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1 Introduction

1.1 Issue and Motivation

This paper extends the Melitz (2003) model of trade to account for hetero-

geneity of workers across different productivity levels. We further extend

the model to allow for mobility of workers both across regions and between

skill levels. This added level of richness allows us to examine the wage out-

comes of workers in response to trade liberalization as a function of cost of

access to mobility. The model generates predictions regarding China’s tran-

sition period into the WTO. We examined our hypothesis using data for both

urban and rural regions, showing that not only is there a statistical and eco-

nomic significant relationship between education access and wages, it is also

a driving force behind the wage gap between urban-rural workers.

China is a particularly attractive subject for this research due to the mag-

nitude and speed of its liberalization process and the dominant role trade

has played in its modernization in recent years. Furthermore, China has a

large trade exposure gap inherent in its rural-urban split due to the heavy

industrialization of its cities in the 80s and 90s but relatively poor and under-

developed rural regions. Similarly, there is also a large education gap along

the same lines, with little participation in higher education in poorer country

sides. This provides an excellent set up to study a model where geographic

and skill based mobility is isolated using the rural and urban divide. Further-

more, China is particularly interesting due to the behavior of its wage distri-

bution over the years: Despite being a large and relatively labor abundant
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economy, it suffered growing skill based wage inequalities in contrary to tra-

ditional trade models. On the other hand, we also see in recent years that

the trend has been aggressively declining- especially across the rural urban

divide. Both the direction of the change and the rate of adjustment suggest

that it is not just the equilibrium correction process predicted by most trade

models and that some other factors are at play.

The balance of the paper is structured as thus: In the next section I take

a look at related literature in both international and labor economics. Chap-

ter 2 outlines the theoretical framework for the model, breaking down its

derivation from the basic two factor model with no frictions or mobility to a

less restrictive two period model with labor adjustments and imperfect infor-

mation. Here I also discuss the theoretical findings from the perspective of

wage income and inequality. Chapter 3 details the data and methodologies

of the empirical work used to examine the predictions of the model. Chapter

4 discusses the results of the empirical work and conduct Several robustness

checks of the main estimation result. Chapter 5 concludes.

1.2 Related Literature

Since this paper straddles the border between international economics and

labor economics, we will approach our review of past works from both per-

spectives. While the topic of wage or welfare inequality has been studied by

an enormous body of work, and the topic of labor mobility is a centerpiece

in a great deal of papers, most research is focused on geographic mobility or

movements between industries and firms. Less attention has been paid to the

prospect that workers can move between skill categories, and those few that

studies education outcomes focus primarily on the education income gap it-

self rather than the cost of education as a contributor to on eventual wage
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distributions. Thus, the following review focuses on models that addresses

these topics directly and is the basis of my theoretical framework.

1.2.1 Trade Theory

Distributional outcomes for workers in the classical international economic

models generally boils down to variations on the specific factors model by

Samuelson or the factor proportional model by Heckscher-Ohlin. In the for-

mer, as trade liberalizes, factors employed in the export oriented sector ben-

efits while factors employed in the import competing industry suffers wage

declines. While this model provides one explanation for the wage divide be-

tween labor groups, it implies a perfectly rigid labor market with zero mobil-

ity across regions. These restrictions apply more easily to generally immobile

factors such as land or certain types of equipment, but they are ill suited to

explain labor adjustments in vast majority of the scenarios.

The factor proportional model relaxes these restrictions and instead sup-

poses that competitive advantage and thus wages is driven by the relative

abundance of factor endowment and the relative intensity by which these

factors are employed. These models typically conclude that factors that are

more intensively employed by the export industries tend to have higher wages

compared to factors that are more intensively employed by import indus-

tries. However, little distinction is made between the types of mobility and

the level of analysis tend to stay at the industry(and national) level, which

ignores the variation in wages across regions as well as across firms

More modern trade theories following Krugman(1980)’s seminal work fo-

cuses on firm level analysis and features heterogeneity from both the firm

and worker’s perspective. Melitz(2003) introduced a firm-differentiated trade

model that provided an explanation for the general pattern of increased size



4 Chapter 1. Introduction

and productivity of trading firms. However, he made no attempt to dif-

ferentiate workers based on ability and focused primarily on general wel-

fare measures. Helpman(2010) extended upon this work by looking at skill-

differentiated workers from a matching perspective. In this model, workers

are homogeneous until matched with a firm and draw a productivity mea-

sure upon employment. The firm then has the option to screen for higher

worker productivity. He finds that under this model, the unemployment rate

is decreasing and wages are increasing in worker ability. Additionally, since

more productive firms in the export sector has more resources to screen, they

tend to employ more productive workers. From this he notes that inequality

increases as a function of variance of skill distribution.

In a further analysis of labor rigidities Helpman and Isthoki(2015) notes

that in the long term, welfare gains from trade liberalization do not depend

on labor market frictions. On the other hand, in the short run, there are dis-

tributional effects based on the productivity of the firm. In particular, work-

ers who are employed with high productivity firms have higher wages and

better job security than workers who are employed in low productivity (and

thus non-traded firms). Combined with his earlier work, we can see that skill

disparity has a compounding effect on welfare outcomes from two distinct

sources.

Other works, such as those by Artuc, Chaudhuri and Mclaren(2007) ex-

plored in depth the worker’s decision when faced with mobility costs. Simu-

lating standard trade model with labor mobility cost, it focused on analyzing

the impact of imperfect mobility of workers on the adjustment to a trade

shock. It concluded that when mobility costs were low, welfare of workers

rose even in the import competing sectors. More interestingly, in both high

and low cost cases considered in the paper, the bulk of the labor movement

occurred between the announcement date of tariff reduction and the enact-

ment date. Thus, it suggests that merely studying the labor movements after
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the fact could be misleading.

Similarly, Kenan and Walker (2011) studied worker mobility decisions

from a labor economics point of view. Using a fully specified behavior model,

it maps out multiple decision incidents with multiple choices of locations for

geographical mobility with variant costs. They showed that from the per-

spective of regional mobility, workers are essentially faced with a optimal

matching problem with imperfect information. They concluded that mobil-

ity choices are motivated not only by regional differences in mean wage but

also realized wage outcomes.

1.2.2 Empirical Studies

Due to the relative transparency of the parties involved and the ease of access

to large quantities of microdata, a great deal of empirical work looks at the

fallout of the North American Free Trade Agreement. For instance, Hanson

(2005) looks at welfare outcomes in Mexico following their decade of liber-

alization between the 90s and the early 2000s. Using regional variations on

exposure to FDI as a measure of trade exposure. He found that overall high

exposure areas had a rightward shift in the income distribution over areas

less exposed to trade. This amounted to as much as 8-12% difference in wage

income between the two types of regions. Similarly, Hakobyan and Mclaren

(2016) looks at wage changes in US regions as a result of NAFTA and fo-

cuses more closely on worker mobility. Their analysis controlled for regional

differences in trade exposure as well as accounting for relative comparative

advantage of individual industries when compared to Mexico. As a result,

they found that limitations on geographic and between-industry mobility are

significant and there are large redistributional effects of these mobility limi-

tations but little aggregate welfare changes.
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Outside of the North America, work mainly focuses on developing coun-

tries and the wage inequalities that develop as a result of expanded trade.

Topalova (2007) and (2004) looked at Indian districts and their respective re-

actions to globalization to find the opposite of previous work in that both

poverty rate and poverty gap increased in regions with more exposure and

that geographic mobility is highly limited in these regions. Furthermore, she

made special note of the divide between rural and urban regions in that Ru-

ral regions with high industrial exposures faces increased inequality but no

significant impact on poverty reduction compared to urban areas. Kovak

(2013) examined Brazil and found comparable declines in wages in regions

that faced more severe tariff decreases - upwards of 4% decline in wages in

areas with 10% more exposure to tariff reduction.

As such, there is no consensus on the distributional outcome of trade

liberalization empirically. Furthermore, the impact of worker mobility ap-

peared ambiguous both in terms of its direction of influence on outcomes and

in the significance of its presence- especially in poorer developing countries.

