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1 Introduction

Fifty years ago, Todaro (1969) and Harris and Todaro (1970) provided solid foundation for studying
the process of rural-urban migration commonly observed in developing countries. Thanking to the
more recent contribution by Lucas (2004), there has been a vast interest in examining urbanization
and structural transformation within a dynamic general equilibrium framework. While this renewed
literature has generated useful insight toward understanding urban labor and housing issues as well
as the macroeconomic consequences of rural-urban migration, the role of demographic transition
played in the dynamic process of urbanization remains largely unexplored.

While it is relatively cheap to raise children in the countryside than in urban areas, cities
are usually considered as a better location for children considering one’s education and career
opportunities. The chief purpose of this paper is to establish an internal migration model that
incorporates such a locational quantity-quality trade-off of children. That is, we inquire, when
Becker meets Harris-Todaro, whether the interplay of work-based rural-urban migration and fertility
decisions may influence the macroeconomy of developing countries in the presence of large migration
barriers and active population controls. In particular, our paper is devoted to addressing the
following questions. What are the main channels through which work-based rural-urban migration
and differential fertility decisions interplay in the process of economic development? What are the
underlying macroeconomic and institutional factors driving such household decisions? What are
the macroeconomic consequences of such interactions and the locational quantity-quality trade-off?

Based on merged data from Bernard, Bell and Cooper (2018), Penn World Table (PWT9.0),
and the World Development Indicators (WDI), we observe the following cross-country patterns of

internal migration and fertility, as shown in Figures la-1c.

e (Stylized Fact 1) Migration intensities (defined as total migrants as a ratio of total population
aged 15 and above) are higher in less developed countries with lower initial relative income
(relative to the U.S.).

e (Stylized Fact 2) Total fertility rates are higher in less developed countries with lower initial

relative income.

e (Stylized Fact 3) In less developed countries, age at migration peak is younger, with many

aged 22 or below.

Because the migration intensity data in Bernard, Bell and Cooper (2018) is based on census data
from sample countries over the period of 1996-2011, the span of our data analysis is set from 1996
to 2015. To measure development stage of various countries, we choose the U.S. as the benchmark
and compute initial relative income as the real GDP per capita of a country relative to that of the
U.S. in 1996. Figures 1(a) and 1(b) plot the patterns of migration intensity and the total fertility
rates of 1996 against initial relative income in 1996. While migration intensity decreases with the
relative income in 1996, with a correlation coefficient of —0.0767, TFR declines more sharply in
initial relative income, with a correlation coefficient of —0.5965. In Figure 1(c), we see that age

at migration peak is younger and rising as a country becomes more developed. For countries with



relative income at or below 20% of the U.S., ages at migration peak are mostly 25 or under, with
many at 22 or below.

Figure 1: Initial Relative Income, Migration Intensity, and Total Fertility Rate
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These stylized facts suggest that migration and fertility decisions are both related to the stage
of development, with less advanced featuring higher fertility and more intensive internal migration
to urban areas at young ages. In other words, migration activity is an integral part of demographic
transition and economic development, thereby motivating the present paper. So what are the costs
and benefits associated with rural-urban migration? The major costs crucial for the interplay of
migration and fertility are pecuniary and time cost associated with migration, the opportunity cost
associated with lost rural earning and farm land use rights and the higher childrearing cost in ur-
ban areas. Such migration is beneficial, however, because of better pay and job perspectives, as
well as better education and future for children and better urban amenities net of urban conges-
tions/pollution and its rising cost of leaving. Should the marginal benefit exceed the marginal cost,
rural workers are expected to continue migrating to cities. Since both the accrued cost and the
opportunity cost of childrearing are high in urban areas, a consequence of such migration decision
is a reduction in childbearing in conjunction with an improved quality of living locationally.

While the basic story mentioned above is simple and intuitive, to formalize it in a dynamic model
with fertility and locational choice by heterogenous agents is by no means straightforward. To enable
the analysis in a tractable and quantifiable manner, we thus impose various simplifying structures.
First, as shown in Stylized Fact 3, migrations in developing countries occur at young ages. We
thus assume that migration decision is made at the early stages of one’s life. To avoid complicated
overlapping-generational transitions in the presence of heterogenous agents, we set up a one-period
lived non-overlapping generations framework with bequests, a la Aghion and Bolton (1997), under
which there is no within-generation consumption-saving trade-off but a time-invariant fraction of
lifetime income is transferred across generations over time. We further assume that children inherit
the skill level and residency from parents and prohibit reverse migration from urban to rural. With
this simplified structure, we are able to characterize the dynamic competitive migration equilibrium
even by allowing agents to have two-dimensional heterogeneities in skills (high or low) and in
fertility preferences (high or low) and by allowing the economy to be subject to various frictions
and population policies.

We establish conditions to support a most plausible “mixed migration equilibrium” in the steady
state: Those high-skilled rural residents with low fertility preferences always desire to migrate to
cities, those low-skilled rural residents with high fertility preferences always stay in rural, and only
an endogenously determined fraction of those high-skilled with high fertility preferences or low-
skilled with low fertility preferences ends up moving. In a less developed economy under proper
regularity conditions, we show that the fraction of movers of those high-skilled with high fertility
preferences is lower than that of those low-skilled with low fertility preferences. The moving fraction
differential shrinks when there is a tightened population policy that binds agents with high fertility
preferences.

Just how important is the locational quantity-quality trade-off of children for economic develop-
ment? To address this quantitative question, we calibrate our model economy to fit the data from
China, which is particularly interesting because of its migration and population policies. These
policies include the household registration system (called hukou that imposes large barriers on

rural-urban migration), the differential one-child policy (with stronger enforcement in cities and in



public sectors), and the rural land entitlement policy (that regulates the retention of its use rights
by migrants and hence affects the incentive to migrate from rural to urban). These three policies
allow us to perform several interesting policy experiments and counterfactual analyses, to assess mi-
gration, fertility and macroeconomic consequences of migration, population control and rural land
entitlement policies. In all cases, we find that the locational quantity-quality trade-off of children
plays a crucial role for economic development where more rural-urban migration is accompanied by
lower fertility but higher overall per capita output. In response to changes in population control
policies, there is a negative association between overall per capita output and skill premium; in
response to changes in migration and land policies, however, such association turns to positive.

More specifically, our findings of completely removing population control are in line with the pure
fertility choice model of Liao (2013): Skill premium increases and fertility rebounds, especially the
fertility of those who were seriously affected by population control policies. By allowing rural-urban
migration, our results further indicate that the increase in fertility is accompanied by lower migration
— especially a larger reduction in the high-skilled migration and thereby a lower overall output per
capita. Overall, relaxing urban population control to the rural level is better than entirely removing
population control as it induces more high-skilled migration, leading to higher urban output and
overall output per capita. Stricter population control policies in urban areas may not be ideal in
lowering fertility rates from a nationwide perspective because such a tightened fertility policy in
urban deters high-skilled workers with stronger fertility preferences from migrating to cities. This
is undesirable because had they migrated to urban areas and faced a higher child-rearing cost, they
would have naturally adjusted their fertility down. Moreover, we find that urban sprawl control
policy such as eliminating urban benefit to all rural migrants will raise urban benefit as planned but
would severely deter the incentives for rural-urban migration, which is undesirable for advancing the
economy. Urban promotion policy such as providing full benefit to all rural migrants would induce
more migration overall but suffer “adverse-selection” by motivating much more low-skilled but less
high-skilled to migrate. Finally, with more generous rural land entitlement, migration incentives
are stronger. While rural per capita output is lower due to migrants’ land entitlement and urban
per capita output decreases due to migration of more low-skilled workers, the aggregate per capita
output is higher due to urban wage premium — a result that is possible because of the endogenous
population weight due to rural-urban migration.

Summarizing, the main takeaway is that, when formulating policies for developing countries,
one shall not neglect policy impacts via migration and fertility responses. Ignoring the locational
quantity-quality trade-off of children and overlooking such trade-off may lead to nonnegligible biases

in assessing the consequences and effectiveness of government policies.

Literature Review Previous works on reallocating abundant and over-employed labor from rural
agricultural sector to urban manufacturing sector can be traced back to the Lewis (1954). The
research focusing on rural-urban migration was pioneered by Todaro (1969) and Harris and Todaro
(1970). Since then, economists have attempted to understand the forces driving rural to urban
migration and the impacts of rural-urban migration on development process.

There are some related studies examining the causes and consequences of rural-urban migration



using calibrated dynamic models. The pivotal study is by Lucas (2004) who proposes that human
capital accumulation in cities induces better earnings and hence migration from rural to urban areas.
Rural-urban migration ceases when the values of earnings in the two locations equalize. Laing, Park
and Wang (2005) build a dynamic search model to illustrate how reductions in urban labor market
frictions may yield higher wage and induce more rural-urban migration. By constructing a surplus
labor framework, Bond, Riezman and Wang (2016) find sizable effects of reductions in trade and
migration barriers on China’s growth and urbanization. Liao, Wang, Wang and Yip (2017) study
the rural-urban migration in China with a focus on education-based migration and establish that the
contribution of education-based migration on urban output shares are comparable to that of work-
based migration. Garriga, Hedlund, Tang and Wang (2017) show that the housing boom in China
is essentially driven by urban TFP induced rural-urban migration, amplified by migration barriers
reductions. Ngai, Pissarides and Wang (2019) illustrate how much the household registration system
in China has slowed down industrialization and urbanization in China. For a comprehensive review
of the literature of internal migration from a macro perspective, the reader is referred to Lagakos
(2020).

To our best knowledge, this paper is the first to examine rural-urban migration with endogenous
fertility choice within a dynamic general equilibrium framework. Not only are we able to infer
decision rules of migration for agents with heterogenous skills and preferences toward children, we
can also quantify how much migration and population policies may affect rural-urban migration

and economic development.

2 The Model

As discussed in the introduction, migration intensities and total fertility rates are higher in less
developed countries with many migrating at young ages. Our model will be built upon these facts.
To allow for policy analysis, our model will incorporate a rich array of migration and fertility related
policies prevalent in developing countries.

Consider an infinite horizon model of one-period-lived agents and two geographical locations,
urban and rural. In rural areas, production is simply backyard farming, using land as an input.
There are two sectors in cities: a private sector (P) and a public sector (S) that contains government
agencies and public enterprises. While workers in the public sector all hold urban residency, the
private sector employees may not. Urban workers with urban residency are entitled with urban
benefits, whereas rural farmers are entitled with the use rights of rural land as often observed in
developing countries under various usage and zoning restrictions such as regulations imposed on
agricultural land.

As agents make migration decisions within the one period of their lifetime, in any location
or sector, the beginning-of-the-period population and the actual-working population stocks are
different, with the differences resulting from the net migration flows of workers. To avoid confusion,
the number of workers actually working in the sector during a period after migration occurs is

distinguished by a superscript “+”. We use the subscript ¢ to index time and dismiss it whenever



it does not lead to confusion.

Agents live for one period, and are heterogeneous in skill levels and fertility preferences. There
are two different skill levels, high (H) and low (L), and two types of fertility preferences (), high
(B = B) and low (8 = 3), with the high type in favor of having more children. Children inherit skills
and residency status from parents, but the preferences toward children are assumed to be redrawn
for every generation. Agents consume and give births to n children right before the end of their
life. They are altruistic, deriving utility from both the quantity and quality of children, owning one
unit of labor time and supplying labor inelastically throughout their life.

In the following, we will first describe the sectoral production in the economy, and study the
household optimization problems in urban and rural areas. Once we define the value functions of
the agents, we then delineate how rural agents make migration decisions to urban sectors. Finally,

we discuss the evolution of workers and study the equilibrium of the economy.

2.1 Production

We begin with rural production, followed by the two sector production activities in urban areas.

2.1.1 Rural production

Rural land is constant over time at a level ) and its use rights are evenly distributed to rural
workers at the beginning of each period. Rural production uses land as inputs, requires workers
to stay on site to operate the production technology but does not require skills. Denote R as the
beginning-of-the-period farmers in rural areas and R™ as the mass of farmers residing on the rural
land during a period after migration occurs. For migrants moving to cities and leaving their land
behind, they retain their entitlement of land for § € [0, 1] fraction of lifetime before losing it. The
use rights of the idle land will then be evenly reallocated to farmers staying in rural areas. Total

output in rural area is:

X:zQ(l—S), (1)

where z > 0 is the farming technology and § = (R — RT)§/R is the fraction of land left idle out
of total land. Define ¢ = /R as the beginning-of-the-period land per farmer. Rural workers’ per
capita income is given by,

X
Rt

(2)

Tr =

(R—R7)(1- 5)]
Rt ’

= 2q [1 +
where the first term in the bracket times by ¢ is the initially-distributed land, and the second term

times by ¢ is the extra land obtained during the period from land reallocation.

2.1.2 Urban production

There are two types of firms in urban areas: public enterprises and private firms. Public enterprises

operate a linear technology, taking relatively high-skilled workers as inputs to produce output. The



technology is given by,
Y5 = AsST, (3)

where Ag is the technology scaling factor of public enterprises, and ST is the number of high-skilled
workers hired by public enterprises.

Unlike public enterprises, private firms hire both high- and low-skilled workers in production.
Denote PP+ and Pt as the quantity of high- and low-skilled workers hired by private firms The

production of private firms takes the following CES form:

Yp = Ap [a (nPHN) +(1-a) (PL+)“]‘1’ , n>1,a€(0,1),0<1, (4)

where Ap is the technology scaling factor of private firms, n is the quality index of high-skilled
workers that captures the relative productivity of the high- to the low-skilled, « is the share para-
meter, and 1/ (1 — o) is the elasticity of substitution between the high- and low-skilled workers in

production. Under competitive markets, the wage rates in public enterprises and private firms are:

wg = Ag, (5)
wl = Ap [04 (77PH+)(7 +(1-a) (PL+)U] o an’ (PH'~')(771 ) (6)
wh = Ap[a P () (PP () (PR G

It is straightforward to derive the wage ratio:

% o (PHF —(1-0) -
wh 1" \pLF ’

which depends negatively on the employment ratio but positively on the quality of high-skilled

workers. Define (1;—}::) = (ﬁng)ﬁ. To ensure positive skill premium, equilibrium labor
max
market must be subject to the following restriction under which high-skilled workers earn at least

as much as low-skilled workers in the same sector:

. H+ H+t
Condition 1 ];H < (};TJF .
Finally, because workers in the S sector enjoy a higher level of the urban benefit than those in
the P sector, there is a public-sector discount in the relative wage, i.e., wg/ wg < 1. This issue will

be discussed further in the subsection 2.2.2.

2.2 Households

All agents live for one period and have perfect foresight. As mentioned previously, agents are born
to be different in their skill levels and preferences toward children and inherit the skill levels and
residency status from their parents. Below the lifetime of rural households is described first, followed

by the description for urban households.



2.2.1 Rural agents

Due to its small magnitude in developing countries at the stage of relatively low urbanization,
reverse migration from urban to rural areas is ruled out in our model.! For agents born in rural
areas, they choose whether to migrate to cities immediately after they were born. If the expected
value of staying in the rural area is higher than the expected value of migrating to cities, agents
will choose to stay in the rural area; vice versa. After the migration decision, agents work in the
chosen location throughout their lifetime. If the agent has moved to cities, urban residency may be
granted after a certain duration, that entitles the agent to enjoy urban benefits. Before the end of
life, agents give birth to children subject to the fertility quota or subsidy imposed by the government
— if there is any. After giving births to children, agents consume, incur child rearing costs, pay the
above-quota penalty or receive per child subsidy, and then exit the market. Figure 2 depicts the

timeline of a rural agent’s life.

