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1 Introduction

Fifty years ago, Todaro (1969) and Harris and Todaro (1970) provided a solid foundation for studying the
process of rural-urban migration commonly observed in developing countries. With the more recent con-
tribution by Lucas (2004), vast interest has surfaced with respect to examining urbanization and structural
transformation within a dynamic general equilibrium framework. While this renewed literature has gener-
ated useful insight toward understanding not only urban labor and housing issues, but also various macroe-
conomic consequences of rural-urban migration, the role that demographic transition plays in the dynamic
urbanization process remains largely unexplored.

As two key factors in demographic transition, rural-urban migration and fertility decision, display certain
correlation pattern that depends on development stage. We begin by documenting a stylized fact, based on
data spanning a period from 1980 to 2019, containing 38 high-income countries, 84 middle-income countries
and 62 low-income countries (classified by the World Bank in the year of 1996). We use commonly avail-
able measures, urbanization rate (urban population as a percentage of total population) and the total fertility
rate (TFR), to gauge rural-urban migration and fertility, and obtain the data from the World Development
Indicators (WDI). We find that changes in urbanization rate and changes in TFR are generally negatively cor-
related: The correlation is high for middle-income countries (the correlation coefficient is -0.3982, significant
at the 1% level) but weaker for high-income and low-income countries (-0.1448 and -0.0646, respectively,
both are insignificant).! These suggest: For middle-income countries experiencing structural transformation
during 1980-2019, their rural-urban migration activities and demographic transitions were most plausibly
interrelated, being integral parts of their development processes.

While raising children in the countryside is relatively cheap compared to doing so in urban areas, cities
are places with opportunities, both for parents’ employment and children’s education. The chief purpose of
this paper is to establish a dynamic internal migration model in which such a location-fertility trade-off may
arise as an equilibrium outcome. In other words, we inquire, when Becker meets Harris-Todaro, whether
the interplay of work-based rural-urban migration and fertility decisions may influence the macroeconomy
in the presence of large migration barriers and active population controls. Specifically, our paper is devoted
to addressing the following questions: (Question 1) What are the main channels through which work-based
rural-urban migration and differential fertility decisions interplay in the process of economic development?
(Question 2) What are the underlying structural transformation and migration- and population-related insti-
tutional factors driving such household decisions? (Question 3) What are the macroeconomic consequences
of the migration-fertility interactions and the resulting location-fertility trade-off, particularly with regards
to per capita output, urban-rural income gap, labor composition, and skill and sectoral wage premia?

Building up a dynamic model with fertility and locational choices by heterogenous agents is by no means
straightforward. To enable the analysis in a tractable and quantifiable manner, we construct an infinite-
horizon dynasty model a la Aghion and Bolton (1997) with agents of each generation taking various actions
at different points during agents’ one-period lifetime and with intergenerational linkages through warm-glow
bequests. To be consistent with the reality that rural workers migrate to cities at young ages, we allow rural
agents, in their one-period lifetime, to make sequential decisions to first make migration choices, then to
realize occupational outcomes at their chosen locations, to obtain urban residency if lucky, consume, give

I'See Online Appendix I.A for diagrammatic illustration, the Mann-Whitney test for between-group differences, and an alternative

measure of the migration flow.



birth to children, and at the end to leave bequests to children prior to exiting the economy. This framework
is natural for studying the nexus between parents and children with parents making fertility, bequest, and
migration decisions and children inheriting parental giving, skills, and residency. It enables us to characterize
the dynamic competitive migration equilibrium by allowing agents to have two-dimensional heterogeneities
in skills (high or low) and in fertility preferences (high or low) and by allowing a rich array of frictions and
public policies.

The consideration of a dynamic setting is valuable for analyzing the nexus between fertility and migration
choice, and macroeconomic outcomes, because it permits us to address Question 1 properly by incorporat-
ing two important dynamic channels. The first is a Direct Feedback Channel: Fertility choice would affect
migration cost and incentives, thus influencing the migration decision; migration choice affects cost and the
opportunity cost of childrearing and, hence, the fertility decision. Such feedback depends crucially on in-
dividual perceived value where the bequest and the valuation of migration in the dynasty setting interact to
affect each other during the decision-making process. The second is a Dynamic General Equilibrium Chan-
nel: Fertility and migration decisions would affect labor composition, market wage, and output, which in
turn influence fertility and migration choices. We consider a temporal general equilibrium effect induced by
changes in labor composition that tend to generate a downward pressure on the wages of abundant workers.
We also allow both fertility and migration decisions to affect population dynamics. Such dynastic and loca-
tional dynamic changes subsequently impact the workforce, leading to sectoral shifts not only between rural
and urban areas but also within the urban area between different sectors. Further, as more agents migrate to
cities in the process of economic development, the general equilibrium effect on urban wages subsequently
reduces migration incentives and, as to be shown, the model economy would eventually approach a balanced
growth path (BGP) in a “Mixed Migration Equilibrium”: High-skilled rural residents with low fertility pref-
erences always desire to migrate to cities, low-skilled rural residents with high fertility preferences always
stay in rural areas, and only an endogenously determined fraction of those high-skilled residents with high
fertility preferences or low-skilled residents with low fertility preferences ultimately moves. We show the
presence of a location-fertility trade-off between payoffs from migrating to cities and fertility. We further
establish that a better urban amenity, a lower urban-rural childrearing cost differential, a lower urban fer-
tility penalty, or a more secure rural land entitlement speeds up the urbanization process. The interrelated
fertility and migration decisions yield a location-fertility trade-off that leads to greater rural-urban migration
accompanied by lower fertility but higher overall per capita output.

How important is such a location-fertility trade-off for economic development, particularly in view of
the second and the third research questions? We choose to calibrate our model economy to fit the data from
China. This is particularly interesting because of its two mutually connected migration and population insti-
tution/policy factors that add to the typical urban TFP advancement to influence household decision-making
and to become key drivers of structural transformation, thereby addressing Question 2. Such policies include
the differential one-child policy (DOCP) with stronger enforcement in cities and in public sectors, the house-
hold registration system, a so-called hukou system (HS) that imposes large barriers on rural-urban migration,
and land entitlement policy governing the allocation of rural land. These policies allow us to perform several
interesting policy experiments and counterfactual analyses to assess the consequences of population control
and migration policies. In response to changes in population control policies, a negative association exists
between the overall per capita output and skill premium; in response to changes in migration-related poli-
cies, in particular when migration incentives are deterred, however, such association turns to positive. We



find that the presence of the location-fertility trade-off — a negative relationship between overall per capita
output (or urbanization rate) and fertility — remains intact as long as the concerned policy does not impact
the utilization or availability of rural land resources. Increased migration is associated with lower fertility,
yet it leads to a higher overall per capita output and an increased urbanization rate. Additionally, fertility
is less responsive compared to overall per capita output and urbanization under the population control and
hukou-related policies. Specifically, a one-percent decrease in the overall TFR corresponds to a more than
one-percent increase in overall output per capita and a more than two-percent increase in the urbanization
rate. Regarding land entitlement policies, the correlation between fertility, overall output per capita, and
urbanization can vary, being either negative or positive. This variability arises from the opposing effects
influencing the migration incentives, the compositions of the population, rural output per capita, and urban
output per capita.

Moreover, by going beyond the pure fertility choice model of Liao (2013) to allow for rural-urban migra-
tion, we find 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 the local control induces more
high-skilled migration, leading to higher urban output and overall output per capita. Stricter population con-
trol 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 stronger fertility preferences
from migrating to cities. This effect is undesirable because had such workers migrated to urban areas and
faced a higher childrearing cost, the workers would have naturally adjusted their fertility down. Additionally,
we find that an urban sprawl control policy eliminating urban benefits to all rural migrants will raise urban
benefits as planned but would severely deter the incentives for rural-urban migration, which is undesirable
for advancing the economy. An urban promotion policy such as providing full benefits to all rural migrants
would induce more migration overall. Furthermore, by conducting counterfactual analysis, we verify quan-
titatively strong interactions between dynamic decision-makings for migration and fertility. These address
Question 3: Migration and fertility choices influence macroeconomic outcomes via fertility-migration inter-
actions and their dynamic responses to institutions and policies and the consequential dynamic effects on the
process of structural transformation and the advancement of economic development.

A key takeaway is: When designing development strategies for developing countries, one shall not
neglect policy impacts via joint responses of migration and fertility. Ignoring the consequential location-
fertility trade-off may lead to nonnegligible biases in assessing the implications and effectiveness of govern-
ment policies.

Literature Review Previous works on reallocating abundant and over-employed labor from the rural agri-
cultural sector to the urban manufacturing sector can be traced back to Lewis (1954). The research focus-
ing 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-urban migration and how rural-urban mi-
gration impacts the development process.

Some related studies have examined the causes and consequences of rural-urban migration using cali-
brated 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 wages and induce
more rural-urban migration. In a companion study, Liao, Wang, Wang, and Yip (2022) examine 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 is comparable to that of work-based migration. In two in-
dependent related papers, Ngai, Pissarides, and Wang (2019) illustrate how much the household registration
system in China has slowed industrialization and urbanization in China, whereas Ma and Tang (2020) con-
nect external frictions in trade to internal migration frictions using data from China where the interplays lead
to rich local labor market and welfare outcomes. For a comprehensive literature review of internal migration
from a macro perspective, the reader is referred to Lagakos (2020).

Limited studies have been devoted to studying fertility and migration decision-making: Sato and Ya-
mamoto (2005), Sato (2007), and Cheung (2022). Within a static setting, the reduction in child mortality
led to urbanization in Sato and Yamamoto (2005), whereas urban agglomeration economies and congestion
in Sato (2007) could interact with fertility choices to yield a negative correlation between income and fertil-
ity across regions. In an independent work within the overlapping-generations framework, Cheung (2022)
highlights rural education reform in the United States in the early 1900s as the key driver of the demographic
transition and the sector shift from rural farming to urban manufacturing.

In our paper, we also emphasize the structural transformation via urban TFP advancement that widens
the urban-rural productivity gap. If one may assume, as in Lucas (2004), that the possible negative free-rider
problem is dominated by the direct positive productivity effect or a positive learning effect, agglomeration
economies can be captured by our urban TFP advancement in an observational equivalent sense. Thus,
structural transformation-led urban productivity advantages may be viewed as a common driver in Sato
(2007), Cheung (2022), and the present paper. Beyond this, none of the other factors play much of a role in
the case of China where child mortality was low by 1980, no major rural education reforms were launched
throughout the period of our study, and the fertility-urban congestion relationship has not yet been identified
empirically. Rather, the hukou system that affects migration and labor mobility and the DOCP between rural
and urban areas, together with continual TFP advancement, are central in the process of urbanization and
structural transformation in China and are the drivers considered in the present paper.

To the best of our knowledge, the novelty of our paper is to examine rural-urban migration with the
endogenous fertility choice within a dynamic general equilibrium framework, under which we can infer de-
cision rules of migration for agents with heterogeneous skills and preferences toward children. Based on
this framework, we can quantify the extent to which migration and population policies affect rural-urban mi-
gration and economic development, taking into account important channels of dynamic general equilibrium
effects.

2 The Model

As discussed in the introduction, along the process of economic development, migration and fertility deci-
sions are interrelated and shall not be examined separately. 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 dynasty model with agents of each generation taking various actions at dif-
ferent points in time during the agents’ one-period lifetime, a tractable dynamic setting developed by Aghion



and Bolton (1997). Although tractability follows from the non-overlapping feature of the generations, inter-
generational linkages are restored via “warm-glow” bequests from parents to children (Andreoni, 1989). In
addition to bequests considered in the model, agents of two adjacent generations in our economy are also
connected via fertility decisions and locational choices. There are 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 state-owned enterprises sector () that contains government agencies and
public enterprises (SOE). While workers in the SOE sector all hold urban residency, the private sector em-
ployees may not. Urban workers with urban residency are entitled with urban benefits, whereas rural farmers
are entitled with the use rights of rural land. These rights are 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 differ-
ences 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 doing so does not create confusion.

Agents live for one period and are heterogeneous in skill status and fertility preferences. There are
two different skill status, high (H) and low (L), and two types of quantity-based altruistic factors (f3), high
(B = B) and low (B = B), with the high type in favor of having more children. Children inherit skill and
residency status from parents, but the quantity-based altruistic factors are assumed to be redrawn for every
generation. Agents consume and give birth to n children right before the end of life. Agents are altruistic,
deriving utility from bequest giving and the quantity of children, owning one unit of time and supplying
labor inelastically throughout life.

In what follows, we will first describe the sectoral production in the economy and then study the house-
hold optimization problems in urban and rural locations. Once we define the value functions of the agents,
we then delineate how rural agents make decisions about migrating to urban areas. 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 sectoral production activities in the urban location.

2.1.1 Rural production

Rural land within a period is given at an exogenous level Q but can vary across periods. Use rights for rural
land are evenly distributed to rural workers at the beginning of each period. Rural production uses land as
inputs and 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 the rural
location is:

XzzQ(l—S), (1)



where z > 0 is the farming technology and & = (R —R*) 8 /R is the fraction of land left idle from the total
land. Define ¢ = Q/R as the beginning-of-the-period land per farmer. Rural workers’ per capita income is
given by,

X
R*

(R—R*) (1)
R* ’

x=-—=2zq|1+ (2)

where the first term in the bracket times ¢ is the initially-distributed land and the second term times ¢ is the
extra land obtained from land reallocation during the period.

2.1.2 Urban production

There are two types of firms in urban areas: SOE and private firms. The SOE operates a linear technology,
using relatively high-skilled workers as inputs to produce output:

Ys=AsnS", 3)

where Ag is the technology scaling factor of SOE, S™ is the number of high-skilled workers hired by SOE,
and n is the quality index of high-skilled workers that captures the relative productivity of the high- to
low-skilled workers.

Unlike SOE, private firms hire both high- and low-skilled workers in production. Denote P+ and P+
as the quantity of high- and low-skilled workers, respectively, hired by private firms. The production of
private firms takes the following CES form:

1
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where Ap is the technology scaling factor of private firms, « is the share parameter, and 1/ (1 — o) is the elas-
ticity of substitution between the high- and low-skilled workers in production. Under competitive markets,
the wage rates in SOE and private firms are:

msoT A )
wf = an[a P (@) ()] ame () (6)
b = aefar ) 0 (] e () .

It is then straightforward to derive the wage ratio:
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which depends negatively on the high- to low-skilled employment ratio (P*/PL™) but positively on the
quality of high-skilled workers (7). Specifically, we have ®; (0) = e, @ (e0) = 0, and o] (’;%) < 0.
Likewise, we specify another useful wage ratio:
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where @, (0) =0 and @) ( yoss ) > 0. This wage ratio depends positively on three factors: the high- to low-
skilled employment ratio (P /PL"), the quality of high-skilled workers (1), and the relative technological
productivity of the SOE to the private sector. In the benchmark case, we focus on the case where wg/wi < 1
and impose Condition 1 (shown below) for two reasons.? First, workers in the S sector enjoy a higher level
of the urban benefits than those in the P sector so that there is a SOE discount in the relative wage. Second,
productivity is commonly higher in the private sector than in the SOE sector.

1
+ + 1 (A % ° 7% .
Define w, ((PH )max) =1 so that (PH >max = [Ot —o (ﬁ) — 1} (—lf‘an") . To satisty wS/wg

1, the equilibrium labor market must be subject to the restriction ?HTI < (%) . To assure that —7 WH > 1>
max

H . . .
i fo all £ PL - < (%) , we impose the following condition:*
max
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Condition 1. [allc (%) — 1] (1%1°)7 > 1.

Under Condition 1, we have < 7T +) > 1 and o (‘;—) < 1, or equivalently, V;—g > 1> =%. Figure 1
P P
provides a graphical representation of Condition 1.

2.2 Households

All agents have perfect foresight and live as an adult for one period. When the parent exits the economy
at the end of a period, the agent begins adulthood in the location according to personal residency in the
following period.> During the one-period adult lifetime, agents take various actions at different points in
time, including making decisions on migration, work, fertility choice, and consumption-bequest choice.
In this dynamic dynasty setting — via births, bequests, and locational choices — parental decisions affect
children’s optimization. As mentioned previously, agents are born with different skill status and preferences
toward children and inherit skill and residency status from parents (the assumptions will later be relaxed in
Sections 5.1 and 5.3). Below, the lifetime of rural households is described first, followed by the description
for urban households.®

2Since the SOE jobs come with better urban benefits, it is intuitive that wg/ wP < 1 arises as an equilibrium outcome under
perfect labor mobility. However, it is worthy to note that, in our model, the job allocation of high-skilled rural-urban migrants to
the SOE sector is determined by the exogenous probability 7 rather than by choices. Therefore, it is possible that wg/ wg > 1 arises
as an equilibrium. As shown in Online Appendix L.E.2, our model still goes through when wg/ wlg > 1. Because wg /wg <l1lis
often observed in countries with a sizeable SOE sector, and usually those countries have limited labor mobility between sectors, we
impose Condition 1 to focus on this case and examine the relationships between P+ /PL+ and wg/ wf! in Figure 1.

3The issue of SOE workers enjoying more urban benefits than private workers is further discussed in Subsection 2.2.2.

4See Online Appendix IIB.1 for derivation details.

SFormally speaking, there is an overlapping instant between the parent and the child at the end of a period (after the fertility
choice is made), which is the childhood of an agent. Nevertheless, this overlapping moment does not impact any economic variables
in the model.

The timeline for rural agents and the population flow chart between urban and rural areas are relegated to Online Appendix
ILA.

IN



Figure 1: Sectoral Mobility and Condition 1
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Note: @) is the high-to-low skilled wage ratio of private firms, which depends negatively on (PH+/pPLt),
and @; is the SOE to urban private high-skilled wage ratio, which depends positively on (P+/PL+). This
figure shows the scenario where Condition 1 holds, thus @; > 1 > @ or (W /wk) > 1> (ws/wi).

2.2.1 Rural agents

Due to its small magnitude in developing countries at the stage of relatively low urbanization, reverse migra-
tion from urban to rural areas is ruled out in our baseline model but allowed in the generalization in Section
5.1.7 Agents born in rural areas choose whether to immediately migrate to cities 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, and 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, and that entitles the agent to enjoy urban benefits. Before the end of life, agents give birth to
children subject to the fertility quota or the subsidy imposed by the government — if any exists. After giving
birth to children, agents consume, incur childrearing costs, pay the above-quota penalty or receive a per child
subsidy, and then exit the market.® Notably, by inheriting parents’ urban residency status, the realization of
parents’ urban residency is by construction granting urban benefits to the children.

Denote ¢ as the adulthood consumption of an agent, n as the number of children to have, and b as the
bequest left for each child, which is then completely consumed in the childhood. The utility of a rural worker
staying in rural areas is:

uf (c,b,n;B) = min[Bc, (1 — 0)nb]+ Bnt, €< (0,1), (10)

7In the quantitative analysis below, we document that rural-urban migration is more than 12 times larger than reverse migration
(Scharping, 1997). Moreover, without allowing for complicated heterogeneous locational preferences, only net migration flows
matter. Banister (1997) found that the net migration rate is positive for each age group. Thus, focusing exclusively on rural-urban
migration is viewed as a good benchmark.

8In Online Appendix I.B.3, we provide evidence to justify our model setting that puts births as occurring after migration.



where 0 € (0, 1) is the warm-glow altruistic factor, which is proportional to the net income allocating to total
bequests; B € {, B} with 0 < f§ < B, captures an agent’s preference toward the number of children and
is the quantity-based altruistic factor. B is re-drawn at birth for every generation: With a probability {, an
agent gets less enjoyment from having children (8 = ), and with a probability 1 — £, an agent gets more
enjoyment from having children (8 = f3). Given the agent’s one-period lifetime, the Leontief setting in ¢
and nb is meant to capture the consumption-saving and the intergenerational reallocation decision, with nb
as saving in kind.

Having children is costly. Let ¢ represent the childrearing cost per child in rural areas. Two types of
fertility policies are under our consideration. One is related to direct population control, whereas the other
is related to the childrearing subsidy. For simplicity, both cases are modeled in the quantity aspect, which
enables us to use a single variable 7z 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 ¢ > 0 per child, so the total penalty payment is (n—7ig) - §g. Under the
childrearing subsidy, the government provides —¢@g > 0 of subsidy per child, giving a rural worker a total
subsidy of (n —7ig) - (—¢;R). With an income x from farming, the budget constraint of a rural worker under
either scenario is then:’

c+nb+ny +max {n—iig,0} §g = x. (11)

A rural agent’s problem is thus to choose {c,b,n} to maximize lifetime utility (10) subject to the budget
constraint (11).

2.2.2 Urban agents

Similar to rural agents, urban agents derive utility from consumption (c), bequest for 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 other benefits. However, only residents with
urban residency qualify to receive these benefits, and at the same time, such residents must pay an embarked
tax T to finance these benefits. For rural migrant workers arriving in the cities without urban residency, the
workers have a probability p to obtain urban residency, which entitles them to urban benefits for u fraction
of their lifetime upon paying the urban embarked tax 7. The consideration of both p and ¢ not only enables
us to better fit with the hukou institutions in our quantitative analysis but also allows for the consideration of
skill-dependent probabilities and qualifications for acquiring urban residency and accessing urban benefits.
As migrant workers may start their careers in cities with or without urban residency, and some may acquire
urban residency at a later stage, we need two indicator functions I* and I” to indicate the urban residency

9Since the bequest received by the adult agent has already been consumed during her childhood, it does not appear in (11).
Denote ¢ (= b) to be the childhood consumption of the representative adult agent, her “complete lifetime” budget constraint is

&+ c+nb+ngY +max {n—iig,0} o = x+b.



status of an urban worker:

Fo_ 1, if the agent holds urban residency when starting to work,
0, if the agent does not hold urban residency when starting to work.

7o 1, if the agent successfully obtains urban residency despite I = 0 initially,
0, if the agent fails to obtain urban residency despite I = 0 initially.

Depending on the status of urban residency, an urban worker enjoys (pays) urban benefits (taxes) of B (7),
uB (1) 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) |;r v =min[0c, (1 — 0)nb]+ fn® + [I" + (1—1")I"u] B. (12)

Denote iy as the fertility quota or the minimum number of children to be eligible for urban childrearing
subsidies for agents with urban residency. Two remarks are in order. First, as will be clarified below, we will
consider a nondegenerate case where the fertility quota is binding for some but not all the agents. Second,
urban childrearing cost is more expensive than rural childrearing cost, whereas urban workers get penalized
more than rural when giving birth to an above-quota number of children. Let (j)g be the childrearing cost in
urban areas and ¢y be the urban above-quota penalty or per child subsidy. In other words, we restrict our
attention to the case of ¢ > ¢ and ¢y > @r.

Denote w € {ws,wH ,wk} as workers’ wage income from working in either the SOE or the private sector
based on skill status. An urban worker’s budget constraint is:

c+nb+n) + [I" + (1 —17) " max {n — iy, 0} Py
+[1=[I"+ (1—1")I"]] max {n — g, 0} P& (13)
= w=—[I"+(1-1")1"p]t=w,
where W denotes the urban net (of tax) wage that depends on urban residency status. All urban workers face
the same childrearing costs regardless of residency status, albeit the benefits and obligations are associated

with one’s residency. Thus, an urban worker with urban residency ((IF =1,I" = O) or (IF =0,I" = 1))
faces a budget constraint that can be rewritten as follows:

¢ +nb+n¢) +max {n—iiy,0} oy = . (14)
The budget constraint of an urban worker with rural residency ((1*,17) = (0,0)) is:
¢ +nb+n¢)) +max {n—iig,0} og = w. (15)

Before moving to the migration decision, we identify the link between the quantity-based altruistic factor
(B) 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 a high quantity-based altruistic factor (f = )
will have n; > 1; in which the fertility constraint is binding; those with a low quantity-based altruistic factor
(B = B) will have n; <, and the fertility constraint is not binding. We summarize this relationship by
using an indicator function I8 (8 = B) below, where

B 1, for agents with a high quantity-based altruistic factor (8 = f3),
0, for agents with a low quantity-based altruistic factor (8 = ).
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2.3 Rural-Urban Migration Decision

Rural-born workers decide whether to migrate to cities by comparing the value of staying in rural areas to
that of migrating to urban areas. Although children directly inherit parents’ skill status, the skill or human
capital is acquired upon moving to cities and is useful only for urban production.'® Define I" as an indicator
function with I = 1 if a rural agent decides to migrate to cities, and I = 0 otherwise. Let i = {H,L} to be
the skill status of a rural agent, 4 is the human capital or the skill a rural migrant acquires immediately upon
migration. We have:

n, ifi=HandI" =1

h= . (16)
1, otherwise.

Based on the endowed skill status and quantity-based altruistic factors, workers’ expected values of migrating
to urban areas differ. Rural workers of high-skilled status, if decide to migrate to cities, acquire a level of
human capital 7 immediately and have a chance to work in the SOE sector, which immediately grants the
worker urban residency. Those who fail to obtain a job in the SOE sector then work as high-skilled workers
in the private sector with rural residency; after staying in cities for a certain duration, they will have a chance
to obtain urban residency. Low-skilled workers are only competent for low-skilled jobs in the private sector
but also have a chance to obtain urban residency. Those who successfully obtain urban residency enjoy urban
benefits and are obligated to regulations that come with urban residency.

In the following sections, we characterize rural workers’ migration decisions by first defining the value
functions of staying in rural areas, working in the SOE 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 status:

VR(B) = maxuf (c,b,n;B)

c,b.n

= max{min[Oc, (1 — 0)nb]+ Bn}

c,b,n
s.t. ¢ +nb+n¢p 4+ max {n —iig,0} og = x.
To solve VR (), from the Leontief preference in ¢ and nb, we substitute ¢ = —(lge)nb into the budget con-

straint, where the warm-glow altruistic factor 0 is clearly the fraction of income allocated to bequest. The
maximization problem becomes:

vR(B) = max (1—6)nb+ pn®

1

.I.
St g

nb +np +max {n —iig,0} g = x,

10Rural workers of high-skilled status are quick learners, more capable, and more adaptive to urban environment. Due to the
one-period lifetime setting, one can imagine that rural agents acquire skills pertaining to their skill status and make all preparations

needed for living in cities once they decide to migrate.
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where € < 1. The first-order conditions for » and b are:

(1-6)b+efn ! = A(;b+¢§+ﬁ@o, (17)
(-0 = gn, (18)

where A as the Lagrangian multiplier associated with the budget constraint. Using (18) and (17) to substitute
out A = 0 (1 — 6) 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 decisions:

ep -
P :90—9ﬂﬁ+ﬁ%} (19)
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 child, respectively. With normality, an increase in the warm-glow altruistic factor that raises bequest
should suppress fertility. We thus impose the following condition:

Condition 2. 6 < 1/2.
From (19), it is thus straightforward to derive:

Proposition 1. (Rural Fertility Choice) Under Condition 2, the optimal rural fertility rate (ny) is increasing
with the quantity-based altruistic factor (B), decreasing with the warm-glow altruistic factor (0) or the
unit childrearing cost ( ¢1(e) ), and independent of income (x). Moreover, while an above-quota fine (g > 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 7y is independent of agents’ income and wealth. This enables us to focus exclusively on
the typically stronger substitution effect.

Figure 2 offers an informative look at plots of the MB and the MC curves of the fertility decision. Based
on the results in Proposition 1, the MB curve of agents with 3 lies to the right of the MB curve of agents
with B, meaning that agents with stronger fertility preferences will choose to have more children than those
with weaker preferences. As previously mentioned, we will focus below on the relevant case where the
government’s population policy is only binding for agents with stronger fertility preferences. This case is
interesting because agents with B choose n| B < iR, whereas agents with 8 choose ny| g > MR by paying
the above-quota penalty or receiving the childrearing subsidy. To guarantee that | g > 7R under 8 = 3, we
impose a regularity condition derived from (19):

C eps _ ep e
ondition 3. iz < [9(1‘9)[@3“%] .
As a result, the case under consideration features nj| g >R = ny| p» as drawn in Figure 2.