Taking a closer look at China specifically we find that Ianchovichina and

Martin(2004) examined the WTO accession aftermath using a computable

general equilibrium model. One result of their analysis is that under cer-

tain assumptions, unskilled wages increases along side an increase in all real

non-agriculture wages. Noting that workers in urban centers and farmers

who are able to engage in non-farm employment benefits from the trade lib-

eralization. Their analysis on reduction of labor mobility in rural regions

note that by abolishing policy related barriers to labor movement such as the

Hukou system improves real returns to rural workers by 17% and causes a

3.8% decline in real urban wages. Similarly, increases in education access

(such as reduction in school fees) would boost real wages of poorer and un-

skilled workers while at the same time mitigate the increase in skilled work-

ers’ wage as a result of WTO accession.
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Using the same CGE model, Chen and Ravallion (2004) finds that there is

little overall aggregate gains in poverty reduction and that the leadup period

actually experiences increased poverty due to rapid rises in prices. Using

National Bureau of Statistics of China’s household data, it notes that 3/4 of

rural and 1/10 of urban households experiences an income loss. Further,

it notes that inequality increases as the richer gets rich and the poorer gets

poorer. Specifically, the urban rich gains more than equivalent households in

rural areas and that generally distributional outcomes shifts by areas. Most

interestingly, the paper claim that the welfare gains is u-shaped with respect

to income levels, implying that intermediate households (ie. the urban poor)

experiences the least gains overall.
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2 Theoretical Framework

2.1 Baseline Model

We start by introducing heterogeneity in the labor force in the form of two

types of workers. Skilled workers, denoted by S, have higher productivity

compared to unskilled workers, denoted as U. The workers have full mo-

bility across firms and earn wages ws and wu respectively. For the sake of

simplicity, we assume there are two representative households each supply-

ing one type of labor. Firms can choose to hire any number of workers of

each type, constrained only by the maximum labor supply Ls and Lu.

As in the Melitz model, firms compete monopolistically and produce a

differentiated product indexed by their respective productivities φ. In all

cases, we assume that there are no frictions in both labor and goods markets

and that prices adjust to ensure market clearing.

2.1.1 Consumers’ Problem

As in the Melitz model, consumers have a CES utility function and obey their

budget constraints. They face the following optimization problem:

Max
q(w)ω∈Ω

(∫
ω∈Ω

q(ω)
σ−1
σ dω

) σ
σ−1

(2.1)

subject to: ∫
ω∈Ω

q(ω)p(ω)dω ≤ wiLi (2.2)
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where Ω is the set of all available goods, σ is the elasticity of substitution, p(ω)

is the price of variety ω, wi is the wage available to worker type i (i ∈ u, s)

and Li is her labor supply. Workers have homogeneous preferences and have

access to the same goods market but have different labor supplies and may

earn different wages.

Taking first order conditions and substituting in the definition of the price

index we have the familiar individual demand functions for a type i worker:

qi(ω) = p(ω)−σP σ−1wiLi (2.3)

where P =

(∫
ω∈Ω

p(ω)1−σdω

) 1
1−σ

We can then calculate aggregate demand for each good by summing up the

individual demands for both consumer types:

q(ω) ≡
∑
i∈u,s

qi(ω) = p(ω)−σP σ−1
∑
i∈u,s

wiLi (2.4)

2.1.2 Firms’ Problems, In Autarky

With multiple factors of production, a firm’s problem is somewhat different

than the Melitz model. While the one-factor model can use a simple linear

production technology, here, to ensure that the two factor model has similar

properties as the original model, the production technology is modified to

Cobb-Douglas. We impose that the exponents to sum to 1 so that with a fixed

cost, the production function exhibits increasing returns to scale.

More importantly, slight changes has to be made to the way fixed cost is

modeled. In the one factor model, fixed cost is deducted directly from the

amount of labor used in the production of goods. However, since there are

now two types of labor input and each firm has different demand for each
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type of labor, two distinct types of fixed cost can be imposed.The first type

involves deducting the fixed cost directly from the labor types such that the

firm must hire f units of each labor type to have a positive output level. While

this in form resembles the single-factor model, it effectively places a distor-

tionary quota on the demand of labor. This fixed cost has the added advan-

tage of being denominated in units of labor, which is unaffected by pricing

changes.The second type involves deducting from output as a whole. In ad-

dition to being non-distortionary, this type of fixed cost also ends up being

more similar to the one-factor fixed cost in terms of mathematical character-

istics. Thus, our production technology is as follows:

q = φ(SαU1−α)− f (2.5)

Here α > 0.5 to ensure that skilled workers are more productive (all else

being equal) than unskilled workers. We then have a representative firm’s

problem:

Min
s,u

: wsS + wuU (2.6)

∑
qi(φ) = φ(SαU1−α)− f (2.7)

Taking first order conditions for an interior solution and solving we find

the conditional factor demands:

U = (
f + q

φ
)(

1− α
α

ws
wu

)α (2.8)

S = (
f + q

φ
)(

1− α
α

ws
wu

)α−1 (2.9)



12 Chapter 2. Theoretical Framework

Which gives us marginal cost for a firm with productivity parameter φ of:

mc(φ) =
wαs
wα−1
u

φ−1(
1

(1− α)1−ααα
) (2.10)

Since we have CES preferences for consumers and monopolistic competition,

we have optimal price equal to marginal cost multiplied by a markup:

p(φ) = (
σ

σ − 1
)
wαs
wα−1
u

φ−1(
1

(1− α)1−ααα
) (2.11)

Substituting into aggregate demand and we have optimal output of:

q(φ) = (
σ

σ − 1
)−σφσ(

wαs
wα−1
u

)−σ(
1

(1− α)1−ααα
)−σP σ−1

∑
(wiLi) (2.12)

which gives us the market clearing level of factor demand:

S = [f+φσ (
σ

σ − 1
)−σ(

wαs
wα−1
u

)−σ(
1

(1− α)1−ααα
)−σP σ−1

∑
(wiLi)]︸ ︷︷ ︸

Z

φ−1 (
1− α
α

ws
wu

)α−1︸ ︷︷ ︸
Bs

(2.13)

U = [f+φσ (
σ

σ − 1
)−σ(

wαs
wα−1
u

)−σ(
1

(1− α)1−ααα
)−σP σ−1

∑
(wiLi)]︸ ︷︷ ︸

Z

φ−1 (
1− α
α

ws
wu

)α︸ ︷︷ ︸
Bu

(2.14)

Interestingly, using this production technology results in the case where

under certain conditions, the demand of both labor inputs declines as pro-

ductivity increases: Taking the derivative of labor demand for skilled work-

ers with respects to φ yields:
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dS

dφ
= σφσ−1Zφ−1Bs − (f + φσZ)φ−2Bs

= φ−2Bs(Zφ
σ(σ − 1)− f)

(2.15)

Thus if φ is sufficiently small (or conversely, if fixed costs are sufficiently

high), such that (Aφσ(σ − 1) − f) < 0, increases in φ can result in decreased

labor demand.

We assume that such low levels of φ would result in the firm exiting prior

to engaging in any kind of production. Thus for all firms that do not exit, we

assume labor demand is always increasing in φ. That is, we assume that f is

low enough such that f < Aφσ(σ − 1) in all equilibria.

From the above we note that if we take the ratio of the two factor demands

we can eliminate much of the complexity in the equation:

S

U
= (

1− α
α

ws
wu

)−1 (2.16)

Imposing full employment results in:

S

U
=
Ls
Lu

= ψ

ψ = (
1− α
α

ws
wu

)−1

wu = ψ
1− α
α

ws

(2.17)

Since the ratio of demands is independent of productivity φ, the ratio of de-

mands for individual firms is also the ratio of demand of the industry as a

whole. So by looking at aggregate demand of each type of labor, it allows

us to derive the wage ratio of skilled and unskilled workers as a function of

parameters. In particular, assuming technology and preferences do not shift,

wages are dictated by the ratio of endowments of labor supplies. It is also

important to note that the wage ratio holds regardless of the number of firms

in the market. Wages will increase in equal proportion if demand for labor
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increases. We can derive profits for a firm with productivity φ as:

π(φ) = p(φ)q(φ)− (f + q(φ))φ−1[
1

(1− α)1−ααα
]
wαs
wα−1
u

. (2.18)

Rearranging and we arrive at:

π(φ) = φσ−1A1−σ(
σ

σ − 1
)1−σP σ−1

∑
(wiLi)

1

σ
− f

φ
A (2.19)

where A = [
1

(1− α)1−ααα
]
wαs
wα−1
u

Imposing the zero profit condition and rearrange to solve for the mini-

mum cut off productivity φ∗, below which a firms exit instead of engaging in

production gives:

f = φ ∗σ A−σσ−σ(σ − 1)σ−1P σ−1
∑

(wiLi). (2.20)

Entrepreneurs who wants to enter the market must pay an entry cost fe,

after which is sunk. In a departure from Melitz’s model, this entry cost is

denominated in the composite price and is the same for all firms. Upon en-

tering the market, the entrepreneur finds out their productivity and decides if

he wants to begin production or exit the market. Firm productivity is drawn

from a fixed distribution g(φ) with a cumulative distributionG(φ) with φ > 0.

