application to employment equations."  The Review of Economic Studies 58 (2):277-297. 

Arellano, Manuel, and Olympia Bover. 1995. "Another look at the instrumental variable estimation of 

error-components models."  Journal of Econometrics 68 (1):29-51. 

Baochang, Gu, Wang Feng, Guo Zhigang, and Zhang Erli. 2007. "China's local and national fertility 

policies at the end of the twentieth century."  Population and Development Review 33 

(1):129-148. 

Becker, Gary S., and Robert J. Barro. 1988. "A Reformulation of the Economic Theory of Fertility."  The 

Quarterly Journal of Economics 103 (1):1-25. 

Bloom, David E, David Canning, Günther Fink, and Jocelyn E Finlay. 2009. "Fertility, female labor force 

participation, and the demographic dividend."  Journal of Economic Growth 14 (2):79-101. 

Bloom, David E, Jeffrey D Sachs, Paul Collier, and Christopher Udry. 1998. "Geography, demography, and 

economic growth in Africa."  Brookings papers on economic activity 1998 (2):207-295. 

Bloom, David E, and Jeffrey G Williamson. 1998. "Demographic transitions and economic miracles in 

emerging Asia."  The World Bank Economic Review 12 (3):419-455. 

Blundell, Richard, and Stephen Bond. 1998. "Initial conditions and moment restrictions in dynamic panel 

data models."  Journal of Econometrics 87 (1):115-143. 

Boserup, E. 1981. Population and technological change: a study of long-term trends. Chicago, Ill., United 

States: University of Chicago Press. 

Cass, David. 1965. "Optimum growth in an aggregative model of capital accumulation."  The Review of 

Economic Studies 32 (3):233-240. 

Cleland, John, Stan Bernstein, Alex Ezeh, Anibal Faundes, Anna Glasier, and Jolene Innis. 2006. "Family 

planning: the unfinished agenda."  The Lancet 368 (9549):1810-1827. 

Coale, Ansley J. 1981. "Population trends, population policy, and population studies in China."  

Population and Development Review 7 (1):85-97. 

Coale, Ansley Johnson, and Edgar M Hoover. 1958. Population growth and economic development in 

low income countries: A case study of India's prospects. Princeton: Princeton University Press. 

Dasgupta, Partha. 1995. "The population problem: theory and evidence."  Journal of Economic 

Literature 33 (4):1879-1902. 

Ebenstein, Avraham. 2010. "The “missing girls” of China and the unintended consequences of the one 

child policy."  Journal of Human Resources 45 (1):87-115. 

Ehrlich, Paul R. 1968. The Population Bomb. New York: Ballentine. 

Feeney, Griffith, Feng Wang, Mingkun Zhou, and Baoyu Xiao. 1989. "Recent fertility dynamics in China: 

Results from the 1987 one percent population survey."  Population and Development 

Review:297-322. 

Feng, Wang, Yong Cai, and Baochang Gu. 2013. "Population, policy, and politics: How will history judge 



31 
 

China's one‐child policy?"  Population and Development Review 38:115-129. 

Galor, Oded, and David N Weil. 1996. "The Gender Gap, Fertility, and Growth."  American Economic 

Review:374-387. 

Galor, Oded, and David N Weil. 2000. "Population, technology, and growth: From Malthusian stagnation 

to the demographic transition and beyond."  American Economic Review:806-828. 

Goodkind, Daniel. 2011. "Child underreporting, fertility, and sex ratio imbalance in China."  

Demography 48 (1):291-316. 

Grossman, Gene M, and Elhanan Helpman. 1991. "Quality ladders in the theory of growth."  The 

Review of Economic Studies 58 (1):43-61. 

Hardee-Cleaveland, Karen, and Judith Banister. 1988. "Fertility policy and implementation in China, 

1986-88."  Population and Development Review:245-286. 

Harkavy, Oscar, and Krishna Roy. 2007. Emergence of the Indian national family planning program. 

Edited by Robinson Warren C. and Ross John A., The Global Family Planning Revolution, Three 

Decades and Policies and Programs. Washington, DC: The World Bank. 

Headey, Derek D., and Andrew Hodge. 2009. "The Effect of Population Growth on Economic Growth: A 

Meta-Regression Analysis of the Macroeconomic Literature."  Population and Development 

Review 35 (2):221-248. 

Huang, Wei, Xiaoyan Lei, and Yaohui Zhao. 2016. "One-child policy and the rise of man-made twins."  

Review of Economics and Statistics 98 (3):467-476. 

Islam, Nazrul. 1995. "Growth empirics: a panel data approach."  The Quarterly Journal of Economics 

110 (4):1127-1170. 

Jones, D.C., C.L. Li, and A.L. Owen. 2003. "Growth and regional inequality in China during the reform 

era."  China Economic Review 14 (2):186-200. 