Figure 2: Timeline
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Denote ¢ as consumption and b as the bequest left for each child. The utility of a rural worker

staying in rural areas is:
u® (¢,b,n; ) = min [fc, (1 — ) nb] + An°, <€ (0,1), 9)

where 6 € (0,1) is the altruistic factor, which is proportional to the net income allocating to total
bequests; 3 € {3, B}, with 0 < B < 3, captures an agent’s preference toward children and measures
how one values children. § is re-drawn at birth for every generation: With a probability ¢, an agent

enjoys less from having children (5 = /), and with a probability 1 — ¢, an agent enjoys more from

'The evidence provided by Lucas (2004, Table 1) argues that the main trend of internal migration is from rural
to urban for a selected group of representative countries in the last half of the twentieth century. In addition, reverse
migration would not add any insights unless one allows for heterogeneous locational preferences or heterogeneous

sectoral productivities — without such heterogeneities, only net migration flows matter.



having children (8 = /3). As the agent is one-period lived, the Leontief setting in ¢ and nb is meant
to capture the consumption-saving decision, with nb acting as total saving in offsprings. Given the
one-period setting of the model, we do not connect b directly to the productivity of the child but
instead considered it as the cost of establishing good attributes of children — a quality dimension
under this bequest setting with b capturing investment in each child.

Having children is costly. Assume that child rearing cost is (b% per child in rural areas. There
are two types of fertility policies under our consideration. One is related to direct population
control whereas another is to childrearing subsidy. For simplicity, both cases are modeled in the
quantity aspect, which enables us to use a single variable ng to capture either the fertility quota
under control or the minimum number of children qualified for childrearing subsidies. Under direct
population control, the government imposes an above-quota fine of g?bR > (0 per child, so the total
penalty payment is (n — fig) - ¢p. Under childrearing subsidy, the government provides —¢p > 0
of per child subsidy, giving a rural worker a total subsidy of (n — ng) - (—q_ﬁ R)- With an income z

from farming, the budget constraint of a rural worker under either scenario is then:
¢+ nb +ne% + max {n — ig,0} ¢p = . (10)

A rural agent’s problem is thus to choose {c,b,n} to maximize lifetime utility (9) subject to the
budget constraint (10).

2.2.2 Urban agents

Similar to rural agents, urban agents derive utility from consumption (¢), quality of children (b) and
number of children (n). Urban residents may also enjoy urban benefits (B) such as urban amenities,
medical services, public transportation subsidies, allowances for the elderly and etc. However, only
residents with urban residency are qualified for these benefits, and at the same time they need to
pay an embarked tax 7 to finance these benefits. For rural migrant workers arriving at the cities
without urban residency, they have a probability p to obtain urban residency which entitles them
with urban benefits for p fraction of their lifetime upon paying the urban embarked tax 7. As
migrant workers may start their career in cities with or without urban residency, and some migrant
workers may obtain urban residency later, we need two indicator functions I*" and I” to indicate

the urban residency status of an urban worker:

1% 1, if the agent holds urban residency when starting working,

0, if the agent does not hold urban residency when starting working.
7 1, if the agent successfully obtains urban residency despite I = 0 initially,
0, if the agent fails to obtain urban residency despite It = 0 initially.

Depending on the status of urban residency, an urban worker enjoys (pays) urban benefits (taxes)
of B (1), uB (u7) or nothing.

Let superscript U denote urban workers regardless of their urban residency status. An urban



worker has the following utility function:
u (¢,b,n, B; B) |pr v = min [0c, (1 — 0) nb] + n° + [IF + (1 — IF) I ] B. (11)

Denote ny as the fertility quota or the minimum number of children to be eligible for urban child-
rearing subsidies for agents with urban residency. Two remarks are in order. First, as to be clarified
below, we will consider a nondegenerate case where the fertility quota are binding for some but not
all of the agents. Second, urban childcare is more expansive than rural whereas urban workers get
penalized more than rural when giving birth to above-quota number of children. Let ¢OU be the
childrearing cost in urban areas, ¢;; be the urban above-quota penalty or per child subsidy. That
is, we restrict our attention to the case of ¢}y > ¢% and ¢ > ép.

Denote w € {wg, wg , wILD} as workers’ wage income from working in either the public sector or

the private sector by their skill levels. An urban worker’s budget constraint is:

¢+ nb+neY + [IF—l—(l—IF) IT] max {n — ny,0} ¢y
+[1 - [IF 4+ (1 - IF) I"]] max {n — 7ip, 0} d (12)
= w-— [IF—l—(l—IF)ITu]TEqIJ,

where @ denotes urban net (of tax) wage that depends on the urban residency status. All urban
workers face the same child-rearing costs regardless of their residency status, albeit the benefits
and obligations are associated with one’s residency. So an urban worker with urban residency
((IF =1,1T = O) or (IF =0,IT = 1)) faces a budget constraint that can be rewritten as:

¢+ nb+neY + max {n — ny, 0} oy = w. (13)

On the other hand, the budget constraint of an urban worker with rural residency ((I Fr T) = (0,0))
is:

¢+ nb+ neY + max {n — g, 0} ¢ = w. (14)

Before moving to the migration decision, we identify the link between fertility preference (3) and
fertility constraint (72;). Denote n} as the optimal fertility choice of an agent in location j (j = U, R).
We are interested in the nondegenerate case: Agents with high fertility preferences (8 = 3) will
have n} > n; in which the fertility constraint is binding; those with low fertility preferences (B=0)
will have n7 < n; and the fertility constraint is not binding. We summarize this relation by using

an indicator function I® (8 = ) below, where

18 1, for agents with high fertility preferences (3 = j3),

0, for agents with low fertility preferences (5 = f3).

2.3 Rural-Urban Migration Decision

For workers born in rural areas, they decide whether to migrate to cities by comparing the value of
staying in rural areas to that of migrating to urban areas. Based on their endowed skill levels and

preferences toward children, their expected values of migrating to urban areas are different. For

10



high-skilled workers, they have a chance to work in the public sector that grants them with urban
residency immediately. If they fail to obtain a job in the public sector, they work as high-skilled
workers in the private sector with rural residency; after staying in cities for a certain duration, they
have a chance to obtain urban residency. Low-skilled workers are only competent for low-skilled
jobs in the private sector, and also have a chance to obtain urban residency. For those obtaining
urban residency successfully, they enjoy urban benefits and are obligated to regulations coming with
urban residency.

In the following, we characterize rural workers’ migration decision by first defining the value
functions of staying in rural areas, working in the public sector and working in the urban private
sector for both high- and low-skilled workers. We will then establish the conditions under which a

rural worker decides to migrate to cities.

2.3.1 Value function of staying in rural areas
The value function for rural agents to stay in rural areas is independent of their skill levels:

Vi (8) = max ult (¢c,b,n;3)

c,bn

= max {min [fc, (1 — 0) nb] + pn°}

c,bn
s.t. ¢+ nb+n¢% + max {n — fig,0} ¢p = x.
To solve V' (3), from the Leontief preference in ¢ and nb, we substitute ¢ = ua%e)nb into the budget

constraint, where it is now clear that the altruistic factor @ is the fraction of income allocated to
bequest. The maximization problem becomes:

VE(B) =max (1 —6)nb+ fn’

b,n
1
0

where ¢ < 1. Denote A as the Lagrangian multiplier associated with the budget constraint. The

s.t. —nb+ngk + max{n —ng,0} g =z,

first-order conditions for n and b are:

(1-0)b+epn! = /\<;b+¢%+l%R>, (15)
(1-0)n = %n (16)

Using (16) and (15) to substitute out A = 6 (1 — #) with the fact that the marginal cost (MC) and
marginal benefit (MB) from bequests exactly cancel out with each other under Leontief preferences,

we obtain a key expression for fertility decision:

el -
= =0(—-0) [¢h+ 70, ()
—— ~
MB of fertility MC of fertility

where the left-hand-side and the right-hand-side of the above equation are the MB and MC from
having an extra children, respectively. With normality, an increase in the altruistic factor that raises

bequest should suppress fertility. As a result, we impose the following condition on 6:
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Condition 2 0 < 1/2.
From (17), it is thus straightforward to derive:

Proposition 1. (Rural Fertility Choice) The optimal rural fertility rate (ny) is increasing with
preference for children (), decreasing with the altruistic factor (0) or the unit childrearing cost
(%), and independent of income (). Moreover, while an above-quota fine (¢p > 0) discourages
fertility, a childrearing subsidy (¢r < 0) encourages it.

Similar to quasi-linear preferences, a nice property associated with Leontief preferences is that the
optimal number of children n% is independent of agents’ income and wealth. This enables us to
focus exclusively on the typically stronger substitution effect.

It is informative to plots the MB and the MC curves of fertility decision in Figure 3. Based on
the results in Proposition 1, the MB curve of agents with £ lies to the right of the MB curve of agents
with 3, meaning that agents with stronger fertility preferences will choose to have more children than
those with weaker preferences. As mentioned before, below we will focus on the relevant case where
the government’s population policy is only binding for agents with stronger fertility preferences.
This is an interesting case to look at because agents with 8 choose nj|s < nrp whereas agents
with 8 choose ng| 3 > Nr, by paying the above-quota penalty or receiving Ehildrearing subsidy. To
guarantee that nj| 5 > nig under 8 = B, we impose a condition derived from (17):2

1

Condition 3 n; < {0 j=RU.

EB _ 1—e
pEnErEn |

As a result, the case under our consideration features: ng|z > ng > nglg, as drawn in Figure 3.

Figure 3: Determination of Fertility for Rural Workers
MB/MC

N

0(1-0) (2 +F) 1 5. o

0(1-0) ¢! \

7

/

e
MBls_p

n

Mplp_p Ny My

B=B. ¢ >0

2We note that Condition 3 is general and can apply to both locations, rural and urban.
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We can solve n}, analytically from (17) as:

1

EIB 1—e
nt — _ . (18)
f [0 (1-0) [o% + I%R]]
The optimal bequest or children’s quality b* can then be solved from the budget constraint (10) as:
x ﬁR —
V=0 |— —¢h -1 (1 =" : 19
e (0 1

Under our setting, total bequest is a constant share of “disposable income” at the end of one’s
lifetime after government transfers (fine or subsidy) and childrearing spending (measured by = —
n¢% — max {n — g, 0} ¢g). Thus, the quantity-quality trade-off is obvious: Higher quantity of
children n¥, is associated with lower quality measured by b*. Although this dimension of quantity-

quality trade-off is not the emphasis of our paper, it can be combined with Proposition 1 to imply:

Proposition 2. (Rural Quality Investment Choice) Optimal investment in the quality of children
(b*) rises with income (x) and is negatively associated with the quantity OJj children (n3,). The
quantity-quality trade-off is stronger in the presence of an above-quota fine (¢pp > 0) but weaker in
the presence of a childrearing subsidy (¢p < 0).

That is, population controls tend to induce a stronger quantity-quality trade-off in fertility choice
but childrearing incentives tend to weaken it.
With n% and b* being pinned down by (17) and (19), the value function V() is solved as:

V() = (1= 0)0 {o— iy o+ 1° (1= 2 ) G| |45 (il

nkls
2.3.2 Value functions of urban workers

We start with the urban private sector where main actions take place, followed by the urban public
sector. In all cases, fertility choice retains similar functional form to the rural case, with rural income
replaced by after tax wage (w), childrearing cost updated to the urban levels ¢?] and above-quota
penalized or subsidized to ¢;;. To save space, we shall not report these solutions but note that the
properties in Propositions 1 and 2 will be carried out for all urban workers of different types in

different sectors.

Value function of workers in the private sector
1. High-skilled workers

For high-skilled rural migrants working in the private sector, after staying in urban areas for
(1 — ) of their lifetime, they obtain urban residency with a probability p (I =0, I” = 1). With
a probability (1 — p), they fail to do so and hold rural residency throughout their life (I* = 0,
IT = 0). Denote VP (3) as the value function of a high-skilled migrant worker in the private
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sector. VP (3), which can thus be written as:

U
max u (C> b,n; /3) |IF:0,IT:1
VPH(3) =p cbn

s.t. ¢ +nb+ ned + max {n — ny,0} ¢y =wl —ur

maxu’ (c,b,n; 3) |7P—0.17=0
+-p) oo :
s.t. c+nb+ngY +max{n —ng,0} ¢p = wp

Because urban workers’ fertility decisions depend on urban residency, we denote separately
n}|s and nj|s as the number of children chosen by private sector workers with and without urban
residency (i.e., by formal and informal private sector workers, respectively). Following the same
steps as in the rural worker’s optimization problem, we can solve:

1

*‘ B 85 1—c
"EE (0= 0) [60 + 1P4y]

and .

*| 65 1—e
nrigp = =

0 (1-0) [¢r + 1°¢p]
Recall n’|s from (18) and that ¢f, > ¢% and ¢y > ¢. It is straightforward to show that the urban

fertility choices are always below the rural counterpart, with formal urban workers’ fertility lower

than informal urban worker’s:
Proposition 3. (Comparison of Fertility Choices) n}.|g < nj|s < nj|s.

Substitute the solutions of the maximization problem into the value function above. V/ (),
8= {Q,B} can be written as:

(1= 0)0 {wfl — pr —nfls [0 + 17 (1 - 2 ) ou }

VPR By =p nile
+0 (nklp)” + B
+(1-p) (1_0)0{1”{31_”7'5 [¢%+Iﬁ (1_5}}}\2)&3”

+6 (n}lp)°

2. Low-skilled workers
Denote V% (3) as the value function for low-skilled migrant workers in urban private sector,
B =18, B}. By applying the same procedure for deriving V> (B), we write V5F (B) as:

(1= 0)0 {wh —pr —npls |00 + 1° (1- 55 du |
+0 (nkls)” + uB

(1-0)6 {wﬁ —nils [¢?J +17 (1 - n?lia) {éR]}
+6 (njls)°

VEE(B) =p

+(1—p)
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Due to the absence of the income effect, low-skilled migrant workers’ fertility choices resemble those
of the high-skilled.

Value function of workers in the public sector

In many countries, working in the public sector requires a higher qualification, e.g. at least holding
a high school diploma or passing certain government employee exams. We thus assume that only
high-skilled workers can work in the public sector. For rural high-skilled agents migrating to cities,
with a probability 7 they are recruited as public workers and are granted with urban residency
immediately. They enjoy complete urban benefits and pay full urban taxes. With a probability
1 — 7, they end up working in the private sector. A public sector worker has the following value
function (I = 1):

V5 (8) = max {min [fc, (1 — 0) nb] + fn° + B}

c,b,n

s.t. c+nb+ngd +max {n —ny,0} ¢y = ws — 7.