We can solve npanalytically from (19) as:

. e e
"R o1 —0)[00+ 1P| |

(20)

12



Figure 2: Determination of Fertility for Rural Workers
MB/MC
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Note: This figure illustrates the determination of optimal fertility for rural agents under a positive
above quota fine (¢g > 0), where the government’s population policy is only binding for agents
with stronger fertility preferences, i.e., ny |ﬁ:B=¢3R>0> iR > ng |ﬁ:£. For agents with stronger
fertility preferences (8 = f3), their MB curve of having an extra child lies to the right of that of
agents with weaker fertility preferences (8 = ). They also face a higher marginal cost of having
an extra child due to the positive above quot; fine. Consequently, their MC curve of having an
extra child lies above that of the agents with weaker fertility preferences.

The optimal bequest by can then be solved from the budget constraint (11) as:

b;;_e[’i—q),?—lﬁ <1—”f> qSR]. Q1)
g "R

Under our setting, total bequest is a constant share of “disposable income” at the end of one’s lifetime after
the government transfers (fine or subsidy) and childrearing spending (measured by x — n(])lg —max {n—iig,0} @r).
Thus, a higher quantity of children nj is associated with a lower bequest by. Although it is not the empha-

sis of our paper, this dimension of the trade-off between bequest-giving and fertility can be combined with
Proposition 1 to imply:

Proposition 2. (Bequest-fertility Trade-off) Optimal bequest (by) rises with income (x) and is negatively
associated with the quantity of children (ny). The bequest and fertility trade-off is stronger in the presence
of an above-quota fine (¢g > 0) but weaker in the presence of a childrearing subsidy (¢g < 0).

In other words, population controls tend to induce a stronger bequest-fertility trade-off in fertility choice, but
childrearing incentives tend to weaken it.
With n, and b} being pinned down by (19) and (21), the value function VE (B) is solved as:

(100 {x—nily [ o418 (1 2 ) ] 8 (k)"

nglp

VE(B)

2.3.2 Value functions of urban workers

We start with the urban private sector where the main actions occur, followed by the urban SOE sector. In
all cases, fertility choice retains a similar functional form to the rural case, with rural income being replaced
by after-tax wage (W), childrearing cost being updated to the urban levels (1)8, and the above-quota penalty or
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subsidy being revised to ¢y . 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 with 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, the workers obtain urban residency with a probability p (indicated by I¥ = 0 and I” = 1).
With a probability (1 — p), the workers fail to do so and hold rural residency throughout their life (I = 0,
I" = 0).!!' Denote V»# (B) as the value function of a high-skilled migrant worker in the private sector.
VPH (B) can thus be written as:

maxu" (c,b,n; B) | =0,7=1

VP (B) = p chr :
s.t. c+nb+n¢d +max {n—iy,0} gy =wh —ut

maxu (¢, b,n; B) |jr—g7—0

+(1-p) chn .
s.t. c+nb+n¢) +max{n—iig,0} §g = wi

Because urban workers’ fertility decisions depend on urban residency, we denote separately ny|g and
nj|g 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). The same regularity condition used in the rural
problem is required, and hence, Condition 3 is modified as:

2 =
oy / = Sﬁ .
Condition 3'. 71; < [9(19){4)%1%]_]] ,J=R,U.

Then, following the same steps as in the rural worker’s optimization problem, we can solve:

. ep e o ef &
MET e =0y [o+ Pl | TP T |6 (1—0) [0 +1Pd]

Recall ng|g from (20) and that ¢8 > (7)1‘3 and ¢y > @g. It is straightforward to show that the urban fertil-
ity choices are always below the rural counterpart, with formal urban workers’ fertility lower than that of

informal urban workers:

Proposition 3. (Comparison of Optimal Fertility Choices) Urban workers consistently make fertility choices
that are lower than those of their rural counterparts, with formal urban workers having lower fertility rates
than informal urban workers, i.e., nj.|g < nj|g < ng|g.

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

1 As mentioned at the opening paragraph of Section 2.2.2, we can expand the model by providing distinct chances for workers

with varying skills: high-skilled workers have a probability of p¥, while low-skilled workers have a probability of p~, with pf > pL.

IT’H

This setup requires a further distinction between and ITF. These are omitted here for brevity.
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v ) =p {1000 {utt —wr—nily o+ 18 (1= 20 Y | 4 B o)+ B

7B

#1=p) {(1=000 {wt =iy [o8+17 (1= 2 ) |} i)}

*
1

2. Low-skilled workers
Denote VL () as the value function for low-skilled migrant workers in the urban private sector, § =

{B, B}. By applying the same procedure used to derive V> (B), we write VPE (B) as:
VP (B) = p{ (1) {wh—nr—nily |0 + 1" (1= 25 )b |} rily)+ mp
+(1—p){(1—e)9{w§—ni|ﬁ [¢3+1ﬁ <1— % )qSRHﬂs(nﬂﬁ)s}.

nilp

Due to the absence of the income effect, low-skilled migrant workers’ fertility choices resemble those of
high-skilled migrant workers.

Value function of workers in the SOE sector

In many countries, working in the SOE sector requires higher qualifications, such as possessing at least
a high school diploma or passing government employee exams. To capture it, we consider the case that
only high-skilled workers are eligible for positions in the SOE sector. Rural high-skilled agents migrating to
cities, with a probability 7, are recruited as SOE workers and immediately granted urban residency. These
workers then enjoy complete urban benefits and pay full urban taxes. A SOE worker has the following value
function (I = 1):

V8 (B) = max {min|[@c, (1 — 8)nb] + Bn’ + B}

c,b,n

s.t. c+nb+n¢8+max{n—ﬁy,0}¢_)y = wg—T.

By substituting in the number of children chosen and the investment in children’s quality, we obtain a SOE
worker’s value function V* (), for § = {8, B}:

V3 (B) = (1000 {ws—rnily |9 +18 (1= 20 )| b8 (1) 45

*
Flp
2.3.3 Migration decisions

We are ready to discuss agents’ migration decisions. Migration incurs costs. Rural workers, based on their
individual preferences and inherent skill status, may vary in their ability to adapt to urban life. For simplicity,
migration costs, denoted by y € {w’, w/} for low- and high-skilled agents, respectively, come in the form
of utility and differ across agents with distinct skill levels.

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 & to obtain a job in the

15



SOE sector and a probability 1 — 7 to work in the private sector, these workers will migrate if the following
inequality holds true:

AV (B) =aV* (B)+ (1 —m) VI (B) — " —VE(B) > 0, for B € {B,B}. (22)

Low-skilled rural workers can only work in the private sector after migrating to urban areas. Hence, these
workers will migrate to urban areas if the following inequality is met:

AVL(B)=VPE(B) —w" —VE(B) >0, for B e {B,B}. (23)

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 (x, which is a function of z, ¢, R", and §) and urban incomes (wg, w#, w,LJ), the relative childrearing
costs in urban and rural areas (qblg and qbg), population policies (governed by iig, iy, @g, and @y), urban
benefits (B), urban tax (7), and easiness of obtaining urban residency and urban benefits (7, p, and ,u).l2 The
discrete choice of migration is therefore given by,

1, iffAV;(B)>0,i=H,L,
e { AV (B) 2 0,i o1

0, otherwise.

There are four types of agents in the model: type-{H, B}, type-{H, B}, type-{L, B}, and type-{L,}.
Agents of different types will have different migration decisions depending on the relevant quantity-based
altruistic factors and 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 equilibrium 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 the 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, high-skilled agents have higher motivation to migrate to cities than low-skilled agents as skill is
more rewarding in urban areas. For low-skilled workers in developing countries, wage incomes in cities are
usually higher than the incomes from farming. However, the costs of raising children in terms of housing,
spacing, and tuition 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:

12The probability 7 captures the likelihood of instant urban residency after migration. Otherwise, getting urban residency becomes
uncertain, forcing migrants to wait. The probability p captures the likelihood of delayed urban residency after migration with the

fraction of delay time captured by 1 — ut. These possible outcomes on urban residency and benefits are summarized by the parameters

(. p. ).

16



Type-{H, B} workers always choose to migrate to cities, type-{L, B} workers always decide to stay in rural
areas, and type-{H, 3} and type-{L, B} agents are indifferent between migrating and staying so that some
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.

Denote I'y as the fraction of rural high-skilled workers with the high quantity-based altruistic factor (i.e.,
type-{H, B}) being indifferent between migrating and staying but ultimately moving to cities, and (1 — ;)
as the fraction of such workers staying in their rural hometowns. Similarly, denote I'; as the fraction of
the rural low-skilled workers with low quantity-based altruistic factor (i.e., type-{L,}) being indifferent
between migrating to cities and staying in rural areas, but ultimately moving to citiesT and (1 —T7) as the
fraction of such workers staying in rural areas. The migration patterns for rural high- and low-skilled workers
of the equilibrium on which we focus are shown below (with formal definition and equilibrium conditions
being relegated to Section 3.4):

B B

¢ of workers (1-¢) of workers

H I'y move
move
(1-Tp) stay

I', move

L stay
(1—-T7) stay

Note that, if 0 <I'y < 1 and 0 < I'y < 1, we have the mixed migration equilibrium (MME) — “mixed”
in the sense that both a positive fraction of high- and low-skilled workers migrate to cities in the equilibrium.
IfI'y =1and 0 <I'p <1, we have a skilled-based segregated migration equilibrium (SME): All high-
skilled workers migrate, while low-skilled workers with low quantity-based altruistic factor f8 are indifferent
between migrating and staying, and low-skilled workers with high quantity-based altruistic factor 8 always
stay. Another fertility-based SME exists with I'y = 0 and 0 < I'y < 1: In this case, all agents with high
quantity-based altruistic factor (type-B) stay in rural areas, while low-skilled workers with quantity-based
altruistic factor B are indifferent between migrating and staying, and high-skilled workers with quantity-
based altruistic factor  always move. In a special case with 'y = 1 and ', = 0, we have a pure skilled-based
SME with all high—skrﬂed workers migrating to cities and all low-skilled workers remaining as farmers. In
another polar case with I'y = 0 and I’y = 1, we have a pure fertility-based SME with all workers with
quantity-based altruistic factor B migrating to cities and all with quantity-based altruistic factor 8 remaining
as farmers. Different types of SMEs are readily summarized below:

Pure skilled-based SME 1
Skilled-based SME 1
Fertility-based SME 0 €(0,1)
Pure fertility-based SME | 0O

We regard the last case as theoretically possible but not realistically likely — given that the typical observation
is that cities are more attractive than farmland to rural high-skilled workers. For the sake of brevity, we will
thus not include the case in our theoretical analysis.
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3.2 Evolution of Workers

As mentioned at the beginning of Section 2, agents have one-period lifetime and make migration decisions
within that period, and hence, the beginning-of-the-period population and the actual-working population
stocks differ, 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 areas with rural residency. Similarly, if
starting life in urban areas, workers hold urban residency bequeathed by their parents and obtain the relevant
skills for living in cities automatically.

Denote U (R) as the beginning-of-the-period workers with urban (rural) residency, then the beginning-
of-the-period population identity equations in urban and rural areas are:

U = S+P*4+p (25)
R = H-+L. (26)

whereas S, P, and Plare the beginning-of-the-period SOE, private-sector high- and low-skilled workers,
respectively; H and L are the beginning-of-the-period rural high- and low-skilled workers, respectively.
We use two subscripts, F and /, for these workers to indicate new migrants in a period. The former (F')
represents formal workers whose residency matches the location, whereas the latter (/) identifies informal
workers whose residency does not match the location. Thus, denote Sg, Pﬁ , and Pﬁ as the new migrants
who successfully obtain urban residency, working as SOE, private-sector high- and low-skilled workers,
respectively. Likewise, denote P/ and PF as the new comers working as private-sector high- and low-skilled
workers but failing to obtain urban residency. The detailed notations of population flows are summarized in
Table 1.

The actual-working populations in urban areas under the equilibrium we examine are:

St=8+Sp=8+ [+ (1—-¢)Ty]nH, 27
obtain urban residency immediately upon arrival
PH+ — PH+P1€I+PIH
= P'+[0+(1-OTu](1-m)pH+[{+(1-{)Ty](1-7)(1-p)H (28)
obtain urban residency still hold rural residency

= P'+[{+(1-{)Tu(1-n)H,

PL+ — PL+P£+PIL
= P+ (DpL + CT(l-p)L (29)
N—— —_—
obtain urban residency  still hold rural residency
= Pr4(TL,

where the reader is reminded that Z; with J = F,I 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+PILPLL[C+(1-8)Ty|H+LTLL (30)
= U+[C+(1-8)Ty]H+LTLL.
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Table 1: Notation of Population Flow

Notation

Explanation

Beginning-of-the-period Population

U
R
H
L
S

PH
PL

Total urban workers with urban residency

Total rural workers with rural residency

Rural high-skilled workers with rural residency

Rural low-skilled workers with rural residency

SOE workers with urban residency

Private-sector high-skilled workers with urban residency
Private-sector low-skilled workers with urban residency

Within-the-period Population

U+
R+
Ht
I+
SF
P
P!
Py
Pf

Total workers working in urban areas

Total workers working in rural areas

High-skilled workers working in rural areas

Low-skilled workers working in rural areas

Migrant workers in SOE with urban residency

Migrant high-skilled workers in private sector with urban residency
Migrant high-skilled workers in private sector without urban residency
Migrant low-skilled workers in private sector with urban residency

Migrant low-skilled workers in private sector without urban residency

Fraction and Probability

¢
I'y

Fraction of rural population getting less enjoyment from having children
Fraction of rural high-skilled workers getting more enjoyment from children
and migrating to cities

Fraction of rural low-skilled workers getting less enjoyment from children
and migrating to cities

Probability of high-skilled migrants to obtain a job in SOE

Probability of obtaining urban residency

Fraction of lifetime that migrants enjoy urban benefits
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Similarly, the actual-working populations in rural areas after migration outflows are:
Rt =H"+Lt"=(1-{)(1-Tyg)H+(1-{TL)L. (31)

As children inherit the skill and residency status directly from parents and all agents live for one period, the
evolutions of workers in the SOE and the private sectors are:

s = [Cn?!ng(l—C)n;!B}H[gn;yﬁu_g)r,,nﬂﬁ H, (32)
PH/ — [Cn;’E‘F(l—C) ’B} [CnF]ﬁJr(l—C FHn \ } 1—nm pH’ (33)
PL/ — [Cnﬂﬁ%-(l—g)n}]d PI{:_‘_CFLnHEpL, 34)

where Z' denotes the next period value of Z. The evolution equation for U can be written as follows:
U =5 +P" 4Pl (35)

The evolution equations for rural high- and low-skilled workers and total rural workers with rural residency
can be written accordingly:

H — H{(I_P)(l_n)[Cn;’E+<1_C)FH”7|B:|+(1—C)(1—1—‘H)n;‘e‘3}, (36)
I = L{(I*p)CFLnﬂEﬁLC(l*FL)HHEJr(l—C)n;‘Q‘B}’ 37)
R = H+L. 38)

3.3 Urban Benefits

Urban benefits, inclusive of urban amenities (e.g., parks, schools, museums, libraries, medical services,
childcare and old age allowances, and other public services) are financed by urban embarked taxes. Total
urban taxes collected by the government are:

{S+P+PL+[C+(1-{)Ty]nH} T (39)
I+ (=) Tu](1 —7)pH+ LT pL}ut.

The government provides the urban benefits B uniformly to all residents with urban status:
B =BG, (40)

where G is the per capita budget for amenities and benefits, and By is the government’s technology scal-
ing factor in the provision of urban amenities and benefits. Following the tradition in the literature, the
government runs a balanced budget in every period. Then the periodic balanced government budget implies:

T
CU+Sk+P+PE
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3.4 Migration Equilibrium

In equilibrium, all urban labor markets clear with labor demands given by (5)-(7):
Sd — S+ PH’d — PH+ PL"d _ PL+ (41)

where S¢, P4 and P-4 are the labor demands in specific sectors. The rural labor market clears under the
rural farming income given by (2):
RY=R". (42)

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 deci-

sions, rural farming income x, and urban wage rates {ws,wlg , wfg}, such that

(i) (Optimization) given rural farming income x and urban wage rates {ws,wg ,WILJ}, based on their
residency status, agents choose numbers of children according to (19) and (21); furthermore, rural

high- and low-skilled agents make migration decisions according to (24);

(1) (Market clearing) rural farming income satisfies (2), urban wage rates {ws,wg ,w’p} satisfy (5), (6),
and (7), and labor markets clear according to (41) and (42);

(ii1) (Urban amenities) the amenities in urban areas are supplied according to (40);

(iv) (Workers laws of motion) given the initial population {HO,LO,SO,PH ’O,PL’O}, high- and low-skilled
workers in rural, SOE, and urban private sectors evolve according to (32)-(38), with workers actually
devoted to production given by (27)-(31).

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 DCME when the growth
rates of population variables, Z' | Z, are all constant (Z = S,R,P" and P).

Along a BGP, from (32)-(34), we get:

Ay I 1 H

S = [nilp+ (1= Onplg| + [Ganilp+ (1 = O mTami | <. 3)
PH/ [ * * | * * H

pH _C”F’g+(1—C)”F’B_+[PC(l—”)”F‘g‘f‘P(l—C)(I—E)FH”F‘B PH’ (44)
P r 1 L

= = |Snilg+(1=Omilg| + (pCTnilg) 5 (45)

Thus, along a BGP, we have a constant ratio of SOE workers to rural high-skilled workers (S/H) and constant
ratios for workers of different skill types in the urban private sector (P /H and PL /L). Next, from (36)-(37),
we have constant growth rates for workers of different skill status. These rates, together with the fact that the
growth rate of R is constant, give us a constant ratio of rural high- to low-skilled workers (H /L) from (38).
This finding in turn implies that the ratio of high-skilled to low-skilled workers in the urban private sector
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is constant (P" / PL). Finally, from (25), we can show that the growth rate of U, and its ratio to high-skilled
workers are both constant.

We are now ready to establish the property of common growth and, most importantly, the existence of
the properties in a mixed migration equilibrium.

Proposition 4. (Common Growth) At the BGME, the model exhibits a common growth rate property: % =g
withZ = S,U,R,H,L,P" 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 mixed 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 more secure rural land entitlement tends to result in a higher fraction of type-{H, B}

and type-{L, B} agents choosing to migrate from rural to urban.

While the formal proof is relegated to Online Appendix II.B.2, Theorem 1 is established by means of proof
by construction. From equations (22) and (23), it is clear to see that the value differentials are both linear and
decreasing in the migration cost. To proceed and for better understanding, we rewrite the value differential
functions in equations (22) and (23) for the rural high- and low-skilled agents with type-f facing a migration
cost V¥ as:

AVa (W)l = 7V (B)+(1—m)VPT(B)—y—VE(B),
AVL(W)lg = VEE(B)—w—VE(B).

Therefore, we can identify conditions under which type-{H, B} workers always choose to migrate to cities,
whereas type-{L, B} always decide to stay in rural areas, i.e., AVy (y)[g >0 > AVg (y*) |5. This task is

trivial because, for any pair of quantity-based altruistic factors { E , B }, we can always adjust the migration

costs of migration { y*, y#} for the two inequalities to hold. Basically, this requires that y’ is sufficiently
high but y¥ is sufficiently low.

The major task is therefore to check the value differentials of type-{H, B} and type-{L, B} agents that
may lead to an interior solution so that AVy (y¥) | F=0=AV (w") | p- To do so, we first write all the
costs (migration, childrearing, and penalties or subsidies) in proportion to wage incomes. Then it is con-
venient to define urban-rural income differentials measured by the ratios of urban net wage to farmer’s
income: ¢y (B) = @, gs(B) = @ and ¢, (B) = @ A straightforward examination of the value
functions suggests that an increase in ¢y () or gs(f) tends to shift up the high-skilled value differential
AVg () |g = 0, whereas an increase in ¢z, () tends to shift up the low-skilled value differential AV (y) |g.
Thus, with proper urban-rural income differentials, we can assure AVy (y*) | F=0=4v, (v) | p» under
which a fraction of both high- and low-skilled workers (I'y,I'z) € (0,1) x (0,1) migrates to cities. This
proof by construction is illustrated by Figure 3 given w’ < w* (which is for illustrative purposes only and
otherwise inessential for the proof). Importantly, the parametric space supporting a mixed migration equilib-
rium is dense and hence nonempty. Using similar arguments, we can perform a comparative static analysis
to establish that urban amenities and childrearing subsidies serve as positive forces for migration (shifting
up value differentials), whereas childrearing cost differentials, fertility penalties, and rural land entitlement
requirements serve as negative forces (shifting down value differentials).
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Figure 3: Value Differentials in MME
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Note: AV (y) |g and AVL(y) | are the value differentials between migration and staying for rural high-
and low-skilled workers, respectively. Both value differentials are decreasing in the migration disutility cost,
y. This figure illustrates the mixed migration equilibrium where under the respective migration disutility
cost, y* and wt, AV (yH) =0 AV (yH) lg> 0. AVL(yh) |5< 0and AVL(yh) |[g=0. That is, type-
{H, B} workers always choose to migrate to cities, type-{L, 8 } always decide to stay in rural areas, while
typeT{H , B} and type-{L, B} agents are indifferent between migrating and staying.

From the value differentials, we get a novel location-fertility trade-off for rural-urban migration, reflected
by the presence of an expected locational wage and benefit gain and an expected fertility loss upon migrating
to cities:

AVg(W)lg = (1-0)0{mws+(1—m)wi — [+ (1—m)pu]t—x}+ [+ (1—7)pu]B—y

expected locational wage and benefit gain (+)
+(1=&)B{x (nilp)" ~ (nzlp) + (1 =) [p (nlp)° + (1 = p) (nils)°] }.

expected fertility loss (-)

AVL(w)|g = (1-6)6[p (wp—put)+(1—p)wp—x| +puB—y

expected locational wage and benefit gain (+)
+(1-8)B |p (nilp)"+ (1= p) (nils)" — (nkl)‘]-

expected fertility loss (-)

Again, the formal proof is relegated to Online Appendix II.B.3, but this property is readily summarized as:

Theorem 2. (Location-fertility trade-off) Az the BGME, the rural-urban migration decision features a location-
fertility trade-off between payoffs from location and fertility.

The intuition underlying Theorem 2 is not difficult to get. Urban areas provide better job opportunities
and amenities but have higher rearing costs per child. An urban migrant tends to reduce the number of
children but can afford providing more resources to children and bring the children to better careers and
living environments.
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3.5 Taking Stock of the Model Equilibrium

In sum, urban areas provide better job opportunities and amenities, but at the expense of higher childrear-
ing costs and rural land entitlement losses. In the baseline setting, we establish and characterize a dynamic
competitive migration equilibrium of particular interest — the mixed migration equilibrium with a positive
fraction of rural high- and a positive fraction of rural low-skilled workers migrating to cities in the equilib-
rium. We show that a better urban amenity, a larger childrearing subsidy, a smaller urban-rural childrearing
cost differential, a lower urban fertility penalty, or a more secure rural land entitlement encourages rural-
urban migration. We also show that the rural-urban migration decision features a location-fertility trade-off
along the BGP, along which an urban migrant tends to reduce the number of children and instead provide
more resources to children for the sake of better education and better living. Just how important the location-
fertility trade-off would be and how strong each of the underlying drivers is 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. China offers an interesting
case due to the country’s tight migration regulation and population control in past decades. These policies -
the hukou regulation system, the migration-related land policy, and the one-child policy - not only provide
costs and benefits to decision-making, but also interconnect to jointly shape an individual’s choices on fer-
tility 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 these policies while relegating the details to Online Appendix
I.LB. We then calibrate our model to fit the data from China during 1980-2007. Based on the calibrated
benchmark economy, we conduct various counterfactual policy experiments to study how they impact fertil-
ity decisions, rural-urban migration patterns, and economic development.

4.1 Institutional Background

China’s migration control is based on the household registration system, hukou, which has been in effect
since its implementation in 1950. Under the hukou regulation, permission is required for formal rural-
urban migration, and annual quotas on migrants are controlled by the government. While those joining
the SOE sector (via the channel of zhaogong and zhaogan) immediately obtain urban hukou, some private-
sector migrants move without urban residency (temporary migrants) or are later granted urban hukou. Labor
markets therefore become locationally segmented. Notably, another channel exists via attending college
(zhaosheng, as studied in Liao, Wang, Wang, and Yip 2022), which is not the focus of this paper.

A migration-related policy is the reallocation of rural land. In rural areas, people are bound to land, and
the distribution of land use rights, or land entitlement, is mainly based on household size. Land, however,
is officially owned by village collectives (communal land). As a result, rural-urban migrants cannot sell the
entitled land, which is then left idle. In addition, village collectives have the power to reallocate the land
use rights according to changes in household size. Rural-urban migrants thus face risk losing their land
entitlement. Even if land tenure security reform formally sets the effective duration of a land contract at
30 years and land transfers are allowed, the transfer contracts are still largely informal and the problem of
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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, thereby affecting migration
decisions. As the one-child policy was implemented by local governments, the population control is differ-
ential across locations and sectors. For example, the penalties on above-quota births in rural areas could be
about 10-20 percent of family income lasting for 3-14 years, while SOE workers may lose the eligibility for
promotion, be demoted, or be forced to quit their jobs. In addition, rural-urban migrants granted urban hukou
are subject to the fertility restrictions of the migrants’ destinations, but temporary migrants are regulated by
the rules of the migrants’ place of origin. As a result, those with higher fertility preferences may have lower
incentives to migrate from rural to urban areas and are less inclined to work in the SOE sector. These prefer-
ences create 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’s economic reform
but before the financial tsunami, and consider this period matching a DCME in the model. This enables our
quantitative analysis to focus on population policy, hukou and land policy, and their effects on the interplay
between migration and fertility decisions. The financial tsunami in 2008 has been known to induce large
macroeconomic changes, which may be an interesting experiment to study how rural-urban migration and
reverse migration responded to the Great Recession and the two waves of housing policy implemented during
and after the recession. To quantify this, however, would require adding a housing sector into the already
complicated model, which is thus left for future work.'3

Most rural workers migrate to cities at young ages. To calibrate the theoretical model, agents are set to
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 a 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, low-skilled workers are set to
bear the basic locational above-quota fines (¢y and ¢), while high-skilled workers in different sectors and
locations bear the extra above-quota fines (¢y, @s, and ¢F). The details of above-quota penalties will be

13The National Bureau of Statistics of China (NBS) data show that the urbanization trend largely remained, rising stably from
43.0 percent in 2005 to 50.0 percent in 2010. Moreover, based on data from Table 8 of the technical report, “Domestic migrants in
China (2018): trends, challenges and recommendations,” conducted by NBS, United Nations Population Fund (UNFPA), and United
Nations International Children’s Emergency Fund (UNICEF), the proportion of urban-rural migration to total migration did not rise
in a significant manner during and after the financial tsunami: It was 3.7 percent in 2005 and decreased to 2.9 percent in 2010. This
relatively moderate change in the urbanization trend and reverse migration could be due to two opposite effects on migration. On
the one hand, the financial tsunami lowered urban income and reduced the incentive to migrate to and live in urban areas whereas
lower rural income decreased new migrants’ ability to purchase urban houses. Both slowed down rural-urban migration and raised
reverse migration. On the other hand, as shown by Garriga, Hedlund, Tang and Wang (2023), the real hedonic house price index
(2001=1) rose from 1.40 in 2005 to 1.62 in 2007, then dropped to 1.51 in 2008 and finally increased to 1.96 in 2010 that triggered
the housing cool-down policy implemented in 2010, as documented by Chen, Wang, Xu, and Zha (2020). The drop in housing price
and the cool-down policy both encouraged rural-urban migration and discouraged reverse migration.