Kelley, Allen C, and Robert M Schmidt. 1994. Population and income change: Recent evidence. 

Washington, D.C.: The World Bank. 

Kelley, Allen C, and Robert M Schmidt. 2005. "Evolution of recent economic-demographic modeling: A 

synthesis."  Journal of Population Economics 18 (2):275-300. 

Kremer, Michael. 1993. "Population growth and technological change: one million BC to 1990."  The 

Quarterly Journal of Economics:681-716. 

Krugman, Paul. 1991. "Increasing returns and economic geography."  Journal of Political Economy 99 

(3):483-499. 

Kuang, Bernice, and Isabel Brodsky. 2016. "Global trends in family planning programs, 1999–2014."  

International Perspectives on Sexual and Reproductive Health 42 (1):33-44. 

Kuznets, Simon. 1960. "Population change and aggregate output." In Demographic and economic 

change in developed countries, 324-351. Columbia University Press. 

Levine, Ross, and David Renelt. 1992. "A sensitivity analysis of cross-country growth regressions."  The 

American Economic Review:942-963. 

Li, Bingjing, and Hongliang Zhang. 2017. "Does population control lead to better child quality? Evidence 

from China’s one-child policy enforcement."  Journal of Comparative Economics 45 (2):246-

260. 

Li, Hongbin, and Junsen Zhang. 2007. "Do high birth rates hamper economic growth?"  The Review of 

Economics and Statistics 89 (1):110-117. 

Liu, Haoming. 2014. "The quality–quantity trade-off: evidence from the relaxation of China’s one-child 

policy."  Journal of Population Economics 27 (2):565-602. 



32 
 

Lucas Jr, Robert E. 1988. "On the mechanics of economic development."  Journal of Monetary 

Economics 22 (1):3-42. 

Malthus, Thomas Robert. 1798. An essay on the principle of population. Cambridge: W. Pickering, 1986. 

Mankiw, N Gregory, David Romer, and David N Weil. 1992. "A contribution to the empirics of economic 

growth."  The Quarterly Journal of Economics 107 (2):407-437. 

McNicoll, Geoffrey. 1984. "Consequences of rapid population growth: An overview and assessment."  

Population and Development Review:177-240. 

Mill, J.S. 1965. Principles of Political Economy, edited by V.W. Bladen, Robson, J.M. Toronto, Canada: 

University of Toronto Press. 

Mundial, Banco. 1984. World development report 1984: Oxford University Press. 

National Bureau of Statistics of China. 1988. PRC Population Statistics Compendium 1949-1985. Beijing: 

China Financial and Economic Publishing House. 

National Bureau of Statistics of China. 2010. China compendium of statistics 1949-2008. Beijing: China 

Statistics Press. 

National Bureau of Statistics of China. 2011. China Population and Employment Statistics Yearbook. 

Beijing: China Statistics Press. 

National Bureau of Statistics of China. 2019. Annual by Province Data. Retrieved from: 

http://data.stats.gov.cn/english/easyquery.htm?cn=E0103. 

Nelson, Richard R. 1956. "A theory of the low-level equilibrium trap in underdeveloped economies."  

The American Economic Review:894-908. 

Qian, Nancy. 2009. Quantity-quality and the one child policy: The only-child disadvantage in school 

enrollment in rural China. National Bureau of Economic Research Working Paper 14973. 

Romer, Paul M. 1986. "Increasing returns and long-run growth."  The Journal of Political 

Economy:1002-1037. 

Romer, Paul M. 1990. "Endogenous technological change."  Journal of political Economy:S71-S102. 

Rosenzweig, Mark R, and Junsen Zhang. 2009. "Do population control policies induce more human 

capital investment? Twins, birth weight and China's “one-child” policy."  The Review of 

Economic Studies 76 (3):1149-1174. 

Simon, J.L. 1992. Population and development in poor countries. Princeton, NJ: Princeton University 

Press. 

Simon, Julian L. 1989. "On aggregate empirical studies relating population variables to economic 

development."  Population and Development Review:323-332. 

Solinger, Dorothy J. 1999. Contesting citizenship in urban China: Peasant migrants, the state, and the 

logic of the market. Berkeley: Univ of California Press. 

Solow, Robert M. 1956. "A Contribution to the Theory of Economic Growth."  The quarterly journal of 

economics 70 (1):65-94. 

Stover, John, and Emily Sonneveldt. 2017. "Progress toward the goals of FP2020."  Studies in Family 

Planning 48 (1):83-88. 

Windmeijer, Frank. 2005. "A finite sample correction for the variance of linear efficient two-step GMM 

estimators."  Journal of Econometrics 126 (1):25-51. 

World Bank. 2018. Fertility rate, total births per woman. Accessed from: 

https://data.worldbank.org/indicator/SP.DYN.TFRT.IN. 