Imposing a free entry condition where firms enter until expected profits over

the distribution of productivity G(φ) equal to the cost of entry fe:

fA

∫ ∞
φ∗

[φ−1(
φ

φ∗
)σ − 1]dG(φ) = fe (2.21)

To further examine the model and analytically solve for the welfare mea-

sures, a distribution needs to be specified. In this case, we follow Helpman
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(2010)’s example in using the Pareto distribution for its memoryless property.

Allowing the distribution to retain its shape regardless of truncation point:

g(φ) =
αφαm
φα+1

∀φ ≥ φm

G(φ) = 1−
(
φm
φ

)α
∀φ ≥ φm

applying this distribution to (2.21) yields:

kφkmfA

∫ ∞
φ∗

[
φσ−k−2

φ∗σ
− φ−k−2]dφ = fe (2.22)

We can solve this equation for the cut-off productivity for operations in

autarky:

φ∗A = φ
k
k+1
m (

f

fe
)

1
k+1 (

σ

(1 + k − σ)(k + 1)
)

1
kA

1
k+1 (2.23)

Having derived the cut off productivity, we can now determine real wages

using the wage ratio derived earlier. Note first that:

wu = ψ
(1− α)

α
ws

wsLs + wuLu = wsLs(1 +
1− α
α

)

= wsLs
1

α

(2.24)

We substitute this and equation (2.23) into the zero profit condition to derive:

f = φ
kσ
k+1
m (

f

fe
)

σ
k+1wk+1−kσ

s ψ
(α−1)(k+1−σ)

k+1 P σ−1LsΛ

Λ = [(1− α)σ−1α−α]−σ(σ − 1)σ−1α−1(
1− α
α

)(σ−1)σ(
σ

(1 + k − σ)(k + 1)
)
σ
k (1− α)

(α−1)σ
k+1 α

−α2

k+1

(2.25)

Note that Λ is strictly positive if k + 1 > σ.
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Rearranging (2.25) and using (2.24) gives our welfare measures that are

similar to the real wages utilized in Melitz’s model:

w
k− 1

σ−1
s

P
= φ

kσ
(k+1)(σ−1)
m f−1(

f

fe
)

σ
(k+1)(σ−1)L

1
σ−1
s Λ

1
σ−1ψ

(α−1)(k+1−σ)
(k+1)(σ−1) (2.26)

w
k− 1

σ−1
u

P
= φ

kσ
(k+1)(σ−1)
m f−1

(
f

fe

) σ
(k+1)(σ−1)

L
1

σ−1
s Λ

1
σ−1ψ

(α−1)(k+1−σ)
(k+1)(σ−1)

+(k− 1
σ−1

)[
(1− α)

α
](k−

1
σ−1

)

(2.27)

Since k − 1
σ−1

> 0, the above expressions are a monotonic function of wi
P

,

thus qualitative changes in its measurement are consistent with qualitative

changes in real wages and welfare. Here we see that the real wage for skilled

workers increases in φm and Ls while it decreases in fe and f. Skilled wages

decreases in ψ while unskilled wages unsurprisingly increases in ψ. A key

difference between this model and Melitz’s model then is that not only are

there two separate wage rates for the two types of workers, the different

supply of labor is also a departure from Melitz’s model. In addition to the

direct effect on wages, if a trade shock causes the supply of labor to shift, it

will have different impacts on the welfare of the different worker types.

2.1.3 Trade

Now we introduce the ability to trade with other countries in this model.

As in the one-factor model, we treat tariffs as a multiplier on the amount of

goods needed to be shipped in order to sell one good at the foreign market.

Similarly, a fixed cost must be paid to open each additional trading market

for the firm. Similar to fixed costs in the domestic market, we model the fixed

trade cost as denominated in the general price index and deducted from the
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output for trading. Thus to sell q units of goods in a foreign market, the firm

must produce τq + fx units.

Profits:

πd(φ) =
rd(φ)

σ
− [(1− α)α−1α−α](

wαs
wα−1
u

)φ−1f

πx(φ) =
rd(φ)

σ
τ 1−σ − [(1− α)α−1α−α](

wαs
wα−1
u

)φ−1fx

(2.28)

We solve for the cut off export productivity using the free entry and zero

profit conditions:

∫ ∞
φ∗

πd(φ)dG(φ) +N

∫ ∞
φ∗x

πx(φ)dG(φ) = fe, (2.29)

where N is the number of Trading partners.

Under the zero profit condition we have the relationship:

φx = φ∗(
fx
f

)
1
σ τ

σ−1
σ (2.30)

We can then solve the Free-entry/Zero profit equation by once again using

the Pareto distribution for productivity, yielding the open economy produc-

tivity cut off for production.

φ∗o = φ
k
k+1
m f

− 1
k+1

e A
1
k+1 [

σ

(σ − k − 1)(k + 1)
]

1
k+1 [f +Nf

− k
σ

x f
k+1
σ τ

(1−σ)(k+1)
σ ]

1
k+1

(2.31)

We can rearrange the above formula and use equation (2.24) to obtain this

relationship:

φ∗o = φ∗A + φ
k
k+1
m

(
Nf

− k
σ

x f
k+1
σ τ

(1−σ)(k+1)
σ

fe

) 1
k+1

[
σ

(σ − k − 1)(k + 1)
]

1
k+1︸ ︷︷ ︸

Positive Constant

A
1
k+1

(2.32)
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Under standard assumptions this second term is positive. Thus, as in the

single factor case, we have open economy experiencing a higher productiv-

ity cut off (and thus a higher average productivity) compared to the closed

economy. This is consistent with Melitz’s model in that trade liberalization

increases the average productivity of firms engaged in production.

Using the derived productivity cut off and inserting into zero profit con-

ditions, we can calculate skilled worker’s welfare in much the same way as

autarky case:

w
k− 1

k+1
s

P
= φ

kσ
(k+1)(σ−1)
m

[
f
k−kσ+1

σ +Nf
− k
σ

x f
k(2−σ)+(2−σ)

σ τ
(1−σ)(k+1)

σ

] σ
(k+1)(σ−1)

f
− σ

(k+1)(σ−1)
e LsΛ

1
σ−1︸ ︷︷ ︸

J

ψ
(α−1)(k+α−σ)

(k+1)(σ−1)

(2.33)

Similar to the autarkic case, substituting the wage ratio yields:

w
k− 1

k+1
u

P
= Jψ

(α−1)(k+α−σ)
(k+1)(σ−1)

+(k− 1
σ−1

)[
1− α
α

]k−
1

σ−1 (2.34)

Real wages for both types of workers increases in φm , Ls, N while it de-

creases in fx,f , τ , ψ and fe. Furthermore, skilled real wages decreases in ψ

and unskilled real wages increases in ψ.

Having established the base case for the two-factor production technol-

ogy, we can now introduce additional heterogeneity within the labor force

that allows for labor mobility and skill adjustments.

2.2 Worker Mobility

To account for social mobility for workers, we introduce additional changes

to our two-factor model. Generally speaking there are two types of mobility

for workers: geographic and aptitude. In the former case, workers may move

between regions to gain access to more favourable employment conditions.
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In the case of a trade model, this typically means workers leave areas that

are not intensively employed by the exporting industries into regions that

are intensively employed by exporting industries. We see evidence of this

type of migration in both developed and developing countries, either in the

form of migrant workers who shift from rural to urban centers in search of

manual labor or those who move into manufacturing towns. Aptitude mo-

bility is mostly manifested as workers who opt to obtain additional training

or education to increase their marketability. This could take the form of on

the job training, professional programs or earning a traditional degree.

To accomodate geographical changes, we add an additional worker type

which represents workers who do not participate in production of any traded

goods. These rural workers operate in a region that contains no firms but

earns a fixed wage wr and consumes goods like any other laborer. Each rural

worker can forfeit a portion of their consumption Er in order to ’move’ to a

region with productive enterprises and participate in the workforce - becom-

ing an unskilled laborer. Similarly, an unskilled laborer can forfeit a portion

of their consumption Eu to improve their productivity and become a skilled

laborer.