4During the period of our study, China was a country in which workers retire at an early age. See Online Appendix I.C for
further discussion on the pattern of early retirement in China.
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discussed later. In what follows, we first summarize the parameters and variables that we will calibrate and
solve. Second, we describe the population ratios required for calibration. Third, we discuss the procedure
for determining the parameters and variables, which occurs either via calibration or via being taken directly
from the literature or data. Detailed information on data sources and the methods used to impute our targets
are relegated to Online Appendix I.C.

There are 31 parameters and variables to be calibrated and determined, including (i) preference parame-
ters: the warm-glow altruistic factor 6, the quantity-based altruistic factor § and B, the utility concavity in
the quantity of children &, and the migration costs for high- and low-skilled workers, y' and y’; (ii) the
proportion of agents who get less enjoyment from having children, {; (iii) the parameters for childrearing
costs, above-quota penalties, and fertility constraints: @0, 92, v, Or, Pu. 95, #H, iy, and 7ig; (iv) the param-
eters related to urban benefits and urban embarked tax — u, By, and 7; (v) production technology parameters:
As, Ap, &, G, 1, z, 8, and g; (vi) probabilities of obtaining urban hukou and obtaining a position in the SOE
sector, p and 7; and (vii) the fractions of type-{H,} and type-{L, B} workers migrating to urban areas, I'y
and I';.

Two groups of population ratios are required for calibration, including the beginning-of-the-period pop-
%, %, %, I;—IZ) and the workers who actually work within the period (%, }:ITL };QH—Z, and
%). We compute the ratio of % using population data for urban and rural residence, and obtain an average

ulation ( % and
of 0.4579 during 1980-2007. To compute the ratio of £, we need information on rural workers’ education
levels. 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. Thus, the average of the % ratio 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 the SOE sector and employees in other units in cities and towns to be workers in urban
private sectors. The average of the % ratio during 1980-2007 is 1.5235 and % is 0.6094. The last beginning-
of-the-period population ratio needed is the ‘;—IZ ratio. To compute this ratio, we need workers’ information
on two dimensions: employed sectors and education levels. As no suitable ready-for-use data exist, we resort
to data from the Urban Household Survey (UHS). We first distinguish private workers from those working
in the SOE 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 ‘;—7 ratios during 1987-2007. Third, we
back out the %IZ ratios for 1980-1986 based on the geometric growth rate of the I;—IZ ratios over the period of
1987-2007. Thus, the average ratio of I;—IZ during 1980-2007 is 0.8159.

The second group of population ratios consists of workers who actually work within the period. The
first ratio required is U% The urban population (U) is directly obtained from the 2010 China Population and
Employment Statistics Yearbook. The difference between U and U is the floating-to-urban population. The
data of total floating population is taken from the Department of Population and Employment Statistics, NBS.
Among the data of total floating population, the proportion of the total floating population whose destination
is urban areas is roughly equal to 67.33 percent.!> Using this information, we first compute the ratios of
floating-to-urban migrants to urban population (hereafter, the ratios of floating-urban population). For years
without data, intrapolation is implemented. Then, the ratios of floating-urban population are converted to
the ratios of %, and the average of % during 1980-2007 is 0.9124. To compute the within-the-period
population, we must know the shares of the floating population to each sector. However, the information

15Hereafter, the floating population whose destination is urban areas will be referred to “floating population”. The data source

and the detailed calculation are provided in Online Appendix I.C.
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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
SOE sector in 2007, while at most 12 percent were private business owners. As it was relatively inflexible
for the SOE sector to hire migrants in early years and our data period spans 1980-2007, the 7 percent of
migrants working in the SOE sector clearly seems a natural upper bound. We thus set 5 percent of the floating
population ending up with jobs in the SOE sector, and set 20 percent and 75 percent of the floating population
as high- and low-skilled workers in private sectors, respectively.'® With this setting, the beginning-of-the-
period population ratios, and the population identity equations, we can compute the ratios of TTI, PSH%, and
%. The average of I;LLI during 1980-2007 is 0.6781, the average of f‘,% becomes 3.1543, and the average of
R s 0.9560.

We are now 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 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. We use the average of 1980-2007 in the calibration and g = 2.2564
(mou). As shown in the figure in Online Appendix I.C, average land per person g was stable over the
period of 1983-2007, assuring that our use of an average measure is reasonable.!” Accordingly, the farming
technology z can be computed from equation (2) and is equal to 0.4276.

To pin down the parameters in urban production sectors, we need three income ratios from data: %
(private-sector premium), Wﬂ’; (skill premium), and i—i (urban premium).'® We use the UHS to calculate
the first two wage ratios and the data from China Statistical Yearbook to compute the urban premium. For
the years without data, intrapolation is implemented to impute the corresponding values. Thus, we obtain
% = 1.3944, ™% = 1.1346, and ¥ = 1.9641 for the averages of 1980-2007." We set & = 0.8333, which
corresponds to a value of 6 for the elasticity of substitution (EIS) between high- and low-skilled workers.
This EIS value falls within the range of EIS estimates for East Asian countries.”’’ By setting the CES

16To cross-validate the choice of 5 percent for the SOE employment, we performed additional calculations using three datasets.
Based on the Chinese Household Income Project (CHIP) 2002, the percentage of migrant workers ending up in the SOE sector
ranges from 6.95 to 7.33 percent, depending on the SOE grouping criteria. In CHIP 2007, the value fluctuates between 1.81 and
7.46 percent. In the Longitudinal Survey on Rural Urban Migration in China (RUMIC) 2009, it ranges from 2.06 to 8.97 percent.
These findings support our choice of setting the SOE employment at 5 percent. To rigorously handle this parameter setting, we
conduct robustness tests by lowering it to 3 percent or increasing it to 7 percent. By re-calibrating the model and re-conducting
all the policy experiments, we find that the results are robust on migration decisions, fertility responses, skill premiums, and urban
premiums. The results are summarized in Online Appendix L.E.1.

"Due to conversion of land to the household responsibility system (HRS), a big jump in the time series of land per person
occurred in 1983. Lin (1992) indicates that the reform was completed in 1983 and that the proportion of production teams that had
adopted the HRS stayed at nearly 100 percent after 1983. This fact supports our assumption on stable ¢ in the calibration. See
Online Appendix I.C for further details.

18Urban per capita income yy is defined as the average output per worker in urban areas, i.e., yy = YSJQYP , while rural per capita

income is simply yg =x = 1.

19This implies the average private-sector premium (w,I;I /ws) is about 13 percent in our calibration. See Online Appendix I.C for
a more detailed discussion.

20See Online Appendix 1.C for a more detailed discussion.
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production share of high-skilled workers « at 0.5, 1 is calibrated to match the skill premium, %, and is
equal to 1.3789. The technological scaling factors of the SOE sector and private firms, As and Ap, are jointly
calibrated by matching the urban premium )y—‘l_\’, and private-sector premium %. Ag and Ap are equal to 1.4608
and 3.2960, respectively.

We next turn to decide the four proportions or probabilities, {, , I'y, and I';. First, we calibrate { so
that the fraction of movers matches the percentage of floating-to-urban migrants to rural population. We thus
obtain ¢ = 0.1.>! The remaining three probabilities or proportions of migration (7, Iy, and ') are jointly
calibrated to match the ratios of f,%, PST++, and 1 — % over 1980-2007. The calibrated values for «, I'y,
and I'y, are 0.2, 0.0146, and 0.3654, respectively. The calibrated ratio of high-skilled movers to the rural
population (R) is 1.1 percent, while the corresponding ratio for the low-skilled is 3.3 percent. This suggests
that the number of low-skilled migrants surpasses that of high-skilled ones. However, within each skill
group, the proportion of high-skilled movers to the total rural high-skilled workers (H) is 11.32 percent, a
figure three times greater than that of low-skilled migrants (3.65 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.

Regarding the parameters for the institution of the hukou system, u 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 have been able to get urban hukou, usually within 2-5 years, via the blue-stamp system. Thus,
U is assigned the value of O prior to 1994 and that u = % = 3.5 years for a migrant to obtain urban residency
and hence 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 2007.2% As for p, based on field interviews, only about 11 percent of the interviewees from rural
areas successfully obtained urban residency, so we set p at 0.11.%3

We now turn to determine the fertility constraints in rural and urban areas, 7iiyy and 7ig, and the basic above-
quota fines, @ and ¢y. According to Ebenstein (2010), the average fertility quotas per couple in urban and
rural China were one child and 1.6 children, respectively. Since our theoretical framework is a unisex model,
to link the data to the model, we follow the standard method in the endogenous fertility literature to divide
the fertility quota per family by two. We thus set 7y and 71z 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 assessed in either
monetary fines or non-monetary forms. For example, workers in the SOE sector could lose jobs for violating
the fertility policy. As no perfect method exists to impute the total above-quota penalties paid by parents, it
is reasonable to posit that low-skilled workers bear the basic region-specific above-quota fines: ¢ for rural
low-skilled workers and ¢y for urban low-skilled workers. High-skilled workers bear extra sector-specific
fines (in addition to basic fines), which are ¢y, @s, and @& for rural high-skilled workers, urban employees
in the SOE sector, and urban high-skilled workers in the 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. We denote @ as the proportion of the basic above-quota fine to a rural agent’s wage

and @y as the proportion to an urban agent’s wage. Using the penalty data provided by Ebenstein (2010), we

21See Online Appendix I.C for the detailed discussion on the percentage of floating-to-urban migrants to rural population.
22The period we examine is 1980-2007, and 1980-1994 roughly amounts to half of the examined period.
23See Online Appendix I.C for more information on the determination for p and p.
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obtain ¢g =1.5928 and ¢y =1.6654.%*

The determinations of the two childrearing costs ((1)8 and ¢}g) and the three extra above-quota penalties
born by high-skilled workers (¢, ¢s, and @2') are summarized as follows. First, as with the basic above-
quota penalties, we define @), ¢2, @, ds, and @} as the proportions of childrearing cost (or extra fine) to
an agent’s wage. Second, we set ng at 25 percent of an urban agent’s income, a common value in urban
China.? Third, the remaining four parameters (qﬁlg, ®n, @s, and @} are calibrated by matching four fertility
targets: nk, nl, ng, and nk 2° Thus, we have $3=0.4478, ¢y=4.9471, $s=2.15, and $}=0.2887.

Four preference parameters remain (g, 0, 3, and B). The concavity in the utility function for the number
of children € is set at 0.1, which is roughly eqﬁal to the value used in Gobbi (2013). For the altruistic factor

(1-6)nb

0, the Leontief preference implies that ¢ = “—5—, and hence, ., = %. Therefore, 1 — 6 represents the

fraction of income being spent on own consumption, and 0 is the fraction of income for bequest. Using

the information on rural per capita income and consumption reported in China Statistical Yearbook, we
compute a time series of 0, and the average of 6 becomes 0.2124 during 1980-2007. We thus set 0 at 0.21.
Preference parameters are not observable, so we simply set 8 at 0.1. The last preference parameter, f3, is
jointly calibrated with the prior rural childrearing cost and the three extra fines ((ﬁ,g, Oy, @s, and ¢5). In
addition to the four data moments for fertility described above, we also match n% in the joint calibration. The
calibrated f is 0.5135.

We are left with the calibration for the urban embarked tax 7, urban benefits B, the government’s tech-
nology scaling factor in the provision of urban benefits By, and the migration costs of rural type-{H, B} and
type-{L, B} agents, w and w’. No perfect measure exists to proxy urban benefits. As urban workers usually
enjoy gogernment—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 then multiplied by the urban average income during
the examined period and adjusted by both the model period and the average number of years that an urban
worker enjoys after retirement. Thus, B is 0.9803. Following Song, Storesletten, Wang and Zilibotti (2015),
we set the urban social security tax 7 at 20 percent 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
can determine By, which is 2.4885. Finally, " and w’ are calibrated using the value differential equations
for migration, (22) and (23), and are equal to 0.4222 and 0.1527, respectively. This result indicates that,
compared to low-skilled migrants, rural high-skilled workers who get more enjoyment from having children
suffer more from migrating to cities. The calibration result is summarized in Table 2.’

Table 3 further reports important ratios implied by the calibration results. Our results indicate that the
private sector has much better technology than the SOE and rural agricultural sectors. Among high-skilled

241n other words, a rural low-skilled worker pays a total above-quota fine of @g; a rural high-skilled worker pays @z + @p; an
urban low-skilled worker pays the rate ¢7; a worker in the SOE sector pays the rate ¢y + ¢s; and an urban high-skilled worker in
the private sector pays the rate ¢y + (5};’ .

25See Online Appendix I.C for further discussion of the literature on urban childrearing cost.

26The method we use to impute the fertility targets and the data sources are relegated to Online Appendix L.C. In the calibration,
for example, we compute a weighted fertility of P and Pf’ to match ng . Fertility in other sectors is computed accordingly. Besides,
as our model is unisex, we match half of the imputed fertility in the calibration.

27In Online Appendix LE, two sets of robustness tests are performed. The first one is varying the fractions of floating populations
in the three sectors. The second set provides sensitivity tests by varying «, o, 7, and having a negative private-sector premium
(wg /ws < 1). In the tests, we re-calibrate the model by changing the parameters or the target one by one. Again, we find that the
results are robust.
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Table 3: Model Implications

Ratio Value Explanation

Total Factor Productivity
Ap/As 2.2563 Private relative to SOE sector
Ap(l—a) s /z 3.3552 Private relative to rural agricultural sector
Fraction of Moving
{4+ (1—8)Ty 0.1132  Fraction of rural high-skilled workers moving to cities

Ty 0.0365 Fraction of rural low-skilled workers moving to cities
Childrearing Cost

dows/dpyr 1.1245 SOE relative to rural worker

(ﬁgwg / (ﬁlgyR 1.2759  Private high-skilled relative to rural worker

(ﬁgwé / (}31(3) VR 0.9150 Private low-skilled relative to rural worker
Penalty on Above-quota Birth

(ngj% 1.1751  SOE relative to rural high-skilled worker

;T;Vf 1.7137  Private low-skilled relative to rural low-skilled worker

rural workers, more than 11 percent decide to migrate to cities, while about 96 percent of rural low-skilled
workers choose to stay in the countryside. Compared to rural workers, SOE-sector workers and private
high-skilled workers face higher childrearing costs. However, the childrearing cost that private low-skilled
parents bear is slightly lower than that of rural workers. This difference could be due to the higher implicit
cost in rural areas, (e.g., living far away from schools) or to the relatively higher childrearing cost for rural
high-skilled parents, which is an argument used by Cheung (2022) 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 SOE 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 reality. In fact, rural
high-skilled workers are more likely to be leaders in the village and tend to hold positions designated by the
government. The result indicates that, no matter the working location, workers in the public sector are being
seriously monitored by the government. Based on the calibrated parameters, we now proceed to study the
interaction of migration and fertility decisions.

4.3 Interrelated Decisions: Migration and Fertility

Migration and fertility decisions are neither separate nor independent decisions. Any policy affecting a rural
worker’s migration (fertility) incentive must affect her fertility (migration) decision as well, thereby resulting
in different macroeconomic outcomes worth noting. To study the interrelated decisions, we consider two
scenarios in this subsection: (i) Only type-{H,8} agents are allowed to migrate to cities while all other
types of agents are forced to stay in the countryside, i.e., we shut down the mixed migration equilibrium
by setting I'y = I'y = 0, under which locational choice is purely a matter of exogenously drawing types
with no endogenous migration decisions involved; (ii) removing all differentials in population policies and
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Table 4: Interaction between Fertility and Migration — Agents’ Decisions

Type Action Benchmark Shut down Shut down
model mixed migration equilibrium fertility differential channels
% of the type  TFR % of the type TFR % of the type TFR

migrate to be S 0.29% 1.2715 - - 3.36% 1.4538

(1.5} migrate to be P 0.13% 1.4644 - - 1.48% 1.3312
' migrate to be P/ 1.04% 0.8066 - - 11.94% 0.8462
stay in rural 98.54% 1.4811 100% 1.5280 83.22% 1.4563

migrate to be P& 4.02% 0.5137 - - 4.58% 0.5649

{L,B} migrate to be PF 32.52% 0.5137 - - 37.08% 0.5649
stay in rural 63.46% 0.4654 100% 0.4801 58.34% 0.4576

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 5: Interaction between Fertility and Migration — Migration Decisions and Population Ratios

Fraction of Fraction of
Ty Iy H movers L movers movers (Wuﬁ ;’,L,l PAH—+ l—% ’Z—+ .ETL
Benchmark model 0.0146 0.3654  0.1132 0.0365 0.0440 0.3443  0.6781 3.1543 0.0876  0.0991  3.2637
Shut down mixed migration equilibrium  0.0000 0.0000  0.1000 0.0000 0.0097 0.3208  0.8948 3.1881 0.0208  0.0969  3.2130
(% change) -11.64%  -100.00%  -7791%  -6.83% 31.96% 1.07% -76.29% -2.22% -1.55%
Shut down fertility differential channels  0.1678 0.4166  0.2510 0.0417 0.0620 0.3566  0.7338 2.8428 0.1193  0.0841  3.9010
(% change) 121.77%  14.00% 40.95% 359%  821% -9.88% 36.06% -15.09% 19.53%

Note: The term “Fraction of H (L) movers” denotes the proportion of high-skilled (low-skilled) migrants relative to the total rural high-skilled
(low-skilled) workers. Meanwhile, “Fraction of movers” represents the ratio of all migrants to the overall rural workers.

childrearing costs across urban and rural areas.”® We first examine how the most affected agents, namely,
type-{H, B} and type-{L, B } workers, change their fertility and migration behaviors. The results are reported
in Table 4.%° Then, we re;ort the macroeconomic consequences in Tables 5 and 6. For a quick grasp of the
location-fertility trade-off, Table 6 also provides the responsiveness of output per capita (or urbanization
rates) with respect to TFR.3°

28To conduct the experiment in the second scenario, we set the urban fertility constraint to be as loose as that for rural (iy = i),
the urban above-quota fine to equal that of rural (§y = @), the extra above-quota fines for urban SOE and private high-skilled
workers to equal the extra fine for rural high-skilled workers (§g = (5};[ = ¢y), and the urban and rural childrearing costs to be the
same (¢38 = (5,(3). All fines and childrearing costs are proportional to workers’ income and thus are adjusted by the corresponding

wage ratios (%’, Vvvv—g, and Z—[’L:) in the benchmark economy. Such adjustments ensure that rural and urban workers face the same
values for above-quota fines and childrearing costs.

29Notably, in the calibration, we match half of the total fertility rates. However, to be comparable with data, the fertility rates
reported in Tables 4, 6, and 8 have been multiplied by two.

30Denote the scenario under examination as ©, the experimented scenario as ®', and define the change as A® = @' — @. The
TFR|o —TFR|o
TFRo

taking the urbanization rate as the proportion of the population active in the regions (i.e. ﬁ in the model), the responsiveness

responsiveness of output per capita to TFR due to the scenario change is defined as &, rrr|pe = Yo —yle /

o . Similarly,

ut ut
_ FaFle—gFarrle / TFR|¢/—TFR|o

,TFR|A® = Ut TFRJo

of urbanization rate to TFR is defined as &
TFaele

Ut
Ut +RT
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Table 6: Interaction between Fertility and Migration — Total Fertility Rates and Income Ratios

Total Fertility Rates Income Ratios Responsiveness
—— —_—
Rural H Rural L SOE Private H  Private L Avg y yu YR ‘%ﬂ %’\ “%’, Urban benefit  &u7pr & o+ PR
4 THiRE

Benchmark model 1.3917 21659  1.1799 1.3431 2.0029 1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803
Shut down mixed migration equilibrium ~ 1.4427 ~ 2.2258  1.1799 1.3768 2.0041 19112 12972 1.9851 0.9723 2.0415 1.1094 1.3314 0.9850

(% change) 3.66%  2.76% -0.01%  251% 0.06% 229% -2.61% 1.07% -277% 3.94% -2.22% -4.52% 0.48% -1.1389  -2.9834
Shut down fertility differential channels ~ 1.3042  2.1330  1.3486 1.2305 2.5363  1.9063 13551 1.9680 1.0153 1.9382 1.1271 1.3762 0.9784

(% change) -6.29% -1.52% 1429% -839%  26.63% 2.02% 1.74% 020% 153% -1.32% -0.66% -1.31% -0.19% 0.8594 1.7732

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. The variable, yy, refers to urban per capita output and yg is rural per capita output, while y
represents overall per capita output.

As reported in Table 4, in the scenario with shutting down the mixed migration equilibrium, type-{H, 8}
workers are forced to stay in rural areas, they choose to have more children — a TFR of 1.528, compared to
what they would have if they are allowed to make the migration decisions (1.272 if migrating and working
in SOE, 1.464 if becoming private high-skilled workers with urban residency, 0.807 if being private high-
skilled workers without urban residency, and 1.481 if choosing to stay in the rural). Similarly, for type-{L, B}
workers, when being forced to stay in rural areas, their fertility rates are higher (lower) than what they would
have if they are allowed to migrate but they choose to stay (migrate). Essentially, the differentials on the
childrearing costs and income levels across rural and urban areas play a key role here.

In the second scenario, we conduct an experiment that shutting down all fertility differential channels. It
turns out that 16.8 percent of type-{H, 3} and 41.7 percent of type-{L, B} workers will choose to migrate to
cities, comparing to 1.5 percent of type-{H, B} and 36.5 percent of type-{L, B} in the benchmark economy.
Moreover, despite that the above-quota fine is lowered for the high-skilled migrants in the scenario, their
fertility rates only slightly rebound.

How do the urban skill compositions, rural-urban income gap, income levels and total fertility rates
become under the two scenarios? As reported in Tables 5 and 6, under the first scenario where the mixed
migration is shut down, because only high-skilled workers with low fertility preference migrate to cities,
skill composition in urban areas largely improves by 31.96 percent, leading to a lower skill premium but a
higher urban per capita output. Given that the childrearing cost is proportional to income, when more rural
stayers are splitting rural land and thereby dragging down rural per capita output and rural childrearing cost,
the rural fertility rate increases and the urban-rural income gap widens by 3.9 percent. Consequently, there is
a 2.3 percent rebound in overall fertility. The reduction in the fraction of movers and the subsequent fertility
rebound illustrate the location-fertility trade-off. Specifically, Table 6 suggests that both output per capita
and urbanization rates are more responsive than fertility.

Under the second scenario where all fertility differential channels are shut down, the migration incen-
tives are greatly increased, boosting the high-skilled migration by 121.8 percent, thereby lowering the skill
premium in the private sector and slightly increasing urban per capita output. With fewer stayers, each rural
worker is allocated with more land and rural per capita output slightly increases. Notably, the increase in
rural output per capita outweighs the increase in urban per capita output, shrinking the urban-rural income
gap by 1.3 percent. In addition, the fertility rates of SOE and private low-skilled workers significantly re-
bound because of the relaxed fertility constraint and lower childrearing costs, while rural fertility rates drop
in response to a higher rural per capita output. This leads to an increase in the overall fertility rate.?!

3lWe notice that, in the second scenario, the overall per capita output and the overall fertility rate move in the same direction.
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To summarize, the comparison between the above two scenarios and the benchmark economy justify the
importance of considering the joint decisions between rural-urban migration and fertility. Overlooking either
one when evaluating policies will result in biases due to changes in migration incentives and the exclusion of
their interactive effect. In what follows, we thereby proceed with experiments on population- and migration-
related policies based on the benchmark economy.

4.4 Policy Experiments

We are now ready to conduct policy experiments. More specifically, we want to investigate the macroe-
conomic consequences of two public policies of particular interest: (i) population control policies and, (ii)
migration policies, via hukou regulations and migration-related land policies (e.g., variations in land reallo-
cation), which both affect migration incentives.

Aligning with the discussion in Section 3.1, we restrict our attention to a benchmark economy with the
most plausible migration pattern: Type-{H, B} workers always migrate to cities, type-{L, B} workers always
stay in the rural, and type-{H, 8} and type-{L, B} agents are indifferent between migrating and staying in
rural areas. As some experiments involve largei changes in the institutions workers face, we may end up
with corner solutions (I'y =1z =0 or 'y =1L = 1), or pure fertility-based or fertility-based migration
(T'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, B})
and low-skilled workers with low fertility preference (type-{L, 8 }) respond to the experiments.

What follows is a detailed discussion of the policy experiments. Similar to Section 4.3, with the bench-
mark model we change the value of the relevant parameter of the concerned experiment to compute the new
equilibrium and then calculate the relative changes to the benchmark model. Table 7 reports the results of
migration decisions and population ratios, Table 8 for total fertility rates, and Table 9 for income levels and
relative income ratios.

4.4.1 Experiments on population policy

Two experiments are conducted here: One involves a scenario with an imbalanced relaxation of the one-
child policy, and the other explores the impact of the two-child policy, a policy reform introduced in 2015
in China.*? In the first experiment, we consider a uniform fertility constraint in both urban and rural areas,
with the constraint set at 0.8 (7y = nig = 0.8) — a value 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 19.71 percent. In addition, the high-skilled workers with high fertility preferences respond
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/~ /PL" increases, dragging down the skill premium by
0.93 percent. Interestingly, 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 latter is because of land reallocation owing to fewer

This is mainly due to the fact that, in this scenario, the lower urban childrearing costs motivate rural-urban migration.
3Two additional experiments have been conducted and are provided in Online Appendix I.D.1: one involving the three-child

policy and another exploring a scenario where population control is entirely lifted.
33 Again, the observed fertility rates are our normalized figures multiplied by two.
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Table 7: Policy Experiments — Migration Decisions and Population Ratios

Fraction of

Fraction of

Ty Iy H movers L movers movers m ’;T,‘ PST' 1— % % %
Benchmark model 0.0146 0.3654  0.1132 0.0365 0.0440 03443 0.6781  3.1543 0.0876 0.0991 3.2637
Population Policy
Uniform population constraint 0.1000 0.3787  0.1900 0.0379 0.0527 03502  0.7170  2.9719 0.1031 0.0906 3.5924
(% change) 67.92% 3.63% 19.71% 1.73%  574%  -578%  17.67% -8.54%  10.07%
Two-child policy 02812 0.3988  0.3531 0.0399 0.0703 0.3623  0.8016  2.6519 0.1331 0.0725 4.5485
(% change) 212.02% 9.11% 59.84% 524% 18.22% -1593% 51.88%  -26.80% 39.37%
Migration Policy: Hukou-related
No urban benefits 0.0000 0.0000  0.1000 0.0000 0.0097 0.3208 0.8948  3.1881 0.0208 0.0969 3.2130
(% change) -11.64% -100.00%  -7791%  -6.83% 31.96% 1.07% -7629%  -222%  -1.55%
Full urban benefits 1.0000 1.0000  1.0000 0.1000 0.1875 0.4427  0.8375  1.8879 0.2905 0.0000 -
(% change) 783.61% 173.64%  326.13%  28.58% 23.51% -40.15% 231.40% -100.00% -
Migration Policy: Land-related
Immediate loss of land entitlement  0.0000 0.3165  0.1000 0.0317 0.0383 0.3404  0.6936  3.1881 0.0772 0.1000 3.2130
(% change) -11.64%  -13.39% -1295%  -1.14%  2.29% 1.07%  -11.95% 0.97% -1.55%
15 years of guaranteed land tenure  0.0767 0.4462  0.1690 0.0446 0.0567 0.3530  0.6738  3.0195 0.1102 0.0936  3.4965
(% change) 49.36% 22.08% 28.90% 2.53% -0.64% -428%  25.72% -5.51% 7.13%

Note: The term “Fraction of H (L) movers” denotes the proportion of high-skilled (low-skilled) migrants relative to the total rural high-skilled

(low-skilled) workers. Meanwhile, “Fraction of movers” represents the ratio of all migrants to the overall rural workers.