Yang, Xiushi. 1993. "Household registration, economic reform and migration."  International Migration 

Review 27 (4):796-818. 

http://data.stats.gov.cn/english/easyquery.htm?cn=E0103
https://data.worldbank.org/indicator/SP.DYN.TFRT.IN


33 
 

Yi, Zeng. 1989. "Is the Chinese Family Planning Program" Tightening Up"?"  Population and 

Development Review 15 (2):333-337. 

Zhang, Qinghua, and Heng-fu Zou. 2012. "Regional Inequality in Contemporary China."  Annals of 

Economics & Finance 13 (1). 

Zhao, Yeqin. 2014. "China’s Hukou System: Markets, Migrants and Institutional Change."  The China 

Quarterly 220:1136-1180. 

Zhu, Wei Xing. 2003. "The one child family policy."  Archives of Disease in Childhood 88 (6):463-464. 

 

  



34 
 

Appendix: Explanatory power of IVs 

As previously mentioned, there were two major statutory differences under the OCP. 

First, couples with a non-agricultural hukou were generally allowed to have only one 

child, but couples with an agricultural hukou were allowed to have a second child if the 

first child was a girl. Second, couples who belong to an ethnic minority population 

group (except, since the 1990s, minorities of Zhuang and Manchu) were allowed to 

have more than one child. These statutory fertility differences suggest two potential IVs 

for the birth rate in the SYS-GMM estimation: the percentage of residents with 

agricultural hukou (PAH) and the percentage of minorities in the population (PMP). 

This section explains why we only use the PAH in our main analysis. 

 

Figure A1. Country averages of the PAH (red dot) and PMP (black triangle) from 

1980 to 2010 
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As shown in Figure A1, minorities comprised approximately 11% of the population 

in China, and the PMP changed only 2.7% over the 30 years of the OCP. The PMP drops 

to 8.4% if we exclude the two minority groups (Zhuang and Manchu) that were subject 

to the sample OCP as Han Chinese since the 1990s. 23  The low levels and small 

variations of the PMP suggest that it is likely a weak IV. Column (2) of Table A1 

confirms this concern: we find no statistically significant effect of the first difference 

of the PMP on the first difference of the birth rate.24 In contrast, Figure A1 also shows 

that the PAH was generally larger than 70% and changed 16.5% during the OCP, and 

Column (1) of Table A1 shows that the first difference of the PAH has a statistically 

significant effect on the first difference of the birth rate. 

An equally important concern of using the PMP as an IV is that most of the 

minorities were living in several non-representative western provinces. The upper panel 

of Figure A2 shows that nearly all provinces with a PMP higher than 20% were western 

provinces. The lower panel shows that, although these western minority provinces 

cover about half of China’s territory, they comprise only a small proportion of the total 

population in China (about 10% in total). Similarly, these western provinces comprised 

only 9.5% of the total GDP in China (not shown in the figure). It seems difficult to infer 

the fertility-growth causality in China from these western minority provinces that have 

much lower population and economic densities. 

 
23 In 2010, Zhuang accounted for 14.2% of the minority population of China while Manchu 

accounted for 9.3% (National Population Census of the PRC, 2010). 

24 Note that the SYS-GMM model is a first differenced model and that the external IV 

should also be in the first difference. 
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Figure A2. The percentage of minorities in each province (upper panel) and the 

percentage of each province’s population in China (lower panel), 1981–2010 

Note: The maps show the 31 mainland Chinese provincial districts. 

 

Table A1 tests the explanatory power of the IVs. Considering that the SYS-GMM 

has no first-stage regression, these tests can be seen as the first stage. Because the 

instruments are applied to the first differenced equation in the SYS-GMM estimation, 

we test the explanatory power by regressing the first difference of the birth rate on the 

IVs. Specifically, Columns (1) and (2) regress the first difference of the birth rate on 

the first difference of the PAH and the first difference of the PMP, respectively; and 

Column (3) regresses the first difference of the birth rate on the birth rates lagged by 

more than one period. Although we find statistically significant (at least at the 1% level) 

explanatory power for the PAH and the lagged birth rates, the PMP has no significant 

explanatory power on the birth rate. 
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Table A1. The explaining power of IVs for the first difference of the birth rate 

Dependent variable: first difference of the birth rate 

Independent variables (1)  (2)  (3) 

First difference of the PAH 0.27***     

 (0.10)     

First difference of the PMP 
  -0.28   

  (0.26)   

10-year lagged birth rate     -0.57*** 

     (0.10) 

15-year lagged birth rate     0.31* 

     (0.18) 

20-year lagged birth rate     0.15 

     (0.10) 

25-year lagged birth rate     -0.00 

     (0.08) 

Joint significance test of IVs (P-value) 0.01  0.29  <0.001 

Observations 115  115  22 
Notes: Standard error clustering at the province level is reported in parentheses. * p < 0.1; 

** p < 0.05; *** p < 0.01.  

 

 

 