By substituting in the number of children chosen and the investment in children quality, we obtain
a public sector worker’s value function V5 (8), 8 = {3, B}:

VS (3) = (= 0)0 {us — gl [ o+ 7 (1= 2 Yoo | + 8kl + B
F

2.3.3 Migration decisions

We are ready to discuss agents’ migration decisions. Migration is costly. To simplify the analysis,
we assume that migration cost is in the form of utility. Depending on skill levels and preferences,
rural workers may have different ability to adapt to urban life. Hence, we assume that moving from
rural to urban areas takes a migration cost, ¢ € {T,ZJL, P }, which is measured in utils, for low- and
high-skilled agents, respectively. Should such migration cost in income-equivalent is proportional
to earnings, one would expect that ¢ > ¢

Rural agents migrate to cities only if the expected value of migrating to urban areas is higher
than the value of staying in the rural. Since high-skilled migrant workers have a probability 7 to
obtain a job in the public sector and a probability 1 — 7 to work in the private sector, high-skilled

rural workers will migrate if the following inequality holds true:

AV (8) =7V (B) + (1 —m) VPH (B) = —VE(B) > 0, for B € {B,B}. (20)

For low-skilled rural workers, they can only work in the private sector after migrating to urban

areas. Hence, they will migrate to urban areas if the following inequality is met:

AV (8) = VEE(B) =" —VE(B) >0, for B € {B,B}. (21)

When the above two equations are held with equality, rural agents are indifferent between migrating
to urban areas and staying in rural areas. The migration decision thus depends on the relative

magnitudes of rural income (z, which is a function of z, ¢, R* and §) and urban incomes (wg,
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wﬁ , wILD), the relative child-rearing costs in urban and rural areas (gi)% and d)%), population policies

(governed by fig, Ay, ¢p and ¢ ), urban benefits (B), urban tax (7), and easiness of obtaining
urban residency and urban benefits (m, p and p). Define an indicator function with I"™ = 1 if

rural-urban migration takes place, and I = 0 otherwise. Then we have:

1, iff AV;(B) >0,i=H,L,
m= (22)
0, otherwise.

There are four types of agents in the model: type-{H, 3}, type-{H, B}, type-{L, B} and type-{L, B}.
Agents of different types will have different migration decisions depending on their preferences to-
ward children and their income levels, and the model thus has several possible equilibrium outcomes.
As a result, the evolution of workers and the supply of urban amenities under each of these equilib-

rium outcomes will also differ, which we now turn to discuss.

3 Equilibrium

Prior to defining the equilibrium, we delineate the concept of a mixed migration equilibrium that
restricts our attention to a most plausible migration pattern, based on which we specify the evolution
of workers and the supply of urban amenities. A dynamic competitive migration equilibrium is

subsequently defined, followed by a steady-state migration equilibrium.

3.1 Mixed Migration Equilibrium

Generally speaking, high-skilled agents have higher motivation to migrate to cities than low-skilled
workers as skills are more rewarding in urban areas. For low-skilled workers, it is usually the case in
developing countries that wage incomes in cities are higher than the incomes from farming. However,
the costs of raising children in terms of housing, spacing and tuitions are usually higher in cities,
and agents who prefer to have more children may be more prone to stay in rural areas. Therefore,
we choose to confine our attention to a specific migration equilibrium: Type-{H, 3} workers always
choose to migrate to cities, type-{L, 3} always decide to stay in rural areas, whereas type-{H, 5}
and type-{L, 3} agents are indifferent between migrating and staying so that some of them stay
in rural areas while others migrate to cities. This is the most relevant case to study in developing
countries at the stage of relatively low urbanization.

More precisely, denote 'y as the fraction of high-skilled workers with high fertility preference
(i.e., type-{H, 3}) being indifferent between migrating and staying but ending up moving to cities,
and (1 — ') as the fraction of them staying in their rural hometown. Similarly, denote I'f, as the
fraction of the low-skilled workers with low fertility preference (i.e., type-{L,3}) and indifferent
between migrating to cities and staying in rural areas, but ending up moving to cities, and (1 —I'p)
as the fraction of them staying in rural areas. The migration patterns for high- and low-skilled

workers of the equilibrium that we focus on can be best summarized below:
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B B
¢ of workers (1—¢) of workers
'y move
H move
(1—-Tpg) stay

I';, move

L stay
(1-Tp) stay

The detailed equilibrium conditions and the definition of the migration equilibrium are relegated to
Section 3.4 below.

Note that if 0 < 'y < 1 and 0 < I'p < 1, we have the mired migration equilibrium
(MME) - “mixed” in the sense that both a positive fraction of high- and low-skilled workers
migrate to cities in the equilibrium. If 'y =1 and 0 < I'p, < 1, we have a skilled-based segregated
migration equilibrium (SME): All high-skilled workers migrate, while low-skilled workers with
low fertility preference § are indifferent between migrating and staying, and low-skilled workers
with high fertility preference /3 always stay. There is another fertility-based SME with I'yy = 0
and 0 < 'z < 1: in this case, all agents with high fertility preference (type-3) stay in rural areas,
while low-skilled workers with preference 3 are indifferent between migrating and staying, and high-
skilled workers with preference 3 always move. In a special case with 'y = 1 and I', = 0, we have a
pure skilled-based SME with all high-skilled workers migrating to cities and all low-skilled workers
remaining as farmers. In another polar case with I';y = 0 and I'p = 1, we have a pure fertility-based
SME with all workers with preference 3 migrating to cities and all with preference (3 remaining as

farmers. Different types of SMEs are readily summarized below:

Iy Iy
Pure skill-based SME 1 0
Skill-based SME 1 €(0,1)
Fertility-based SME 0 €(0,1)
Pure fertility-based SME | 0 1

We regard the last case as theoretically possible but not realistically likely — given that the typical
observation is that cities are more attractive to high-skilled workers than farmland. For the sake of

brevity, we will thus leave it out from our theoretical analysis.

3.2 Evolution of Workers

As mentioned at the beginning of Section 2, agents are one-period lived and make migration deci-
sions within the period, and hence the beginning-of-the-period population and the actual-working
population stocks are different, with the differences resulting from the inflows of workers. Because
children inherit their parents’ status of residency, if rural migrant workers do not successfully obtain

urban residency before exiting the market, in the next period their children will start life from rural
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areas with rural residency. Similarly, if a worker starts her life in urban areas, she holds urban
residency bequeathed by her parents.

Denote U as the beginning-of-the-period workers with urban residency, whereas P and Plas
the beginning-of-the-period private sector high- and low-skilled workers, respectively. Denote S 7,
]5};1 and ]5{: as the new migrants who successfully obtain urban residency, working as public sector,
private sector high- and low-skilled workers, respectively. Denote PIH and 15[L as the new comers
working as private sector high- and low-skilled workers but failing to obtain urban residency. Denote
H and L as the beginning-of-the-period rural high- and rural low-skilled workers. The detailed
notations of population flows are summarized in Table 1. Figure 4 provides the population flows

chart in the model.

[Insert Table 1 about here]

Figure 4: Population Flow Chart
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The beginning-of-the-period population identity equations in urban and rural areas are:3
U = S+PH4pr (23)
R = H+ L. (24)
The actual-working populations in urban areas under the equilibrium we examine are:
ST=S5+Sr=5+ [(+(1—-¢)Ty|rH, (25)

obtain urban residency immediately upon arrival

3For urban workers who do not have urban residency, their children will hold rural residency at birth and start

their life in rural areas. As a result, we have Pfl = PF = 0.
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pit = ply pll 4 Bl
= P+ [+ (1=l -mpH+[(+(1-QOlul(1-m)(1—p)H  (26)
obtain urban residency still hold rural residency

= P+ [(+(1-QTu(1-n)H,

pit — ply Bk Bl
— Pry (Tl + (TL(-p)L (27)
~— —_———
obtain urban residency  still hold rural residency
= PL + CFLL>

where Z denotes the inflow of Z within the period. Total number of agents working in urban areas

after migration inflows is thus equal to:

U+ — S++PH++PL+
= S+PELPLL[C+(1-QTy]H+(TLL (28)
= U+[(+(1—-¢)Ty]H+(TLL.

In a similar manner, we write down the actual-working populations in rural areas after migration
outflows as:
RF=H"+LT=(01-¢01~-Tyg)H+(1-(Ty)L. (29)

As children inherit the skill levels (i.e., jobs) and residency status directly from parents and all

agents live for one period, the evolutions of workers in the public and the private sectors are:

§' = |enilg+ (1= Qnilg| S+ [Crilg + (1= O Tanfls| oA, (30)
pH  _ [Cn?|g+ (1-¢) ”HB] PH 4 [Cn}|g+ (1-¢) FH”HB] (1— 1) pH, (31)
P [Cn}|g+(1—§)n}15] PE + CDunplspL, (32)

where Z’ denotes the next period value of Z. The evolution equation for U can be written accordingly
follows:
U'=5+ P 4 pl. (33)

The evolution equations for rural high- and low-skilled workers and total rural workers with rural

residency can be written accordingly:

H = B{(-p)(1=m) [(nils+ (1= OTanils] + (1= Q) (1 =Tw)nil},  (34)
L = L{(1=p)Tunils+ ¢ (1= Tu)ngls + (1= Onklg} (35)
R = H 41 (36)
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3.3 Urban Benefits

Urban benefits, inclusive of urban amenities, such as parks, schools, museums, libraries, medical
services, childcare and old age allowances, and other public services, are assumed to be financed by

urban embarked taxes. Total urban taxes collected by the government are:

T = {S+P{+Pi+[(+(1—-QTulnH}T (37)
+{{+ A=) Txu|(1 —7)pH +(TrpL} pr.

We assume that the government provides the urban benefits B to all residents with urban status

based on an even distribution rule:

B = ByG, (38)

where G is the per capita budget for amenities and benefits, and By is the government’s technology
scaling factor in the provision of urban amenities and benefits. Assume that the government runs

a balanced budget in every period. Then periodic balanced government budget implies:

T
G = — .
U+ Sp+ P + Pk

3.4 Migration Equilibrium

In equilibrium, all urban labor markets clear under the factor prices {ws,wg ,w}LD} given by (5),
(6) and (7):
Sd _ SJr PH’d _ PH+ PL’d _ PL+ (39)

where ¢, PHd and P54 are the labor demands in specific sectors. Finally, rural labor market

clears under the rural farming income given by (2):
R = R, (40)
where R? is the demand for rural labor.

We define the competitive equilibrium of the model below.

Definition. A dynamic competitive migration equilibrium (DCME) of the model consists of

migration decisions, rural farming income x, and urban wage rates {wg,wg,wlfg}, such that

(i) (Optimization) given rural farming income x and urban wage rates {wg,wh, wk}, based on
their residency status, agents choose numbers of children according to (17) and (19); further-

more, rural high- and low-skilled agents make migration decisions according to (22);

(i) (Market clearing) rural farming income satisfies (2), urban wage rates {wg, wi ,wh} satisfy
(5), (6) and (7), and labor markets clear according to (39) and (40);
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(iii) (Urban amenities) the amenities in urban areas are supplied according to (38);

(iv) (Workers laws of motion) given the initial population {HO, L0, 80 pHo, PL’O}, high- and low-
skilled workers in rural, urban public and urban private sectors evolve according to (30)-(36),
with workers actually devoted to production given by (25)-(29).

We next define the balanced-growth equilibrium for the rest of our analysis.

Definition. A balanced-growth migration equilibrium (BGME) of the model is a DCMFE
where the growth rate of population variables are constant as follows:

!
7 = constant,

where Z = S, R, PH and PL.

Along a balanced growth path, from (30)-(32), we get:

s’ — - H

T = [onils + Q= Qmila] + [crnils + (1 = O wTamils| 3, (41)
PH/ [ * * i * * H

i = [Cnkls + A= Omils] + [ (1= m)mils +p (1= Q) (1 =) Tamils| o0 (42)
pr — - L

ST = [bls+ (1= Onila] + (pCTunils) 7 (43)

Thus, along a balanced growth path, we have a constant ratio of public sector workers to high-skilled
workers (S/H) as well as constant ratios for workers of different skill types in urban private sector
(P*/H and PY/L). Next, from (34)-(35), we have constant growth rates of different skill-type
workers. These together with the fact that the growth rate of R is constant, we get a constant
ratio of high-skilled to low-skilled workers (H/L) from (36). This in turn implies that the ratio of
high-skilled to low-skilled workers in the urban private sector is constant (P /P%). Finally, from
(23), we can show that the growth rate of U, as well as its ratio to high-skilled workers are constant.

We are now ready to establish the property of common growth and, most importantly, the

existence the properties of a mixed migration equilibrium.
Proposition 4. (Common Growth) At the BGME, the model exhibits common growth rate property:
VA
7 =9,
where Z = S,U,R,H, L, PH and P".
We now present the first main finding that concerns the existence of a MME.

Theorem 1. (Mixed Migration Equilibrium) Under proper ranges of migration costs and urban-rural
income differentials, a mized migration equilibrium arises along a balanced growth path. Moreover, a
better urban amenity, a larger childrearing subsidy, a lower urban-rural childrearing cost differential,
a lower urban fertility penalty, or a weakened rural land entitlement tends to result in a higher

fraction of type-{H, [} and type-{L, B} agents choosing to migrate from rural to urban.
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While the formal proof is relegated to Appendix A.1, Theorem 1 is established by means of proof
by construction. To do so, we define a general class of indifference boundaries for the high-skilled

and low-skilled agents with type-3 facing a migration cost :

AV (8,7) VOB + A -m VP -y —-VE(B) =0
AVL(B) = VPEB) -y -VE(B) =0

which are both linear and decreasing in the migration cost of migration. To begin, we use (20)
and (21) to identify conditions under which type-{H, 3} workers always choose to migrate to cities
whereas type-{ L, 3} always decide to stay in rural areas, i.e., AVy (ﬁ, 'ng) >0> AV (B, wL). This
task is trivial because, for any fertility preference pair { B, B }, we can always adjust the migration
costs of migration {wL ot } for the two inequalities to hold. Basically this requires that % is
sufficiently high but " sufficiently low.

The major task is therefore to check the indifference boundaries of type-{H, 8} and type-{L, 3}
agents that may lead to interior solution so that AVy (B,I/JH) =0=AVg (ﬁ,@bL). To do so, we
first write all the costs (migration, childrearing and penalties or subsidies) in proportion to wage
incomes. Then it is convenient to define urban-rural income differentials measured by the ratios of
urban net wage to farmer’s income:

~H ~ ~L
cn (@)= =0 (g = 22D

T xT xT

Straightforward examination of the value functions suggest that an increase in g (3) or sg (5)
tends to shift up the high-skilled indifference boundary AVyy (ﬁ,sz ) = 0, whereas an increase
in ¢z (8) tends to shift up the low-skilled indifference boundary AVy (ﬁ,z/)L) = 0. Thus, with
proper urban-rural income differentials, we can assure AVpy (B,wH ) =0= AV (@, wL) under
which a fraction of both high-skilled and low-skilled workers (I'g,T'z) € (0,1) x (0,1) migrate
to cities. This proof by construction is illustrated by Figure 5, given * < o (which is for
illustrative purposes but inessential for the proof). What is important is that the parametric space
supporting a mixed migration equilibrium is dense and hence nonempty. By similar arguments, we
can perform comparative static analysis to establish that urban amenities and childrearing subsidies
serve as positive forces for migration (shifting up indifference boundaries), whereas childrearing cost
differentials, fertility penalties and rural land entitlement requirements as negative forces (shifting

down indifference boundaries).
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Figure 5: Indifference Boundaries in MME
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From the indifference boundaries, we get a novel locational quantity-quality tradeoff for rural-
urban migration, reflected by the presence of an expected locational quality gain and an expected

fertility loss upon migrating to cities:

(1-0)0{mrws+ (1 —m)wh —[r+ (1 —7)pul7 —z}

AV (B,4) =
n5e) et (- ) o) B—

expected locational quality gain (+)

1-op ™ (nkls)” — (nkls)” |
+ (1 =7 [p(nkls)” + (1= p) (n7ls)7]

expected fertility loss (-)

and

AVL (B,9) = (1=0)0 [p(wp — p7) + (1 - p)wp — x] + ppB — ¢

-

expected locational quality gain (+)
+(1—¢)Blp(nplp)” + (1 —p) (nls)" — (nkls)].

expected fertility loss (-)

Again, the formal proof is relegated to Appendix A.2, but this property is readily summarized in
the following.