Table 8: Policy Experiments — Total Fertility Rates

Total Fertility Rates

Rural H  Rural L SOE  Private H Private L Avg
Benchmark model 1.3917  2.1659  1.1799  1.3431 2.0029 1.8685
Population Policy
Uniform population constraint 1.3407  2.1488  1.1804  1.3512 1.9909 1.8542
(% change) -3.66%  -0.79%  0.04% 0.60% -0.60%  -0.77%
Two-child policy 1.2333  2.1137 1.1814 1.3670 1.9672 1.8251
(% change) -11.38% -241%  0.13% 1.78% -1.78%  -2.32%
Migration Policy: Hukou-related
No urban benefits 1.4427  2.2258  1.1799 1.3768 2.0041 19112
(% change) 3.66% 276% -0.01%  2.51% 0.06% 2.29%
Full urban benefits 0.7762 1.8887  1.1852 1.3798 1.8787 1.6601
(% change) -44.23% -12.80% 0.45% 2.73% -6.20%  -11.15%
Migration Policy: Land-related
Immediate loss of land entitlement ~ 1.3937 2.1570  1.1799 1.3458 2.0059 1.8635
(% change) 0.14%  -041% -0.01%  0.20% 0.15% -0.27%
15 years of guaranteed land tenure  1.3638 2.1710  1.1803 1.3430 1.9925 1.8689
(% change) -2.00%  023%  0.03%  -0.01% -0.52% 0.02%

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.
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Table 9: Policy Experiments — Urban and Rural per capita Income and Income Ratios

Income Ratios Responsiveness
. H W
y Yu YR o % :fg Iir“b:ﬁn[ ErrR éuﬂw TFR
Benchmark model 1.3319  1.9641 1.0000 1.9641 1.1346 1.3944 0.9803
Population Policy
Uniform population constraint 1.3435 19672 1.0073 19529 1.1292 1.3815 0.9794
(% change) 087% 0.16% 0.73%  -0.57% -0.47% -0.93% -0.09% -1.1336 -2.2549
Two-child policy 1.3672 19735 1.0226  1.9299 1.1190 1.3561 0.9778
(% change) 2.65% 048% 226% -1.74% -138% -2.75% -0.25% -1.1409 -2.2610
Migration Policy: Hukou-related
No urban benefits 12972 19851 0.9723  2.0415 1.1094 1.3314 0.9840
(% change) 2.61% 1.07% -277% 3.94% -2.22% -4.52% 0.38% -1.1389 -2.9834
Full urban benefits 1.5080 1.9699 1.1411 17264  1.1151 1.3462 0.9856
(% change) 13.22% 0.30% 14.11% -12.10% -1.72% -3.46% 0.54% -1.1852 -2.5626
Migration Policy: Land-related
Immediate loss of land entitlement  1.3311  1.9663  1.0033  1.9599  1.1324 1.3892 0.9810
(% change) -0.06% 0.11% 033% -021% -0.19% -038% 0.07%  0.2447 4.2835
15 years of guaranteed land tenure ~ 1.3388  1.9623  0.9987  1.9649  1.1352 1.3959 0.9788
(% change) 0.52% -0.09% -0.13%  0.04%  0.05% 0.11% -0.15% 25.2165 122.8252

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

farmers in rural areas. As the childrearing costs increase with income levels, rural stayers and private-sector
low-skilled workers have fewer children. For private high-skilled workers in urban areas, even though the
urban fertility control is relaxed, those workers who get more enjoyment from having children do not respond
much to the policy by increasing fertility. This lack of increase occurs due to the higher childrearing costs
in urban areas. Table 8 shows that the decline in the fertility rate of rural workers dominates the increase in
the fertility of SOE and private high-skilled workers, resulting in a decrease in the overall fertility rate by
0.77 percent. Meanwhile, output per capita and urbanization rate increase by 0.87 percent and 1.73 percent,
respectively, revealing a trade-off between “location and fertility” and a higher responsiveness of output per
capita and urbanization rate to this population policy.

In the second experiment, we study the two-child policy which was a realistic population policy reform
recently implemented in China. We consider the two-child policy in both rural and urban areas, with the
constraint being set at 1 (7iy =7ig = 1). Our findings suggest that the effects of the two-child policy are similar
to the first experiment but with a larger magnitude. Essentially, it promotes more high-skilled migration,
boosts overall per capita output and urbanization rates, and reduces the overall fertility rate and the urban-
rural income gap.

4.4.2 Experiments on migration policy

We now turn to migration policies, inclusive of hukou regulations and land reallocation that directly alter
migration incentives.

A. Experiments on hukou regulation

We consider two scenarios for experiments on hukou-related migration policy: (i) migrant workers are
ineligible for urban benefits even if urban residency has been obtained (¢ = 0 and therefore no tax payments)
and (ii) migrant workers who obtain urban residency enjoy full urban benefits as urban natives (4 = 1 and
pay full urban earmarked tax 7).
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In the first experiment, we encounter a corner solution — both type-{H, 3} and type-{L, B} workers
decide to stay in the rural areas. With zero low-skilled migration, rural-urban migration simply comprises
type-{H, B} migration. The skill premium in urban areas and the H* /L™ ratio in rural areas both decrease
as a result. Rural workers are now allocated with less arable land due to more stayers in rural areas, leading
to a decrease of 2.77 percent in rural per capita income, widening the urban-rural income gap. Lower child-
rearing costs in rural areas result in increased fertility rates for both high- and low-skilled workers, with a
slightly higher increase for rural high-skilled workers. This happens because only type-{H, B} high-skilled
workers stay in rural areas, while low-skilled stayers include both preference types. The rebound of fertility
rates in both rural and urban areas (excluding SOE workers) leads to a 2.29 percent increase in the overall
fertility rate, accompanied by a 2.61 percent decrease in output per capita and a 6.83 percent decline in the
urbanization rate.*

The second experiment conducts the scenario where migrant workers who obtain urban residency enjoy
full urban benefits as urban natives. We have an unusual corner solution that I'y = 1 and I';, = 1. Due to the
strong incentive from being granted with full urban benefits, all rural high-skilled and type-{L, B} workers
flood into cities. Therefore, P+ /PL+ increases, skill premium declines by 3.46 percent, but urbagper capita
output increases. In contrast, now only type-{L, B_} agents live in rural areas. The significant rural population
outflow has boosted urbanization by about 28.6%, increasing rural per capita income by 14.1%, and narrow-
ing the urban-rural income gap by over 12%. Furthermore, as income levels rise, both rural fertility rates and
the fertility of private low-skilled workers decline substantially, leading to a significant decline in the overall
fertility of 11.15 percent.®
Azarnert (2019).

B. Experiments on land entitlement system

Our quantitative results on fertility contrast those of international migration, e.g.,

We next turn our attention to land reallocation policy that may alter migration incentives. The land left
idle by migrant workers appears to be a waste of productive resources in rural areas. To prevent the waste
of resources, people may propose to redistribute the idle land to rural stayers as soon as possible. However,
while a faster land reallocation enhances the efficient utilization of rural land and increases rural output, it
simultaneously discourages rural-urban migration due to the accelerated loss of land use rights for rural-
urban migrants. We therefore perform two counterfactual experiments to investigate the macroeconomic
effects of land reallocation policies: (i) an immediate land reallocation policy featuring zero land tenure
security (0 = 0); and (ii) a more secure land tenure policy that guarantees 15 years of land tenure (8 =
% = 0.4167) — in other words, compared with the benchmark economy, the duration of land reallocation is
doubled.*

As shown in Tables 7-9 , the immediate loss of rural land entitlement deters rural-urban migration: Rural
high-skilled workers, who find more joy in having children, are not migrating to cities, resulting in increased
fertility among them in rural areas. A fertility-based SME emerges, with only workers enjoying less from the
quantity of children migrating to cities. Moreover, the decline in low-skilled migration drags down the skill
premium by 0.38 percent, while urban per capita output increases by 0.11 percent, reflecting fewer lower-

34We also conduct an experiment with migrants being unable to obtain urban residency (p = 0). The result is similar to that of

the first experiment (1t = 0). Details of the result are provided in Online Appendix I.D.2.

35The corner solution implies that no high-skilled workers stay in rural areas. In Table 8, the total fertility rate for rural high-skilled
workers refers to the fertility of those who migrate to cities but eventually fail to obtain urban residency.

36We also conduct experiments on land supply policy resulting from the HRS reform, with summaries available in Online Ap-
pendix [.D.2.
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income workers in urban areas. Despite more rural stayers, the efficient use of land boosts rural per capita
income by 0.33 percent, leading rural low-skilled individuals to opt for fewer children. Consequently, the
urban-rural income gap narrows by 0.21 percent, and the overall fertility slightly decreases by 0.27 percent.

Notably, 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 more workers are 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 that the overall output per capita slightly decreases by 0.06 percent.’

In contrast to the immediate land reallocation policy, a guaranteed land tenure of 15 years promotes
more migration for both the high- and low-skilled workers. Due to longer idle duration of land, the rural per
capita output is slightly depressed. The urban per capita output is lowered, however, due to more low-skilled
workers in cities dragging down the average income levels. These dynamics then result in a higher skill
premium. Despite the slightly lower urban and rural per capita output, the overall per capita output in the
economy is still higher by 0.52 percent due to the migration encouragement effect. While a lower income
tends to correspond with higher fertility, the actual changes in fertility remain contingent on the composition
of workers in each region. The overall fertility is found to increase slightly by 0.02 percent.

Our results on land entitlement 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 corroborates with
the findings of the occupational misallocation model by Gottlieb and Grobovsek (2019), which is calibrated
to Ethiopia: Relaxing a “use it or lose it” land policy moderately raises overall per capita income. But
different from the prior researchers’ sorting approach, our land reallocation 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 areas and the skill composition (hence the skill premium) in urban production. Regarding how the
land reallocation policy affects fertility rates, our results align with those of Almond, Li, and Zhang (2019):
The effects of land reallocation policies on overall fertility rates are relatively small compared to the effects
of population policies on fertility rates.

C. Summary

In summarizing the conducted experiments, the presence of the location-fertility trade-off remains intact
as long as the concerned policy does not impact the utilization or availability of rural land resources affecting
the level of rural output. Increased migration is associated with lower fertility, yet it leads to higher overall
per capita output and an increased urbanization rate. Moreover, the findings suggest that fertility exhibits
less responsiveness compared to overall per capita output and urbanization under the population and hukou
regulation experiments. Specifically, a one-percent decrease in the overall fertility rate corresponds to a
more than one-percent increase in overall output per capita and a more than two-percent increase in the
urbanization rate. Concerning policies related to land reallocation or land resources, the correlation between

Ut +yrRT _yu{ %+ 5 [E+(1-0Th]+ 5T} +yr{ % (1-)(1-Tp)+ 5[ (1-T1)+1-¢
UT+RT T+l

and yg constant and yy > yg, when I'y and I'y, are lower, % (1-8)Ty(yy —yr) and %CFL (yu —yr) are both lower, leading to

37The overall output per capita is y=2 I} . Keeping yy

lower y.
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fertility, overall output per capita, and urbanization can vary, being either negative or positive. This variability
arises from the opposing effects influencing the migration incentives, the compositions of the population,
rural output per capita, and urban output per capita.

What are the implications of our policy experiments to the real world? Relaxing urban population con-
trol to rural areas induces more high-skilled migration, leading to higher urban output and overall output
per capita. From a nationwide perspective, stricter population control policies in urban areas may not be
ideal in lowering fertility rates because such a tightened fertility policy in urban areas deters high-skilled
workers with high fertility preferences from migrating to cities. This effect is undesirable because, had
high-skilled workers migrated to urban areas and faced a higher childrearing cost, the workers would have
naturally adjusted their fertility down. An urban sprawl control policy (e.g., eliminating urban benefits to all
rural migrants) will raise urban benefits enjoyed by workers with urban residency as planned but would not
grant any incentive for rural-urban migration, which is undesirable for advancing the economy. An urban
promotion policy (e.g., providing full benefits to all rural migrants) would induce more migration overall,
promote overall output per capita and reduce fertility. With more generous rural land entitlement, migration
incentives are strengthened. Rural per capita output is lower due to more land being left idle 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 — while the effects on the overall fertility
is ambiguous.

In sum, when formulating policies for developing countries, one shall not neglect policy impacts via
migration and fertility responses. Overlooking the location-fertility trade-off may lead to nonnegligible
biases in assessing the consequences and effectiveness of government policies.

5 Generalization

In this section, we generalize the baseline framework in five dimensions of particular interest: reverse mi-
gration, left-behind children, upward skill mobility, human capital enhancement via parental bequest, and
directed urban benefits. To avoid verbosity, we only outline the main changes in the model setting and report
important results of each generalization below. All mathematical details are relegated to Online Appendix
II.C, accompanied by additional quantitative analyses in Online Appendix III.

5.1 Reverse Migration

First of all, we allow for reverse migration (RM) by introducing a “general” urban residency shock. Specif-
ically, the urban residency shock leads to relocating a constant fraction of newborns of generation-f parents
from urban to rural occurring at the beginning of ¢ + 1. Denote the fraction of reverse migration as A. The
beginning-of-the-period population identity equations after the reverse migration shock in urban areas are:

S = (1-A)S,
prRMH = (1 - A)PY,
PRML — (1 —A)P-.
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Therefore, the beginning-of-the-period urban and rural population are given by:

R™ = R+AU=H+L+A(S+P"+P).

Similar to the baseline model, at the BGME, we obtain common growth when we have a constant ratio
of SOE workers to high-skilled workers in the urban private sector (S/P). Under this proportionality
condition, the common growth property established in Proposition 4 remains valid. Moreover, it can be
easily verified that the value differentials remain unchanged. Finally, the fertility and migration decisions
characterized in Propositions 1-3, which reflect the location-fertility trade-off at the BGME, continue to hold
true.

5.2 Left-Behind Children

We next study the implications of the left-behind children (LBC) of migrant workers. Specifically, we ex-
amine a case close to the migration pattern observed where all high-skilled migrants have children with
urban residency and all low-skilled migrants have children without urban residency. That case is depicted as

follows:
1, foralli=H,

LBC,i _
P { 0, foralli=L.

Specifically, in (28), (33), (36), VP (B), and AVy (v) |g, we set plBCH — 1, while in (29), (34), (37),
VPL(B), and AV, () LBCL — ()38
Because children of low-skilled migrants are left in rural areas, the childrearing cost must be adjusted.

> we have p

Although the rural childrearing cost is lower, remote parenting is costly. It is thus realistic to set the chil-
drearing cost of left-behind children as E(]),g where & > 1 reflects a cost markup with Eq),? < ¢8 so that net
cost savings exist. The fertility decision of low-skilled migrants is simply given by:

j=

LBCx ef "
— _ > .

il 0 (1—0)[E¢3+1Pfz] "ilp

In other words, the fertility rate of low-skilled migrants is higher than that in the baseline case. Notably,
when offered urban residency, high-skilled migrants choose to take it.

We again leave the details in Online Appendix II.C.2. Because the effect fully applies to migrants, it is
trivial that the fertility choice and the value function facing a rural stayer, denoted by ng"“*|g and VLR (B),
remain unchanged: VXK (B) = VR (B) and nk*|g = nj|p. In addition, due to being immediately granted
urban residency, SOE workers’ value functions remain unchanged. The main effects of left-behind children
fall on the value functions of urban workers in the private sector.

For high-skilled rural migrants working in the private sector, after staying in urban areas for (1 — u) of

LBC,H

their lifetime, the migrants obtain urban residency (p =1). Thus, the workers’ fertility choice is simply

niB|g = nj|g. This implies:

38Previous studies have found that migrant household family income in the destination is significantly associated with migrant
parents’ arrangements for their children. Therefore, in the generalization for left-behind children, we assume that all low-skilled
migrant parents cannot obtain urban hukou and leave their children behind. See Online Appendix III.B for more detailed information.
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Proposition 5a. (Comparison of Fertility Choices) nk?*|g = n}.|g < nj|g < njlg,B = {B,B}.

In Online Appendix I1.C.2, we compare the values VIBC-PH (B) and VP (B). Because it is more expensive
to raise children in urban areas, the difference between VBC-PH (B) and VP (B) composes a net location
gain (including a gain in urban benefit but a loss in childrearing cost saving) and a fertility loss. Thus, the
net outcome features a location-fertility trade-off. In addition, it is straightforward to show:

B

Proposition 5b. (Comparison of Fertility Choices) Under 1 < E < @) /08, nj|g < nj|g < nf®*|g < nj|g.

In other words, because of a net childrearing cost saving, their fertility rates are higher than the counterpart
of migrants without urban residency under the baseline setting.

By the same procedure for deriving VECPH (B) | together with ptB¢E = 0 and = > 1, we can compare
the value functions VBCPL (B) and VPE (B). Again, the difference between the two value functions can be
grouped into two parts, a net location loss (including a loss of urban benefit but a gain from childrearing
cost saving) and a fertility gain. The ranking of VLB-PL (B) and VL () therefore depends on the location-
fertility trade-off.

From the above value function comparison under left-behind children, we summarize:

Proposition Sc. (Comparison of Value Functions) If the net location effect outweighs the fertility effect, then
VEBCRH (B) > VPH (B) and VEACPL (B) < VPL(B).

Intuitively, based on the revealed preference argument, urban benefits must exceed childrearing cost savings.
Given this requirement, one would expect the net location effect to outweigh the fertility effect. Whether the
net location effect is strong enough in reality is nonetheless a quantitative question to be addressed in Online
Appendix III. In Online Appendix II.C.2, we further show that:

Proposition 5d. (The Value Differentials) If the net location effect outweighs the fertility effect, then the
AVEBE (yr) | g locus shifts up and the AV/5€ (y) | locus shifts down.

In general, the migration decision depends on the relative magnitudes of rural incomes (x, a function of
7, ¢, R™, and &) and urban incomes (wy, wg , and wf;), the relative childrearing cost in urban and rural areas
(¢,9 and q)g), population policies (governed by iig, iy, Pg, and @y), urban benefits (B), urban tax (7), and
easiness of obtaining urban residency and urban benefits (7 and p). Finally, as shown in Online Appendix
II.C.2, at the BGME, we obtain common growth under the left-behind children scenario.

5.3 Upward Skill Mobility

In the baseline framework, children inherit the skill levels of parents. One may ask what will happen if we
allow for intergenerational upward skill mobility (USM) in the sense that children of high-skilled parents
brought up to urban areas are high-skilled, while children of urban low-skilled parents have a probability ¢
to become high-skilled.

In this scenario, while S’ remains unchanged, the actual-working populations in urban areas under the
equilibrium we examine are:

pUSMH+ — pH L 9pL L[+ (1-8)Ty](1—7)H,
PUSM.H P’{j+11o1H
PUSMLT  — (1 — ) PE4- (T L.
—_— =
PUSM.L PE+PF
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In other words, a share of low-skilled children (¥ PL) is upgraded to being high-skilled. From the evolutions
of workers in the SOE and private sectors derived in Online Appendix II.C.3, we obtain common growth
under upward skill mobility at the BGME.

Although the common growth property remains valid under upward skill mobility, a general equilibrium
wage effect shifts the value differentials of migration. Since PUSMHA+ = pi+ 9 pL and pUSML+ — pL+ _
®PL, it is straightforward to see that a negative general equilibrium labor endowment affects high-skilled
wages and a positive effect impacts low-skilled wages:

l-o
Pl 9PN | °
USM ,H
WP ’ = anGAP an6+(1—a) <f)H+—f—19f’L> <W§JI,

1-o

PA+ 4 9P\ ° o
WgSM.,L — (1—a)AP [a(nw> —1—(1—06) >W§

Because of changes in wages, a dynamic migration effect encourages more rural low-skilled but fewer rural
high-skilled agents to migrate. Given the Leontief preferences, the fertility choices are not affected under
upward skill mobility. However, the value functions of the urban private-sector workers are altered due to
the changes in wages. Specifically, we have

YUSMPH (3y _yPH(BY — (1_g)@ (wgSM’H—wg) <0
VUSMPL(B) _yPL(B) = (1-8)8 (wg”“—wé)) >0
We first summarize:

Proposition 6a. (Comparison of Value Functions) VUSM-PH (B) < VEH (B) and VUSMEL (B) > VPL(B).

As aresult, the value differentials of the urban private-sector workers are affected as follows:

AV (y)lg = 7V (B)+(1-m) VUSPH (B)-y-VR (B) < AV (w) g, for B € (BB,
AV M (y)lg = VUSMEE(B)-y-VR(B) > AV (y)|p, for B € {B,B}.
We thus conclude:

Proposition 6b. (The Value Differentials) Under upward skill mobility, the AVYSM (y) | locus shifts down
and the AV/*M (y) | locus shifts up.

Thus, the (indirect) wage effect of migration incentive lowers the urban skill composition, which works
against the direct positive effect of upward skill mobility. In sum, the net effect of upward skill mobility on
urban skill composition is ambiguous.

5.4 Human Capital Enhancement via Parental Bequest

In this generalization, we consider a scenario where parental bequest can enhance the human capital or skill
levels of children if children decide to migrate to cities. More specifically, equation (16) becomes:

h_{ hob, ifi=H and " =1

1,  otherwise.
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where hg; is the sectoral specific scaling factor in enhancing human capital. That is, via either obtaining
a greater parental bequest or having a better human capital enhancing technology, children of high-skilled
status are able to obtain a higher skill level or higher human capital, enjoying a higher wage income in cities
if they decide to migrate to cities. The equilibrium wage rates are thus affected by parental bequest giving.
If all the technologies hold constant and the acquired human capital level is the same as that in the baseline
model, the value differentials shall remain unchanged under this scenario.

Generally speaking, any factors improving & will lead to a greater incentive for children of high-skilled
status to migrate to cities: I'y increases as a result, and fertility rates of urban high-skilled workers decrease
due to location-fertility trade-off. Then, because of the production complementarity, the larger high-skilled
labor force will increase the wage for the low-skilled, attracting more low-skilled workers to migrate to
cities, and resulting in a lower fertility for urban low-skilled workers — a location-fertility trade-off again.
The average urban income per capita is expected to increase, and the skill premium is expected to fall. The
overall effect on migration and fertility is generally ambiguous.

5.5 Directed Urban Benefits

In the baseline model, all urban benefits are summarized by an additional utility term B. That is, it can be
viewed as public goods and services (net of any negative externalities). One may, however, argue that some
urban benefits can be directed (DB): (i) to human capital at work, denoted as By, that affects both wg and
wg in the budget constraints of formal urban high-skilled workers; (ii) to child endowment, B, that affects
nb in the preferences of all formal urban workers; and (iii) to child care, B¢, that affects (bg in the budget
constraints of all formal urban workers. We denote pure amenities by By, just like with B in the baseline
case.

The government technologies are captured by B,, = By ,,G ., where By, is the government’s technology
scaling factor in the provision of urban amenities with the benefits of type m, where m = W, E, C,A, and G,
is the per capita budget for amenities such that },, G,, = G, where G is the per capita budget for all urban
amenities and benefits.

An urban worker maximizes

uPPV (e,b,m;B) | yr = min{Bc,(1—0)nb [1+ (I" + (1—17) 1" ) Be] }
+Bnf+ [I" + (1 —1") 1" u] Ba.

subject to:

c+nb+n(oy— (I"+ (1=1") ") Bc] + [1I" + (1=1") I" | max {n — 1y, 0} gy
+{1-[I"+(1—1")I"] } max {n — i1g,0} ¢r
= w+l"[I"+(1-1")1"p] By — [I"+ (1=1")I"p] ,

where I = 1 for high-skilled workers (0 otherwise) and w € {ws, wg , w’;,}. All urban workers face the same
childrearing costs regardless of residency status, albeit the benefits and obligations are associated with one’s
residency.

As shown in Online Appendix II.C.4, because Br promotes giving resources to children but B¢ encour-

ages child quantity, the SOE migrants’ fertility choice is n?B’S*| g > ny|g when Bc >0 = Bg and n?B’S* g <
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ny|g when Bg > 0 = Bc. Moreover, we show that when n?B “|p and njy|g are close, VPES (B) > V5 (B).
That is, for SOE workers, directed urban benefits are likely to bring in a higher location gain that outweighs
the fertility loss.

Similarly, in Online Appendix II.C.4 we derive the fertility choices for private-sector high-skilled work-
ers with or without urban residency. With the same argument as that for SOE workers, we have the following
proposition::

Proposition 7a. (Comparison of Fertility Choices)

DBS*’[; > I’ll[,zB ‘ﬁ>l’l1‘ﬁ>nF‘B,Bc>Iﬁ(¢U ¢R)>0 Bg
np? g < npP " <nilp <njlp By > 0=Be

On the one hand, if the urban benefit directed to child care B¢ is large enough to cover the gap between
the locational above-quota fines, then the fertility choices are quantitatively larger than the benchmark case.
On the other hand, in the presence of the directed urban benefit to resource giving Bg, the location-fertility
trade-off is magnified; the fertility choices are also quantitatively smaller than the baseline case.

We also compare the value functions for private-sector high-skilled workers under the scenario with

directed urban benefits to the baseline model in Online Appendix II1.C.4. We show that when n?B PHx

g and
ny|g are close, directed urban benefits are likely to bring in a higher location gain but have an ambiguous
effect on fertility quantity.

Next, in an analogous manner, we derive the fertility choice, n?B’P"L* p» for private-sector low-skilled

workers with urban residency (IF 0,17 = 1) and find it to be equal to n?B BHx ¥

B- Besides, the value func-
tion of private-sector low-skilled workers with rural residency (IF 0,17 = 0) is identical to the baseline
case. We can thus expand Proposition 7a to:

Proposition 7b. (Comparison of Fertility Choices)

DB DB,PHx* DBPLx * * -z
nelg > g g =np 5 >n7lp ZnF|B>BC>Iﬁ (du — 9r) >0 =B
DB DB,P,Hx* ,,DB.PLx x *
ng g < mp U lg=np g <nplg <njlg,Bp >0=Bc

Accordingly, we show in Online Appendix I1.C.4 that VPBEL (B) — VPL(B) > 0, for nDB Bl “|p ~ njlp.
Similar to the case of high-skilled workers, for private-sector low-skilled workers, directed urban benefits
are likely to bring in a higher location gain but have an ambiguous effect on fertility quantity.

Remark 1. (B¢ = 0) In the absence of directed benefit to child care, all other directed benefits generate the
location-fertility trade-off by lowering fertility but increasing the bequest-giving to each child.
As aresult, under n?B BH Ip = n?B Pl |p = ny|g, the value differentials of the urban private-sector work-

ers are affected as follows:

AVZE (W)l = aVPPI(B)+ (1 —m)VPERH (B) —y —VE(B) > AVl (w) |,
AVPE (W)l = VPRRE(B) —w —VE(B) > AVL(y)]p.
for B € {E,B} This implies:

Proposition 7c. (The Value Differentials) If the effects of directed benefits fall mainly on the location gain
instead of fertility, i.e., np """ lp = np P “|p A~ nj: |, then the AVPE (y) | locus (i = H, L) shifts up so that

more migration takes place from rural to urban.
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In sum, the effects of directed benefits on rural-urban migration are likely to be positive.