Each worker draws their skill mobility cost from a fixed distribution with

cumulative distribution function F (Eu) for unskilled workers and F (Er) for

rural workers prior to making any decisions on consumption/labor. In both

cases, the costs Eu and Er are greater than zero. These variation between in-

dividuals account for the natural differences in a worker’s ability to improve

their skills (or in the rural worker’s case, variation on the costs of moving to

a new locale). We draw the rural and urban workers from separate distribu-

tions to allow for differences in the cost of mobility between rural and urban

workers.
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2.2.1 Workers’ Problems

Once the costs are drawn, the workers decide, before production begins,

whether or not to pursue improving their productivity. They then partici-

pate in the work force as per the baseline model. Type S workers face the

same problem as before because they do not move. Type R and U workers

faces the following problem:

Max
q(w)ω∈Ω

:

(∫
ω∈Ω

q(ω)
σ−1
σ dω

) σ
σ−1

(2.35)

Subject to(for unskilled workers):

∫
ω∈Ω

q(ω)p(ω)dω ≤ −ΓEu + Γws + (1− Γ)wu (2.36)

or (for rural workers):

∫
ω∈Ω

q(ω)p(ω)dω ≤ −ΓEr + Γwu + (1− Γ)wr (2.37)

where Γ is an indicator such that 1 represents choosing to improve their pro-

ductivity and 0 means choosing not to. Note that in the one period model,

workers are paid wages and pay their mobility cost in the same period. Skill

improvements also happen instantaneously, so costs are deducted from their

post-improvement wages.

Thus, there exist some level of costs E∗r and E∗u above which productivity

improvements becomes non-optimal. In the simple model with full infor-

mation, these cut off costs are fixed and known and so we have in aggregate

that F (E∗u)Lu unskilled workers becomes skilled and they faces a budget con-

straint of:

∫
ω∈Ω

q(ω)p(ω)dω − Eu ≤ ws (2.38)
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while (1− F (E∗u))Lu unskilled workers remains unskilled and retains their

unmodified b.c.

A similar division exists for the rural workers and so we have five distinct

types of workers: Natural Skilled workers, Trained Skilled workers, Natural

Unskilled workers, Trained Unskilled workers and Rural workers.

A trained worker’s optimal demand of each good becomes:

q(ω) = (wi − Ei)p(ω)−σP (σ−1) (2.39)

and aggregate demand becomes:

q(ω) =
∑
i∈1,2

(F (E∗i )Li(wi+1 − EA
i ) + (1− F (E∗i ))Liwi) + w3L3]p(ω)−ωP ω−1

(2.40)

Where i represent worker types of u, r and s (as 1, 2 and 3 respectively).

Despite the added complexity, the firm side problem remains the same and

the functional form of the aggregate demand remains in the form of

(wsX + wuY )p(ω)−σP σ−1 (2.41)

Which means we can still use the same method of simplifying through the

labor demand ratio and arrive at largely the same results. Thus, the only

change from the baseline model will be the composition of the labor supply

ratio. The new ratio of workers post-adjustment becomes:

S

U
=

Ls + F (E∗u)Lu
Lu(1− F (E∗u)) + LrF (E∗r )

(2.42)

Thus we can see that the shape of the distribution of the costs of upgrading

skills plays a critical role in determining the welfare outcomes of the system

with labor adjustments.
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As seen in (2.33) and (2.34), trade liberalization increases the real wage

of both skilled and unskilled workers. This pushes the maximum cost E∗

threshold for choosing skill improvements for both rural and unskilled work-

ers above autarkic levels, inducing a flow of workers as more people are able

to afford skill improvements.

Under certain scenarios, such a shift in the maximum cost threshold will

allow more rural workers to move into the city than urban unskilled work-

ers to become skilled. So more workers become unskilled workers compared

to skilled workers, and the wage ratio shifts against unskilled workers. One

such scenario could be that a large portion of the population are rural work-

ers who have a near-poverty level of income. While a small increase in wages

would not induce a great number of people to participate in higher-level ed-

ucation, it would allow many to be able to afford to move to the city for better

jobs. In this case we have:

wos
wou

>
wAs
wAu

(2.43)

Furthermore, since the rural wage rate wr does not scale with output, as

wages for urban workers increase due to trade (either skilled or unskilled)

the gap between urban and rural workers increase compared to the pre-

liberalization period. We should see in any empirical study that the ratio

of urban mean wages to rural mean wages increase as trade liberalizes.

2.3 Demand

While the focus of this model remains squarely on the supply side of the

labor-production equation, it would be imprudent to ignore the shifts in de-

mand as a result of labor adjustments and trade liberalization.
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The simple Melitz model assumes that productivity is an exogenous pa-

rameter unrelated to the functional form of the production technology. That

it is a multiplier drawn at firm inception and factor utilization and efficiency

remains more or less the same across different draws (thus their rate of de-

mand for different types of labor remains more or less constant.) This is likely

not to be the case, as more productive firms tend to have technological edge

or are simply more capital intensive. This tend to lead to more demand for

skilled workers over unskilled workers. So the production function looks

more like:

q = φ(Sα(φ)U1−α(φ))− f (2.44)

where α is increasing in φ. In this form, the ratio of demand of skilled and un-

skilled labor is no longer constant across firms with different productivities.

From a welfare perspective, this implies that if trade liberalization pushes

the average productivity of firms above autarkic levels, it would shift overall

demand towards more skilled workers and expanding the wage inequality.

Thus, firm’s labor demand changes in response to trade compounds the ef-

fect discussed above rather than diminishes it.

Similarly, this particular model assumes that firm productivity is separate

from worker’s productivity. This is a result of the fact that the general Melitz

model imposes a fixed φ after a firm’s inception. Realistically, the average

productivity of a firm’s work force is deterministic to its overall productivity.

If we relax this assumption and incorporate labor productivity into φ, then

another demand side outcome emerges: As competition increases from lib-

eralizing markets, firms will naturally increase demand for skilled workers

to increase their overall productivity in order to remain competitive. Again,

this leads to increased wages for skilled workers and depressed wages for

unskilled workers, further increasing the wage gap.
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2.4 Summary

This model takes the general Melitz model of trade and adjusted it to ac-

commodate labor skill heterogeneity as well as worker mobility between the

skill categories. It added richness to the baseline Metliz model by allow-

ing a more in-depth look at the changes in relative welfare between different

types of workers in response to trade. The primary result of this analysis is

that under normal assumptions, increased trade will result in dramatically

increased wage disparities between skilled and unskilled workers. We arrive

at this conclusion even when we assume there are no other market frictions

that could cause changes in wage inequality.

We find that this outcome is driven primarily by labor supply changes

in the wake of trade liberalization. This shift comes from two important

features: First, wages of all export-utilized labor increased as a result of

increased trade. Second, the costs of skill and geographic mobility is sig-

nificant. The former creates incentives for workers to move in the post-

liberalization period and the latter creates a separating equilibrium where

workers are divided based on their individual skill mobility costs.

In the empirical work that follows, we want to determine if our observa-

tions are consistent with the outcomes predicted by the model.
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3 Data and Methodology

3.1 Background

My empirical analysis focuses on variations in worker wages due to regional

differences in education access costs throughout the WTO transition period

in China. We focus on education access cost over the geographic mobility

costs for a variety of reasons. Primarily, education costs are easier to quan-

tify and easier to find economic proxies for that have been consistently mea-

sured. For example, very few surveys place much emphasis on distinguish-

ing between migrant and non migrant workers, making it difficult to isolate

the wage effects on just the migrants. Furthermore, of those studies that fo-

cus on migrants, little attention is paid to non-economic costs of migration.

At most, one is asked the location of their ’home’ region and costs of trans-

portation. However, the bulk of the costs of economic migration (especially

the type that is pervasive in China) are social rather than economic: lack of

access to essential services, lack of social support structure and living away

from their families. These costs are material when workers make the deci-

sion to migrate to another region and should not be discounted and yet it is

nearly impossible to account for their costs on a large scale.

To effectively study the impact of education cost variation on distribu-

tional outcomes of trade liberalization we make some important assump-

tions. The largest of which is that the bulk of the increase in economic ac-

tivity from 1995 onward is assumed to be attributed to the increased trading

activity as a result of tariff liberalization. Taking as evidence that the period
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leading up to 1995 marked the height (and perhaps the tapering off of) of the

market economy transition in China by contrasting the drastic decline of the

gross industrial output of state enterprises until the mid 1990s 1. One can

see from the National Bureau of Statistics of China (henceforth NBSC) data

that in 1978 state owned enterprises accounted for nearly 80% of all indus-

trial output while in 1995 it accounted for scarcely 30%. This two decade long

drop flattened out after the economic crisis in 1997 and remained steady af-

terwards. This suggests that the privatization of China’s economy may have

reached an equilibrium.