Theorem 2. (Locational quantity-quality tradeoff) At the BGME, the rural-to-urban migration
decision features a locational quantity-quality tradeoff between payoffs from locational quality and

fertility.
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The intuition underlying Theorem 2 is not difficult to get. Urban provides better job opportunities
and amenities but has higher childrearing costs, an urban migrant tends to reduce the number of
children but instead invest more in the quality of children, bring their children to better careers and
amenities.

Just how important this locational quantity-quality trade-off in Theorem 2 is and whether the
conditions required in Theorem 1 are met are, nonetheless, quantitative questions to which we now

turn.

4 Quantitative Analysis

In this section, we quantify our theoretical model, taking China as an example. It is an interesting
case to study due to China’s tight migration regulation and population control in the past decades.
These policies, the hukou regulation system, the reallocation of land entitlement and the one-child
policy, not only provide costs and benefits to decision-making but also interconnect to each other
to jointly shape individual’s choices on fertility and rural-urban migration. Our task is thus to
investigate and quantify how these policies influence the macroeconomic performance in China.
Below we first provide a brief overview of the three policies, while relegating the details to
Appendix B. We then calibrate our model to fit the data from China during 1980-2007. Based
on the calibrated benchmark economy, various counterfactual policy experiments are conducted
to study their consequences for fertility decisions, patterns of rural-urban migration and economic

development in China.

4.1 Imstitutional Background

China’s migration control is based on the household registration system, hukou, implemented since
1950. Under the hukou regulation, permission is required for formal rural-urban migration and
annual quotas on migrants are controlled by the government. Therefore, labor markets become
locationally segmented. In addition, in cities, most social services are granted with urban hukou.
However, migrants may not automatically obtain urban hukou. While those joining the public sector
(via the channel of zhaogong and zhaogan) obtain urban hukou immediately, some private-sector
migrants move without urban residency (temporary migrants) or will be granted with urban hukou
at a later date. Notably, there is another channel via attending college education (zhaosheng, as
studied in Liao, Wang, Wang and Yip 2017), which is not the focus of this paper.

A migration-related policy is the reallocation of land entitlement. In rural areas, people are
bound to land and the distribution of land use rights is mainly based on the household size. Land,
however, is officially owned by village collectives (communal land). Since people do not have the
property right of land, land cannot be sold by those moving to urban and become idle land. After
several years, village collectives have the right to reallocate the use rights of land according to
changes in the household size. As a result, those moving to urban areas face a risk at losing their
land entitlement. Even with land tenure security reform that formally set the duration of land

contract at 30 years and land transfers are allowed, the transfer contracts are still largely informal
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and the problem of land expropriation remains — the problem is indeed exacerbated due to urban
expansion and infrastructure development.

China’s well-known one-child policy also interplays with the hukou system and affects migration
decisions. As the one-child policy was implemented by local governments, the population control
turns out to be differential across locations and sectors. For example, in rural areas, the penalties
on above-quota births could be about 10-20 percent of family income lasting for 3-14 years. Those
working in the public sector may lose the eligibility for promotion, be demoted or be forced to quit
their jobs. Rural-urban migrants who are granted with urban hukou follow the fertility restrictions
of their destinations, while temporary migrants are regulated by the rules of their original places.
As a result, those with high fertility preference may have lower incentive to migrate from rural to
urban areas and become more reluctant to work in the public sector. This subsequently creates an
interactive channel through which migration and fertility decisions are interconnected — the channel

we explore in this paper.

4.2 Calibration

The period under examination is 1980-2007. That is, we focus on the period after China’ economic
reform in 1980 but before the financial tsunami. The majority of rural workers migrate to cities at
young ages. To calibrate the theoretical model, we assume that agents enter the economy at age 18,
remain economically active for 36 years, and exit the economy (or retire) at age 54.* Thus, the model
period in the calibration is set at 36 years. We categorize those with senior high school degree or
above as high-skilled workers, and others as low-skilled workers. Besides, to better capture various
above-quota penalties implemented by local governments, we assume low-skilled workers bear the
basic locational above-quota fines (¢;; and ¢p), while high-skilled workers in different sectors and
locations bear the extra above-quota fines (¢, ¢g and &5?) The details of above-quota penalties
will be discussed later. In what follows, we first summarize the parameters and variables that we
are going to calibrate and solve. Second, we describe the population ratios that are required for
calibration. Third, we discuss the procedure of determining the parameters and variables, either by
calibration or taken directly from the literature or data. Detailed information on data sources and
the methods we imputed our targets are relegated to Appendix C.

There are 31 parameters and variables to be calibrated and determined, including (i) preference
parameters: the altruistic factor of savings in offspring 0, preference toward children 3 and B,
the utility concavity in the quantity of children ¢, and the migration costs for high- and low-
skilled workers, 1) and 4%; (ii) the proportion of agents enjoying less from having children, ¢; (i)
childrearing costs, above-quota penalties and fertility constraint parameters: gbOU, gb%, by, Ors P
bg, q@?, ny and ng; (iv) parameters related to urban benefits and urban embarked tax: u, Bp
and 7; (v) production technology parameters: Ag, Ap, o, o, 1, z, §, and g; (vi) probabilities of
obtaining urban hukou and position in public sector, p and 7; and (vii) fractions of type-{H, 3} and

type-{L, B} workers migrating to urban areas, I'yy and I'.

4China is one of the countries that workers retire at early age. See Appendix C for more discussion on the pattern

of early retirement in China.
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There are two groups of population ratios that we need for calibration, including the begining-
of-the-period population (%, %, %, % and };—f
U, Pl S and B0 W te the ratio of ¥ usi lation data by urban and rural
(¢=+ pr+» pur and ). We compute the ratio of 7 using population data by urban and rura

H
L

information on rural workers’ education level. As the data became available since 1985, we back
out the ratios in 1980-1984 using the growth rate of the % ratios from 1985 to 2007. The average
of the % ratios is 0.1076 during 1980-2007. The % and % ratios are calculated using the data from

China Statistical Yearbook. We define employees in state-owned units to be workers in public sector

) and workers that actually work within the period

residence, and obtain an average of 0.4579 during 1980-2007. To compute the ratio of we need

and employees in other units in cities and towns as urban private sectors. The average of the %
ratio during 1980-2007 is 1.5235 and % is 0.6094. The last begining-of-the-period population ratio
we need is the ];—IL{ ratio. To compute this ratio, we need workers’ information on two dimensions:
employed sectors and education levels. As the suitable data is not abundant, we resort to the Urban
Household Survey (UHS). We first distinguish private workers from those working in public sector.
Second, those who have already retired but re-entered the workforce are excluded. Then, using our
definition of high-skilled workers, we obtain a series of the ;—IL{ ratios during 1987-2007. Third, we
back out the ];—IL{ ratios for 1980-1986 based on the geometric growth rate of the 1;—15 ratios over the
period of 1987-2007. The average ratio of };—IZ during 1980-2007 is 0.8159.

The second group of population ratios is workers that actually work within the period. The
first ratio that we need is U% Urban population (U) is directly obtained from China Population
and Employment Statistics Yearbook 2010. The difference between U and U™ is the rural-urban
floating population. As the term “mangliuv”, or the so-called “blind flow”, refers to massive migrants
fluxing from rural areas to cities, rural-urban migrants in fact are the majority of China’s internal
migration. It is thus reasonable to assume that the entire floating population in data is rural-urban
migrants. The floating population data is taken from Department of Population and Employment
Statistics, National Bureau of Statistics of China. Using the data, we first compute the ratios of
floating to urban population. For those years without data, intrapolation is implemented. Then,
the ratios of floating to urban population are converted to the ratios of (% and the average of U—[i
during 1980-2007 is 0.8764. To compute the workers that actually work in each sector, we need
to know the sectors that floating population actually work in. However, the information is very
limited, especially for early years. According to the Rural-Urban Migrant Survey (RUMS), the
proportion of migrant workers employed as production workers, service workers, private enterprise
owners, or self-employed reached 93 percent in 2007, while 81 percent of them were employed in
private enterprises or self-employed. Based on this information, we can infer that roughly 7 percent
of migrants worked in the public sector in 2007, while at most 12 percent of migrants were private
business owners. As it was relatively inflexible for the public sector to hire migrants in early years
and our data period spans from 1980 to 2007, it is natural to see the 7 percent of migrants working
in the public sector as an upper bound. We thus choose to set 5 percent of the entire floating
population ending up with jobs in public sector, while 20 percent and 75 percent of the floating
population employed as high- and low-skilled workers at private sectors, respectively. With this
assumption, the begining-of-the-period population ratios and the population identity equations, we

are able to compute the ratios of };—ﬁ, PS—}L, and %. The average of I;—Iﬁ during 1980-2007 is
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0.6348, the average of PS—,; becomes 3.0262, and the average of R—P:r is 0.9354.°

Now, we are ready to calibrate the model to data from China. The rural per capita income yg,
which is simply equal to x in equation (2), is normalized to one during 1980-2007. In rural China,
land use rights are distributed based on family size and reallocated in every 5-10 years. Hence
the average duration for land reallocation is 7.5 years. Adjusted by the model period, we obtain
6 = 0.2083. China Statistical Yearbook reports the average rural land per person. Thus ¢ = 2.3315
(mou) during the period of 1980-2007. Then, the farming technology z can be computed from
equation (2) and equal to 0.4067.

To pin down the parameters in urban production sectors, we need three income ratios from
data, :U”—g, % (skill premium) and :ty% (urban premium).5 We use the data in UHS to calculate the
first two wage ratios and the data from China Statistical Yearbook to compute urban premium. For
the years without data, intrapolation is implemented to impute the corresponding values. Thus,
we obtain Z—% 1.3944, % = 0.8814, and yU = 1.9641 for the averages of 1980-2007. We set
o = 0.8333, which corresponds to an elastlclty of substitution (EIS) between high- and low-skilled
workers to be 6. This value of the EIS between high- and low-skilled workers falls within the range
of the EIS estimates for East Asian countries.” By setting the CES production share of high-skilled
workers « at 0.5, n is calibrated to match the skill premium, %, and is equal to 1.3608. The
technological scaling factors of public sector and private firms, Ag and Ap, are jointly calibrated by
matching the urban premium ZU and wS . Ag and Ap are equal to 2.0214 and 3.3287, respectively.

Next, we turn to decide the four proport1ons or probabilities, {, w, I'y and I'y,. First, we compute
¢ based on the survey data of family size preference by categorizing agents preferring less than or
equal to one child as S-type agents, and those desiring more than one child as [-type agents. We
obtain ¢ = 0.15.% The rest three probabilities or proportions of migration (7w, 'y and I'y) are jointly
calibrated to match the ratios of };Li, PSH+ +,and 1 — + over 1980-2007. The calibrated values for
m, 'y and 'y, are 0.2, 0.019 and 0.3576, respectively. The implied fraction of high-skilled movers is
16.6 percent, three times as high as that of low-skilled movers (5.36 percent). Thus, skill sorting in
our calibrated MME is consistent with Gollin, Lagakos, and Waugh (2014) who find robustly urban

workers to have higher skills measured by years of schooling using data from 151 countries.

°In Appendix D, sensitivity tests using different but reasonable assumptions on the fraction of floating populations
in different sectors are performed. By recalibrating the model and re-conducting all the policy experiments which
will be elaborated below, we find that all policy experiments results on urbanization rates, fertility responses, skill

premium and urban premium are very robust.

SUrban per capita income yy is defined as the average output per worker in urban areas, i.e., yo = YSUJZrYP, while

rural per capita income is simply yr =z = 1.
"In the literature, the estimates for developed countries range from 1 to 3 (see, for example, Autor, Katz and

Krueger 1998;, Acemoglu 2003; and Ciccone and Peri 2005), while the estimated values for Asian economies are
larger, mostly falling between 2 and 7. For example, Toh and Tat (2012) estimated that the value for Singapore is
4.249. Te Velde and Morrissey (2004) used data from Singapore, Hong Kong, Korea, the Philippines and Thailand
and obtained a value of 2.78. The results in Gindling and Sun (2002) imply that the value in Taiwan is between 2.3

and 7.4.
8See Appendix C for the detailed description on the survey data of family size preference.
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Regarding the parameters for the institution of the hukou system, p and p, we determine their
values from the literature. Prior to 1994, it was very difficult for rural migrants to obtain urban
hukou. After 1994, rural migrants can get urban hukou, usually at a range of time for two to five
years, via the blue-stamp system. We thus assume that @ = 0 prior to 1994 and p = % = 3.5 years
for a migrant to obtain urban residency and hence to be qualified for urban benefits. Therefore,
the average u, the fraction of lifetime that a migrant worker successfully obtained urban residency
to enjoy urban benefits, is 1 — %/36 = 0.4514 for the period of 1980 to 2007.% As for p, based
on field interviews, only about 11 percent of the interviews from rural areas successfully obtained
urban residency, so we set p at 0.11.10

We now turn to determine the fertility constraints in rural and urban areas, ny and ng, and
the basic above-quota fines, ¢ and ¢;;. According to Ebenstein (2010), the average fertility quota
per couple in urban and in rural China were one child and 1.6 children, respectively. Since our
theoretical framework is a unisex model, to link the data to our model, we follow the standard
method in the endogenous fertility literature to divide the fertility quota per family by two. We
thus set ny and nr to 0.5 and 0.8, respectively. The implementation of the one-child policy varied
across regions and sectors. The above-quota penalty could be not only in the form of monetary
fines, but also in non-monetary forms. For example, workers in the public sector could lose jobs if
violating the fertility policy. As there is no perfect method to impute the total above-quota penalties
paid by parents, we assume that low-skilled workers bear the basic above-quota fines, ¢ for rural
low-skilled workers and ¢;; for urban low-skilled workers. High-skilled workers bear extra sector-
specific fines (on top of the basic fines), which are ¢y, ¢g and &g for rural high-skilled workers,
urban employees in public sector and urban high-skilled worker in private sector, respectively. The
three extra fines born by high-skilled workers are discussed in the next paragraph. Here we focus
on the determination of the basic above-quota fines. Denote <~¢ r as the proportion of the basic
above-quota fine to a rural agent’s wage and q~bU is the proportion to an urban agent’s wage. Using
the penalty data provided by Ebenstein (2010), we obtain ¢ =1.5928 and ¢;; =1.6654.11

The determinations of the two childrearing costs ((;3?] and qb%) and the three extra above-quota
fines born by high-skilled workers (¢, ¢g, and g_bg) are summarized as follows. First, similar to
the basic above-quota fines, we define (2)?], (}0R, &H, g~b5 and &5? as the proportions of childrearing
cost (or extra fine) to an agent’s wage. Second, we set ¢~50U at 25 percent of an urban agent’s income
as it is a common value in urban China.!? Third, the rest four parameters (g~b0R, b, g~b5 and ngg)

are calibrated by matching four fertility targets nﬁ, ng , ng and ng 13 Thus, we have &%:0.4386,

9The period we examine is 1980-2007, and 1980-1994 roughly amounts to half of the examined period.
10See Appendix C for more information on the determination for p and p.