Remark 2. (Evolution of Workers) The evolution equations of population are affected quantitatively but not
qualitatively because the effects of directed benefits only come from a change in fertility choices. Thus, at
the BGME, we continue to obtain common growth.

Remark 3. (Institutional Variation in Directed Benefits) Our general principle of modelling directed bene-
fits focuses on the agent’s residency status. In practice, our setup may be modified when country-specific
institutional restrictions are considered. For instance, when we adopt China data in the quantitative exercises
below, the directed benefits to child care (B¢) only apply to SOE workers.>® The obvious consequence of
this modification is that the fertility choices of all urban workers are reduced to the level of the benchmark
workers without urban residency:

nyPPI g = 0P g = nj|g, J = F,1, when Be > 1P (¢ — ¢r) > 0 = B (46)

As a result, Propositions 7a and 7b continue to hold with minor modifications according to (46) for the
case of B¢ > 0 = Bg. Finally, this quantitative China case simply diminishes the positive effect of directed

benefits to child care on fertility (by reducing nJDB‘P‘H* |p and nfB’P’L* ), so Proposition 7c is strengthened.

Remark 4. (Urban Status Effect) Recall that 8 measures the warm-glow altruistic factor, which is propor-
tional to the net income allocating to total bequests. An urban status effect can potentially be captured
by 6y > 6g = 6. To see this, we recall Condition 2, under which we have the following: 6y (1 —6y) >
Or(1—6g) = 6(1—0). It is therefore straightforward to show that the urban status effect deepens the
location-fertility trade-off by raising the resource giving to each child (b) and reducing the fertility (n).
Moreover, if the urban status effect on fertility choice falls mainly on the location gain instead of fertility,
then the value differential AVYS ()| locus (i = H,L) shifts up so that more migration takes place from
rural to urban. In other words, the implications of the urban status effect are qualitatively identical to the
directed benefit to children education (Bg).

We are now left with the quantitative assessment for each generalization. To assess these effects, we
introduce one element at a time to the baseline model and compare the resulting equilibrium with the bench-
mark economy. For directed urban benefits, we re-calibrate the model and perform experiments to analyze
the impact of each benefit, with detailed results provided in Online Appendix III. In summary, our find-
ings indicate that both reverse migration and the phenomenon of left-behind children diminish migration
incentives, contributing to an increased fertility rate in rural areas. Conversely, factors such as upward skill
mobility, human capital enhancement, and directed urban benefits enhance migration but come at the expense
of a lower fertility rate.

5.6 Taking Stock of Generalization

By generalizing the baseline framework to allow for reverse migration, left-behind children, upward skill
mobility, human capital enhancement, or directed urban benefits, we theoretically show that the location-
fertility trade-off property is generally maintained. Such generalizations, however, do lead to richer but
complicated new channels. With reverse migration, should the allocation of urban high-skilled workers
to SOE and private sectors stay unchanged, the location gain effect is expected to outweigh the fertility

39See Online Appendix IILE for more in-depth discussion.
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effect. With left-behind children, a similar dominant location gain effect is also expected. With upward skill
mobility, an indirect wage effect lowers the urban skill composition, thus working against the direct positive
effect, so the net effects of upward skill mobility on urban skill composition and migration outcomes are
generally ambiguous. With human capital enhancement, the location gain effect outweigh the fertility effect
for both high- and low-skilled workers, promoting migration and leading to lower fertility rates, better urban
skill composition, higher overall income levels, and shrinking urban-rural income gaps. Finally, the four
different channels of directed benefits under consideration are all likely to induce rural-urban migration
under standard regularity conditions. We then once again quantitatively verify the presence of a location-
fertility trade-off in all cases of generalizations. Besides, the relative changes to the benchmark under various
dimensions of generalizations never overturn our main findings, thereby justifying our baseline model.

To conclude, any policy that leads to a location-fertility trade-off would be worth considering because
it encourages quality rural-urban migration and improves skill composition in cities, not only promoting
overall per capita output but also reducing the urban-rural income gap.

6 Conclusions

We have constructed a dynamic competitive migration equilibrium framework with heterogeneous agents in
skills and fertility preferences to explore the macroeconomic consequences of the dynamic interplay of mi-
gration and fertility decisions. We have established a location-fertility trade-off and found conditions to sup-
port a mixed migration equilibrium. By calibrating the model to fit the data from China, we have identified
rich and intriguing interactions between fertility choices and migration decisions in various counterfactual
experiments with regard to changes in population control and migration-related policies. We have shown that
all such changes induce a location-fertility trade-off in which more rural-urban migration is accompanied by
lower fertility but higher overall per capita output.

To achieve the main purposes mentioned above, we have imposed various simplifying assumptions.
Before wrapping up the paper, we would like to acknowledge the limitations of our study, which may be
viewed as potentially interesting lines of future research as well. First, one may quantify dynamic impulse
response to time varying TFP advancement, particularly the continual widening of the urban-rural TFP gap.
Accordingly, one could examine whether a migration or fertility policy may better advance the economy
as it progresses. Second, one may consider an exogenous labor composition change due to xiagang that
lowers the private-SOE sector TFP gap. One may thus examine the potential short-run productivity loss and
long-run productivity gain of such a privatization policy. Third, one may also allow for another dimension
of heterogeneity via skill draws where high-skilled agents draw their skills following a Pareto distribution
with the minimum skill to be one (i.e., par with the low-skilled workers). Under the thick tail distribution,
the expected value of the skill premium computed using the relative productivity measure is higher than
the simple average of the skill premium. Therefore, this is expected to amplify migration incentives of the
high-skilled workers and strengthen the location-fertility trade-off. Fourth, one may further consider urban
networks that can reduce migration cost, increase the chances of obtaining SOE jobs or urban residency, or
enhance urban learning per Lucas (2004), as captured by continually rising the minimum skill level. Any
of these is expected to encourage migration, leading to a location-fertility trade-off in favor of location and
hence the career prospects for both parents and children. Finally, our paper focuses exclusively on positive
analysis. It is potentially rewarding to generalize the government setup to allow for normative analyses, such
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as to examine optimal taxation or subsidies 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). Of course, while indubitably of interest, such extensions are beyond the scope of the
present paper.

To this end, we would like to highlight three policy prescriptions that are general for many developing
countries. The first lesson is: Do not abuse the power of restricting migration, within a country or inter-
nationally, as the most likely consequences are detrimental. The second is: Population control, if required
at the early development stage when facing poverty without concern regarding the ageing issue, should be
non-discriminatory and be applied to all people at all locations. The last is: Any incentives toward endowing
children would be rewarding, including mandatory basic education, means-tested college tuition subsidies
or low-interest student loans, and the ban of child labor, to name but a few.
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Online Appendix

The appendix consists of three parts. In Appendix I, we document our motivating facts, the institu-
tional backgrounds, data for quantitative analysis, and the results of the sensitivity and robustness
tests. In Appendix II, we provide supplementary theoretical details, including the timeline, the
population flows, and the mathematical proofs for the baseline and for the generalized models.
Appendix III summarizes the details of the quantitative analyses for the generalized frameworks.

Appendix I: Data, Institutions, Quantitative Details and Robustness Tests

A. Motivating Facts

In Figures 1.1(a), (b), and (c) below, we provide cross-country scatter plots of changes in ur-
banization rate and changes in TFR for high-income, middle-income and low-income countries,
respectively. These figures collectively suggest a general negative correlation between changes in
urbanization rate and changes in TFR.

We further examine whether the mean of changes in urbanization rate or the mean of changes
in TFR among the three income groups differ. We perform the Mann-Whitney test because both
the changes in urbanization rate and TFR are not normally distributed. We find that the mean
of changes in urbanization rate for middle-income countries is significantly different from that of
high-income countries at the 5% level and from that of low-income countries at the 10% level.
Furthermore, the mean of changes in TFR, of middle-income countries also significantly differs from
the other two income groups, at the 1% level to the high-income group and at the 10% level to
the low-income group. That is, for middle-income countries experiencing structural transformation
during 1980-2019, their urbanization and the decline in fertility were significantly correlated, while
there was no such connection in other groups of countries. Put differently, migration activity and
demographic transitions are most plausibly integral parts of economic development. This motivates
our study.

An alternative way to measure migration flow is to use the total migration intensity data from
Bernard, Bell, and Cooper (2018).! As it is [IPUMS-based merged data, the number of countries
and survey years are limited. We thus directly use available samples to examine the correlation of
the total migration intensity and the TFR in 1996. We find a similar pattern: A higher TFR is
usually accompanied by a larger migration intensity. The correlation coefficient is 0.2485, significant
at the 10% level. In other words, migration activity and demographic transition interplay in the
process of economic development. It is worth to note that the migration intensity in Bernard, Bell,
and Cooper (2018) is a measure of total rather than rural-urban migration, which is different from
our measure.

'Bernard, A., M. Bell and J. Cooper, 2018, “Internal migration and education: A cross-national comparison,”

Background Report to the 2019 Global Education Monitoring Report. Paris, France:UNESCO.



Figure I.1: Relationship between Changes in Urbanization Rate and Total Fertility Rate
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correlation between changes in urbanization rate and changes in TFR for middle-income countries. This pattern implies the
plausible interplay between rural-urban migrations and demographic transitions in middle-income countries that experienced

structural transformation during 1980-2019.

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 the 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
households. 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 the last sub-section, 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
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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.
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, households remained facing the
risk of land reallocation. For 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.®> 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 the

?Deininger, K. and S. Jin, 2009, “Securing property rights in transition: Lessons from implementation of China’s

rural land contracting law,” Journal of Economic Behavior and Organization, 70(1-2), pp. 22-38.
3Tao, R. and Z. Xu, 2007, “Urbanization, rural land system and social security for migrants in China,” Journal of

Development Studies, 43(7), pp. 1301-1320.
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SOE sector, 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.

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. Under the one-child policy, it is a general practice that births happen
after migration. Bernard, Bell and Cooper (2018) report that China’s migration age at peak was
aged 20.5. On the other hand, Chen (1991) suggests that the average age for the first birth was
older than aged 23 during 1980-1987.% It was even older during 2006-2016 (He et al., 2018).> This
justifies our model setting that births occur after migration.

C. Data for Quantitative Analysis

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

4Chen, Y., 1991, “An analysis of Chinese women’s changing age patterns of first marriage and first childbearing,”

Chinese Journal of Population Science, 5, pp. 39-45.
®He, D., X. Zhang, Y. Zhuang, Z. Wang and S. Yang, 2018, “China fertility status report, 2006-2016: An analysis

based on 2017 China fertility survey,” Population Research, 42(6), pp. 35-45.
SOECD, 2019, Pensions at a Glance 2019: OECD and G20 Indicators, OECD Publishing, Paris,

https://doi.org/10.1787 /b6d3dcfc-en.



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-gkilled ratio from 1980 to 1984. The average of % during 1980-2007 is
then equal to 0.1076.

— Urban SOE 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 SOE sector and others to be urban private sectors
(including collective-owned units, cooperative units, joint ownership units, limited liabil-
ity corporations, share holding corporations Ltd., private enterprises, units with funds
from Hong Kong, Macao and Taiwan, foreign funded units, and self-employed individ-
uals). Then we obtain the urban SOE-private employment ratio (%) for the years of
1980, 1985, 1990, and 1995-2007. For the years without data (1981-1984, 1986-1989, and
1991-1994), we use linear interpolation to back out the corresponding urban SOE-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 SOE-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 % 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 (I;—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- 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 ];—IZ 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 I;—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 floating-to-urban migration.
The total count of floating population in 1982, 1987, 1990, 1995, 2000, and 2005 are
available from the Department of Population and Employment Statistics, National Bu-
reau of Statistics of China (NBS hereafter, 2008, appendix table 1). Notably, the data of
total floating population consists of four types of migration: rural-urban, urban-urban,
rural-rural, and urban-rural migrations. Considering their place of origin, approximately
56.8 percent of the total floating population is considered as rural-urban migrants.” In

"The 56.8 percent represents the average for 2000 and 2005, according to Table 8 in the technical report “Domestic

vi



practice, when an urban resident relocates to a different city, she forfeits her initial
urban privileges and contends with the living costs inherent to urban areas, including
constraints like housing purchases and urban fertility. Considering this perspective, we
encompass urban-urban migrants within the floating-to-urban population as well. Con-
sequently, rural-urban and urban-urban migrants collectively constitute approximately
77.85 percent of the total floating population.® Considering that the 56.8 percent only
represents pure rural-urban migrants, while the 77.85 percent encompasses both rural-
urban migrants and urban-urban migrants, we view the figures of 56.8 percent and 77.85
percent as the lower and upper bounds, respectively, for the floating population in urban
areas. Given the rezoning and urban expansion during our study period, we posit that
the actual influx of rural-to-urban migrants lies within this range. Taking the average
of 56.8 percent and 77.85 percent yields 67.325 percent for the total floating popula-
tion, which is referred to as the floating population hereafter. Using this information,
we then calculate the ratios of the floating population to the urban population, termed
the ratios of floating-urban population. Subsequently, linear interpolation is applied to
estimate ratios for years lacking data. For 1980 and 1981, we calculate the ratios based
on 1982 and the geometric average of annual growth rates of floating-urban population
ratios from 1982 to 1987. Similarly, 2006 and 2007 ratios are derived from 2005 and
the geometric average of annual growth rates from 2000 to 2005. This process yields a

series of floating-urban population ratios spanning 1980 to 2007. Finally, these ratios are
U
U+>

— Workers that actually work in urban areas (P7+, PE+ and ST)
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 well 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

converted to resulting in an average of 0.9124 during 1980-2007.

infer that roughly 7 percent of migrants worked in the SOE sector in 2007, while at most
12 percent of migrants were private business owners. As it was relatively inflexible for
the SOE 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 SOE sector as an
upper bound. As mentioned in the main text, we also use CHIP 2002, CHIP 2007, and
RUMIC 2009 to cross-validate the choice of 5 percent for the SOE employment. We
find that the percentage of migrants to the SOE sector ranges from 1.81 to 8.97 percent,
depending on the definition of the SOE sector. Moving forward, we designate 5 percent,
a figure within the available data range, of the floating population to have jobs in the
SOE sector. Concurrently, 20 percent work as high-skilled employees in private sectors,
with the remaining 75 percent securing positions as private low-skilled workers. Utilizing

Migrants in China (2018)” by the NBS, the United Nations Population Fund (UNFPA), and the United Nations

International Children’s Emergency Fund (UNICEF).
8The figure of 77.85 percent represents the average for the years 2000 and 2005, as indicated in Table 8 of the

technical report conducted by NBS, UNFPA, and UNICEF.
°Li, S., 2010, “The economic situation of rural migrant workers in China,” China Perspectives, [Online], DOI :

https://doi.org/10.4000/chinaperspectives.5332.
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the established population ratios and the population identity, we can calculate the ratios
. . H
of workers operating in urban areas, };T: and §T++, as:

PH+ PH+/U+
S+ St/Ut
where
pHt pi Pl Pl U PHU U
= [+ +-L )=+ 021~
U+ Tt Tl s o T )
pt pt Pk P U PLU U
= [+ = 4 075(1 — —
U+ Tt Ul T o PO )
St S Sp, U S U U
=[S 4= 2 4 0.05(1 — —
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— Workers that actually work in rural areas (R™)

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

Sp + P + Pt + PH + PE and thus we have RT = R — U and R% = —1__ Similarly,

-0
in urban areas, we know that U—UJr = ﬁUU = @ Rearrange to obtain g = U—UJr —
Therefore, % = %% = (UU—+ - )% Finally, we have:
R 1 1
RY 10 1= (g - D%

With the ratios of U% and % mentioned above, we have the average of 1% = 1.0460 or
R—}; = 0.9560 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.

— 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 the NBS.
Average land per person includes two items: area of cultivated land under management
by rural households and hilly area under management by rural households. We use the
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average of land per person during 1980-2007 in our calibration. Thus, ¢ is 2.2564 mou
per person. The time series of the land per person from 1980 to 2007 is plotted in Figure
[.2. The big jump in 1983 is due to the land reform from the collective system to the
household responsibility system. Lin (1992) indicates that such reform completed in 1983
and the proportion of production teams that had adopted the HRS maintained at close
to 100 percent after 1983.' This supports the assumption of stable ¢ in our calibration.
For more discussion to China’s urban land institutions, the reader is referred to Cai,
Henderson, and Zhang (2013).1!

Figure 1.2: Land per person
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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 the SOE sector. 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

W0in, J. Y., 1992, “Rural reforms and agricultural growth in China,” The American Economic Review, 82, pp.

34-51.
" Cai, H., J.V. Henderson, and Q. Zhang, 2013, “China’s land market auctions: evidence of corruption?,” Rand

Journal of Economics, 44(3), 488-521.
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average wage of high-skilled workers from 1987 to 2007. Similarly, the average wage

of low-skilled Wogkers from 1987 to 2007 are calculated. Then we obtain a series of

skill premium (Z—’Z) during 1987-2007. Fourth, for the years without data (1980-1986),
P

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 the SOE sector, we obtain the average wage of workers in the

H
SOE sector during 1987-2007. A series of Z}}—’; during 1987-2007 is computed. Based on
H
the data of 1987 and the geometric average growth rate, we obtain Z—’; for the period

H
between 1980-1986. Therefore, the average Z}}—’; during 1980-2007 is 1.1346. This implies
H
the average private-sector premium (TTZ) is about 13 percent in our calibration. During

the periods that we examine, such premium turned negative in two sub-periods, 1988-
1991 and 2001-2007. The former sub-period is due to the 1984 reform of the Contract
Responsibility System (cheng bao zhi) that led to higher productivity and hence a drop of
the private sector premium. After Deng Xiao Ping’s Southern Tour in 1992 that further
opened the China market for domestic and foreign-owned private businesses, there was
a xiagang act over the second half of 1990s, laying off 40 percent of the SOE workers,
causing a drop in the private sector premium again (Lin, Lu, Zhang, and Zheng 2020).'2

— Urban premium (¥2)
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 Elasticity of substitution between high- and low-skilled workers (o)

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.'3 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

2Lin, K.J., X. Lu, J. Zhang, and Y. Zheng, 2020, “State-owned enterprises in China: A review of 40 years of

research and practice,” China Journal of Accounting Research, 13(1), pp. 31-55.
13 Autor, D.H., L.F. Katz, and A.B. Krueger, 1998, “Computing inequality: Have computers changed the labor

market?” The Quarterly Journal of Economics, 113(4), pp. 1169-1213. Acemoglu, D., 2003, “Cross-country inequality
trends,” The Economic Journal, 113, F121-F149. Ciccone, A. and G. Peri, 2005, “Long-run substitutability between
more and less educated workers: Evidence from U.S. states, 1950-1990,” The Review of Economics and Statistics,

87(4), pp. 652-663.
Toh, R. and H. Tat, 2012, “Trade liberalization, labor demand shifts and earnings inequality in Singapore,” Review

of Urban and Regional Development Studies, 24(3), pp. 65-82.



obtained a value of 2.78.15 The results in Gindling and Sun (2002) imply that the value in
Taiwan is between 2.3 and 7.4.1 We thus set ¢ = 0.8333, which corresponds to an elasticity
of substitution 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 estimates for East Asian countries.

e Warm-glow altruistic factor (6)

We adopt Leontief preference in the theoretical model and obtain the relation . = 1%09. This
1
=1
income and consumption in China Statistical Yearbook. The rural consumption-income ratio

implies that 0 = To calibrate 8, we use the information on average rural per capita
is obtained by average consumption expenditure minus average expenditure on educational
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 6 during 1980-2007. The average of 6 from 1980 to 2007 becomes
0.2124. Thus, we set # = 0.21.

e Imputed fertility (nﬁ, ng, n{;, 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 SOE 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 the
SOE workers, census data is not available. We thus use the information of SOE workers’
education levels in UHS to compute the distribution. The definition of the SOE 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 I.1. 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, our theoretical framework is a single sex, one parent model.
We therefore match a half of the average imputed fertility in Table 1.1 in the calibration.

[Insert Table I.1 about here]

15Te Velde, D. and O. Morrissey, 2004, “Foreign direct investment, skills and wage inequality in East Asia,” Journal

of the Asia Pacific Economy, 9(3), pp. 348-369.
Y6 Gindling, T.H. and W. Sun, 2002, “Higher education planning and the wages of workers with higher education in

Taiwan,” Economics of Education Review, 21(2), pp. 153-169.
1"Retherford, R., M.K. Choe, J. Chen, X. Li and H. Cui, 2005, “How far has fertility in China really declined?”

Population and Development Review, 31(1), pp. 57-84.

xi



e 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, it is reasonable to posit that low-skilled workers
bear the basic region-specific above-quota fines: ¢ for rural low-skilled workers and ¢, for
urban low-skilled workers. Define g?bR to be the proportion of basic above-quota fine to a
rural agent’s wage and <Z>U is the proportion of basic above-quota fine to an urban agent.
Then, we use the information provided by Ebenstein (2010) to impute b r and q~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 gESU = 1.6654. Similarly, the simple average of
the above-quota fines in the rural group is &SR = 1.5928.

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

As there is no nationwide survey on urban childrearing 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.2’ We therefore set &?1 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 getting less enjoyment from having children (¢)

In our calibration, we set ( = 0.1 to align the fraction of movers in the model with the
percentage of floating-to-urban migrants relative to the rural population, approximately 4.4
percent. This figure is derived from three key ratios in the data. Firstly, the average ratio
of total migrants to the overall population stands at about 4.9 percent (spanning 1982 to
2005).2!  Secondly, the rural-to-total population ratio, obtained from the China Population
and Employment Statistics Yearbook 2010, averages around 70 percent from 1980 to 2007.
Lastly, when we only consider the place of origin, roughly 56.8 percent of total migrants
are rural-urban migrants. Consequently, the percentage of floating-to-urban migrants to the
rural population is slightly below 4 percent. Alternatively, when the floating-to-urban popu-
lation includes urban-urban migrants, approximately 77.8 percent of total migrants represent
floating-to-urban migration. This yields a percentage of floating-to-urban migrants to the
rural population slightly above 5 percent. Our target is thus set at 4.4 percent.

18Ebenstein, A., 2010, “The ‘missing girls’ of China and the unintended consequences of the one child policy,”

Journal of Human Resources, 45(1), pp. 87-115.
19Ye, W. Z. and Y. Ding, 1998, “The cost of child care in Xiamen Special Economic Zonein China,” Population and

Economics, No.6, pp.24-57 (in Chinese).
207Zhang, Y.Z., 2000, “ A Survey on the cost of raising children aged 0-16 in Zhengzhou City,” Marketing Research,

No.6, pp. 35-37 and 55 (in Chinese).
21Gee Figure 1 of the technical report conducted by NBS, UNFPA, and UNICEF.
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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, u 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.??2 We therefore compute ;o based on this information. Before 1994, rural migrants
employed in the urban private sector were ineligible for urban benefits due to their inability
to acquire urban hukou. Consequently, u is set to 0 prior to 1994. After 1994, due to the
relaxation of the blue-print system, it took an average of % = 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 L, 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,
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 0.11.23

e Urban benefit (B)

In our baseline model, all urban benefits are summarized by an additional utility term B.
That is, it can be viewed as public goods and services (net of any negative externalities). For
example, Au and Henderson (2006) find most Chinese cities are undersized, suggesting urban
amenities exceeding urban disamenities from negative externalities.? However, 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).2° Therefore, we obtain the urban benefit using the replacement
rate multiplied by urban per capita income (model value) and the number of years alive after
retirement. The urban benefit is adjusted by the model period and B = 0.9803.

D. Additional Policy Experiments

Here we provide additional two sets of policy experiments which are related to population controls
and migration policies. The results are summarized in Tables 1.2, 1.3, and 1.4.

[Insert Table 1.2 about here]
[Insert Table 1.3 about here]

*2Liu, Z., 2005, “Institution and inequality: the hukou system in China,” Journal of Comparative Economics, 33(1),

pp. 133-157.
ZWu, X. and D.J. Treiman, 2004, “The household registration system and social stratification in China: 1955-

1996,” Demography, 41, pp. 363-384.
2 Au, C.C. and J.V. Henderson, 2006, “Are Chinese Cities Too Small?,” Review of Economic Studies, 73(3), pp.

549-576.
Z5West, L.A., 1999, “Pension reform in China: Preparing for the future,” The Journal of Development Studies,

35(3), pp. 153-183.
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[Insert Table 1.4 about here]

D.1 Population Policy We study the three-child policy, a realistic population policy reform
recently implemented in China. The quantitative experiment considers the three-child policy in
both rural and urban areas, with the constraint being set at 1.5 (ny = nr = 1.5). The result
suggests that the effect of the three-child policy is similar to those of imposing a uniform population
constraint and the two-child policy in Section 4.4.1, but the magnitude is even larger. That is, the
relaxation of population control encourages more high-skilled migrants, the better skill composition
increases overall per capita output, and more land per rural workers shrinks the urban-rural income
gap.

The ultimate relaxation of population control is to remove all fertility constraints. Therefore,
we also consider a scenario where population control is completely lifted. In the experiment, agents
can have children up to the biological limit, which is set at 5.5 based on the total fertility rates in
the pre-population-control period in China.?® Table 1.3 suggests that total fertility rates increase
in both rural and urban areas, rising from the range of 1.18 and 2.17 in the benchmark model to
1.98 to 2.82. The increase in fertility is higher for rural high-skilled than rural low-skilled workers
because the staying type-{H, 3} workers respond more to the policy than type-{L, 3} workers. Along
the line, rural-urban migration decreases by 3.43 percent, with the reduction in?nigration coming
more from the high-skilled workers — indeed, all high-skilled workers with high fertility preference
(type-{H, B}) would stay in rural areas and a fertility-based SME would arises. As a result, fewer
high-skilled workers are in urban areas, leading to a lower urban per capita output, a lower rural
per capita output due to more workers staying in rural areas, a slightly higher skill premium, and
a larger urban-rural income gap (¥2).

In sum, no population control leads to a higher fertility for both the high- and the low-skilled
workers, 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 areas
is better than entirely removing population control as rural-urban migrants naturally have fewer
children when moving to cities and the former induces more high-skilled migration, leading to higher
urban output and overall output per capita.

D.2 Migration Policy: Hukou Regulation and Land-suppy Reform We examine two sets
of policies influencing migration incentives. The first pertains to changes in hukou regulations, while
the second involves the land-supply policy arising from the household-responsibility system (HRS)
reform.

(i) Hukou regulation

In addition to varying urban benefits available for migrants (as in Section 4.4.2), here we consider
a hukou regulation that migrants can never obtain urban residency (p = 0). Similar to the exper-
iment with no urban benefits, we encounter a corner solution — both type-{H, 3} and type-{L, 3}
workers decide to stay in the rural areas. The main differences between the two counterfactual
experiments only emerge with private high-skilled fertility and urban benefits. When migrants can
never obtain urban residency, the private high-skilled fertility rate is purely attributed by urban
natives. However, in the experiment that migrants are ineligible for urban benefits but can obtain
urban residency, the private high-skilled fertility rate is a weighted average of urban natives and
new comers of purely type-{H, 3} migrants. Thus, unsurprisingly, the private high-skilled workers
have lower fertility in the exper?ment where migrants enjoy no urban benefits.

26The 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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(ii) Land-supply reform

To solve the problem of low work incentives in rural areas, China changed its farming institution
from a collective system to a household-responsibility system (HRS) in 1979. By the end of 1983,
most production teams had adopted HRS. The implementation of HRS assigned collectively owned
land to each household with the guaranteed use right for several years.?” We thus observe a sharp
increase in land per person in 1983, as shown in Figure I.2.