FIGURE 3.1: State Ownership of Industrial Output

2

At the same time, China’s trade volume began its explosive ascent during

the 1995-1997 period. Exports as a percent of GDP more than doubled, grow-

ing from 18% in 1995 to 37% in 2007. Although other factors may have been

instrumental in the course of China’s economic growth, none had as large of

an impact as market privatization and trade liberalization. Thus I hypoth-

esize that changes in the Chinese economy during this time can largely be

1Annual Data on Industries, National Bureau of Statistics of China,
http://www.stats.gov.cn/

2Nicholas R. Lardy, "Rise of the Private Sector", Markets Over Mao, Peterson Institute for
International Economics, 2014
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attributed to the increase in trade and the decline in tariffs to the rest of the

world.

3.2 Microdata

The Microdata used for the analysis of individual income is collected by

the Chinese Household Income Project3, a series of household surveys for

both rural and urban Chinese households conducted by the China Institute

for Income Distribution and the University of Michigan’s ICPSR. This in-

cluded income and personal information of some 50,000 individuals across

429 counties in 13 provinces and covers the years 1988, 1995, 2002 and 2007

. It contains detailed information on the working environment, education

background, household and economic conditions of the subject. More im-

portantly, the location of each subject is recorded to the county or township

level and allows a significantly higher level of granularity in the analysis. In

particular, it allows us to account for regional differences in costs in addition

to changes in local economies.

There are several issues to use this data for our purposes. Primarily, be-

cause it is impossible to identify households across different sampling peri-

ods, one cannot track the changes in income in relation to the changes in tar-

iffs. Consequently, for the purpose of this analysis, each individual at each

period is treated as separate entities in distinct locations. We also look at the

change in the impact of several variables on wages rather than looking at the

impact of the variables on the changes on wages. Secondly, since the col-

lection of household information is not supported by the national statistics

bureau, the size of the sample is quite small compared to the population of

their respective communities and even smaller compared to China’s overall

3Chinese Household Income Project, Chinese Institute for Income Distribution,
http://www.ciidbnu.org/chip/index.asp, 1988-2013
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population. The sample amounts to less than 0.005% of the population, col-

lection and sampling bias will heavily impair our ability to make inference

based on this data. Finally, there have been several changes in the collection

methods and collection agencies for the survey itself since inception, compa-

rability of the data set may be compromised. To mitigate this effect, we opt

to not use the post-2007 data where the objective of the survey shifted.

FIGURE 3.2: Tariffs over time, simple mean

Source: WTO Tariff Data, "http://data.worldbank.org/indicator/TM.TAX.MRCH.WM.AR.ZS",
accessed July 25, 2017

We choose three time periods as the focus of our investigation: 1995, 2002

and 2007. While the WTO accession was officially ratified in 2001, China

began to curtail tariffs some time prior in preparation. One could trace the

steady decline of tariffs to around 1995 and that acts as a good starting point

for our ’before’ snapshot. 1988 is another possible candidate but the data

available in this earlier survey was less complete and the level of documen-

tation also fails to clearly identify the households in a usable manner. Addi-

tionally, the period between 1988-1995 encompasses an era of growth more

related to the market economy transition rather than trade liberalization.
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The year 2002 is another good period for study not only because of data

availability but because it represent the time period immediately after most

accession demands were being met, thus we see the result of the transitioning

between relatively high tariffs and relatively lower tariffs. This is important

to establish the dynamics of economic outcomes during trade liberalization

rather than simply capturing the static beginning and ending phases of the

economy. It gives us greater insight to the direction of movement as well as

the speed at which variables transitioned during the liberalization process.

Finally, 2007 is towards the end of the transition period, once nearly all

tariffs have been lowered to stipulated levels. We take this as the post-transition

level of the economy.

3.3 Location Specific Data

To determine the local level of education access, I used China Data Online’s

data on secondary school enrollment at the county and city level4. For those

counties that were missing from the dataset, I collected the information from

China’s ministry of education’s annual snapshots and the individual county’s

annual reports5.

As per Vailancourt(1985) education costs can be broken down to sev-

eral sub-categories: Public costs include government transfers, subsidies and

other funding. Private cost, which is more pertinent to our analysis, in-

cludes tuition, books, extra cost of living expenses and opportunity cost of

lost wages. We make a slight departure from the theory by pinning the mo-

bility costs not to individual workers but rather to their region. Even though

4County Level education database, China Data Online, http://chinadataonline.org/, ac-
cessed July 10, 2017

5Ministry of Education Annual Snap Shot, Ministry of Education,
http://en.moe.gov.cn/, accessed July 5, 2017
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the surveys included some personal information regarding education attain-

ment and participation, there was not enough detail in the questions nor was

there sufficient consistency across the different years to establish a cost by

individual basis. This will have some ramifications in our results as region

wide mobility costs have slightly different impact than invidual variations,

particularly in the restrictive labor market in China.

Enrollment in public secondary schools is chosen as a proxy for location

specific cost of education for several reasons. Firstly, since China’s educa-

tion system is publicly funded until grade 12, there are no significant cost

variations among the counties. This simplifies the enrollment decision to

willingness to participate without selecting for those who are able to afford

the costs. Since secondary education is mandated by the government, it also

minimizes selection for ability. More importantly, secondary education en-

rollment is chosen because it brackets the period where one is old enough to

have an reasonable alternative to school, thus percentage participation in the

school system reflects perceived economic incentives for continuing educa-

tion. Finally, there is significant empirical evidence that education outcomes

as a proxy for skill disparity has a significant impact on later-life wage distri-

bution(see Berdard and Ferrall (2003)).

While in most western countries the enrollment in public school systems

would be strongly skewed by regional demographic variation, this effect is

less pronounced in the case of China. Due to the restrictive nature of the

Hukou system, the shifts in demographics due to employment and other

temporary migrations as a result of economic changes is largely mitigated.

Since the registered home region of an individual or household is largely

fixed unless given very specific instances, the system dampens the recorded

demographic changes in a number of ways. Primarily, those who migrate

to other regions without changing hukou do not receive many of the social

services available to residents. One of these services is access to the public
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education system. This means that children of migrant workers do not en-

roll in the system or more likely, they are simply left in their home counties

and registered with the local school board. On the other hand, since migrant

workers without a hukou do not count as a resident of their working county,

the population figures tend not to reflect the size of the migrant worker com-

munity.

In fact, many government statistics list separate figures for registered res-

idents and the average population that lives within the county. In effect, this

means that the recorded demographics of China is much more static than al-

most anywhere in the world - households tend to be registered in their birth

regions regardless of their physical location. This allows for a reasonably ac-

curate estimation of the cost of education enrollment by holding the ratio of

children to adults relatively constant across all regions.

also included as part of the analysis the GDP per capita information for

each of the counties, collected from CDO6 and from the National Bureau of

Statistics of China’s annual snapshots7. Since regional variations in economic

growth tend to have much more variance than most western countries, it is

important to account for the local growth’s impact on wage growth. Fur-

thermore, GDP growth is a good proxy for the region’s exposure to trade

in general, with southern and coastal regions having the largest increase in

GDP per capita as well as the highest exposure to trade. The GDP data is

deflated using CPI of both urban and rural regions at each period.

More relevantly, GDP has two distinct effects on the ease of access to edu-

cation. On one hand, increased (real) GDP per capita implies greater average

income and thus larger household budgets. We can then infer that educa-

tion costs would then be a smaller portion of the annual consumption of any

6County Level Economic database, China Data Online, http://chinadataonline.org/, ac-
cessed July 10, 2017

7NBSC Annual statistics summary, National Bureau of Statistics,
http://www.stats.gov.cn, accessed June 5, 2017.
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individual worker. This decreases the relative opportunity costs of purchas-

ing education over other consumer goods and thus decrease the real cost of

education. Conversely, increased real GDP per capita without increasing in

the wage gap between education cohorts would imply an *increase* in ed-

ucation costs as the gains from improved skills shrinks as a proportion of

current wages. Thus it is important to ensure that the population experi-

ences an increasing education wage gap so that regional GDP is positively

correlated with education access.

However, since GDP calculations are notoriously unreliable for most Chi-

nese data sources, where rampant inflation of GDP figures are common, in-

stead of using the levels of GDP per capita for my analysis, I ranked the

selected counties and use the ranking as the basis of my analysis. With the ra-

tionale being that in spite of the persistent and systematic doctoring of GDP

figures, the relative GDP comparison will have somewhat higher accuracy.

Since we are only interested in the relative exposure to trade rather than ab-

solute, it is not necessary to pin down an accurate level of GDP per capita.