1Tn other words, the rate of total above-quota fine paid by rural low-skilled worker is &R; the rate of total fine paid
by rural high-skilled worker is &R + <~bH; an urban low-skilled worker pays the rate (}U; a worker in public sector bears

~ ~ ~ ~H
the rate ¢; + ¢g; and an urban high-skilled worker in private sector bears the rate ¢y + ¢p.

128ee Appendix C for more literature discussion on urban child rearing cost.

13The method we impute the fertility targets and the data sources are relegated to Appendix C. In the calibration,

for example, we compute a weighted fertility of P? and Pf to match nf. Fertility in other sectors are conducted

accordingly. Besides, as our model is unisex, we match a half of the imputed fertility in the calibration.
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$p=5.3123, $g=2.1439 and G=0.2382.
There are four preference parameters left (e, 6, 8 and B). The concavity in the utility function
for the number of children ¢ is set at 0.1, which is roughly equal to the value used in Gobbi (2013).

For the altruistic factor 8, the Leontief preference implies that ¢ = (1_g)nb, and hence - = %.

Therefore, 1 — 0 represents the fraction of income being spent on own consumption and 6 is the
fraction of income for saving. With the information on rural per capita income and consumption
reported in China Statistical Yearbook, we compute a time series of § and the average of § becomes
0.2124 during 1980-2007. We thus set 6 at 0.21. Preference parameters are not observable, so we
simply set 3 at 0.1. The last preference parameter, f3, is jointly calibrated with the aforementioned
rural childrearing cost and the three extra fines (;bOR, b, <2>S and &5?) In addition to the four data

moments of fertility we described above, we also match n{; in the joint calibration. The calibrated

B is 0.5346.

We are left with the calibration for the urban embarked tax 7, urban benefits B, the government’s
technology scaling factor in the provision of urban benefits By and the migration costs of rural type-
{H, B} and type-{L, B} agents, Y and . There is no perfect measure to proxy urban benefits.
As urban workers usually enjoy government provided pension benefits, we thus use urban pension
benefits to proxy B. To compute B, we use the pension replacement rate in China. It is multiplied
by the urban average income during the examined period and adjusted by the model period as well
as the average years that an urban worker enjoys after retirement. Thus, B is 0.9803. Following
Song, Storesletten, Wang and Zilibotti (2015), the urban social security tax 7 is set at 20% of an
urban agent’s income. The total social security taxes are collected to finance urban benefits. With
the technology that the government provides urban benefits, we are able to determine By, which
is 2.4863. Finally, v and % are calibrated using the indifference equations for migration, (20)
and (21), and are equal to 0.4230 and 0.1539, respectively. This result indicates that high-skilled
workers who enjoy more from having children suffer more from migrating to cities. The calibration

result is summarized in Table 2.
[Insert Table 2 about here]

In Table 3, we further report important ratios implied by the calibration results. Our results
indicate that private sector has much better technology than the public sector and the rural agricul-
tural sector. Among high-skilled rural workers, more than 15 percent of them decide to migrate to
cities, while about 95 percent of rural low-skilled workers choose to stay in countryside. Compared
with rural workers, the child-rearing costs for workers in the public sector and private high-skilled
workers are both higher. However, private low-skilled parents bear slightly lower child-rearing costs
than rural workers. This could be due to the higher implicit cost in rural areas, such as living far
away from schools or due to relatively higher child-rearing cost for rural high-skilled parents (an
argument by Cheung, 2018, for examining demographic transition and structural transformation in
the U.S. at the turn of the twentieth century). Regarding the above-quota penalty, workers in the
public sector were penalized the most heavily, followed by rural high-skilled workers, while rural

low-skilled workers were punished the least. The result is consistent with the reality. In fact, rural
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high-skilled workers are more likely to be leaders in the village, and tend to hold positions desig-
nated by the government. The result indicates that no matter the working location was, workers
in the public sector were being seriously monitored by the government. Based on the calibrated

parameters, we now proceed to policy experiments.

[Insert Table 3 about here]

4.3 Policy Experiments

Based on the benchmark model, we are now ready to conduct policy experiments. More specifically,
we want to investigate how the three types of policies, including (i) the population control polices, (ii)
the migration polices (or the hukou regulations), and (iii) the land entitlement reallocation policies,
affect the joint decisions on rural-urban migration and fertility and the macroeconomic performance
of China. In line with the discussion in Section 3.1, we restrict our attention to a benchmark economy
with the most plausible migration pattern: Type-{H, 3} workers always migrate to cities, type-
{L, B} workers always stay in the rural, whereas type-{ H, 3} and type-{L, B} agents are indifferent
between migrating and staying in rural areas. As some of our counterfactual experiments involve
large changes in the institutions that workers face, we may end up with corner solutions (I'y =T', =
0), or SMEs with pure skill-based or skill-based migration (I'y = 1,T';, € [0,1)) or pure fertility-
based or fertility-based migration (I'y = 0,I', € (0,1]). The fertility responses, the population
ratios and the relative income levels are thus led by the asymmetric structure that only high-
skilled workers with high fertility preference (type-{H, 3}) and low-skilled workers with low fertility
preference (type-{L,3}) respond to the counterfactual experiments.

What follows below is a detailed discussion of the policy experiments. We are particularly inter-
ested in learning the migration patterns, the fertility behavior and other important macroeconomic
variables and ratios under different scenarios. To proceed, we first compute the equilibrium of the
benchmark model based on the calibrated parameters. We then change the value of the relevant
parameter of the concerned experiment to compute the new equilibrium, and calculate the relative
changes to the benchmark model. The results on migration decisions and population ratios are
summarized in Table 4. To better compare the migration patterns across policies, in Table 4 we
provide the fraction of the high-skilled migrants among the total high-skilled rural workers, the
fraction of the low-skilled migrants among the total low-skilled rural workers, and the fraction of
all migrants among the total rural workers for each experiment. Table 5 reports the total fertility
rates. It is noteworthy that in the calibration we match a half of the total fertility rates. However,
to be comparable with data, the values reported in Table 5 have been multiplied by two. Finally,

the income levels and the relative income ratios are presented in Table 6.
[Insert Table 4 about here]

[Insert Table 5 about here]
[Insert Table 6 about here]
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1. Ezperiments on population policy

Two experiments are conducted here, both considering scenarios with a relaxation of the one-
child policy. In the first experiment, we consider a uniform fertility constraint in both the urban and
rural areas, with the constraint being set at 0.8 (i = ng = 0.8) — a value that was prevalent in rural
China in the benchmark model in a unisex setting.!* Urban fertility control is thus more relaxed
under this experiment. In this scenario, we find that rural workers are more willing to migrate
to cities: Total rural migrants as a percentage of rural residents increases by 12.59 percent, with
the high-skilled workers with high fertility preferences responding much more to such relaxation,
therefore leading to a lower H™ /L™ ratio in rural areas. As there are more high- than low-skilled
workers migrating to cities, P#*/ P+ increases, dragging down the wage for the high-skilled by 0.48
percent and slightly increasing the wage for the low-skilled by 0.44 percent. The skill premium thus
decreases by 0.92 percent. Interestingly and noteworthy, both urban and rural per capita income
increase. The former is due to a larger stock of high-skilled workers in urban areas, while the
later is because of land reallocation owing to fewer workers in rural areas. As the childrearing costs
increases with income levels, rural stayers and private sector low-skilled workers end up having fewer
children. For private high-skilled workers in urban areas, even though the urban fertility control is
relaxed, those workers who enjoy more from having children do not respond much to the policy by
increasing their fertility. This is because of the higher child-rearing costs in urban areas. As one
can observe from Table 5, the magnitude of the increases in the total fertility rates for public sector
and private high-skilled workers are much less than that of the decreases in the total fertility rates
for rural workers.

In the second experiment, we consider a scenario where the population control is completely
lifted. Agents can have children up to their biological limit, which is set at 5.5 based on the total
fertility rates in the pre-population-control period in China.'® Total fertility rates increase both in
rural and urban areas, rising from the range of 1.18 and 2.21 in the benchmark model to the range
of 1.96 to 2.77. The increase in fertility is higher for rural high-skilled than rural low-skilled because
the staying type-{H, 3} workers respond more to the policy than type-{L, B} workers do. Along
the line, rural-urban migration decreases by 2.74 percent, with the reduction in migration coming
from the high-gkilled workers more — indeed all high-skilled workers with high fertility preference
(type-{H, 3}) would stay in rural areas and a fertility-based SME arises. As a result, there are
fewer high-skilled workers in urban areas, leading to a lower urban per capita output, a lower rural
per capita output because of more workers staying in rural areas, a slightly higher skill premium,

and a higher urban-rural income gap (g—g)

2. Experiments on migration policy

We consider three scenarios for experiments on migration policy, including (i) migrants can never
obtain urban residency (p = 0), (ii) migrant workers are not eligible for urban benefits even if they
have obtained urban residency (u = 0 and therefore no tax payments), and (iii) migrant workers

obtaining urban residency enjoy full urban benefits as urban natives (u = 1 and pay full urban

Y4Recall that the observed fertility rates are our normalized figures multiplied by two.
15The biological fertility limit is set at 5.5 per family. Thus, in our experiment, the limit is 5.5/2=2.75 per worker.
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earmarked tax 7).

In the first and the second experiments, we encounter a corner solution — both type-{H, 3}
and type-{L, 8} workers decide to stay in the rural. With zero low-skilled migration, rural-urban
migration is simply composed by type-{H, 3} migration. As a result, the skill premium in urban
areas and the H'/LT ratio in rural areas both decrease. Rural workers now are allocated with
less arable land because of more stayers in the rural, leading to a decrease of 4.07 percent in rural
per capita income. Furthermore, due to the relatively lower childrearing cost in the rural, fertility
rates of rural high- and low-skilled workers increase, with the rural high-skilled fertility increases
more because, among high-skilled workers, only the type-{H, B} stay in rural areas, while the low-
skilled stayers comprise both preference types. The main differences between the two counterfactual
experiments are only in the private high-skilled fertility and urban benefits. When migrants can
never obtain urban residency in the first experiment, the private high-skilled fertility is purely
contributed by urban natives. However, in the second experiment where migrants are not eligible
for urban benefits but can obtain urban residency, the private high-skilled fertility is a weighted
average of urban natives and new comers of purely type-{H, 3} migrants. It is thus not surprising to
see that in the second experiment where migrants enjoy no urban benefits, the private high-skilled
workers have lower fertility.

The third experiment conducts a scenario that migrant workers who obtain urban residency enjoy
full urban benefits as urban natives . Recall that in the calibration, urban benefits are financed by
an urban social security tax, which is proportional to urban workers’ income, and hence workers with
higher incomes bear a heavier burden. However, regardless of taxes paid, all urban natives enjoy
the same full urban benefits and all migrant workers who successfully obtain urban residency enjoy
the same urban benefit of uB. That is, urban low-skilled workers gain from such a scheme, while
urban high-skilled workers shoulder more “responsibility” in providing urban benefits. A policy of
granting full benefits to rural-urban migrants upon receiving urban residency is thus undoubtedly
much more attractive to low-skilled than to high-skilled migrants. Indeed, this is the result we find
in the third experiment: The rural high-skilled workers who enjoy more from having children would
not move to cities (I'y = 0) because of the foreseen tax burden and lower urban benefits enjoyed
when the low-skilled counterparts flood into cities. In contrast, all rural low-skilled workers who
enjoy less from having children decide to migrate to cities (I', = 1) to gain the benefits. This leads
to an unusual scenario of pure fertility-based SME. In this case, the P#*/PI+ ratio decreases by
38.03 percent, resulting in an 8.3 percent increase in the skill premium. Because of the outflow
of the low-skilled from the rural and the inflow of the low-skilled to the urban, urban per capita
income decreases by 2.59 percent and rural per capita income increases by more than 8 percent,
shrinking the urban-rural income gap by nearly 10 percent. Moreover, rural fertility rates both
decrease as rural income levels increase. Our findings are in line with the international migration
model of Azarnert (2019): Any migration policy inducing more migration flows to a higher income

location (urban) is accompanied by lower fertility in that location.

3. Fxperiment on land system

Finally, we turn our attention to land reallocation policy. The land left idle by migrant workers
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appears to be a waste of productive resources in rural areas. To prevent the waste of productivity,
people may propose to redistribute the idle land to rural stayers as soon as possible. However,
land reallocation implies that rural-urban migrants would lose their land use rights. This implicit
cost discourages rural-urban migration. We therefore perform two counterfactual experiments to
investigate the macroeconomic effects of land reallocation policies, including (i) an immediate land
reallocation policy, featuring zero land tenure security (§ = 0); and (ii) a more secured land tenure
policy that guarantees 15 years of land tenure (§ = % = 0.4167) — that is, compared with the
benchmark economy, the duration of land reallocation is doubled.

As shown in Table 5, our results show that the effects of land reallocation policies on total
fertility rates are relative minor compared to other experiments. However, in Table 4, we find that
the immediate loss of the entitlement of rural land deters rural-urban migration: Rural high-skilled
workers who enjoy more from having children are not moving to cities anymore. The fraction of
the rural low-skilled movers also drops by 13.94 percent. Thus, similar to the experiment of no
population control, a fertility-based SME arises. Because of the relatively large decrease in the
low-skilled migration, the skill premium decreases by 0.56 percent, but urban per capita output still
increases by 0.17 percent as there are fewer lower income workers in urban areas.'® Despite more
stayers in rural areas, due to more efficient use of land, rural per capita income increases by 0.47
percent, and the urban-rural income gap is narrowed by 0.3 percent.

It is noteworthy that immediate land reallocation brings two opposing effects on the overall
income level (y) in the economy: the direct effect to increase overall output per capita when land
is being utilized more efficiently, and the migration discouragement effect to depress overall output
per capita when there are more rural stayers. As rural per capita output is lower than urban per
capita output, keeping urban and rural per capita output constant, the average overall per capita
output will be lower if there are more workers in rural areas. The sum of the two opposite effects of
immediate land reallocation on overall output per capita is therefore ambiguous. Our quantitative
results show that the migration discouragement effect outweighs the direct effect, and the overall
output per capita slightly decreases by 0.1 percent.!”

In contrast to the immediate land reallocation policy, a guaranteed land tenure of 15 years
promotes more migration for both the high- and the low-skilled, and slightly increases urban high-
skilled fertility and discourages urban low-skilled fertility as more high-skilled parents who enjoy
more from children and low-skilled workers enjoy less from children move to cities. Due to longer
idle duration of land, the rural per capita output is slightly depressed. The urban per capita output
is lowered because of more low-skilled workers in cities dragging down the average income levels,

resulting in a higher skill premium. Despite the slightly lower urban and rural per capita output,

YThe average H/L ratio is 0.1076 in 1980-2007, and rural high-skilled workers account for roughly 9.72 percent of
total rural population. The decreases in the migration of rural high- and low-skilled workers are 0.16 percent and 0.67

percent in this experiment, respectively.