The HRS reform enables us to conduct three experiments on changes in land supply: (i) full
HRS from 1980 to 2007 (¢ = 2.4876, the average of 1983-2007), (ii) stable land supply since 1983
(¢ = 2.2564, which is equal to the average of 1980, 1981, 1982, and subsequent years being the
average of 1983-2007), and (iii) no HRS throughout (¢ = 0.23, the value of 1980). In the first
experiment, imposing full HRS throughout 1980-2007 increases land per person from the benchmark
value 2.2564 to 2.4876, thus increasing the incentives to stay in rural areas. As Table 1.2 shows, we
encounter a corner solution where only type-{H, 3} workers migrate to cities. Thus, the effects on
the economy are similar to those in the experiments focused on no urban residency and no urban
benefits. The main difference from the two hukou-related migration policies is that rural per capita
output increases by 7.2 percent in the scenario of full HRS due to more land per person. Therefore,
this reform shrinks the urban-rural income gap by 5.72 percent and increases overall per capita
output by 2.47 percent. Moreover, as shown in Table 1.3, the higher rural per capita income leads
to higher childrearing costs, thus lowering rural total fertility rates.

The second experiment considers a stable land supply since 1983. In this experiment, the value
of ¢ is computed by setting the annual ¢ from 1983 to 2007 as the average of that period. Then,
q is computed by taking a simple average of the values from 1980, 1981, 1982 and the set number
for 1983-2007. One can easily see that the resulting number is very close, if not identical (due to
rounding errors), to the benchmark value of ¢, as the benchmark ¢ is computed by taking a simple
average of the values from 1980 to 2007. It is therefore not surprising that the result of the second
experiment resembles what occurs in the benchmark economy. The third experiment studies what
would happen if China had no HRS reform. Without HRS reform, land per person sharply drops.
The strong incentive to migrate to cities results in an unusual corner solution: Only the type-{L, 3}
workers stay in rural areas, and all rural high-skilled workers move to cities. The result resembles
those in the scenario with full urban benefits. However, in the land supply experiment, because
land per person drops, rural per capita income decreases substantially by around 88 percent. The
cheaper childrearing cost results in a significant rebound of rural low-skilled workers’ fertility (from
2.17 in the benchmark to 5.05). In addition, the urban-rural income gap is enlarged, and overall
per capita output declines by about 30 percent.

In conclusion, a reduced supply of rural land intensifies migration incentives. The scarcity of
rural land leads to lower per capita output, driving rural workers to cities. Consequently, urban
per capita output increases, thanks to an improved labor composition. However, this progression
widens the rural-urban income gap, leading to an overall decline in per capita output.

E. Sensitivity and Robustness Tests

Two sets of robustness tests are provided here. The first set varies the assumption on the proportions
of floating population that are distributed to the SOE, private high- and low-skilled workers. The

H
. o e e o . . . w
second set provides sensitivity tests on «, o, 7, and the positive private-sector premium ( w—’;)

?"See Lin (1992) for the more in-depth details.
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E.1 Testing the Assumption on the Proportions of Floating Population In Section 4.2,
to compute workers that actually work in each sector, we have allocated 5 percent of the floating
population to secure positions in the SOE sector, 20 percent as high-skilled workers in the private
sector, and the remaining 75 percent ending up as private low-skilled workers. As detailed in
Appendix I.C, we have cross-validated the SOE employment percentage, varying from 1.81 to 8.97
percent based on the definition of the SOE sector. In this context, we conduct robustness tests by
altering the distribution of migrants across the three sectors.

Recall that the ratios of the stocks of the sectoral specific within-the-period workers vary as the
assumption on the fractions of floating population in each sector changes. 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, gog , and golL) as the fractions of the floating population ending up working as SOE,
private-sector high- and private-sector low-skilled workers, where g+ 905 + (p%, = 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) vg = 5%, P = 18%, and vk = T7%; (3) pg = T%, pE = 20%,
and o5 = 73%; and (4) pg = 3%, ¢ = 20%, and ¢k = 77%. The first two robustness tests fix
¢g at the value in the benchmark calibration while alter o2 and ¢% by 2 percent, and the latter
two robustness tests fix gog at 20 percent as in the benchmark calibration, adjusting ¢g¢ and QDJLD
by 2 percent. Table 1.5 reports the summary of the calibrated parameters and variables under the
four assumptions. Table 1.6 shows the relative productivity, relative childrearing costs and relative
above-quota penalties, fractions of moving, population ratios, total fertility rates, and income ratios
for the four robustness tests. Table 1.7 presents the results of all policy experiments under the
four assumptions. For easy comparison, we provide the values of the benchmark calibration in each
table.

[Insert Table I.5 about here]
[Insert Table 1.6 about here]
[Insert Table 1.7 about here]

Not surprisingly, the probability of being recruited as SOE workers (7) and the fractions of
workers migrating to cities (I'y and I'z) change as the assumption on the fractions of floating pop-
ulation 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, rela-
tive childrearing 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 all policy experiments under the four different assumptions. As
shown in Table 1.7, 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 4.4, 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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E.2 Sensitivity Tests for Parameters and Private-Sector Premium This subsection pro-
vides sensitivity tests for the three parameters «, o, 7, and the target of positive private-sector

H
premium (TTZ) To examine the robustness of our main results, we vary these parameters or the
target one at a time and re-calibrate the baseline model. Other parameters and targets remain
unchanged. The results are reported in Tables I.8 and I.9.

[Insert Table 1.8 about here]
[Insert Table 1.9 about here]

First of all, the private firm in urban areas employs a CES production technology with the
share parameter a. We preset a = 0.5 in the baseline calibration. Here we vary a to be 0.45 or
0.55 for the robustness tests. Second, o governs the elasticity of substitution between high- and
low-skilled workers. In the baseline calibration, we follow the literature to set ¢ = 0.8333 so that
the elasticity of substitution between high- and low-skilled workers is equal to 6. We thus provide
sensitivity tests by assuming the elasticity of substitution to be 4 or 8, so that ¢ = 0.75 or 0.875,
respectively. Third, we follow Song et al. (2015) to set 7 = 0.2 in the baseline calibration.?® Here
we examine the scenarios of a higher tax rate (7 = 0.25) or a lower tax rate (7 = 0.15). Finally,

H
the private-sector premium is about 13 percent in our baseline economy (Z—‘; = 1.1346). Due to
the SOE reforms of introducing enterprise responsibility system and ziagang policy in China, we
consider a scenario that what if our calibration target is a negative private-sector premium. That

H
is, we average the periods of 1988-1991 and 2001-2007 where Z})—Z is smaller than one to obtain a

H
new target Z—’; = 0.8983. Then, we re-solve Ap to match the new target with the assumption that

Ag is fixed at 1.4608. Alternatively, we re-solve Ap and Ag together to match % = 0.8983 and
Z—g = 1.9641.

Not surprisingly, the related parameters change as the above three parameters or the private-
sector premium vary. For example, varying « affects the calibrated values of Ap, Ag, and 7.
However, because we still match the targets of urban-rural income gap, skill premium, population
ratios, and total fertility rates, a change in « has no effects on migration decisions, childrearing costs,
and above-quota fines. Similarly, when the target of private-sector premium becomes 0.8983, the
calibrated values of Ap, Ag, (3, migration utility costs, and above-quota fines change accordingly,
but the magnitudes are limited. Therefore, we conclude that our main results remain valid, due to
our calibration methodology that uses moments of the so-called great ratios rather than levels.

Appendix II: Theoretical Details

In this appendix, we provide the timeline, the population flows, and the detailed proofs for both
the baseline and the generalized models.

A. Timeline and Population Flows for the Baseline Model

In the baseline model, only agents born in rural areas choose whether to migrate to cities once
they were born. After the migration decision, agents work in the chosen location throughout their

28Qong, Z., K. Storesletten, Y. Wang, and F. Zilibotti, 2015, “Sharing high growth across generations: pensions and

demographic transition in China,” American Economic Journal: Macroeconomics, 7(2), pp. 1-39.
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lifetime and obtain residency status. Before the end of life, agents give birth to children, consume,
and then exit the market. Figure I1.1 depicts the timeline of rural agents.

Figure II.1: Timeline
Generation ¢z Generation 7+1

inurban | S*
P
work{ P

. + 3
inrural: R residency realization

| B .

~
L) L) 7
time
R {
give birth
. . consume and leave bequest
mlg.ri.ttlon exit the market
decision children become adults

Given the realization of the work and residency of the rural households after their migration de-
cisions, the evolution of workers adjusts accordingly. As we have already pointed out, the beginning-
of-the-period population and the actual-working population stocks differ after migration, 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 areas with rural residency. Simi-
larly, if starting life in urban areas, workers hold urban residency bequeathed by their parents and
obtain the relevant skills for living in cities automatically. Figure I1.2 provides the population flow
chart in the model.

Figure I1.2: Population Flow Chart
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B. Mathematical Proofs for the Baseline Model

PLT

B.1 Condition 1 (Restriction on Skill Premia) Recall the definition: ws ((PIH) ) =1
max

.. .. pHt
and the fact that ws is increasing in ?TJF, we must have wg/wg < 1. To ensure wg/w]]; > 1, we

reproduce (8) below:
wf o L (PUONTO e
wh ~ 1—a \PI* @t \prv )

where w; (0) = 0o and w) (;—Iﬁ) < 0. We first get

1—0c

PH+ _ 71% AS ﬁ . o o . é
wllprr) )=l (%) - o

To assure that wg / wf, > 1 for all I;THi < (%)max, we impose the following sufficient condition:

PH+
1 < w1 m
max

which yields Condition 1.

B.2 Proof of Theorem 1 (Existence of MME) Consider the locus AVy () |5 where the
fertility loss and the location gain of migration balance off when ¢ = ¢ ie., AVy (1[1H ) Iz = 0.
Suppose we reduce the fertility loss by lowering 8 from 3 to . We then compare the expected
fertility loss between AVy (wH) 3 ="0and AVy (wH) |5

x B | ;
+p (nfl5)" + (1= p) (nflz)" — (nklp)°
) <l () w0 )
- +p n}|g>g+(1—P) (”I‘ﬁ) _(”Hﬁ
< 0

because 3 > B and
0 ) m(ny)” —wlp(ng)” + (1 —p)(niy)] 0
% *x \E *x[\E *x \E < ’
+p(ngy)”+ (1 —p) (n7])” — (ng)
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by Proposition 3. This yields AVy (1/}H) lg > AV (¢H) |3 = 0. Since AVp () | is linear in 1, this
implies that the locus AV (¢) |g lies above and on the rlght of the locus AV (¢) |5 as in Figure
3. Likewise for the location comparison for the loci AVL (¢) |3 and AVL () |5 in Figure 3.

For the location of the loci AVy (v) |g and AV (¥) |5 in Figure 3, we can explain as follows.

Consider the locus AVy (1) |5 with AV (¢7) |3 = 0, and the locus AV () [. Let ¢ = ¢ and
compare the expected fertility loss between AVy (') |3 = 0 and AV () [5:
AV (07) |5 = AV (1) |
= (1=¢)B{m (n¥lp)” + (1 =) [p (nFl3)" + (1 = ) (n1l5)°] — (nkls)"}
~(1=e)8 [p (nils) + (n 5) ~ (nkls)]

o Bm(nkls)" — 7 (n’fw\ﬁ) =) (n1lp)] + [p (nk13)" + (1= p) (nilp)] — (nklz)"}

5 [p (wils) "+ (1= p) (nm "= (mils)
= B (n¥ls)” = [p (nFls)" + (1= p) (nil5)]}

+5 [ (npl3)" + (1= p) (nfl5)" = (nil3)] = B[ (nils) "+ (1= p) (nils) — (wils) |

< 0,

because 5 > B and
0 e x| \E
a5 [o (nEl5)" + (1 = p) (nflp)" — (nkls)] <O,

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

(1=0)0 {mus + (=)l (1 =) pul 7~} 4+ (1) i B ="
{1 =00 [p(wp — n7) + (1 = pwp —a] + puB — '}

= (1-6 0{[7rw5+(1—7r)wp] [pwp%-(l—p)w]]é]}
—(1=0)0r(1—pp)7T+7(1—pu)B

= (1—0)0{[7rw5+(1—7r)wH]—w{é}—l—w(l—pu)[B—(l—@)HT]

> 0.

So the former has a larger location gain than the latter.

Given that AVgy (wH ) |3 = 0 has both a larger fertility loss and a larger location gain than
AVy, (wH ) |3 and the value differentials are linear and decreasing in v, two possible cases emerge.
Firstly, if AV (@DH) |g < 0, then the locus AV, (¢) |g lies below the locus AVy (@ZJH) 5. This is the
situation shown in Figure 3 where ¢ > 4. Secondly, if AV, (1/1H) |3 > 0, then the locus AV7, (¥) |

must lie above the locus AVy (wH ) ] 3 and we have Pl > wH . In either case, the parametric space
supporting a mixed migration equilibrium is dense and hence nonempty.ll
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B.3 Proof of Theorem 2 (Location-fertility Trade-off) Writing out the value differentials,
we have:

AVg ()]s = aV°(B)+ 1 —m) VPH(B) = — VE(pB)

— o f-000 fus—r iy ot + (1- Iﬂ)$4}+BU&Mf+B}
(1—9)9[ — uT —nplg [¢U+< )¢U”
+8 (n}]5)° + uB
) o]

(1-0)0 [wff —njls [of + (
{00 o= nls o+ (1- }ﬂ)¢4}+ﬂo&Mf}—w

+8 (njls)®
Using the optimal fertility condition (19), we obtain:

+(L=7)p

+(1=m) (1 -p)

AV @)ls = 7[(1—0)0(ws —7)+ (1— ) B (nh]s)° + B
+(1=m)p[(1=0)0 (wp — p7) + (1 —¢) B (nfls)° + pB]
+(1=7) (1= p) [(1-0) 6wl + (1 —¢) B (nfls)]

—[(1=0) 02+ (1 —¢) B (nfls)] — v
(1-0)0{mrws+ (1 —m)wk —[r+ (1 —7)pu]T— =z}

Fr 4 (L—m) o] B

expected location gain (+)
+(1—¢) B{m (nklp)” + (1 =) [p (nklp)” + (1 — p) (nflp)"] — (nkls)"}.

expected fertility loss (-)

Likewise, we have:

AVL(W) g = VIE(B) - —VE(B)
= (1—0)9[p(w]]3—u7) —I—(l—p)wlLD—x] —I—puB—di
expected location gain (+)
+(1 =€) Blp(nplp)” + (L= p) (n7lp)” — (nkls)°]-

expected fertility loss (-)

So the value differentials can be decomposed into two terms: an expected location gain versus an
expected fertility loss.

For the expected location 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 > 1. Also, since migration cost is a fraction of wage incomes, so the overall location gain must
be positive. For the expected fertility loss, Proposition 3 implies that it is negative. As a result, we
obtain a location-fertility trade-off for the migration decision.ll
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C. Mathematical Proofs for the Generalized Model

C.1 Reverse Migration Consider the urban residency shock that leads to relocate a constant
fraction of newborns of generation-t parents from urban to rural occurring at the beginning of ¢ + 1.

Figure I1.3 depicts the timeline with reverse migration.

Figure I1.3: Timeline for Reverse Migration

Generation ¢ Generation 7 +1
reverse migration shock %reverse migration shock
R™ R™, U™ residency realization

ri ] L,
T b

migration

decision give birth
consume and leave bequest
exit the market
children become adults

Denote the fraction of reverse migration as A. The beginning-of-the-period population identity
equations in urban and rural areas are UM = (1 - A)U = (1 —A) (S + P# + PL) and REM =
R+AU=H+L+A (S + PH 4 PL) as given in the main text. The actual-working populations

in urban areas under the equilibrium we examine are:

SEME = (1-A)S+m[C+ (1= Tu] [H+A(S+PT)] (A1)
= ST-A{S—7[+(1-QTH)(S+PT)}
PRM A < fA)PH +(1=m [+ 1 —=OTu] [H+A(S+P")] (A2)
. — AP —(1-m)[(+(1-OTu] (S+P")}
pRMLT = (1 — A)PY + (T, (L + APY) (A3)

= P _APL(1-¢T)).

Combining (A1) and (A2), we have
SRM*  pRMAET — gt _A{S—7[(+ (1—{)Tx] (S +P")}
+PHY APH —(1—-m) ¢+ (1—-¢)Tx] (S+PH)}
= StT+PHY —A{1-[¢C+(1—-Tu)} (S+PH)
so that reverse migration reduces the actual-working populations of both skill types (H and L) in
urban areas. Total number of agents working in urban areas after migration inflows is thus equal

to:

U RM UM 4 [(+ (1 - QTy) [H+A(S+PT)] +(T (L+APY)

= UT—A[1-Q (1 -Tg)(S+P")+(1-CTy) P
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In a similar manner, we write down the actual-working populations in rural areas after migration
outflows as:

REME — REM [+ (1-Q)Ty) [H+A(S5+PT)] - (T (L+ AP
= R"+A[1-¢Q@Q—-Tw)(S+P")+(1-(TL) P

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 SOE and the private sectors are:

SRMT = [enplg+ (1-0) niplg] (1-0) S+ [nplg+ (1-0) Tl | w [H+A (S+P)],
PRI ¢nip| g (1) ml 5| (1-4) P
+ [¢nils+ (1-O) Tunils] (1-m) p [H+A (S+PT)]
PRMLET — [niplg+ (1-0) nilg) (1-A) PE+CTon|gp (L+APE)
where Z' denotes the next period value of Z. The evolution equation for URM can be written

accordingly follows:

URM’ SRM/+PRM’HI +PRM,L/
[l + (1= Qmil] (1= ) (5 + P + PE)

+ [Cnils + (1 = O Tnls] w4+ (1 =) o) [H + A (S + PH)] + (Tunilgp (L + APY)

The evolution equations for rural high- and low-skilled workers and total rural workers with rural
residency can be written accordingly:

HEM — [HAA (S+P7)] { (1-p) (1-7) [(nils+ (1-) Tamila] + (1-0) (1T nils
LEM! —  (L4APL) {(l-p) (Trnjlg+C (1-T) ngls+ (1-€) ”7%|B} ;
RRM/ _ HRM/—I—LRM/.

Along a BGP, we get the ratios reported in the text using the fact that

H+A(S+PH H
FA(SH ):H+AC+P>:A+C+U)>5

S S S

C.2 Left-Behind Children Consider the case of left-behind children by migrant workers. The
timeline is the same as that in the baseline economy.

Value Function of Staying in Rural Areas Recall the property associated with Leontief
preferences that the optimal number of children nﬁBC*
so both Propositions 1 and 2 for rural agents remains unchanged. As a result, we reproduce the

value function VIBCE (3) for convenience:

VLBC,R (,6) _ (1 _e)e{x_nﬁBC*m |:¢%—|—Iﬁ ( L;C*’) ¢R:| } —|—,8< LBC*| )E

is independent of agents’ income and wealth,
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where )

EB 1—¢
0(1—0)[¢%+ I%¢p]

C
ng e =

= ngls.

So we have
VERCR (8) =V (8).

That is, rural stayers’ decisions remain unaffected.

Value Functions of Urban Workers Because SOE workers are granted with urban hukou
immediately, their value functions remain the same. The main effects of left-behind children fall on
the value functions of urban workers in the private sector.

1. High-skilled private sector workers

For high-skilled rural migrants working in the private sector, after staying in urban areas for

LBCH _ 1),

(1 — p) of their lifetime, they obtain urban residency (p The value function of a high-

skilled migrant worker in the private sector is:
U .
VIBOPH gy _ Iglgiff“ (¢;b,n; B) [p—g,1m=1

s.t. c+nb—+ngd + max {n — g, 0} ¢y = wh — ur

and we can solve: )

LBC ep e

0(1—0) [¢f; + IP¢y]

Recall n}|s from (20) and that ¢ > % and ¢y > ¢p. 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, as stated in Proposition 5a.

Substituting the solutions of the maximization problem into VEBEPH (8) and noting that
nkBC*| 5 = n%|g, we have

VEBCPH (3) — (1 - )6 {wg — T — g [¢% + 17 <1 — né75> &U} } + B (nklg)” + uB,
F

By comparing the values of VEBGPH (3) to VP (3), we have:

VLBC,P,H (ﬂ) - VP’H (ﬂ)

,
[B- (1-6) 7]
= W04l g il [0 (153) én] | | 810k (il
-n|s [¢%+[B <1_ nﬁﬁﬁ) ‘_?U] fertility loss
L net location gain

since B > 7 and n},|g < nj|s. Thus, the net outcome features a location-fertility trade-off.
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2. Low-skilled workers

By applying the same procedure for deriving VEZBCPH (3) | together with pXB¢L = 0 and 2 > 1,
the value function for low-skilled migrant workers in urban private sector becomes:

VEBORL B)=(1-0)0 {TUJLJ - n%BC*‘,B [E¢(1]~2 +1° ( LBC*|> ¢R:| } + 8 ( BC*|B)

ny
Because all urban low-skilled workers are without urban residency (i.e., they are informal private-
sector workers) and their children are all left behind, their fertility choices are

1
1—e

ef
0(1—0)[Z¢% + [P¢5]

Tl%BC*’

Proposition 5b follows immediately.
Recalling VP! (3) in the baseline model, we have:

VLBC,P,L (ﬁ) o VP’L (B)
= (1—0)9{U]£—n%BC*| |:E¢%+Iﬁ ( LBC*’ﬁ) :|}+ﬁ( LBC*’ﬁ)E

3
~p{ =00 fub—ur =iy o+ 12 (1= ZE) b |+ B wrlo)+ 8

~ = { -0 {uwk mils o+ 1° |ﬂ> u } + 8001151

Together with piB¢L = 0 and Z > 1, we compare the value functions to conclude:

yLBO.PL (8) — v hL (B) = —pu[B—(1-20)067]
0§50y [20% + 1° (1 — 28 ) Ba]
+(1=0)08  pnpls [o +17 (1~ *w) ?b

}
+(1 = p)nils |6 + 1% (1 - ) 6]

+8 | (F715)" = p (n31s)" = (1= p) (i)

Under 1 < 2 < (b?] / qb% and the fertility ranking established in Proposition 5b, the second term is
negative and the third positive. Thus, there is a net location loss (sum of the first two terms) and a
fertility gain (the third term). Thus, the ranking depends, again, on the location-fertility trade-off.

Migration Decisions From the above value functions under the left-behind children scenario,
we obtain Proposition 5c. From Proposition 5c, the value differentials under left-behind children
satisfy

AV () g = 7V2 (8) + (1= m) VEPCRI (5) — g — VI (8) > AV () |5, for 5 € {5, 5}
Low-skilled rural workers will migrate to urban areas if the following inequality is met:
AVEPC (@) |5 = VEPOPE(8) —y = VI (5) < AVL (9) |5, for 5 € {8, 5).

So we arrive at Proposition 5d, as presented in the main text.
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Evolution of Workers The beginning-of-the-period population identity equations in urban
and rural areas are the same as in the benchmark case:

UlB¢ = U =854 P+ Pl

R'C = R=H+L.

The actual-working populations in urban areas under the equilibrium we examine are:

SEECH 54 Sp =S4 [+ (1— Q) Tl mH:
ptBCH+ — pH  pll — pH (¢4 (1-0)Ty|(1—n)H;
pLBGL+ — ply pl — pl 4 (T, L.

Total number of agents working in urban areas after migration inflows is thus equal to:

= S+PE+ P+ [C+(1-)Ty|H+(TLL
= U+[(+0—-Ty|H+(TLL.

LBC+ SLBC+ 4 pLBCH+ | pLBO.L+

In a similar manner, we write down the actual-working populations in rural areas after migration
outflows as:
REBCY = (1 -¢Q)(1-Ty)H+(1-(Ty) L

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 SOE and the private sectors are:

SHPC = |enpls + (1= O mils| S + [Cnbls + (1= ) Tramipl3| =H,
PEBECH" —[tnglg + (1= Q) nplp| P+ [Cols + (1= O Trmipls| (1 - m) A,
PEPC — [¢nipls + (1= Q) nyl| P".

The evolution equation for U can be written accordingly follows:

ULBC/ — SLBCI+PLBC,HI _'_PLBC,L/
= [(n*p\ﬁ-i‘(l_onHB} (S+PH)
+ [¢nls + (1= QO Tamilg) H + [Coils + (1= Q) nils| P

The evolution equations for rural high- and low-skilled workers and total rural workers with rural
residency can be written accordingly:

H"BY = H(1-¢)(1-Ty)n}ls
LEBC — {gan%BC*|ﬁ+ [C(1-TL)+ (1= n}‘zlza}>
RLBC/ _ HLBC/_’_LLBC/'

XXV1



These enables us to derive the BGP population ratios, as given below:

SLBC’/ _ o
o = _CnHQJr(l—C)nHB] + [Cn}|ﬁ+(1—g)an}|B} T
PpLBC,H' - ) * * o
—pr = |Snrlst+ (=) nF\B] + [CnFyg+ (1-2¢) anFyB} (=) 5
PLECE [+ LBC LBC LBCx, L
—r— = [P+ (1= QO] + CTnf POy

Thus, at the BGME, we obtain common growth under the left-behind children scenario.
C.3 Upward Skill Mobility We now consider upward skill mobility in the sense that children of

high-skilled parents brought up to urban are high-skilled but those of urban low-skilled parents have
a probability 9 to become high-skilled. Figure I1.4 depicts the timeline with upward skill mobility.

Figure I1.4: Timeline for Upward Skill Mobility

g Generation ¢ g Generation 7 +1
I yusM Ut
] i R
1 |} ! 7
T T T time
U residency | U
realization
rural-urban give birth
migrants move in consume and leave bequest

exit the market
children become adults

Evolution of Workers The actual-working populations in urban areas under the equilibrium
we examine are:

SUSMT =5+ Sp=S+[(+(1 - TylnH
PUSMHY — pH 4 gpL (¢ + (1 - Ty](1—7) H

PUSM,H PFH+PII_I
PUSML+ — (1 _ ) PE 4+ (T, L
PUSM,L PPQJFPIL

Total number of agents working in urban areas after migration inflows is thus equal to:

ugvsM+ — g4 pH L PE L4+ (1—-O)Ty|H+(TLL
= U+[(+0-Ty|H+(TLL.
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The actual-working populations in rural areas after migration outflows are
RUSM+ — g+ 4 I =(1 - (1 -Ty)H + (1 —-(TL) L.

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 SOE and the private sectors are:

SUSM' —|enplg + (1= O milg| S + [Cnils + (1 = Q Tanil| 7H
PUSMH' = {¢niplg + (1= Q) mila| PY + [¢npla + (1= Q) Dampl] (1= m) pH
9 {[¢nils + (1= Qnipls| P* + (TunklapL )
PUSME — (1= ) { [¢nirls + (1 = ) nil] P* +(TunilspL}

The evolution equations for rural high- and low-skilled workers and total rural workers with rural
residency can be written accordingly:

HUSM = (1= p) (1 =) [Cnils + (1= Q) Tamil3] + (1= O (1= D) mitls |
LUSMr _ L{(lfp)ganﬂéng(l—FL)n}}\ﬁwL(lfC)nHB},
RUSMI _ HUSM/+LUSMI-

The population ratios along a BGP are:

SU;M' = [cnils + (1= Onplg] + [enkls + (1 - O Tamilg] w5
m - [gn}|ﬁ+(1—<)n*pyg] + [gn}|g+(1—C)FHn}lg} (1—m) HQ/PPL};PH)
+ <CFLn?|ﬁPPLL> 1 igj(ZLP/Z)H),
% _ [gn*F]§+(1—§)n}}]B] +CFLRHQP%'

Thus, at the BGME, we obtain common growth under upward skill mobility.