TABLE 3.1: Regional Data Summary Statistics

Variable Mean Std. Dev. N
Urban
Enrollment Ratio 4.155 1.659 215
GDP per capita 7.717 7.372 215

Rural
Enrollment Ratio 4.349 1.404 214
GDP per capita (10,000) 3.817 3.413 214
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3.4 Empirical Method

To provide support for the theoretical model, several relationships should

be investigated prior to more careful empirical analysis. Firstly, one impor-

tant criteria for the model is that education returns are positive and increases

as tariffs fall or that ws and thus wu increases as trade increases. In the tradi-

tional model of trade, factors employed intensively or factors that are utilized

specifically in the exporting industry will realize wage gains in response to

trade liberalization. Thus, for developing countries experiencing a manufac-

turing boom, one would expect the low skill workers that make up much of

the manufacturing workforce to have the greatest gains. On the other hand,

skilled workers used less intensely in exporting industries would experience

less wage growth. Combined, the traditional model predicts that developing

countries should have a narrowing wage gap between skilled and unskilled

workers during trade liberalization. In contrast, Melitz model predicts that

all workers experience wage gains during trade liberalization and in the two-

factor variant, the wage gap would likely increase or remain constant. Since

an increasing wage gap is an important driver in incentivizing the flow of

workers, we calculate the wage gap between college and high-school edu-

cated individuals for each of our three time periods.

Secondly, one assumption made in the model was that rural areas are

less influenced by changes in trade and rural wages are depressed relative

to urban wages. This provides incentive for rural workers to move to urban

areas and thus allows geographic mobility cost to play a role in determining

wage outcomes. It is important then, to look at the changes in wage ratio of

workers in urban and rural areas and determine if this wage gap is increasing

or decreasing.
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TABLE 3.2: Education Wage Gap

1995 2002 2007

Male

College 7942.11 14806.39 40389.04

High School 6686.75 10494.97 32078.42

Wage Ratio 1.19 1.41 1.26

Female

College 7753.30 14060.00 34005.42

High School 6497.94 9748.58 25694.80

Wage Ratio 1.19 1.44 1.32

Table 3.2 is the result from analyzing our data using similar methodolo-

gies as Caponi and Plesca (2009). We note that education returns has consis-

tently increased during the liberalization period for both male and females.

Supporting our case for linking tariff decreases with increased demand for

skilled workers. It is also somewhat important to show the change of the

wage disparity between the top and bottom earners for both Urban and Ru-

ral regions. As predicted by the model, large declines in τ results in increas-

ing wage gap between both the top and bottom 10% of earners in each region

and also increases the wage gap between the regions.

One important aspect of this disparity in wage income that is not dis-

cussed in the theoretical framework is the fact that as demand for skilled

workers become more prevalent, education becomes a strong signalling tool

for high ability (See Berdard (2001)) and thus there is an increased demand

for higher levels of education. This stronger signal at a higher level increases

the wage disparity between college and non-college educated workers. Fur-

thermore, as less talented individuals remain in the lower education brackets,

the incentive to finish lower level degrees declines and one sees more drop

outs earlier. This further degrades the income levels of low-ability workers.

Nevertheless, this outcome is part of and amplifies the outcomes associated
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with mobility cost reductions rather than diminishes it.

FIGURE 3.3: 90-10 wage gap for Urban and Rural workers. Cal-
culated using CHIP data set for individuals age 16+ and fully

employed in the year of survey.

Figure 3.3 is the result of our analysis on the wage gap between the top

and bottom 10% of workers in both rural and urban areas. Additionally, com-

parisons were also made between urban and rural worker’s mean wages.

Consistent with other studies on the wage inequality in China, we notice a

distinct trend for the richer portion of the population to capture a higher por-

tion of the gains from trade (from the higher rate of growth of wages of the

upper half of the income bracket). Furthermore, we note that despite the

declining wage gap between the poorest and the richest in the rural commu-

nities, the opposite is true for those who live in urban areas. Furthermore, the

wage gap between the urban and rural closes during the adjustment period

while we see a small uptick in the post-adjustment period in 2008.

The changes in the rural communities can be attributed to two distinct ef-

fects: One is the direct result of migrant workers leaving rural communities

to earn higher income in the urban areas, this drives up overall income and

increases the earning of those who can afford to migrate. Secondly, once the
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workers migrate out of their rural communities, the supply of labor in those

areas shrinks and drives up the wages for those who are poorer. Other fac-

tors, such as government’s policy to transfer payments to those who remain

in rural areas as a social security measure also greatly increased the income

of those who remain in the rural regions. This accounts for another portion

of the shrinking wage gap. In this particular case, one can attribute the sharp

down-tick of rural poor wage growth in the post-adjustment period to the

sudden and significant increase in consumer prices in rural areas in the 2007-

2008 period, likely as a result of the global recession.

The changes in the urban communities is largely as predicted by the model:

Increases in demand of skilled labor greatly increased the earning potential

of those who are at the top half of the earning potential. On the other hand,

steady increase in supply of low skilled workers who migrated from rural

areas increased competition for the unskilled urban residents - contributing

to the increase in the wage gap. What is more interesting perhaps is the de-

cline in the wage difference between the median urban and rural workers.

My model does not have enough granularity in differentiating the ability of

workers to provide an explicit explanation for the decline in the difference in

the median wages, instead it predicts the opposite effect for the overall shift

in wages. That is, there should be an increase in the urban-rural wage gap

during this period. However, a key difference between the model’s predic-

tion and this data set is the way it categorizes workers. Since workers are

grouped by their ’home’ regions, those workers who moved to the city to

earn income would still be considered ’rural’ workers in the sample. Under

these circumstances, one can see that the average wages must be increasing in

both areas compared to pre-adjustment. More importantly, since I assumed

that the labor ratio skews in favour of high skilled workers, the average wage

must be increasing slower in urban areas compared to rural areas. Thus, it

indirectly explains the shrinking difference in rural-urban wage gap.
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TABLE 3.3: Average GDP by region

Rural Mean Urban Mean

1995 3.512 4.607

2002 3.398 7.716

2007 4.369 7.813

Another possible reason for this decline is that rural areas have simply

urbanized in the intervening years and that production has steadily moved

into previously rural communities. Comparing the difference in GDP per

capita of the list of communities in the Rural and Urban regions in table 3.3,

I note that while GDP grew in both areas in all affected years, the changes

in GDP do not follow a similar trend to the changes in wage gap so it is

unlikely that the shifting of goal posts in labeling the communities is a major

contributor to the changes in earning of residents.

To estimate the relative importance of education costs on wage returns in

this period, I adopt similar methodologies from Hakobyan and Maclaren(2010)

by constructing an estimation equation from a worker’s individual traits and

the location specific traits that effect education costs.

The Education Access Index is constructed by multiplying the ranking

of both enrollment and GDP then normalizing against the maximum. This

gives the relative ease of enrollment compared to the other regions in the

sample.

Indexi =
rankEnrolli × rankGDPi

max(rankEnroll × rankGDP )
(3.1)

Then, following standard approaches to estimating wage in labor literature,

this gives us the initial estimating equation of:

Log(Wageij) = β1Agej+β2Age
2
j+β3Educationj+β4Sexj+β5Indexi+εj (3.2)

Where j indexes each observed workers, i indexes the regions the worker
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belongs to and we use the usual Mincer variables plus the location specific

education access rank.
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4 Results

4.1 Baseline Results

Table 4.1 shows the main regression results from equation (3.2). First, we

note that while education access was relatively unimportant for urban areas

at the beginning of the transition period, once tariffs were lowered, it became

much more significant both economically and statistically as an indicator for

higher average wages. Towards the end of the liberalization period, the top

and bottom urbans regions with respects to relative cost of education had a

wage difference of over 20%.

Additionally, we find that rural sectors have the opposite outcomes on the

enrollment parameter, exhibits declines in the correlation throughout all the

periods examined. One possible explanation for this decline is the increased

disparity between perceived benefits of education and actual opportunity

cost of not working. Assuming that rural sectors are less exposed to foreign

markets and that rural workers set their expectations based on national or

urban averages. Then those who live in regions with lower access cost to

education may incorrectly overvalue the effects of obtaining higher produc-

tivity, leading to an oversupply of skilled workers, driving down average

wages.

For the most part, the estimates for the personal characteristics remain

consistent with similar works. Women, workers of lower education and

workers nearing retirement tend to have a lower than average wage income.
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The one instance where estimates deviate from norm is the education param-

eters for 1995 rural, with negative and statistically insignificant estimates.

This suggests that education simply did not correlate with income prior to

the economic boom in rural China. Finally, it is important to note that the

mincer type equation appears to have relatively higher explanatory power in

urban areas compared to rural regions. With R2 of rural regions consistently

at below 0.1 while urban regions have comparable R2 to what one would

expect from similar wage decompositions.