Utt+ypRT _ yo{ %+ 1c+0-Orul+Ecr fyr{ L 1-O)0-Ty)+E£[c-TL)+1-¢]}

'"The overall output per capita is y= yUU++R+ T .
R

Keeping yu and yr constant and yu > yr, when 'y and ', are lower, 2 (1 — ¢)Tu(yv — yr) and £CT'L (yu — yr)

are both lower, leading to lower y.
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the overall per capita output in the economy is still higher by 0.74 percent because of the migration
encouragement effect.

Our results on land policy echo that of Ngai, Pissarides and Wang (2019): A less secure land
tenure system is an obstacle to urbanization and industrialization in China. Our paper also cor-
roborates with the findings of the occupational misallocation model by Gottlieb and Grobovsek
(2019) that is calibrated to Ethiopia: Relaxing a “use it or lose it” land policy raises overall per
capita income moderately. But different from their sorting approach, our land policy effect on the
urban-rural productivity gap is reversed owing to two novel channels that work through the change
in arable land supply in rural and the skill composition (hence wage premium) in urban production.
Regarding the effects of land policy on fertility rates, our results are in line with that of Almond,
Li and Zhang (2019): The effects of land policies (or reforms) on overall fertility rates are relatively

small compared to the effects of population policies on fertility rates.

4. Summary

The above experiments all point out the presence of a locational quantity-quality trade-off of
children: More migration is accompanied by a lower fertility but higher overall per capita output.
No population control leads to a higher fertility for both the high- and the low-skilled, accompanied
by lower migration — especially a larger reduction in the high-skilled migration and thereby a
lower overall output per capita. Relaxing urban population control to rural is better than entirely
removing population control as it induces more high-skilled migration, leading to higher urban
output and overall output per capita. Stricter population control policies in urban areas may not
be ideal in lowering fertility rates from a nationwide perspective because such a tightened fertility
policy in urban areas deters high-skilled workers with high fertility preferences from migrating to
cities. This is undesirable because had they migrated to urban areas and faced a higher child-
rearing cost, they would have naturally adjusted their fertility down. Urban sprawl control policy
such as eliminating urban benefits to all rural migrants will raise urban benefits enjoyed by workers
with urban residency as planned but would grant no incentive for rural-urban migration, which is
undesirable for advancing the economy. Urban promotion policy such as providing full benefit to
all rural migrants would induce more migration overall but suffer “adverse-selection” by motivating
much more low-skilled but less high-skilled workers to migrate. With more generous rural land
entitlement, migration incentives become stronger. Rural per capita output is lower due to more
idle land left behind by migrants while urban per capita output decreases due to the influx of more
low-skilled workers. Nonetheless, the overall per capita output is higher due to the urban wage
premium — a result that is possible because of the endogenous population weights by virtue of
rural-urban migration.

To sum up, when formulating policies for developing countries, one shall not neglect policy
impacts via migration and fertility responses. Overlooking the locational quantity-quality trade-
off of children may lead to nonnegligible biases in assessing the consequences and effectiveness of

government policies.
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5 Conclusions

We have constructed a dynamic competitive migration equilibrium framework with heterogeneous
agents in skills and fertility preferences to explore the macroeconomy consequences of the interplay
of migration and fertility decisions. We have established a locational quantity-quality trade-off of
children and found conditions to support a mixed migration equilibrium. By calibrating the model
to fit the data from China, we have identified interesting interactions between fertility choices and
migration decisions in various counterfactual experiments with regard to changes in migration,
population control or rural land entitlement policies. We have shown that all such changes induce a
locational quantity-quality trade-off of children in which more rural-urban migration is accompanied
by lower fertility but higher overall per capita output.

Regarding policy implications, we have quantified that relaxing urban population control to
rural is better than entirely removing population control, and stricter population control policies
in urban areas may not be ideal in lowering fertility rates from a nationwide perspective. We
have found that urban sprawl control may be undesirable for advancing the economy, and urban
promotion policy may suffer adverse-selection by inducing more low-skilled to migrate. We have
also shown that, with more generous rural land entitlement, rural per capita output and urban per
capita output can both be lower but the overall per capita output of the nation can still rise as a
result of increased rural-urban migration. We have thus concluded that overlooking the locational
quantity-quality trade-off of children may lead to nonnegligible biases in assessing the consequences
and effectiveness of government policies.

This paper is, to our best knowledge, the first to examine the dynamic interplays of migration
and fertility decisions and their macroeconomic consequences. To ensure tractability and calibration
with limited data, we have simplified the framework and restricted our attention to only a limited
number of issues. There are thus several possible avenues to extend the current work. For brevity, we
will discuss but two. First, our analysis is exclusively positive and hence possible to be generalized to
allow for normative analyses, such as to examine optimal taxation or subsidy related to urban labor
markets and migration, with endogenous provision of urban amenities and city government financing
in a Tiebout equilibrium context as in Conley and Konishi (2002). Second, because the state of the
macroeconomy changes over time, it may be valuable to examine whether a migration policy or a
fertility policy may better advance the economy at different stages of economic development. Of
course, to conduct these tasks would lose the tractability of the model, which is beyond the scope

of the current paper.
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Table 1: Notation of Population Flow

Notation Explanation

Beginning-of-the-period Population

U Total urban workers with urban residency
R Total rural workers with rural residency
H Rural high-skilled workers with rural residency
L Rural low-skilled workers with rural residency
S Public sector high-skilled workers with urban residency
P Private sector high-skilled workers with urban residency
PL Private sector low-skilled workers with urban residency
Within-the-period Population
Ut Total workers working in urban areas
R* Total workers working in rural areas
H* High-skilled workers working in rural areas
L* Low-skilled workers working in rural areas
Sk Migrant workers in public sector with urban residency
P Migrant high-skilled workers in private sector with urban residency
P Migrant high-skilled workers in private sector without urban residency
f’{; Migrant low-skilled workers in private sector with urban residency
15,L Migrant low-skilled workers in private sector without urban residency
Fraction and Probability
4 Fraction of rural population enjoying less from having children
I'y Fraction of rural high-skilled workers enjoying more from children and migrating to cities
I'z Fraction of rural low-skilled workers enjoying less from children and migrating to cities
/4 Probability of high-skilled migrants to obtain a job in the public sector
p Probability of obtaining urban residency

u Fraction of lifetime that migrants enjoy urban benefits
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Table 3: Model Implications

Ratio Value Explanation
Total Factor Productivity
Ap/Ag 1.6467 Private relative to public sector
Ap/z 8.1849 Private relative to rural agricultural sector

Fraction of Moving
{+(1-8)'y 0.1661

{rp 0.0536
Child-rearing Cost

ovs 11523
?ée)YR )
LU 13074
o |
¢~UWP

i 0.9376

Fraction of rural high-skilled workers moving to cities

Fraction of rural low-skilled workers moving to cities

Public relative to rural worker

Private high-skilled relative to rural worker

Private low-skilled relative to rural worker

Penalty on Above-quota Birth

(du+Ps)ws
—((§R+¢;~H > 1.1152

(¢U+¢P )W[};l

~(‘13R2—<131L1)YR 0.6323
Puwp 1.7198
ORYR _

(Pu+Ps)ws 4.8345
ORYR

Public relative to rural high-skilled worker

Private high-skilled relative to rural high-skilled worker

Private low-skilled relative to rural low-skilled worker

Public relative to rural low-skilled worker

Table 4: Policy Experiments — Migration Decision and Population Ratios

Fraction of

Fraction of

I'y I, H movers L movers movers # ‘;% PSH% 1— % IZ—I ,%
Benchmark Economy 0.0190 0.3576  0.1661 0.0536 0.0646 0.3584  0.6348 3.0262 0.1236  0.0948 3.4836
Population Policy
Uniform population constraint 0.1076  0.3636  0.2415 0.0545 0.0727 0.3640  0.6710 2.8622 0.1370  0.0864 3.8495
(% change) 45.35% 1.68% 12.59% 1.56% 5.69% -542% 10.87% -8.95% 10.50%
No population control 0.0000 0.3561  0.1500 0.0534 0.0628 0.3572  0.6272 3.0640 0.1206  0.0967 3.4138
(% change) -9.71% -0.42% -2.74% -0.34%  -121% 125% -241% 191% -2.01%
Migration Policy
No urban residency 0.0000 0.0000  0.1500 0.0000 0.0146 0.3241 09342 3.0640 0.0308 0.0915 3.4138
(% change) -9.71%  -100.00%  -7743%  -9.57% 47.16% 125% -75.04% -3.53% -2.01%
No urban benefits 0.0000 0.0000  0.1500 0.0000 0.0146 0.3241 09342 3.0640 0.0308 0.0915 3.4138
(% change) -9.71%  -100.00%  -7743%  -9.57% 47.16% 125% -75.04% -3.53% -2.01%
Full urban benefits 0.0000 1.0000  0.1500 0.1500 0.1500 04170 03934 3.0640 0.2467 0.1076  3.4138
(% change) -9.71% 179.62%  132.29%  1635% -38.03% 1.25% 99.65% 13.49% -2.01%
Land Policy
Immediate loss of land entitlement 0.0000 0.3078  0.1500 0.0462 0.0563 0.3527  0.6565 3.0640 0.1094 0.0959 3.4138
(% change) -9.71% -13.94% -12.88%  -1.59% 3.41% 1.25% -1147% 1.14% -2.01%
15 years of guaranteed land tenure  0.1094 0.4377  0.2430 0.0656 0.0829 0.3710  0.6291 2.8590 0.1533  0.0872 3.8578
(% change) 46.28% 22.38% 28.35% 3.50%  -090% -5.52% 24.01% -8.05% 10.74%




Table 5: Policy Experiments — Total Fertility Rates

Total Fertility Rates

Rural H Rural L Public Private H Private L

Benchmark Economy 1.3858  2.2091 1.1799 1.3456 1.9718
Population Policy
Uniform population constraint 1.3321  2.1923  1.1807 1.3544 1.9610
(% change) -3.87% -0.76% 0.06% 0.65% -0.55%
No population control 27691  2.6981 2.2690 1.9608 2.7597
(% change) 99.82% 22.13% 92.30% 45.72%  39.95%
Migration Policy
No urban residency 1.4457 23011 1.1798 1.4097 1.9773
(% change) 432% 4.16% -001%  4.76% 0.28%
No urban benefits 1.4605 23011 1.1798 1.3933 1.9773
(% change) 539% 4.16% -0.01%  3.55% 0.28%
Full urban benefits 1.2812  2.0551 1.1798 1.2780 1.9188
(% change) -7155% -697% -0.01% -5.03% -2.69%
Land Policy
Immediate loss of land entitlement 1.3881  2.1960 1.1798 1.3497 1.9765
(% change) 0.17% -0.59% -0.01%  0.30% 0.24%
15 years of guaranteed land tenure  1.3428  2.2163  1.1807 1.3460 1.9568
(% change) -3.10% 032% 0.07% 0.03% -0.76%

Note: In the numerical analysis, we match a half of total fertility rates. To be comparable
with total fertility rates in data, the fertility values reported in the table have been multiplied
by 2.



Table 6: Policy Experiments — Urban and Rural per capita Income, Income Ratios and Urban Benefit

Income Ratios

' Wwe wh Urban
Y v R —;’7[’? ﬁ 7; benefit
Benchmark Economy 1.3455 1.9641 1.0000 1.9641 0.8814 1.3944 0.9803
Population Policy
Uniform population constraint 1.3566 1.9673 1.0070 1.9536 0.8856 1.3816 0.9794
(% change) 0.82% 0.17% 0.70% -0.53% 0.49% -0.92% -0.09%
No population control 1.3431 1.9634 0.9985 1.9664 0.8804 1.3972 0.9805
(% change) -0.18% -0.04% -0.15% 0.12% -0.11% 020% 0.02%
Migration Policy
No urban residency 1.2945 1.9935 0.9593 2.0781 0.9096 1.3075 0.9884
(% change) -3.79% 1.50% -4.07% 5.80% 3.21% -624% 0.83%
No urban benefits 1.2945 1.9935 0.9593 2.0781 0.9096 1.3075 0.9870
(% change) -3.79% 1.50% -4.07% 5.80% 3.21% -624% 0.69%
Full urban benefits 1.4278 19132 1.0806 1.7705 0.8416 1.5102 0.9713
(% change) 6.12% -2.59% 8.07% -9.86% -4.52% 8.30% -091%
Land Policy
Immediate loss of land entitlement 1.3442 1.9674 1.0047 19582 0.8840 1.3867 0.9812
(% change) -0.10% 0.17% 047% -030% 0.29% -0.56% 0.10%
15 years of guaranteed land tenure  1.3555 1.9615 0.9982 1.9651 0.8807 1.3965 0.9782
(% change) 0.74% -0.13% -0.18% 0.05% -0.08% 0.15% -0.21%

Note: yy is urban per capita output and yg is rural per capita output, while y refers to overall per

capita output.



Appendix (Parts B, C and D Are Not Intended for Publication)

This Appendix provides supplementary information for this paper. Four parts are included: The first
part presents mathematical proofs; the second part discusses the institutional background for the
regulations on the hukou system, land reallocation and fertility in China; data sources and detailed
calibration procedures are summarized in the third part; finally, the results of the sensitivity and
robustness tests are relegated to the last part.

A. Mathematical Appendix

A.1 Proof of Theorem 1 (Existence of MME)

Consider the locus AVgy (B,z/JH ) = 0 where the fertility loss and the quality gain of migration
balance off. Suppose we reduce the fertility loss by lowering 3 from /3 to B. We then compare the
expected fertility loss between AVy (B, 1/JH) =0 and AVy (ﬁ, @Z)H):

= (1 —S)B{ﬂ'

- AVy (8,0")

~ B w(n}h—_})afﬂ p(n*F\B)SwL(l*P) (nﬂ[ﬁ)e]
+p (nkl3)" + (1= p) (n3l3)" = (nklz)°
[ ) bt 0o
B +p n}}|g> +(1—p) (”ﬂé) - ("Mﬁ )
< 0

because § > B and
0 ) m(ng)” —mlp(ng)” + (1= p)(njy)7]
W\ +pmp) + (1= p) () = (nf)°
by Proposition 3. This yields AV (ﬁ, wH) > AVy (B, wH) = 0 so that the locus AV (g, @bH) lies
above AVy (B,d}H) =0. So AVy (@, ¢L) = 0 lies on the right of AV (B,le) = 0 as in Figure 5.
Likewise for the location comparison for the loci AVy, (@, @Z}L) =0 and AV}, (B, @Z)L) in Figure 5.