The General-Equilibrium Wage Effect Although the common growth property remains
valid under upward skill mobility, there is a general equilibrium wage effect so that the value
differentials of migration are affected.

Since PUSMH+ — pH+ 4 ypL and pUSM.L+ — pl+ _ 9Pl it is straightforward to see there is
a negative general equilibrium labor endowment effect on high-skilled wage and a positive effect on
low-skilled wage:

l1—0o
L+ LN\% &
S pLt _ygp
wg M,H e OC’I’IUAP |:0577‘7 —+ (1 — O[) <_Pf1+—f—’[9_PL> :| < wg,
l1—0o
H+ AN e
USM,L P+ 9P
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Because of changes in wages, there is a dynamic migration effect encouraging more low-skilled but
less high-skilled to migrate. Given the Leontief preferences, the fertility choices are not affected
under upward skill mobility. However, the value functions of the urban private-sector workers are
altered due to the changes in wages. Specifically, we have

VUSMPH () _yPH (g) — (1-6)¢ (wZSM’H - wﬁ) <0,
VUSMEL (5) — VPE(5) = (1-0)0 (wfSF —wh) >0,

which leads to Proposition 6a. As a result, the value differentials of the urban private-sector workers
are affected as given in the main text, which lead to Proposition 6b.

C.4 Directed Urban Benefits To the end, we consider directed urban benefits. The timeline
is unchanged and the same as Figure II.1. An urban worker’s optimization is modified as follows.
The utility function is:

uPBY (¢, b,n; B) ;e g = min{fc, (1 —0)nb[1+ (1" + (1—-1")1"y) Be}

+8n° + [I" + (1= I7) I" ) Ba.

The budget constraint is:

c+nb+nloy — (I"+ (1—I7)I"p) Be] + [IF + (1 — I7) I max {n — 7y, 0} ¢y

+{1-[I"+ (1= 1F) "]} max {n — ng,0} dp

= wH+IT [+ (1=I")1"p) Bw — [I" + (1= 1F) Iy 7,

where I = 1 for high-skilled workers (0 otherwise) and w € {wg, wH,wk}. All urban workers face
the same childrearing 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 =1,1" = O) or (IF =0,1T = 1)) faces budget
constraints that can be rewritten as follows:

S c+nb+n(¢)?]fBC)+maX{n7ﬁU,O}q_[>U:wS+BWfT
P et nb+n (¢ — pBe) +max {n — ay,0} ¢y = wh + pBw — pr
PL . c—l—nb—l—n(gboU—,uBc)+max{n—ﬁU,0}q$U:w]]5—,uT
On the other hand, the budget constraint of an urban worker with rural residency ((I Fr T) = (0,0))

is:
¢+ nb+neY +max {n —ng,0} ¢p = wh,i = H, L.

SOE Workers For SOE workers (IF =1,IT = O), the value function is:

VDB,S (5) — max {min [90, (1 — 9) nb (1 + BE)] + Bnf + BA}

c,bn
st. c+nb+n(¢f — Be) +max{n —ny,0} ¢y = ws + Bw — 7.

which is equivalent to

VDPBS (B) = max (1-60)nb(1+ Bg)+ fn° + Ba

)

st. —=[(1—0)nb(1+ Bg)]+nb+n(¢f; — Bc) + max {n — ny,0} ¢y = ws + Bw — 7.

1
0

XXix



Denote A as the Lagrangian multiplier associated with the budget constraint. The first-order con-
ditions for n and b are:

1 _
(1-0)b(1+ Bg)+ebn*t = A [0(1—0)b(1+BE)+b+¢?,—BC+I%U] ,
1
(1-6)n(l+Bg) = An [9(1—9)(1+BE)+1} ,
and together yield

e 6(1—0)(1+ Bp)
nl=¢ 0+ (1-60)(1+ Bg)

(68— Bo+1%y) .

Rearranging to get

1
1—¢e

1+(1—0)BE ef

nDB,S*| _
1+Br  0(1-0)(¢Y — Be+1°¢y)

F

As a result, we have the ranking of fertility choice

np?* 5 > nils, Be > 0= Bp,

DB S*|g < np|g, Be > 0= Bg,
as stated in the main text. This is intuitive because Br promotes giving resources to each child
while B¢ encourages child quantity. Finally, we have

(1-6)(1+ Bg)
0

[1—1— :|nb:w5+Bw—T—n[(QZ)([)]—BC)‘FIB(”_”U)QZ)U}'

By substituting in the number of children chosen and the bequest to children, we obtain a SOE
worker’s value function:

1+ B . n -
vPES(B) = 0(1_9)1—1—(19]§BE{MS+BW T—npP™ [¢OU—B(J+IB (1—DRUS*|> ¢U]}
o Np 8
+5( DBS*|B>5+BA‘

In addition, we compare the value function VP5(3) with the baseline value function V' (8) to
obtain:

VPBS(8) — v (B)

_ g(1_g_ ‘+Br — DB gl — L EREELA, b
= (1 0)1+(1_9)BE{WS’+BW T—np \[¢U Be+17 (1 DB Pu

(19)9{wsT nyls [QZ’U*Iﬂ( |B)¢U]} F
8 [ (1P 15)" = (ko]

> 0, for n? S g = np|s.

In sum, for SOE workers, directed urban benefits are likely to bring in a higher location urban
benefit gain (the difference of the first two terms in the second equality). Their effects on fertility,
however, are ambiguous (the last difference term).
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Private-Sector High-Skilled Workers For private-sector high-skilled workers with urban
residency (I F—=0,IT = 1), the value function is:

VFDB’P’H (8) = max{min [fc, (1 — 0)nb(1 + uBg)] + n° + uBa}

c,bn
st. c+nb+n (o) — uBc) +max {n — ny,0} ¢y = wi + pBw — pt

which is equivalent to

VPBLH () = max (1 —0)nb(1+ pBp) + An° + pBa

1

st. 5 (1= 0)nb(1+ uBgp)] +nb+n(¢Y — uBc) + max {n — g, 0} ¢y = wh + uBw — pt.

Following the same procedure as in the case of SOE workers, we get

DB,P,Hx
np \

1+(1—-0)uBg el
L+uBg  6(1-0)(¢y — uBc + Péy)
0

For private-sector high-skilled workers with rural residency (I F=0,1" = ) the value function
is identical to the benchmark case:

VPR (3) = (- 00 fut uily o+ 1 (1- 2 o ) 6] } + 5 0l

where )

*’ B 65 1-¢
BTG a—0) [0 + 1Pog) |

These give Proposition 7a.
Putting together all the private-sector high-skilled workers, we have

VDB,P,H (B) — pVFl?B,P,H (ﬁ) + (1 - p)Vv]DB,P,H (ﬁ)
14+ uBg '
1+(1—-0)uBg

DB,P,Hx ny y
{wp + puBw — p1T —np |8 [¢OU —pBo + 17 (1 DB ) ¢U] }
np B
DB,P,Hx, \¢

+=p{a=0)0 {ull —nily o+ 17 (1= 22 )30 |+ a0l

= pf(1—-0)

Recall VP (3) in the benchmark case:

") o] i)+

bt smila) |

VI (3) = p{ (1= 0)6 {ufl = — il [ o + 1 (1- 2
F
nR
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Then we get the expression of VPB-PH (3) — VPH (3) as given below:

VDB,P,H (/6) _ VP,H (/6)
. _ 1+ uBE '
= 0= 00 B,

* ﬁ p
{wﬁ + puBw — put — n?B’P’H [ [¢>OU — uBe +1° (1 - DBP(’]H*> ¢U] }
Np |5
—p(l—@)e{wﬁ—m—n’;!ﬁ {¢%+Iﬁ (1— L >¢U]}

npls
DB,P,H*, \¢ *
+8 | (n2P"")5) = (o)
DB,P,Hx
P |

> 0, forn g R NE|s.

which gives the results in the paragraph following Proposition 7a.

Private-Sector Low-Skilled Workers For private-sector low-skilled workers with urban
residency (I F—=0,IT = 1), the value function is:

V}?BvPvL (B) = max {min [fc, (1 — 0)nb (1 + uBg)| + Bn° + uBa}

s.t. c+nb+n(¢?]—uBc) + max {n — Ay, 0} ¢y = wh — pr

which is equivalent to

Vi PP (8) = max (1—6)nb (14 uBg) + An® + uBa

bn

1 _
s.t. 7 [(1—0)nb(1+ pBg)] +nb+n (¢ — pBc) + max {n — iy, 0} by = wp — pr.

Following the same procedure, we get

DB,P,Lx|
np lg =

14+ (1—6)uBg ep v
1+uBe  0(1—0) (6% — pBo + IPéy)

.. DB,P.Lx, __ _DB,P,Hx
This gives the result of np | g=np ]

For private-sector low-skilled workers with rural residency (I F—=0,IT = O), the value function

g as described in the main text.

is identical to the benchmark case:

VPP () = (1= 000 {uh =il o+ 1° (1= 2 ) o] |+ B )

These imply Proposition 7b.
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Putting together all the private-sector low-skilled workers, we have

VDB,P,L (5) — pVFPB,P,L (5) + (1 - p)Vv]DB,P,L (B)
1+ puBg .
1+ (1—0)uBg

{wp+qu pr —np > [¢(I)J_/“LBC+Iﬁ (1—1%<> 55U”
np g

+p [ﬁ( DBPL*|5>€+MBA}

+-p fa-00fup—ils o+ (1- 2 oy 2 o] b+ s uila)

Recall V£ (B) in the benchmark case:

= pf(1—0)

VEE (@) = p{ =006 {uh —ur =iy |6+ 17 (1= 2 Y u | | + 8 i)+t
= { =00 {uh = nils o+ 17 (1= 2 ) o]+ 5 il ).

Then we can derive

1+ pBg )
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{wp+MBW pr —ng PP [¢%—HBO+15 (1—17]312]“)%”
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€
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14+ uBEg '

DB,P,L nu -
{wp+qu pr —np g [¢?J—MBC+16 (1—DB,P,L*|> ¢U”
np B

_(1—0)0{@%—/” nrls [¢U+IB <1_n}!5>$ ]}

+B8[(nR7PH ) = (ile)’]

DBPL*|

VPEEE(3) VPR (8) o 6(1-0)

> 0, forn 3~ npls.

That is, we obtain the result in the main text that when n?B’P’L*|5 ~ g, VPBEL (B)-VPL(8) >
0.

DB,P,H DB,P,L .
Migration Decision As a result, under np g =mnp """ |g = nkls, we can derive the

value differentials of the urban private-sector workers as in the main text. We then conclude with
Proposition 7c.
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Appendix III: Quantitative Analysis for the Generalized Models

This section provides the details of the quantitative analysis for the generalized models. Specifically,
we are interested in the roles played by reverse migration, left-behind children, upward skill mobility,
human capital enhancement via parental bequest, and directed urban benefits in the magnitude
and the macroeconomic consequences of equilibrium migration flows. In each subsection below, we
first describe data and calculations. Then, to understand the impacts, we conduct experiments by
adding one at a time to the baseline model and then compare the new equilibrium to the benchmark
economy. Tables ITI.1 and III.2 summarize the results of reverse migration, left-behind children,
upward skill mobility, and human capital enhancement via parental bequest; Tables II1.3, I11.4,
II1.5, and III.6 report the results of directed urban benefits.

[Insert Table III.1 about here]
[Insert Table I11.2 about here]

A. Reverse Migration

As discussed in Section 5.1, the major departure of the generalization for reverse migration from
the baseline model is the introduction of the urban residency shock (A) or the fraction of reverse
migration to urban population. Setting A at zero returns to the baseline model. Our task here
is thus to pin down A, compute the new equilibrium, and calculate the relative changes to the
benchmark model.

To calibrate A, the following procedure is applied. First, the average urban-rural population
ratio in 1980-2007 is 0.4579. Together with the normalization of total population to one, we have
R = 0.6859 and U = 0.3141. Second, the ratio of rural-urban migration to rural population in our
benchmark economy is 0.0440 and rural-urban migration as a percentage of total migration is 0.49
in Scharping (1997).2 We thus obtain rural-urban migration as a percentage of total population is
0.03017. Third, Scharping (1997) also reported that urban-rural migration as a percentage of total
migration is 0.04. This implies that the urban-rural migration as a percentage of total population is
0.002463. Finally, we are able to compute the ratio of urban-rural migration to urban population,

A = 0002403 — 0.7842%.

Tables I11.1 and III.2 suggest that reverse migration disproportionally discourages rural high- and
low-skilled workers from migrating to cities by hurting the high-skilled migration more. Urbanization
rate drops by about 0.7 percent. As the minor impacts on the ratio of urban private high- to low-
skilled workers, changes in the skill premium and the fertility rates in urban and rural areas are

very limited. More workers staying in rural areas lowers overall per capita output by about 0.18
£ .30

percen

B. Left-Behind Children

To calibrate the childrearing cost markup of left-behind children (Z), we utilize remittance data
with appropriate adjustments. We consider both aggregate and household-based measures. The

29GQcharping, T., 1997, “Studying migration in contemporary China: models and methods, issues and evidence,”

Cologne China Studies Online - Working Papers on Chinese Politics, Economy and Society.
30 As there are fewer high-skilled wokers relative to low-skilled workers in urban areas, the skill premium slightly

increases and the urban output per capita slightly drops. Due to the space limit, these are not shown in Table III.2.
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details are described as follows.

Tong, Yan, and Kawachi (2019) find that migrant household family income in the destination
is significantly associated with migrant parents’ arrangement to their children.?! In the generaliza-
tion for left-behind children, we consider a scenario closely mirroring reality, wherein all low-skilled
migrant parents are unable to acquire urban hukou and consequently, must leave their children
behind. Low-skilled rural-urban migrant parents bear a markup of childrearing cost for left-behind
children. We utilize remittance data to calibrate the markup. Two measures are considered: aggre-
gate and household-based measures. From the aggregate perspective, Messinis and Cheng (2007)
use the estimation by China’s Ministry of Agriculture to obtain that about 98 million of migrant
workers in 2003 providing a total of 370 billion RMB (Ren Min Bi) remittances, accounting for
32 Notably, remittances are for not only
left-behind children but also other family members, particularly the elderly. As there were about
69.7 million children left behind in 2013 (Tong, Yan, and Kawachi, 2019) and total rural popula-
tion amounted to 637.8 million in 2013 (from World Bank), left-behind children thus were about
69.7/637.8 = 0.1093 of rural population. One may thus take 10.93 percent of the remittances as
for left-behind children, which constitutes 0.1093 - 0.4 = 0.0437 of total rural household income.
In our calibration, 0.4308 is childrearing cost per child out of rural household income. Hence, the
aggregate markup is = = (0.0437 + 0.4308)/0.4308 = 1.1014. Alternatively, we can measure the
remittances from household-based perspective. Based on a large-sample (China Poverty Monitoring

40 percent of total rural household income in China.

Survey during 1997-2001) and a relatively small dataset (China Rural Poverty Survey), Du, Park,
and Wang (2005) estimate that remittances increase rural household income by 8.5-13.1 percent,
averaging 10.8 percent.?®> Given that imputed fertility is 2.2 and average rural household size is
about 3.2. One may take 2.2/3.2 = 0.687 of the remittance as for left-behind children, which
is about 0.108 - 0.687/2.2 = 0.0337 per child per dollar of rural household income. This gives a
household-based markup of = = (0.0337 + 0.4308)/0.4308 = 1.0782. The two measures are compa-
rable, so we simply average them to obtain the markup = = 1.0898. It is worthy to notice that in
our quantitative analysis the childrearing cost is proportional to parent’s income. Thus, the cost of

.. . g =30 . . . .
raising a left-behind child is Z¢ RwILD, as the parent is a private low-skilled worker. To be consistent
with reality that left-behind children actually live in rural areas, we use the wage ratio of rural
to private low-skilled worker in the benchmark economy to adjust the cost of raising a left-behind

4%

child. That is, we use (w—f)Efb(I){wlL; to be the cost of raising a left-behind child in the experiment.

By considering left—b}ejhind children, we find that the fraction of movers reduces sharply by
more than one third due largely to the shrinkage of low-skilled migration. In other words, the
fraction of low-skilled movers declines by 51.1 percent, while that of high-skilled movers declines by
about 11.6 percent. With an improved skill composition of urban workers, both urban per capita
output and the urban-rural income gap increase, but the skill premium in the urban private sector
falls. Fewer migrants result in lower rural per capita income and a cheaper rural childrearing cost.
Consequently, the average fertility rates of rural high- and low-skilled workers rise by about 1.40-

31Tong, L., Q. Yan, and I. Kawachi, 2019, “The factors associated with being left-behind children in China: Multi-

level analysis with nationally representative data,” PLoS ONE, 14(11):e0224205.
32 Messinis, G. and E. Cheng, 2007, “The value of education and job training in the developing world: New evidence

from migrant workers in China,” Working Paper Series No. 36, Centre for Strategic Economic Studies, Victoria

University.
33Du, Y., A. Park, and S. Wang, 2005, “Migration and rural poverty in China,” Journal of Comparative Economics,

33(4), pp. 688-709.
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1.84 percent. Overall per capita output falls by about 1.4 percent due to a lower urbanization rate
and thereby shrinking urban activities.

C. Upward Skill Mobility

We now turn to the experiment on upward skill mobility. In Liao, Wang, Wang and Yip (2022),
the upward skill mobility is computed at 0.04 percent and 1.17 percent, respectively, for the periods
of 1980-1994 and 1995-2007, and the average upward mobility rate is 0.605 percent.?* We thus set
¥ = 0.605% for this experiment. Others remain unchanged. While such mobility is quantitatively
trivial, its implication remains intellectually intriguing.

We find that upward skill mobility has a direct skill enhancement effect in urban areas. However,
such mobility discourages rural high-skilled workers but encourages rural low-skilled workers to
migrate to cities. As shown in Table III.1, compared with the benchmark economy, the fraction
of high-skilled movers decreases by 3.9 percent, while that of low-skilled movers increases by 2.4
percent. This endogenous migration effect worsens the skill composition of the urban workforce.
Therefore, with the direct and various general-equilibrium effects, the PUSMH+/pUSM.L+ patig
slightly increases by 0.14 percent. The resulting effects on fertility, overall per capita output, wage
ratios, and income gaps are found to be limited.

D. Human Capital Enhancement

As mentioned in Section 5.4, any factors improving h will lead to a greater incentive for children
with high-skilled status to migrate to cities. It is worthy to notice that, under this generalization,
human capital is enhanced via parental bequest. With a constant human capital production tech-
nology, the calibrated result of this generalization is exactly the same as that in the baseline model.
Therefore, here we conduct an experiment where the human capital of the high-skilled migrant
workers autonomously increases by 10 percent at no cost. The results are summarized in Tables
II1.1 and III.2.

As expected, skill enhancement promotes migration: Now all type-{H, [} agents migrate to
cities, while the migration of low-skilled workers also increases by more than 60 percent due to the
skill complementarity in urban production. Although there are more high-skilled workers in urban
areas, due to the increase in human capital, the skill premium increases by 0.9 percent. Fertility
rates of all urban workers, regardless of skill levels, decrease due to a higher urban childrearing cost
and more type-{L, 3} workers in urban areas — a location-fertility trade-off for migrant workers.
Notably, rural per capita income also increases as rural stayers are allocated with more land due to
reallocation of land, leading to a shrinkage in urban-rural income gap by 0.9 percent.

E. Directed Urban Benefits

Recall that in Section 5.5, we allow urban benefits to be directed to (i) human capital at work (By),
(ii) child endowment (Bg), or (iii) child care (Bc¢), beyond pure amenities (B4) which is considered
as B in the baseline model. The closest counterpart to child endowment in reality appears to
be the government’s support to child education. Therefore, we consider B in the form of child
education in the experiment below. We also follow the general principle that all directed benefits

3 Liao, P., P. Wang, Y. Wang, and C. Yip, 2022, “Educational choice, rural-urban migration and economic devel-

opment,” Fconomic Theory 74, pp. 1-67.
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come with urban residency status. However, not every urban resident in China is eligible for the
four types of urban benefits. While all urban residents with formal hukou enjoy pure amenities B4
and better education for children Bp, only SOE workers enjoy childcare subsidies B¢, and only
SOE and urban high-skilled workers are eligible for By,. Thus, we must tailor the framework for
directed urban benefits in Section 5.5 to the institutions in China. Specifically, we denote G,, as
the government expenditure per person for urban residents receiving full urban benefit B,,, where
m = A, W, E,C. While the total urban tax collected by the government (7') remains the same as
in (39), the government’s balanced budget rule is modified as:

T = Gal[U+Sp+u(PE+PE)]+Gw (S+Sp+ P+ uPH) (A4)
+GE [U+ Sp+p (P + PE)] + G (S + Sp).

In addition, the government technologies are adjusted accordingly and become: B,, = B, Gm,
with the benefit type m = A, W, E, C.

In the quantitative analysis, we first re-calibrate the modified model to data from China. Specif-
ically, we calibrate the four directed urban benefits (B4, By, Bg, and B¢) and Gy, Gg, and G¢
using various data. Then, given 7 = 20% as in the benchmark economy and 7' computed therein,
G 4 is solved using the government’s balanced budget rule (A4). With all B, and G, being de-
termined, we can calibrate the four types of By, using the government technologies. The detailed
calibration strategy, data sources, and calibrated results are summarized as follows. We start with
illustrating how to compute G,, and B,,, where m = A, W, E, C.

Gy is computed using the data, financing and expenditure of re-employment service in enter-
prises, in China Labor Statistical Yearbook 2002-2005. We first calculate the proportion of total
funding that is from government. Second, we compute this proportion as a percentage of average
GDP from 2001 to 2004. Then, we calculate the urban output share by assuming that urban output
includes industry and services sectors (78.49 percent of aggregate output). Finally, the percentage is
adjusted by urban output share to obtain Gy = 0.0041. In addition, we obtain By by the following
steps. First of all, using survey-based ziagang data in 2000, Bidani, Goh, and O’Leary (2009) find
such government sponsored training improved job finding in a moderate unemployment city, Wuhan,
by 8 percent, but reduced job finding in a high unemployment city, Shengyang, by 6 percent.?> On
balanced we set the improvement in job finding as 1 percent. In both cities, re-employed workers
did not have significant wage gains. Thus, the human capital effect can be measured purely by
re-employment with faster job finding rates. Second, based on China Urban Labor Survey, Giles,
Park, and Cai (2006) show the half life of the unemployment spell for a 30-40 years old man and
woman was about 48 and 56 months, respectively, averaging 52 months.?® Thus, an 1 percent
improvement in job finding probability translates to (0.01/0.5)(52/12) = 0.0867 year reduction in
unemployment spell. Third, only unemployed workers enjoy such reduction in unemployment spell,
so the unemployment spell is adjusted by urban unemployment rate 7.91 percent (Liao, Wang,
Wang, and Yip 2022) to become 0.006858, which can be interpreted as a percentage of the average
annual wage to obtain the value of the human capital effect. Note that in the generalized model,
only SOE and private high-skilled workers are qualified for the benefit. However, SOE and private
high-skilled workers’ benefits are different. Define By g = 0.006858 - ws to be the benefit obtained

35Bidani, B., N. Blunch, C. Goh, and C.J. O’Leary, 2009, “Evaluating job training in two Chinese cities,” Journal

of Chinese Economic and Business Studies, 7(1), pp. 77-94.
30 Giles, J., A. Park, and F. Cai, 2006, “Reemployment of dislocated workers in urban China: The roles of information

and incentives,” Journal of Comparative Economics, 34(3), pp. 582-607.
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by a SOE worker and By pr = 0.006858 - wg as the benefit for a private high-skilled worker. By
is then computed as the weighted average of By,s and By, pu (using the population of each type
as the weight) and By = 0.0142 in the calibration. Finally, using the government technology for
directed urban benefits to human capital at work, we obtain By = 3.4459.

G i is measured by relative government spending in education. Li and Luo (2010) estimate that
local government educational subsidy per capita in urban and rural areas in 2002 are about 482
and 282 RMB, respectively.?” The corresponding urban and rural per capita incomes are 8,084
and 2,592 RMB, respectively. By normalizing rural subsidy to zero, the incremental urban subsidy
is 200 RMB per capita, or 200/8084 = 0.02474 of urban income. Therefore, in our calibration

Gg = 0.02474 - yy = 0.0486. To compute Bp, more works are required. Note that in the gen-

%nb. Because nb is the real dollar measure of child quality, Br can be

eralized model, ¢ =
interpreted as improvement probability (pr) times income gap between high- and low-skilled (gap).
The improvement probability pr can be measured as the advantage that a rural born child enjoys
if he or she is moving to cities. That is, once a rural born child moves to cities, his or her chance

of becoming high-skilled worker is higher. We thus define pr to be:

prob. of urban children going to college
pr= -

prob. of rural children going to college

Table 3 in Gou (2006) provides the probabilities of going to college for urban and rural children,
respectively.?® The simple average of pr during 1989-2005 is 0.2619. The income gap between
high- and low-skilled (gap) is measured by Micerian returns to college education. Immediately after
college expansion, Zhang et al. (2005) estimate the returns of college versus high school to be
37.3-38.7 percent over 1999-2001, averaging 38 percent.?* Then we have gap = 0.38 - wh. We thus
compute B = pr - gap = 0.1393. Finally, with urban benefit production technology, we obtain
By, = 2.8659.

Regarding the directed urban benefits to child care, Du and Dong (2013) discusses that child-
care subsidies in China are only to SOE workers and government employees, not to private-sector
workers.*? Thus, in the quantitative analysis, we modify the budget constraints and optimization
conditions, accordingly. Based on Chinese Enterprise Social Responsibility Survey conducted in
2006, Du and Dong (2013) find that, despite a cutback of government sponsored public child cen-
ters or kindergartens, there were still about 20 percent of kindergartens run by SOEs and charged
nonemployees 1000-10000 RMB per year. That is, the subsidy is about 0.2 (1000+ 10000)/2 = 1100
RMB, which is the nominal average subsidy to childcare from SOEs to their employees in 2006. In
2006, the average nominal disposable income of urban households is 11759.5 RMB. Thus, the child-
care subsidy for SOE employees can be computed as 1100/11759.5 = 0.09354 of urban household
income and Bo = 0.09354 - wg = 0.1884 in the calibration. As B¢ is measured by government sub-
sidies, we have G¢o = B = 0.1884. Finally, from urban benefit production technology, we obtain
Byc =1.

37Li, S. and C. Luo, 2010, “Re-estimating the income gap between urban and rural households in China,” Procedia

Social and Behavioral Sciences, 2, pp. 7151-7163.
38 Gou, R., 2006, “ Examing equality in higher education from the perspective of rural-urban access to higher

education,” Research in Educational Development, 5, pp. 29-31 (in Chinese).
397hang, J., Y. Zhao, A. Park and X. Song, 2005, “Economic returns to schooling in urban Chinal988-2001,”

Journal of Comparative Economics, 33, pp. 730-752.
Dy, F. and X. Dong, 2013, “Women’s employment and child care choices in urban China during the economic

transition,” Economic Development and Cultural Change, 62(1), pp. 131-155.
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The last directed urban benefit is B4. We follow the same strategy that we used in the baseline
calibration to compute B4. Note that in the baseline calibration, we measured the pure amenities
by the retirement benefit computed from replacement ratio. All urban residents with hukou enjoy
the benefit of B4, thus it is computed as

75 — 53
length of model period’

B4 = replacement rate -y -

where 75 refers to the expected life expectancy and age 53 is the average retirement age. We
then have B4 = 0.9803. Again, government maintains a balanced budget, and G4 is computed
as 0.3251. Finally, Bp 4 = 3.0150, which is calibrated by the urban benefit production technology.
The calibration result is provided in Table II1.3. As our calibration targets remain unchanged,
the calibration result for the generalized model with directed urban benefits is very similar to the
baseline economy.