These results provide some support for the proposed theory as the sign

and direction of change for urban sectors match the expectations derived

from the model. Conversely, the mismatch between rural results and model

predictions suggests that social mobility through education may be a smaller

factor in those regions and that as suggested by the model, geographical mo-

bility may play a much bigger role.

4.2 Selection and Robustness

One important issue in the above estimation is that the ability and personal

characteristics of the worker could influence his propensity to work. Since

those who are unemployed report wages of 0, any estimate that do not cor-

rect for selection into employment will over estimate the impact of those vari-

ables highly correlated with innate ability. Furthermore, since we expect that

each worker will accept work only if the offered wage is higher than his reser-

vation wage, the sampled wages will be biased upwards.

Thus we append to our main equation an additional step to correct for

the selection effect of working to produce the following two-step estimation.

Following Heckman(1979), the first stage estimation is a probit regression

that estimates the propensity for observing a positive wage outcome given
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a set of personal characteristics. When we correct for the propensity for em-

ployment with the usual characteristics of Sex, Marriage, Education, Age and

Race, we have:

P (Employmentj = 1|X) = Φ(γ1Minorityj+γ2Sexj+γ3Educationj+γ4Agej+γ5Marriedj+ε1j)

(4.1)

The second stage incorporates the first stage estimates to correct for selection

into working:

lnWageij = β1Agej+β2Age
2
j+β3Educationj+β4Sexj+β5Indexi+λj(Xjγ)+ε2j

(4.2)

Here the inverse Mills ratio evaluated at γ is λ and is entered as a re-

gressor in the original OLS estimation, effectively treating the selection bias

problem as one of omitted variable bias. To further complicate matters, since

our selection criterion for employment relies on the survey’s reporting of em-

ployment status of the last month, we run into the issue of individuals who

are working part time or who are working only for part of the year. Due to

the wildly fluctuating level of total income over the entire year, it is not clear

if it is possible to tease out the overall employment status from just wages

alone. Thus we calculate hourly wages as an alternative to total annual in-

come so there is no need to arbitrarily select a cutoff based on annual wages.

To calculate hourly wages, we use the self-reported average days worked

per week and days unemployed statistics in the surveys to approximate the

total hours worked in the past year:

HourlyWages =
TotalAnnualWages

52× [(DaysWorked)− Unemployeddays)]×HoursWorked

(4.3)
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Any wages below 50% of the minimum wage (est. in 1994, 2001 and 2008)8

are dropped as we assume that these low reported wage to be indistinguish-

able from unemployment. Any workers below the age of 16 are also not

considered in our analysis.

TABLE 4.2: Partial results for Heckman Two-Step Estimation on
Log Wages

(1) (2) (3) (4) (5) (6)
1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

lnwage

Index 1.147∗∗∗ -0.0240 0.714∗∗∗ 0.189∗∗∗ 0.103∗∗∗ 0.198∗∗∗

(0.0906) (0.0245) (0.0554) (0.0436) (0.0250) (0.0323)

select
athrho
Constant -1.681∗∗∗ -0.187∗∗∗ -1.992∗∗∗ -0.107∗∗∗ -1.282∗∗∗ -0.340∗∗∗

(0.0481) (0.0496) (0.0513) (0.0297) (0.0248) (0.0514)

lnsigma
Constant 0.880∗∗∗ -0.546∗∗∗ 0.835∗∗∗ -0.249∗∗∗ -0.243∗∗∗ -0.440∗∗∗

(0.0216) (0.00780) (0.0127) (0.00760) (0.0107) (0.0105)

Observations 21526 12824 24953 15779 19665 11181
Standard errors in parentheses. For full results see Appendix A.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

From our results in Table 4.2, we find that even after correcting for selec-

tion we still retain a largely positive and statistically significant relationship

between relative education access and the income of workers in the region..

Since the value of the Heckman estimation does not differ significantly from

the OLS estimates, nor does it show an obvious trend of deflation/inflation,

we can infer that the exclusion of part time and unemployed workers did not

significantly impact the accuracy of the estimation.

One other concern regarding the original estimation is that there is the

possibility that the results are driven by the way our underlying index was

8"Regional minimum wage levels", Ministry of Human Resources and Social Security,
http://www.mohrss.gov.cn, accessed July 3, 2017
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constructed. More importantly, since each component of the index repre-

sents a different aspect of the cost of education, it is useful to determine the

strength and direction of the impact of thesse variables independently. To

that end, I decomposed the Index and performed a similar estimation us-

ing the two base variables of enrollment Ratio and GDP without ranking or

normalization. The new estimation equation is:

lnWageij = β1Agej+β2Age
2
j+β3Educationj+β4Sexj+β5GDPi+β6Enrollmenti+εj

(4.4)

TABLE 4.3: Partial Results for Decomposed OLS estimates on
Wages

(1) (2) (3) (4) (5) (6)
1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

Enrollment 28.24∗∗ 18.02 15.72 121.7 -86.33 -874.1∗∗∗

(9.896) (21.35) (11.18) (64.03) (126.8) (162.6)

GDP 57.41∗∗∗ 217.2∗∗∗ 199.8∗∗∗ 650.7∗∗∗ 536.2∗∗∗ 434.2∗∗∗

(5.138) (12.55) (5.287) (21.94) (45.81) (36.94)

Constant -13.27 -2284.8∗∗∗ -91.31 -4021.9∗∗ 9181.4∗∗∗ -1026.3
(125.7) (517.3) (88.69) (1277.0) (1828.9) (4571.6)

N 14649 9470 30227 8836 8784 6783
R2 0.015 0.132 0.133 0.212 0.037 0.095
Standard errors in parentheses. For full results see Appendix A.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 4.3 shows that while the coefficient on the GDP variable remained

(unsurprisingly) consistently positive and statistically significant throughout

all periods and regions, the enrollment coefficient is only positive for four of

the six tested datasets and largely not statistically significant. This implies

that some component of the results are not robust to ranking the variables or

are driven by the overall economic activity overshadowing any gains from

non-cost related improvements to education access. However, it is inherently
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difficult to separate the growth in economic activity and the decline of edu-

cation costs as an important part of costs is the relative cost of tuition and the

opportunity cost of lost wages. What we can conclude from this decompo-

sition is that in these particular samples, the effect of increased opportunity

cost of lost wages is eclipsed by the decline in the relative expense of tuition

as overall income rose.

Similarly, we reconstructed the selection corrected estimation with the de-

composed variables as well. Table 4.4 shows that as with the case of the un-

corrected OLS estimates, we can attribute much of the change in wages to

the GDP component of the index and that the enrollment ratio itself is not a

significant indicator for wage growth.

TABLE 4.4: Partial results for decomposed Heckman Two-Step
Estimation on Log Wages

(1) (2) (3) (4) (5) (6)
1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

lnwage

Enrollment -0.0679∗∗∗ -0.0105∗∗ -0.0341∗∗∗ 0.00557 0.00151 -0.0260∗∗∗

(0.0147) (0.00322) (0.00847) (0.00607) (0.00428) (0.00378)

GDP 0.0850∗∗∗ 0.0341∗∗∗ 0.0974∗∗∗ 0.0441∗∗∗ 0.0229∗∗∗ 0.0155∗∗∗

(0.00460) (0.00188) (0.00407) (0.00207) (0.00148) (0.000866)

Constant 1.553∗∗∗ -1.070∗∗∗ 3.698∗∗∗ 0.359∗∗ 1.540∗∗∗ 1.074∗∗∗

(0.215) (0.0969) (0.129) (0.137) (0.0605) (0.105)

select
athrho
Constant -1.530∗∗∗ -0.251∗∗∗ -1.890∗∗∗ -0.140∗∗∗ -1.294∗∗∗ -0.318∗∗∗

(0.0504) (0.0519) (0.0605) (0.0284) (0.0249) (0.0502)

Observations 21526 12824 24953 15779 19665 11181
Standard errors in parentheses. For full results see Appendix A.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

As a final exercise, and to ensure that the trend and sign of our estima-

tion is not a property of the variable we have selected to approximate edu-

cation costs, I repeated the OLS estimation with attendance rate of national

university qualification exam. The attendance rate of the specific region is
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calculated as the percentage of individuals who attempted the exam over the

number of people who participated in the survey in the same region. This

gives us an idea of the portion of people who wanted to attend tertiary edu-

cation on a region by region basis.