For the location of the loci AVy, (@, wL) =0 and AVgy (B, wH) = 0 in Figure 5, we can explain
as follows. Consider the loci AVy (B, e ) =0 and AVy (ﬁ o ) Comparing the expected fertility

<0,



loss between AV (B,Q/)H) =0 and AV, (é, ¢H)

AVy (B,97) — AV (B,9™)
= (1-¢)B{n (nklz)"+ (1 =) [p (nkl3)" + (1 = p) (nil5)°] — (nklz)"}
—(1=2)8 [ (nils) "+ (=) (nils) "~ (nkls) ]
3 (
8o (nls) + (1 —p) (wils) — (wils)
= B (nkls)” — 7 [p (nFlp)" + (1= p) (nil5)"]}

+6 [ (npl3)" + (1= p) (nfl5)" = (nilp)] = B[ (nils) "+ (1= p) (nils) — (wils) ]
< 0,

because 5 > B and
0

B

by Proposition 3. So the former has a larger fertility loss than the latter. Next, we compare the

[ (nFl3)" + (1 = p) (nilp)" — (nkls)°] <O,

expected locational quality gain:

(1—0)9{7rw5+(1—7r)w§—[7T+(1—Tr)p,u]T—x}+[7r+(1—7r)p,u]B—1/JH
~{@=0)0[p(wp — n7) + (1 = pwp —a] + puB — '}

= (1—0)0{[7rw5+(1—7r)wg]—[,owﬁnL(l—p)w]f;]}
—(1=0)0r (1 —pp)7+7(1—ppu)B

= (1-0)0{[rws+ (1 —mwh] —wp}+7(1—pu)[B—(1-10)07]

> 0.

So the former has a larger locational quality gain than the latter.

Given that AVy (B,wH ) = 0 has both a larger fertility loss and a larger locational quality
gain than AV7, (g, @bH). Two possible cases emerge. Firstly, if AVy, (ﬁ,wH) < 0, then the locus
AV (ﬁ, ¢L) = 0 lies below the locus AVy (B,wH) = 0. This is the situation shown in Figure 5
where " > L. Secondly, if AV, (@, @ZJH) > 0, then the locus AV, (ﬁ, ¢L) = 0 lies above the locus
AVy (B, P ) = 0 and we have wL > . In either case, the parametric space supporting a mixed
migration equilibrium is dense and hence nonempty.ll
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A.2 Proof of Theorem 2 (Locational quantity-quality tradeoff)
Writing out the indifference boundaries, we have:
AV (B,4) = 7V (B) + (1 —m) VI (B) -y - VE(B)
* n 7 n *
= {000 s~ npls [ o) + (1= 25 ) fu] | + B lwpla)+ )
FIB
(1-0)0 [wﬁ,’ — UT —nlp [¢U + (1 — iy \6> &U”
+B (nplg)* + nB
(1-0)0 ["UP —nils [¢U + (1 - ’fla) éRH
+5 (njlp)°

—{u—mek—nwﬁ@%+(r—ﬁR)aR
”R|6

Using the optimal fertility condition (17), we obtain:

+(1=m)p

+(1=m)(1-p)

+B (ko) | - v,

AV (B,9) = w[(1=0)0(ws —7)+(1-¢)5(nFls)" + B
S =) p[(1—0)0 (w — ) + (1) B (npla)° + uB]
+(1=7) (1= p) [(1=0)bwp + (1~ <) B (nj]5)]
—[(1=0) 02+ (1 —e) B(nkls)] —v
(1-0)0{mws+ (1 —m)wl —[r+ (1 —7)pp]7—z}

+lr+ =7 pu] B-v¢

expected locational quality gain (+)
+(1—¢) B{m (nklp)” + (1 — ) [p(nklg)” + (1 — p) (njls)"] — (nkls)"}.

expected fertility loss (-)

Likewise, we have:

VEE(B) -y - VE(B)

= (1-0)0[p(wp—pr) + (1= plwp — x| + puB — ¢
expected locational quality gain (+)

+(1—¢)Blo(nklp)® + (1= p) (nfls)" — (nkls)7).

expected fertility loss (-)

AVvL (ﬁa 1/))

So the indifference boundaries can be decomposed into two terms: an expected locational quality

gain versus an expected fertility loss.

For the expected locational quality gain, it is straightforward to show that it is positive. Given
that urban amenities B are non-rival and non-excludable, whereas 7 is the individual embarked tax,
we get B > 7. Also, since migration cost is a fraction of wage incomes, so the overall locational

gain must be positive. For the expected fertility loss, Proposition 3 implies that it is negative. As

a result, we obtain a locational quantity-quality tradeoff for the migration decision.ll
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B. Institutional Background in China

B.1 The Hukou System

In the 1950s, China implemented an unique hukou system to solve the serious problem of rural-
urban labor migration. The hukou system required everyone to register in one and only one place
of his/her residence. A formal rural-urban migration required both appropriate documents and a
migration permit (quota) issued by the government. The regular channels of rural-urban migration
included recruitment by a state-owned enterprise (zhaogong), enrolment in an institution of higher
education (zhaosheng), promotion to a senior administrative job (zhaogan), and displacement due to
state-initiated land expropriation (zhengdi). Because the government tightly controlled the annual
migration quotas and the hukou registration could not be changed freely, the hukou system formed
a dual structure with no labor mobility but urban-rural distinctions.

The hukou system not only restricted internal migration itself, but also integrated with social
and economic controls. In rural areas, adults were bound to the land. They were belonged to
communes and had to participate in agricultural production to obtain food rations for their house-
holds. For urban residents, work units were the primary administrative units to assign most social
services. For example, a work unit determined grain rations, education for children, health benefits,
and purchasing house. The above controls were effective because, in the pre-reform period, local
governments predominated the distribution of daily necessities. Few of them were traded in the
market. Besides, there were few urban jobs outside the state-owned enterprises. Therefore, it was
difficult to survive outside one’s hukou registration place without a work unit and a formal urban
hukou.

Since 1980s, due to the economic reform, the growing market-oriented economy demanded more
cheap labor. It became easier for people to find city jobs in private sectors and survive outside
their hukou registration place. In addition, the economic reform also forced the government to relax
the administrative control, such as the abolition of food rations and the commune system. These
factors increased rural-urban migration and resulted in a significant temporary migration (floating
population, who stayed outside their hukou registration place). The noticeable mobility forced the
government to have its hukou regulation reforms. For example, temporary residence certificate
was introduced to all urban areas in 1985 and extended to rural areas in 1995; local governments
allowed “self-supplied food grain” urban hukou; and the “blue-stamp” urban hukou was conducted
in the 1990s. Finally, in 2014, the central government announced to gradually implement unified
urban-rural household registration system.

B.2 Land Reallocation and Migration

As mentioned in Section B.1, rural adults were bound to lands and were belonged to communes.
Because rural production could not be freely traded in the market, rural people had low incentives
to work. To motivate rural production, household responsibility system (HRS) was introduced to
replace the rural commune system in the early 1980s. Under the HRS, village collectives officially
owned the land and distributed the use rights to households. Households only had fixed-term
contracts to use land for production activities. Besides, the government gave each household a quota
of goods to produce. Households received compensation for the quota. Above-quota production
could be sold in the market at unregulated prices. This system motivated households to work harder
and successfully increased rural production in a short period of time.

The distribution of land use rights was mainly based on population size within a household.
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After several years, village collectives had the right to reallocate land according to changes of
household size. Therefore, the land rights for rural households were incomplete and the land tenure
arrangement interacted with rural-urban migration decisions in the following ways. First, rural-
urban migration resulted in a risk of land expropriation in the next land reallocation because
rural-urban migration decreased household size, especially permanent migration. Second, it was
unclear if households had the rights to rent the land they obtained or to transfer the contract.
Since households did not have the property right of land, land could not be sold when households
migrated to cities and might become idle land. This represented the opportunity cost of rural-urban
migration.

To strengthen land tenure security, the Land Management Law and the Rural Land Contracting
Law (RLCL) were implemented in 1998 and 2002, respectively. These laws focused on three reforms:
(i) The duration of land contract should be 30 years; (ii) Large scale of land reallocations are not
allowed. Only small-scale adjustments with clear conditions are agreed; (iii) Land transfer between
households is permitted. However, despite the above land reforms, previous studies show that
households remained facing the risk of land reallocation.!® On one hand, land expropriation is
exacerbated due to urban expansion and infrastructure development. On the other hand, although
land transfers are allowed after the reforms and the transfers do not affect the underlying contracts
with the village collectives, the transfer market for land is still immature. Transfer contracts remain
informal and are usually made with relatives.

B.3 The One-child Policy and Migration

In the early 1970s, China introduced the “Later, Longer, and Fewer” family planning program
to lower the fast population growth. However, the program did not successfully reach the ideal
population growth rate. To quickly achieve the goal, the central government implemented the
well-known one-child policy in 1979. The strict one-child policy successfully lowered China’s total
fertility rate to be less than two. However, when the one-child generation grew up, it was realized
that the fast decline in fertility will result in a fast demographic change, shortage of labor force, and
rapid population aging in the near future.'® Thus, the one-child policy was eventually abolished in
2015.

The principle of the one-child policy restricted each couple to have only one child. The policy was
introduced by the central government but the implementation was conducted by local governments.
Thus, the detailed rules differed between provinces, areas, and ethnic groups. In some provinces and
ethnic minorities, more than one child was permitted under some special conditions. In principle,
the implementation contained benefits for one-child families and penalties on the above-quota birth.
The benefits and subsidies that one-child families could obtain included child allowance, priority
access to schools, employments, health care, and housing. In rural areas, one-child families could
even enjoy tax credit and receive more land. In contrast, the penalties on above-quota births
would be 10-20 percent of family income lasting for 3-14 years. In particular, if parents worked in
public sectors, which included the government sector and the state-owned enterprises, they would
not eligible for promotion, be demoted or be forced to quit their jobs. Moreover, the above-quota
children were not allowed to attend public schools.

"8For example, Deininger and Jin (2009) find that about 1/3 households out of their sample experienced land

reallocations during 2002-2004. Tao and Xu (2007) find similar evidence.
Tia0 (2013) employs a general-equilibrium model to study the long-run macroeconomic effects of imposing the

one-child policy in China.



The one-child policy also interacted with the hukou system and had impacts on migration
decisions. Permanent migrants (formal rural-urban migration) had to follow the fertility policies of
their destination cities but usually a transition period was allowed. The transition period ranged
from two to five years. The rules in some cities were even stricter. For example, if the wife had not
been pregnant when a couple obtained Beijing hukou, the certificate for having a second child they
received in rural areas would be withdrawn. In contrast, fertility decisions of temporary migrants
of course were restricted by their original places. However, the family planning officials who were
responsible for temporary migrants’ fertility had difficulty on tracking where the migrants move
to. Thus, the growing amount of temporary migrants increased the difficulty of implementing the
one-child policy in China.

C. Data for Calibration

e Retirement age

The statutory retirement age in China is relatively young compared to other countries. The
normal retirement age has been set at 60 years for men, 50 years for blue collar women and
55 years for white collar women in China since the 1950s. It is possible to claim a pension
benefit from the age of 55 for men and 50 for women if the individual engaged in physical
work in certain industries or posts (OECD, 2019).

e Population

High-skilled workers refer to those whose education level are senior high school or above.
Those below senior high school level are classified as low-skilled workers.

— Urban and rural population (U and R)
The data of urban and rural population is directly obtained from China Population and

Employment Statistics Yearbook 2010. We compute the urban-rural population ratios
(%) for the years of 1980-2007. The average from 1980 to 2007 is 0.4579.

— Rural high- and low-skilled population (H and L)

China Rural Statistical Yearbook 1987-2008 report the statistics of rural workers’ edu-
cational attainment. Using our definition of high-skilled workers, we thus compute the
rural high-to-low-skilled ratio (%) for the years from 1985 to 2007. However, the data
before 1985 is not available. We back out the ratios for 1980-1984 by the following steps.
First, we compute the annual growth rate of the rural high-to-low-skilled ratio from 1985
to 2007 and the geometric average is 3.728 percent. Second, with the rural high-to-low-
skilled ratio in 1985 and the average annual growth rate, we are able to calculate the
rural high-to-low-skilled ratio from 1980 to 1984. The average of % during 1980-2007 is
then equal to 0.1076.

— Urban public and private employment (S and P)
The number of urban employments by sectors is available in China Statistical Yearbook.
We define state-owned units as urban public sector and others (including collective-
owned units, cooperative units, joint ownership units, limited liability corporations, share
holding corporations Ltd., private enterprises, units with funds from Hong Kong, Macao
and Taiwan, foreign funded units, and self-employed individuals) to be urban private

sectors. Then we obtain the urban public-private employment ratio (%) for the years
of 1980, 1985, 1990, 1995-2007. For the years without data (1981-1984, 1986-1989, and
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1991-1994), we use linear interpolation to back out the corresponding urban public-
private employment ratios. The average of % during 1980-2007 is 1.5235. In addition,
we also use the number of urban employments by sectors to compute the public-urban

population ratio, % According to the definition in our model, U = S + P. We thus
use the number of employment in state-owned units as the numerator and the sum

of employment in state-owned units and other units as the denominator to obtain %

Similarly, the years without data are backed up by linear interpolation. The average of
2 during 1980-2007 is 0.6094.

Urban private high- and low-skilled population (P and PF)

Urban Household Survey (UHS) provides the number of urban workers on two dimensions:
workers’ employment types and their education levels. We thus use UHS to compute the
private high- to low-skilled worker ratio (?—IZ) with the following steps. First, we define
workers in other economic units, private entrepreneurs in cities and towns, employees in
private businesses and other employments as private sectors, while those who already
retired but re-entered the labor force are excluded. Second, given our definition of high-
skilled workers, we compute the number of high-skilled and low-skilled workers in private
sectors and the ratio of high- to low-skilled workers for 1987-2007. Third, for the years
without data (1980-1986), we calculate the annual growth rate of ’;—f from 1987 to 2007
and have the geometric average growth rate. Then, linear interpolation is implemented
to obtain the ratio of high- to low-skilled workers during 1980-1986. Finally, we obtain
the average of ?—IZ during 1980-2007, which is 0.8159.

Urban population (U) and the number of workers actually work in urban areas (U™)
Urban population (U) is directly obtained from China Population and Employment Sta-
tistics Yearbook 2010. The difference between U and U™ is rural-urban floating popula-
tion. As rural-urban migrants was the majority in China’s internal migration, we assume
the entire floating population reported in data is the rural-urban migrants. Using the
floating population of 1982, 1987, 1990, 1995, 2000 and 2005 provided by Department
of Population and Employment Statistics, National Bureau of Statistics of China (2008,
appendix table 1), we first calculate the corresponding ratios of floating to urban popula-
tion. Second, linear interpolation is implemented to compute the ratios for the years that
the data is not available. For the year of 1980 and 1981, we calculate the two ratios based
on the year of 1982 and the geometric average on annual growth rate of floating-to-urban
population ratio during 1982-1987. Similarly, the ratios of 2006 and 2007 are computed
based on the year of 2005 and the geometric average on annual growth rate of floating-
to-urban population ratio during 2000-2005. Now we have a series of floating-to-urban
population ratio from 1980 to 2007. Third, the floating-to-urban population ratios are
converted to U—U+ and the average of U% during 1980-2007 is 0.8764.