[Insert Table II1.3 about here]
[Insert Table I11.4 about here]

We further summarize the proportion of per capita urban taxes that is allocated to each benefit
in Table II1.4. The share of pure amenities is the largest (82.1 percent), followed by the share of
benefits for child education (12.3 percent). Directed urban benefits to human capital at work take
the smallest share (0.8 percent). This distribution justifies the setup in our baseline model that we
focus on the main directed urban benefits (pure amenities).

Based on the calibrated result, we then proceed to conduct separate experiments for each type
of the directed urban benefits and study the pure effect of each benefit on migration and fertility
decisions. To ensure comparability, we consider an exogenous one-percentage increment per urban
resident tax revenue to be allocated to G,,, thereby increasing the corresponding directed urban
benefit. The results are provided in Tables II1.5 and III.6. Below we summarize the main messages.

[Insert Table III.5 about here]
[Insert Table II1.6 about here]

1. Directed urban benefits to human capital at work

As By is only granted to SOE and private high-skilled workers, the increase in Gy strengthens
the migration incentives for rural high-skilled workers. The fraction of high-skilled movers increases
by about 15 percent, while that of low-skilled movers only increases by about 1 percent. This change
improves the skill composition in cities but the effects on skill premium and the urban per capita
output are minor. Fewer rural stayers result in slightly higher rural per capita output, leading
to a slightly lower rural fertility rate as the cost of child rearing is proportional to income. More
high-skilled workers in urban areas depress the wage rate of the high-skilled, though again, the
effect is limited. However, as Byy is a pure benefit that relaxing urban high-skilled workers’ budget
constraint, the fertility of the SOE and the urban private high-skilled workers slightly increases.
2. Directed urban benefits to child endowment

All urban residents with formal hukou enjoy the directed urban benefits to child education (Bg).
Therefore, an increase in G'g promotes rural-urban migration, and the effects of an increase in Gg
on population ratios, output per capita, and income ratios resemble that of an increase in Gy, but
with a smaller magnitude. However, different from the experiment on Gyy, an increase in Gg shifts
parents’ choice from child quantity to giving more resources to each child. We therefore observe
that the total fertility rates of SOE and private high-skilled workers decline.
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8. Directed urban benefits to child care

Only SOE workers are eligible to receive the directed urban benefits for child care (B¢). As only
a small proportion of high-skilled migrants can be employed in the SOE sector, the strengthening
effect of an increase in G¢ on migration incentives is minor - the fraction of high-skilled movers
increases by only 0.39 percent. As a result, the effects on population ratios, output per capita,
income ratios, and fertility are small.
4. Summary

The above three directed urban benefits all strengthen migration incentives, especially for rural
high-skilled workers. Because the beneficiaries are not the same, the magnitudes of the respective
impacts on migration decisions, output levels, income ratios, and population ratios differ, with the
effects of an increase in directed urban benefits to human capital at work outweighing those of the
other two benefits. The effects on fertility vary across types of directed benefits. While the benefit
to child education shifts parents from child quantity to resource giving, the benefits directed to child
care lead to a minor fertility rebound. Finally, comparing with the above three benefits, the last
two rows in Tables IIL.5 and III.6 suggest that an increase in G4 (therefore, an increase in pure
amenities B4) brings the largest effect on migration, fertility, and the macroeconomic variables.
This finding supports the setup of our baseline model where only pure amenities are considered.

F. Taking Stock of Quantitative Analysis for the Generalization

In this appendix, we once again quantitatively verify the presence of a location-fertility trade-off
in all cases of generalizations. Most interestingly, reverse migration and left-behind children both
weaken migration incentives and reduce rural-urban migration. Staying in rural areas results in a
higher fertility rate for both rural high- and low-skilled workers. In contrast, allowing upward skill
mobility encourages low-skilled migration but at the cost of a lower fertility rate. Same results hold
for human capital enhancement. As for urban directed benefits, all benefits considered strengthen
rural workers’ migration incentives, especially for high-skilled workers, thereby enhancing the skill
composition and lowering the skill premium in cities. Among all directed urban benefits, pure
amenities still play the dominant role in affecting migration decisions and macroeconomic variables.
To conclude, the relative changes to the benchmark under various dimensions of generalizations
never overturn our main findings, thereby justifying our baseline model.
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Table I.1: Imputed Fertility
Period  1980-1985  1986-1990  1991-1995  1996-2000  Average

nk 2.8427 2.5287 1.8003 1.4921 2.1659
nk 1.8201 1.6545 1.0777 1.0145 1.3917
nk 2.5821 2.3464 1.6868 1.3965 2.0029
nt 1.7732 1.5721 1.0526 0.9746 1.3431
ns - 1.5344 1.0426 0.9628 1.1799

Table 1.2: Additional Policy Experiments — Migration Decisions and Population Ratios

Fraction of Fraction of
I'y Iz H movers L movers movers ﬁ 1;% PSH% 1— U% IZ—I 1‘_%
Benchmark model 0.0146 0.3654 0.1132 0.0365 0.0440 0.3443  0.6781 3.1543 0.0876 0.0991 3.2637
Population Policy
Three-child policy 0.7402 04111  0.7662 0.0411 0.1116 0.3906  1.0318  2.1007 0.1959 0.0262 12.9356
(% change) 576.98%  12.49% 153.61%  13.46% 52.16% -33.40% 123.52% -73.51% 296.35%
No population control 0.0000 0.3629  0.1000 0.0363 0.0425 0.3432  0.6715 3.1881 0.0849 0.1005 3.2130
(% change) -11.64% -0.70% -3.43% -0.30% -098%  1.07% -3.14% 1.46% -1.55%
Migration Policy: Hukou- and Land-related
No urban residency 0.0000 0.0000  0.1000 0.0000 0.0097 0.3208 0.8948  3.1881 0.0208 0.0969 3.2130
(% change) -11.64% -100.00%  -77.91% -6.83% 31.96% 1.07% -76.29%  -2.22% -1.55%
Full HRS during 1980-2007 0.0000 0.0000  0.1000 0.0000 0.0097 0.3208 0.8948  3.1881 0.0208 0.0969 3.2130
(% change) -11.64% -100.00% -77.91% -6.83% 31.96% 1.07% -76.29%  -2.22% -1.55%
Stable land since 1983 0.0146 0.3654 0.1132 0.0365 0.0440 0.3443  0.6781 3.1543 0.0876 0.0991 3.2637
(% change) 0.00% 0.00% 0.00% 0.00%  0.00%  0.00% 0.00% 0.00% 0.00%
No HRS throughout 1.0000 1.0000  1.0000 0.1000 0.1875 0.4427 0.8375 1.8879 0.2905 0.0000 -
(% change) 783.61% 173.64%  326.13%  28.58% 23.51% -40.15% 231.40% -100.00% -

Note: The term “Fraction of H (L) movers” denotes the proportion of high-skilled (low-skilled) migrants relative to the total rural high-skilled (low-skilled) workers.
Meanwhile, “Fraction of movers” represents the ratio of all migrants to the overall rural workers.
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Table 1.3: Additional Policy Experiments — Total Fertility Rates

Total Fertility Rates

Rural H Rural L SOE  Private H Private L  Avg
Benchmark model 1.3917 2.1659  1.1799 1.3431 2.0029  1.8685
Population Policy
Three-child policy 0.9590  2.0299  1.1839 1.4012 1.9158  1.7582
(% change) -31.09% -6.28%  0.34% 4.33% -4.35% -5.90%
No population control 2.6855 2.6398  2.2917 1.9839 2.8166  2.5515
(% change) 9297% 21.88% 94.22% 47.71%  40.62% 36.55%
Migration Policy: Hukou- and Land-related
No urban residency 1.4330  2.2258  1.1799 1.3876 2.0041 19112
(% change) 2.97% 2.76%  -0.01% 3.31% 0.06%  2.29%
Full HRS during 1980-2007  1.2972 1.9972  1.1799 1.3768 2.0041  1.7603
(% change) -6.79%  -1.79% -0.01%  2.51% 0.06%  -5.79%
Stable land since 1983 1.3917 21659  1.1799  1.3431 2.0029  1.8685
(% change) 0.00% 0.00%  0.00% 0.00% 0.00%  0.00%
No HRS throughout 0.7762  5.0504 1.1852  1.3798 1.8787  3.5964
(% change) -44.23% 133.17% 0.45% 2.73% -6.20%  92.48%

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 1.4: Additional Policy Experiments — Urban and Rural per capita Income and Income Ratios

Income Ratios Responsiveness
y yu YR = % % ;je T:ﬁnt &yTFR éufﬁf iR
Benchmark model 1.3319 19641 1.0000 1.9641 1.1346 1.3944 0.9803
Population Policy
Three-child policy 1.4230 1.9881 1.0608 1.8742  1.0979 1.3002 0.9749
(% change) 6.84% 1.22% 6.08%  -458% -324% -6.76% -0.54% -1.1587 -2.2814
No population control 1.3299  1.9636  0.9987 1.9660  1.1356 1.3967 0.9804
(% change) -0.15% -0.03% -0.13%  0.10% 0.08% 0.16% 0.02% -0.0041 -0.0082
Migration Policy: Hukou- and Land-related
No urban residency 1.2972 19851 09723  2.0415 1.1094 1.3314 0.9859
(% change) 261% 1.07% -277%  394% -222% -452% 0.57% -1.1389  -2.9834
Full HRS during 1980-2007 1.3649  1.9851 1.0720 1.8518  1.1094 1.3314 0.9850
(% change) 247% 1.07% 720%  -572% -2.22% -4.52% 0.48% -0.4271 1.1790
Stable land since 1983 1.3319  1.9641  1.0000 1.9641  1.1346 1.3944 0.9803
(% change) 0.00%  0.00%  0.00% 0.00%  0.00% 0.00% 0.00% - -
No HRS throughout 09369 19699 0.1163 169368 1.1151 1.3462 0.9659
(% change) -29.66% 0.30% -88.37% 762.32% -1.72% -3.46% -1.47% -0.3207 0.3091

Note: yy is urban per capita output and yg is rural per capita output, while y refers to overall per capita output.
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Table 1.6: Model Implications for Varying the Proportion of Floating Population

Benchmark Robustness 1

Robustness 2 Robustness 3 Robustness 4

¢s = 5% Ps =5% @5 =5% s ="T1% ¢s =3%
o =20% o =22% o =18% o =20% o =20%
05=75% ¢5=73%  ok=71% ©5=73%  ©5=71%
Total Factor Productivity
Ap/As 2.2563 2.2602 2.2525 2.2579 2.2548
Ap(1— OC)%/Z 3.3552 3.3479 3.3625 3.3519 3.3585
Childrearing Cost
SOE/Rural 1.1245 1.1257 1.1234 1.1256 1.1235
Private high-skilled/Rural 1.2759 1.2772 1.2746 1.2771 1.2747
Private low-skilled/Rural 0.9150 0.9159 0.9141 0.9159 0.9141
Penalty on Above-quota Birth
SOE/Rural high-skilled 1.1751 1.1856 1.1645 1.1680 1.1836
Private low-skilled/Rural low-skilled 1.7137 1.7127 1.7147 1.7131 1.7142

Table 1.6 - continued: Model Implications for Varying the Proportion of Floating Population

I'y

Iy

Fraction of

H movers L movers

Fraction of

movers

Ut

pH+

st

U
lfm

H' St

(UT+RT)  PL¥ PHT 5 HT
Benchmark 0.0146 0.3654 0.1132 0.0365 0.0440 0.3443  0.6781 3.1543 0.0876 0.0991 3.2637
Robustness Tests
Os = 5%, O =22%, 5 =73% 0.0247 03557  0.1222 0.0356 0.0440 0.3443  0.6894 3.1235 0.0876 0.0980 3.2973
@s = 5%, (p}.f’ = 18%, (p,% =T77% 0.0046 03752 0.1041 0.0375 0.0440 0.3443  0.6669 3.1858 0.0876 0.1002 3.2307
Os = 7%, O =20%, o5 =73% 0.0247 03557  0.1222 0.0356 0.0440 0.3443  0.6826 3.1642 0.0876 0.0980 3.3077
¢s = 3%, (p}.f’ =20%, (p,% =T77% 0.0046 0.3752 0.1041 0.0375 0.0440 0.3443  0.6736 3.1445 0.0876 0.1002 3.2206

Table 1.6 - continued: Model Implications for Varying the Proportion of Floating Population

Total Fertility Rates

Income Ratios

Rural H Rural L SOE Private H PrivateL Avg - - woo % lI)_Irban

enefit

Benchmark 1.3917  2.1659 1.1799 1.3431 2.0029 1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803
Robustness Tests

Qs = 5%, (pg =22%, (p,% =73% 1.3917 2.1659 1.1799 1.3431 2.0029 1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803

@s = 5%, (pﬁ = 18%, (plL, =77% 1.3917 2.1659 1.1799 1.3431 2.0029 1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803

@5 = 7%, (pg =20%, (p}? =73% 1.3917 2.1659 1.1799 1.3431 2.0029 1.8684 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803

@s = 3%, (pg =20%, (pﬁ =77% 13917 2.1659 1.1799 1.3431 2.0029 1.8686 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803
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Table 1.8: Calibration for Varying Parameters and Private-sector Premium

Robustness Tests

wh /ws = 0.8983

0.55 0.45 0.75 0.875 Fix Re-solve 0.15 0.25
Parameters Benchmark (EIS=4) (EIS=8) As =1.4608 AgandAp
Parameter Parameter Parameter Parameter Parameter = Parameter Parameter Parameter
value value value value value value value value
Production
z 0.4276 0.4276 0.4276 0.4276 0.4276 0.4276 0.4276 0.4276 0.4276
q 2.2564 2.2564 2.2564 2.2564 2.2564 2.2564 2.2564 2.2564 2.2564
1) 0.2083 0.2083 0.2083 0.2083 0.2083 0.2083 0.2083 0.2083 0.2083
Ag 1.4608 1.8585 1.1482 1.4717 1.4561 1.4608 1.6027 1.4608 1.4608
Ap 3.2960 3.7403 2.9398 3.3082 3.2908 2.6097 2.8633 3.2960 3.2960
o 0.8333 0.8333 0.8333 0.7500 0.8750 0.8333 0.8333 0.8333 0.8333
o 0.5000 0.5500 0.4500 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000
n 1.3789 1.0838 1.7543 1.3686 1.3833 1.3789 1.3789 1.3789 1.3789
Preferences
¢ 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
B 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
B 0.5135 0.5135 0.5135 0.5135 0.5135 0.4027 0.4437 0.5135 0.5135
€ 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0 0.2100 0.2100 0.2100 0.2100 0.2100 0.2100 0.2100 0.2100 0.2100
By 2.4885 2.4885 2.4885 2.4885 2.4885 2.8646 2.8646 3.3180 1.9908
Yug 0.4222 0.4222 0.4222 0.4222 0.4222 0.3244 0.3735 0.4263 0.4181
Vi 0.1527 0.1527 0.1527 0.1527 0.1527 0.0919 0.1171 0.1534 0.1521
Probabilities/Duration of time
T 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
u 0.4514 0.4514 0.4514 0.4514 0.4514 0.4514 0.4514 0.4514 0.4514
p 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100
T 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.1500 0.2500
Fraction of workers migrate
Iy 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146 0.0146
Iy 0.3654 0.3654 0.3654 0.3654 0.3654 0.3654 0.3654 0.3654 0.3654
Fertility related
R 0.8000 0.8000 0.8000 0.8000 0.8000 0.8000 0.8000 0.8000 0.8000
iy 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000
(ﬁB 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500
qS}g 0.4478 0.4478 0.4478 0.4478 0.4478 0.3351 0.3767 0.4478 0.4478
Or 1.5928 1.5928 1.5928 1.5928 1.5928 1.5928 1.5928 1.5928 1.5928
ou 1.6654 1.6654 1.6654 1.6654 1.6654 1.6654 1.6654 1.6654 1.6654
Extra penalty for high-skilled workers to have extra children
ou 4.9471 4.9471 4.9471 4.9471 4.9471 3.8932 4.2836 4.9471 4.9471
s 2.1500 2.1500 2.1500 2.1500 2.1500 2.1569 2.1539 2.1500 2.1500
q;,’;’ 0.2887 0.2887 0.2887 0.2887 0.2887 0.2795 0.2835 0.2887 0.2887
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Table 1.9: Model Implications for Varying Parameters and Private-sector Premium

Robustness Tests

o c wh /ws = 0.8983 T
0.55 0.45 0.75 0.875 Fix Re-solve 0.15 0.25
Parameters Benchmark (EIS=4) (EIS=8) Ag=1.4608 Agand Ap
Parameter Parameter Parameter Parameter Parameter  Parameter Parameter Parameter
value value value value value value value value
Productivity comparison
Ap/As 2.2563 2.0125 2.5604 2.2478 2.2600 1.7865 1.7865 2.2563 2.2563
Ap(1— Ot)%/z 3.3552 3.3552 3.3552 3.0703 3.4853 2.6565 29147 3.3552 3.3552
Childrearing cost comparison
SOE/Rural 1.1245 1.1245 1.1245 1.1245 1.1245 1.1899 1.1613 1.1245 1.1245
Private high-skilled/Rural 1.2759 1.2759 1.2759 1.2759 1.2759 1.3500 1.3176 1.5167 1.2759
Private low-skilled/Rural 0.9150 0.9150 0.9150 0.9150 0.9150 0.9682 0.9449 0.9150 0.9150
Above-quota penalty comparison
SOE/Rural high-skilled 1.1751 1.1751 1.1751 1.1751 1.1751 1.1112 1.1373 1.1751 1.1751
Private low-skilled/Rural low-skilled 1.7137 1.7137 1.7137 1.7137 1.7137 1.3568 1.4887 1.7137 1.7137
Table III.1: Generalization — Migration Decisions and Population Ratios
Fraction of Fraction of
H
I'y Iz H movers L movers movers ﬁ ‘;L—I PSH% 1— # 'Z—: I%
Benchmark model 0.0146 03654 0.1132 0.0365 0.0440 0.3443  0.6781 3.1543 0.0876 0.0991 3.2637
Reverse migration 0.0123 0.3651 0.1110 0.0365 0.0440 0.3419  0.6779  3.1493 0.0885 0.1021  3.1397
(% change) -1.89% -0.10% -0.06% -0.70% -0.02% -0.16% 0.93% 3.06% -3.80%
Left-behind children 0.0000 0.1787  0.1000 0.0179 0.0259 0.3318 0.7689  3.1881 0.0534 0.0986 3.2130
(% change) -11.64% -51.10% -41.24% -361% 13.39% 1.07%  -39.03% -044%  -1.55%
Upward skill mobility 0.0098 0.3741 0.1088 0.0374 0.0443 0.3445 0.6790 3.1444 0.0883 0.0997 3.2466
(% change) -3.88% 2.37% 0.81% 0.07% 0.14% -0.31% 0.74% 0.59% -0.52%
Human capital enhancement 1.0000 0.6008 1.0000 0.0601 0.1514 0.4180 1.0351 1.8879 0.2485 0.0000 -
(% change) 783.61%  64.39% 244.19% 21.40% 52.66% -40.15% 183.51% -100.00% -

PRM H+

Note: The population ratios reported in the table refer to those values in the corresponding extension. For example, in reverse migration, 0.6779 is the value of g7+,

not the one in the baseline economy. The results of “Human capital enhancement” in the table represent an experiment with a 10% autonomous increase in human

capital production technology under the generalization of human capital enhancement via parental bequest. The term “Fraction of H (L) movers” denotes the proportion

of high-skilled (low-skilled) migrants relative to the total rural high-skilled (low-skilled) workers. Meanwhile, “Fraction of movers” represents the ratio of all migrants

to the overall rural workers.
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Table II1.2: Generalization

— Total Fertility Rates and Income Ratios

Total Fertility Rates Income Ratios Responsiveness
5 4 iva o ! ) yu wh wil Urban
Rural H RuralL SOE Private H Private L  Avg y YU YR e = ﬁ benefit & TrR ?:U vt rrR
Benchmark model 1.3917  2.1659 1.1799  1.3431 2.0029  1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944 0.9803
Reverse migration 1.3929 21661 1.1797  1.3427 2.0026  1.8690 1.3296 1.9640 1.0000 1.9641 1.1346 1.3945 0.9802
(% change) 0.09%  0.00% -0.02% -0.03%  -0.02%  0.03% -0.18% 0.00% 0.00% 0.00% 0.00% 0.00% -0.01% -6.9707 -27.3477
Left-behind children 14173 2.1963 1.1799  1.3587 2.0070  1.8903  1.3134 19745 0.9851 2.0043 1.1228 1.3655 0.9826
(% change) 1.84% 140% -0.01% 1.16% 0.20% 1.17%  -139% 0.53% -1.49% 2.05% -1.04% -2.07% 0.24% -1.1900  -3.0965
Upward skill mobility 1.3936  2.1654 1.1799  1.3433 2.0011 1.8679  1.3324 19641 1.0003 1.9636 1.1345 1.3941 0.9806
(% change) 0.13% -0.02% 0.00%  0.02% -0.09%  -0.03%  0.03% 0.00% 0.03% -0.03% -0.01% -0.02% 0.03% -1.0603  -2.2650
Human capital enhancement  0.7158  1.9524  1.0661 1.2725 1.8702 1.6649  1.5365 2.1427 1.1011 1.9459 1.0904 1.4069 1.0509
(% change) -48.56% -9.86% -9.65% -526%  -6.63% -1090% 1536% 9.09% 10.11% -0.93% -3.90% 0.90% 7.21% -1.4093  -1.9640

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. yy is urban per capita output and yg is rural per capita output, while y refers to overall per capita output. The results of “Human capital

enhancement” in the table represent an experiment with a 10% autonomous increase in human capital production technology under the generalization of human capital

enhancement via parental bequest.

Table III.3: Calibration for the Model with Directed Urban Benefits

Parameter/ Benchmark  Generalized model with ~ Parameter/  Benchmark Generalized model with
Variable directed urban benefits Variable directed urban benefits
Production Fertility related
z 0.4276 0.4276 iR 0.8 0.8
q 2.2564 2.2564 iy 0.5 0.5
[ 0.2083 0.2083 (138 0.25 0.25
As 1.4608 1.4608 o 0.4478 0.4547
Ap 3.2960 3.2960 or 1.5928 1.5928
o 0.8333 0.8333 ou 1.6654 1.6654
a 0.5 0.5 Extra penalty for high-skilled workers to have extra children
n 1.3789 1.3789 on 4.9471 5.0141
Preferences Os 2.15 2.6390
¢ 0.1 0.1 o 0.2887 0.2891
B 0.1 0.1 Urban benefits related
B 0.5135 0.5201 By 2.4885 -
£ 0.1 0.1 Boa 3.0150
0 0.21 0.21 Bow 3.4459
Vug 0.4222 0.4252 Boc 1.0
Vg 0.1527 0.1532 Bog 2.8659
Probabilities/Duration of time B 0.9803 -
T 0.2 0.2 By 0.9803
u 0.4514 0.4514 Bw 0.0142
p 0.11 0.11 Be 0.1884
T 0.2 0.2 B 0.1393
Fraction of workers migrate G 0.3939 -
I'y 0.0146 0.0146 Gy 0.3251
V3 0.3654 0.3654 Gw 0.0041
Ge 0.1884
Ge 0.0486




Table I11.4: Comparison of Directed Urban Benefits

m=W m=E m=C m=A

Government’s technology B 3.4459 2.8659 1.0000 3.0150
Full benefits receiving By, 0.0142 0.1393 0.1884 0.9803
Government expenditure per urban resident (full benefit) G, 0.0041 0.0486 0.1884 0.3251

Fractions of per capita urban taxes allocated to each of the benefits 0.82% 12.27% 4.82% 82.09%

Table I11.5: Effects of Directed Urban Benefits — Migration Decisions and Population Ratios

Fraction of Fraction of
I'y I'. H movers L movers movers % 1;’% PSH% 1—1% IZ—I ]%
DB model 0.0146 0.3654 0.1132 0.0365 0.0440 0.3443 0.6781 3.1543 0.0876 0.0991  3.2637
Increase in Gy 0.0337 0.3690  0.1303 0.0369 0.0460 0.3456  0.6865 3.1116 0.0912 0.0972  3.3319
(% change) 15.14% 0.98% 4.52% 040% 1.24% -136% 4.11% -1.90% 2.09%
Increase in Gg 0.0189 0.3672  0.1170 0.0367 0.0445 0.3446 0.6795 3.1446 0.0886 0.0987 3.2788
(% change) 3.41% 0.49% 1.22% 0.11% 021% -031% 1.11% -042% 0.46%
Increase in Gc  0.0151 0.3655  0.1136 0.0366 0.0440 0.3443 0.6783 3.1532 0.0877 0.0990 3.2654
(% change) 0.39% 0.03% 0.12% 0.01% 0.03% -0.04% 0.11% -0.05% 0.05%
Increase in G4 0.1194 0.4054  0.2075 0.0405 0.0568 0.3530 0.7142 29336 0.1103 0.0889 3.6760
(% change) 83.35% 10.93% 29.04% 2.54%  5.33% -7.00% 25.84% -10.26% 12.63%

Note: “DB model” refers to the re-calibrated economy with directed urban benefits reported in Table II1.3. The term “Fraction of H (L) movers” denotes the proportion
of high-skilled (low-skilled) migrants relative to the total rural high-skilled (low-skilled) workers. Meanwhile, ‘“Fraction of movers” represents the ratio of all migrants

to the overall rural workers.

Table I11.6: Effects of Directed Urban Benefits — Total Fertility Rates and Income Ratios

Total Fertility Rates Income Ratios Responsiveness
s H JH
Rural H Rural L SOE  Private H Private L  Avg y yu YR ;—‘[: Z—’; ::—Z & TFR éU PR
DB model 1.3917 21659 1.1799  1.3431 2.0029 1.8685 1.3319 1.9641 1.0000 1.9641 1.1346 1.3944

Increase in Gy 1.3804  2.1620 1.1800  1.3449 2.0002 1.8652 1.3346 19648 1.0017 19615 1.1334 1.3915

(% change) -0.82% -0.18% 0.01% 0.13% -0.14% -0.17% 0.20% 0.03% 0.17% -0.13% -0.11% -0.21% -1.1327 -2.2671
Increase in Gg~ 1.3890  2.1649 1.1775  1.3420 2.0002 1.8669 13326 1.9642 1.0004 19633 1.1344 1.3939

(% change) -0.19% -0.05% -0.20%  -0.08% -0.14% -0.08% 0.05% 0.00% 0.04% -0.04% -0.02% -0.04% -0.6198 -1.2947
Increase in Gc 1.3914  2.1658 1.1819  1.3432 2.0029 1.8688 1.3320 1.9641 1.0000 1.9640 1.1346 1.3943

(% change) -0.02% 0.00% 0.17% 0.00% 0.00%  0.02% 0.01% 0.00% 0.00% 0.00% 0.00% -0.01% 0.3223 0.6454
Increasein G4 1.3270  2.1413  1.1805  1.3509 1.9877 1.8484 1.3482 1.9665 1.0108 1.9455 1.1296 1.3824

(% change) -4.65% -1.14% 0.05% 0.58% -0.76% -1.08% 1.22% 0.12% 1.08% -0.95% -0.44% -0.86% -1.1366 -2.3629

Note: “DB model” refers to the re-calibrated economy with directed urban benefits reported in Table I11.3. To be comparable with total fertility rates in data, the fertility
values reported in the table have been multiplied by 2.
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