Workers that actually work in urban areas (P7+, PL+ and S*)

To compute the workers that actually work in each sector, we need to know the floating
population working in each sector. Unfortunately, the data is not observed. Using the
Rural-Urban Migrant Survey (RUMS), Li (2010) estimates that the proportion of migrant
workers employed as production workers, service workers, private enterprise owners, or
self-employed reached 93 percent in 2007, while 81 percent of them were employed in
private enterprises or self-employed. Based on this information, we can infer that roughly
7 percent of migrants worked in the public sector in 2007, while at most 12 percent of
migrants were private business owners. As it was relatively inflexible for the public
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sector to hire migrants in early years and our data period spans from 1980 to 2007, it is
natural to see the 7 percent of migrants working in the public sector as an upper bound.
We thus assume that 5 percent of the entire floating population ended up with jobs in
public sector, 20 percent worked as high-skilled workers in private sectors and the rest
(75 percent) found jobs as private low-skilled workers. Then we are able to compute
the workers that actually work in urban areas (P—IL{I and PSTt) by the above population
ratios and the population identity below:

PH+ PH+/U+
S+ St/Ut
where
pH+ pitpPH PH U PP U U
= [+ E ) = 1 0.2(1 -

U+ Tttt Tl T )
pPLt pt Pk PFU PLU U
= [+ ) = 4 0.75(1 - —
U+ T v ey Tt s S sl
S+ S Sp, U SU U
= B4 =2 4 0.05(1 - —
U+ T+ Tlge —poe P00 - =)
T N
u U+ pH/pL”
PEL S 1
— = (-3 —%Fp0)
U U1+ PH/P

— Workers that actually work in rural areas (R™)

To obtain the R%, the following population identities are applied. First, we define U=

Sp + PH + Pk 4 P/ + P} and thus we have R* = R — U and R% = —1_ . Similarly,

T
in urban areas, we know that U—KQ = UZU = @ Rearrange to obtain g = U—UJr —
Therefore, % = %% = (% - )% Finally, we have:
R 1 1
RE -8 1= (g - DR

With the ratios of U% and % mentioned above, we have the average of R% = 1.069 or
B° = 0.9354 during 1980-2007.

e Rural land

— Duration of land reallocation ()

According to Article 27 of Notes to Law of the People’s Republic of China on Land
Contract in Rural Areas (Zhonghua Renmin Gongheguo nong cun tu di cheng bao fa shi
yi) implemented in 2003, the duration of land reallocation in general should be between

5 to 10 years. To have a representative value of the duration, we thus take the average
and adjust by the model period to obtain § = % = 0.2083.
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— Land per person (q)

The data of average land per person is taken from China Statistical Yearbook 1987-2007
and Area of Land Managed by Rural Households in National Data provided by National
Bureau of Statistics of China. Average land per person includes two items: area of
cultivated land under management by rural households and hilly area under management
by rural households. The average of 1980-2007 is 2.3315 mou per person.

e Wages

— Rural per capita income (yr)
It is normalized to one during 1980-2007.

— Urban wages (ws, w, and wk)
Similar to the number of urban workers, UHS also provides information on workers’
income. We thus use UHS to compute urban income in each sector with the following
steps. First, we define workers in other economic units, private entrepreneurs in cities and
towns, employees in private businesses and other employments as private sectors, while
those working in state-owned units and collective economic units in cities and towns
are classified as public sectors. We exclude those who already retired but re-entered
the labor market. Second, we only consider wage-related income to be a worker’s wage
here. Third, given our definition of high-skilled workers, we are able to compute the
average wage of high-skilled workers from 1987 to 2007. Similarly, the average wage
of low-skilled workers from 1987 to 2007 are calculated. Then we obtain a series of
skill premium (Z—;) during 1987-2007. Fourth, for the years without data (1980-1986),

we calculate the annual growth rate of skill premium from 1987 to 2007 and have the
geometric average growth rate. Interpolation is implemented to obtain the skill premium
during 1980-1986. Thus the average skill premium during 1980-2007 is 1.3944. Finally,
using the definition of public sectors, we obtain the average wage of workers in public
sector during 1987-2007. A series of % during 1987-2007 is computed. Based on the

data of 1987 and the geometric average growth rate, we obtain wS for the period between
1980-1986. Therefore, the average ;}“— during 1980-2007 is 0. 8814

— Urban premium (42)

Table 10-2 in China Statistical Yearbook 2011 reported disposable income per capita in
urban and rural areas for 1978, 1980, 1985, and 1990-2007. We obtain urban and rural
real per capita income by considering price changes (the base year is 1978). Then, urban
premium (the ratio of urban-rural real per capita income) of 1980, 1985 and 1990-2007
are obtained. For the years without data (1981-1984 and 1986-1989), linear interpolation
is applied to compute the corresponding urban and rural real per capita income. Then,
the urban premium is computed accordingly. With the entire series, we then compute
the average of urban premium from 1980 to 2007, which is 1.9641.

e Altruistic factor (6)

We adopt Leontief preference in the theoretical model and obtain the relation . = 1%09. This

implies that 6 = To calibrate 6, we use the information on average rural per capita

S
=1
income and consumptlon in China Statistical Yearbook. The rural consumption-income ratio

is obtained by average consumption expenditure minus average expenditure on educational
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and recreational activities and other expenditure over average rural income. The rural saving-
income ratio is average rural income minus average consumption expenditure over average
rural income. All are in per capita term. With the series of the rural consumption-income
ratio and the rural saving-income ratio, we are able to compute the consumption-saving ratio
(-%) and obtain a series of # during 1980-2007. The average of 6 from 1980 to 2007 becomes
0.2124.

Imputed fertility (nIL%, ng, nILD, ng, and ng)

For calibration, we need the fertility of parent with different skill types and working in different
sectors. Unfortunately, the corresponding data is not available. We thus adopt the total
fertility rates by education levels in Retherford, Choe, Chen, Li, and Cui (2005) to be the base
and use population distribution of education level in rural, urban, or public sector as a weight
to compute a weighted fertility for each type. The population distributions of education level in
rural areas are obtained from China Rural Statistical Yearbook 1987-1995 and 1997-2008. The
population distributions of education level in urban areas are from China Population Statistics
Yearbook 1988, 10 Percent Sampling Tabulation on the 1990 Population Census of the People’s
Republic of China, 1995 China 1% Population Sample Survey, and The Tabulation on the 2000
Population Census of the People’s Republic of China. For those who work in public sector,
census data is not available. We thus use the information of public-sector workers’ education
levels in UHS to compute the distribution. The definition of public sector is the same as that in
calculating wg (those working in state-owned units and collective economic units in cities and
towns). Specifically, to be consistent with the assumption in our theoretical model, we only
consider those whose education level are senior high school or above when ng is computed.
The imputed fertility in various years are reported in Table C.1.

[Insert Table C.1 about here]

Our quantitative analysis studies the period of 1980-2007. However, the last total fertility
rate that Retherford, Choe, Chen, Li, and Cui (2005) reported is that of 1996-2000. Thus,
our imputed fertility also ends in 1996-2000. Besides, in our theoretical framework, we assume
there is only one parent in a household. We therefore match a half of the imputed fertility in
Table C.1 in the calibration.

Basic above-quota penalty (¢ and é)

Because the above-quota penalty could be non-monetary and there is no suitable measurement
to measure the overall above-quota penalty, we assume low-skilled workers bear the basic
above-quota fine ¢ in rural areas and ¢;; in urban areas. Define ) g to be the proportion of
basic above-quota fine to a rural agent’s wage and &U is the proportion of basic above-quota
fine to an urban agent. Then, we use the information provided by Ebenstein (2010) to impute
) r and <}5U by the following steps. First, Ebenstein (2010) provides above-quota fine rates and
fertility policies for provinces in China during 1979-2000. If the fertility policy of a province
in a year is equal to one, the province in that year is classified as urban areas; otherwise,
a province is defined to be rural areas if its fertility policy is greater than one. Following
this classification, we have two subgroups: rural and urban groups. Second, we compute the
simple average of the above-quota fines in the urban group to obtain QNSU = 1.6654. Similarly,
the simple average of the above-quota fines in the rural group is ) r = 1.5928.



. . o ~0
e Urban child rearing cost as a percentage of urban per capita income (¢;;)

As there is no nationwide survey on urban child rearing cost in China during the period of 1980-
2007, we are forced to rely on estimates and surveys for selected cities in China. According to
Ye and Ding (1998), the total raising cost of a child from age 0 to 16 accounts for 34 percent
and 20 percent of family income for Ximen and Beijing during 1995-1996, respectively. Zhang
(2000) reports that for Zhengzhou in 1998, 56 percent of households spent less than 30 percent
of family income on child. We therefore set <~bOU at 25 percent, a value falling within the range
of the figures reported by Ye and Ding (1998) and Zhang (2000).

e Proportion of rural households enjoying less from having children (¢)

Table 1 in Hermalin and Liu (1990) provides percent distribution of family size preferences in
surveys in selected areas of China with various years. We define people who desire less than
or just one child as S-type agents and focus on rural or suburban areas. Then, the proportion
of rural householdsienjoying less from having children is around 15.37%. Besides, Table 19
in Scharping (2003) also reports surveys on family size preferences for 1980-1997. Following
the same definition of 3-type agents and focus on rural or suburban areas, we obtain 15.29%.
Based on these two results, we set ¢ = 0.15.

e Probability of obtaining urban residency (p) and the fraction of lifetime to enjoy urban ben-
efits/pay urban embarked tax (u)

Regarding the parameters for the institution of the hukou system, p and p, we resort to the
literature. Prior to 1994, it was very difficult for rural migrants to obtain urban hukou. The
blue-stamp system, implemented in 1994, opened the door to rural migrants. According to
Liu (2005), it took two to five years for rural migrants to get urban hukou via the blue-print
system. We therefore compute p based on this information. Assume that rural migrants who
worked in urban private sector were not qualified for urban benefits prior to 1994 because
they could not obtain urban hukou, i.e. u = 0 prior to 1994. After 1994, due to the relaxation
of the blue-print system, it took an average of 2%5 = 3.5 years for a migrant to obtain urban
residency and hence to be qualified for urban benefits. The period we examine is 1980-2007,
and 1980-1994 roughly amounts to half of the examined period. Therefore, the average pu,
the fraction of lifetime that a migrant worker successfully obtained urban residency to enjoy
urban benefits, is 1 — 0+—23‘5/36 = 0.4514 for the period of 1980 to 2007. As for p, according to
Wu and Treiman (2004), only about 11 percent of the interviews from rural areas successfully
obtained urban residency. We thus set p at 0.11.

e Urban benefit (B)

There is no perfect measure to proxy urban benefit. We thus use retirement benefit to represent
urban benefit. The retirement benefit is the sum of pension he or she receives during the
years that a retired agent is still alive. During the periods that we study, the life expectancy
was about 75 years and the average retirement age was 53 years old. Besides, the average
replacement rate (for all retirees) in China’s pension system from 1980-1995 was about 81.67%,
as reported in Table 2 of West (1999). Therefore, we obtain the urban benefit using the
replacement rate multiplied by urban per capita income (model value) and the number of alive
years after retirement. The urban benefit is adjusted by the model period and B = 0.9803.
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D. Sensitivity and Robustness Tests

In Section 4.2, to compute workers that actually work in each sector, we have assumed that 5
percent of the entire floating population ended up with jobs in public sector, 20 percent worked as
high-skilled workers in private sectors, and the rest (75 percent) found jobs as private low-skilled
workers. In this appendix we provide the sensitivity and robustness tests for this assumption.

Recall that the ratios of the stocks of the sectoral specific within-the-period workers change as
the assumption on the fractions of floating population in each sector change. As we have targeted
the ratios of the stocks of the within-the-period workers in calibration, altering the assumption
means that we have to recalibrate the model. For easy communication, in the following, we will call
the calibration in the main text the “benchmark calibration.”

Denote ¢g, wg and cp%, as the fractions of the floating population ending up working as public
sector, private sector high- and private sector low-skilled workers, where ¢+ wg + gofp = 1. Based
on the data in Li (2010), we consider four plausible assumptions on ¢g, @ and ¢k: (1) pg = 5%,
ol =22% and ¢k = 73%; (2) pg = 5%, B = 18% and ¢k = 77%; (3) g = T%, 2 = 20% and
ok = 73%; and (4) 95 = 3%, p = 20% and p% = 77%. The first two robustness tests fix pg at the
value in the benchmark calibration while alter gog and goILD by 2 percent, and the later two robustness
tests fix gog at 20% as in the benchmark calibration, adjusting ¢g and gpILD by 2 percent. Table D.1
reports the summary of the calibrated parameters and variables under the four assumptions. Table
D.2 shows the relative productivity, relative child rearing costs and relative above-quota penalties,
fractions of moving, population ratios, total fertility rates and income ratios for the four robustness
tests. Table D.3 presents the policy experiment results under the four assumptions. For easy
comparison, we provide in each table the values of the benchmark calibration.

[Insert Table D.1 about here]
[Insert Table D.2 about here]
[Insert Table D.3 about here]

Not surprisingly, the probability of being recruited as public workers 7 and the fractions of work-
ers migrating to cities I'y and I';, change as the assumption on the fractions of floating population in
each sector change; so do the ratios of the within-the-period worker stocks. As we have targeted the
same urbanization rates, fertility rates, income ratios and fraction of newly moved, the benchmark
calibration and the four robustness tests display very similar relative productivity, relative child
rearing costs and relative above-quota penalties, and the same model implied urbanization rates,
fertility rates, fraction of moving, population ratios and income ratios.

Next we move to the results of the policy experiments under the four different assumptions.
As shown in Table D.3, rural and urban per capita output, relative income ratios such as urban
wage premium and skill premium all exhibit the same direction of movements as what is observed
in the policy experiments of the benchmark calibration. The variable that we have mixed signs is
the overall output per capita under the experiment of immediate reallocation of land. As being
discussed in Section 4.3, this is a result from endogenous fractions of migration: If the migration
discouragement effect of more workers staying in rural areas outweighs the direct effect of the
increases in both the rural and urban per capita output, the overall output per capita will decrease,
and vice versa. To sum up, our results are quite robust.
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Table C.1: Imputed Fertility

Period  1981-1985  1986-1990  1991-1995  1996-2000  Average

nk 3.0154 2.5287 1.8003 1.4921 2.2091
nil 1.7965 1.6545 1.0777 1.0145 1.3858
nk 24576 2.3464 1.6868 1.3965 1.9718
ni 1.7839 1.5721 1.0526 0.9739 1.3456

ns - 1.5344 1.0426 0.9628 1.1799
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Table D.2 - continued: Robustness Tests for Model Implications

Calibration Fraction of Fraction of

Ty I H movers L movers movers (U+U7++R+) ’;IZ—I PSH% 1— % %* 1%
Benchmark 0.0190 0.3576  0.1661 0.0536 0.0646 0.3584 0.6348 3.0262 0.1236 0.0948 3.4836
Robustness Tests
@s = 5%, (p,’;’ =22%, (pFL, =73% 0.0346 0.3481 0.1794 0.0522 0.0646 0.3584 0.6493 2.9848 0.1236 0.0932 3.5401
@s = 5%, (p,’;’ =18%, (pFL, =77% 0.0033 0.3672 0.1528 0.0551 0.0646 0.3584 0.6206 3.0686 0.1236 0.0965 3.4290
Qs = 7%, (p,’;’ =20%, (pFL, =73% 0.0346 0.3481 0.1794 0.0522 0.0646 0.3584 0.6405 3.0400 0.1236 0.0932 3.5563
@s = 3%, (p,