The main problem with using the exam attendance ratio as a proxy for

ease of access to education is that there is a significant ability barrier to entry

for tertiary education compared to secondary education thus it has a strong

inherent bias towards those with higher natural ability compared to sec-

ondary enrollment ratio. Furthermore, the survey itself did not attempt to

collect data on the national survey participation until 2002, thus we have a

somewhat incomplete view of the series using this variable. Nevertheless,

we can evaluate our main result by looking at the sign and significance of the

estimated parameter coefficients in this regression. Replacing the education

index in equation (3.2) with the exam attendance variable gives us the new

estimation equation and results:

lnWageij = β1Agej + β2Age
2
j + β3Educationj + β4Sexj + β5ExamRatei + εj

(4.5)

We can see from table 4.5 that even using a weaker indicator for educa-

tion access cost, there is still strong evidence that it is a major factor in the

wage income of residents. In all three cases, the coefficient is economically

and statistically significant. Since Exam Rate is a ratio between 0 and 1, we

interpret the coefficient estimates as the difference between a region with no

one willing to participate in the national exams and one who had 100% par-

ticipation rate is an increase in wages of 267% in 2002 in Urban areas. In other

words, a 1% increase in the exam participation rate translates to2.6% increase

in average wages. Since the top and bottom 10 percentile of participation

rates differ by around 15%, this accounts for nearly 39% in the average wage

differential between the two regions.



4.2. Selection and Robustness 47

TABLE 4.5: OLS Estimates on Log Wages

(1) (2) (3)
2002 Urban 2007 Rural 2007 Urban

ExamRate 2.670∗∗∗ 3.581∗∗∗ 0.779∗∗∗

(0.145) (0.302) (0.132)

HS 0.247∗∗∗ 0.0355 0.185∗∗∗

(0.0149) (0.0251) (0.0213)

College 0.539∗∗∗ 0.0773∗∗∗ 0.575∗∗∗

(0.0156) (0.0179) (0.0217)

Age 0.0468∗∗∗ 0.0431∗∗∗ 0.0537∗∗∗

(0.00424) (0.00297) (0.00559)

Age2 -0.000397∗∗∗ -0.000689∗∗∗ -0.000671∗∗∗

(0.0000524) (0.0000395) (0.0000696)

Female -0.183∗∗∗ -0.255∗∗∗ -0.306∗∗∗

(0.0119) (0.0131) (0.0161)

Constant 7.555∗∗∗ 8.874∗∗∗ 8.612∗∗∗

(0.0857) (0.0552) (0.113)

Observations 9667 9765 6885
R2 0.201 0.096 0.171
Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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5 Conclusion

In this paper I attempted to explain the distributional outcomes of trade liber-

alization in China’s post WTO accession period by introducing labor mobility

into Metliz’s classic trade model with firm heterogeneity. By focusing on the

shifting of types of labor across rural and urban areas, it can be demonstrated

that the variation of the cost of social mobility can play a large role in the dis-

tribution of the gains from trade.

Specifically, we have the somewhat contrarian result that urban unskilled

workers, despite being relatively more wealthy and have better access to

market than the rural poor, fare the worst as a result of multilateral trade

liberalization. This stem largely from the assumption that disparity in the

cost in geographical mobility and skill mobility is significant and thus it is

cheaper for the more numerous rural workers to move into the cities than it

is for the unskilled urban natives to obtain education.

I find some support for the theoretical model in the empirical work done

on data from the Chinese Household Income Project. Preliminary analysis

provided support for the theory as I found an increased 90-10 wage gap

growth in the urban sectors while the opposite effect in rural regions. Sim-

ilarly, we find little to no growth in the education wage gap in the rural re-

gions while the education premiums increased in Urban sectors. Suggesting

that education plays a much more significant role in areas more effected by

trade.

Initial results on education access suggested that there is a positive and
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increasing trend in the relationship between education access and wage in-

come in the urban regions. Further, we found that there is strong evidence

that the outcome is driven largely by the opportunity cost reduction of edu-

cation access as a result of increased general welfare rather than ease of en-

rollment. However, we cannot establish the same relationship in rural sectors

with any level of confidence. We conclude that while labor mobility as a re-

sult of education is a significant factor in driving wage growth in developed

areas but geographic mobility remain the primary driver for wage growth in

the country side.
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6 Appendix

6.1 Summary Statistics on Data sets

TABLE 6.1: Summary Statistics for1995 Rural

Variable Mean Std. Dev. N
Sex 1.497 0.5 21526
Age 38.398 15.453 21526
Years of Education 5.657 3.386 21526
Married 1.376 0.748 21526
Minority 1.87 0.398 21526
Total Children 0.566 0.903 21643
IncomeTotal 600.653 2948.536 21526

TABLE 6.2: Summary Statistics for1995 Urban

Variable Mean Std. Dev. N
Sex 1.506 0.5 16699
Age 35.814 18.42 16694
Years of Education 9.593 3.634 15413
Married 1.446 0.744 16699
Minority 1.95 0.219 16699
Total Children 0.439 0.641 16699
IncomeTotal 5389.405 4017.64 12581

TABLE 6.3: Summary Statistics for 2002 Rural

Variable Mean Std. Dev. N
Sex 1.48 0.5 34536
Age 32.916 18.577 34536
Years of Education 6.581 3.072 31970
Marital status 1.59 0.906 33829
Minority 1.853 0.354 34489
TotalChildren 1.163 0.968 34639
IncomeTotal 1017.947 2796.138 34536
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TABLE 6.4: Summary Statistics for 2002 Urban

Variable Mean Std. Dev. N
Gender 1.506 0.5 18744
Age 38.468 18.137 18744
Years of education 9.619 4.197 18636
Marriage 1.733 0.758 18636
Nation 1.045 0.209 18636
TotalChildren 0.366 0.547 18972
IncomeTotal 10847.641 8486.963 13919

TABLE 6.5: Summary Statistics for 2007 Rural

Variable Mean Std. Dev. N
Sex 1.482 0.5 28288
Age 34.989 19.04 28274
Years of Education 7.637 2.592 19899
Married 2.893 2.381 28288
Minority 1.076 0.673 28287
TotalChildren 0.716 0.885 28430
IncomeTotal 15794.678 18053.006 9203

TABLE 6.6: Summary statistics for 2007 Urban

Variable Mean Std. Dev. N
Sex 1.504 0.5 14443
Age 39.107 19.243 14442
Years of Education 11.287 3.625 11203
Married 1.871 0.779 14376
Minority 1.038 0.403 14441
TotalChildren 0.986 0.864 14443
IncomeTotal 26086.491 27205.426 7053

6.2 Regression Results
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TABLE 6.7: Heckman Two-Step Estimation on Log Wages

(1) (2) (3) (4) (5) (6)
1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

lnwage

Female 1.492∗∗∗ -0.126∗∗∗ 1.529∗∗∗ -0.131∗∗∗ -0.0321∗ -0.243∗∗∗

(0.0749) (0.0125) (0.0502) (0.0176) (0.0158) (0.0180)

HS 0.271∗∗ 0.169∗∗∗ 0.0785 0.196∗∗∗ -0.0555∗ 0.169∗∗∗

(0.0833) (0.0163) (0.0406) (0.0211) (0.0238) (0.0206)

College 0.615∗∗ 0.308∗∗∗ 0.339∗∗∗ 0.405∗∗∗ -0.0599∗∗ 0.566∗∗∗

(0.228) (0.0144) (0.0552) (0.0229) (0.0183) (0.0212)

Age 0.0233∗ 0.0761∗∗∗ 0.00373 0.0295∗∗∗ 0.0401∗∗∗ 0.0461∗∗∗

(0.0107) (0.00481) (0.00621) (0.00680) (0.00295) (0.00546)

Age2 -0.000139 -0.000687∗∗∗ 0.0000751 -0.000208∗ -0.000418∗∗∗ -0.000511∗∗∗

(0.000139) (0.0000619) (0.0000748) (0.0000848) (0.0000380) (0.0000701)

Index 1.147∗∗∗ -0.0240 0.714∗∗∗ 0.189∗∗∗ 0.103∗∗∗ 0.198∗∗∗

(0.0906) (0.0245) (0.0554) (0.0436) (0.0250) (0.0323)

Constant 1.161∗∗∗ -1.052∗∗∗ 3.376∗∗∗ 0.708∗∗∗ 1.550∗∗∗ 1.120∗∗∗

(0.208) (0.0964) (0.122) (0.139) (0.0584) (0.108)

select

Female -0.670∗∗∗ -0.290∗∗∗ -0.834∗∗∗ -0.510∗∗∗ -0.523∗∗∗ -0.670∗∗∗

(0.0225) (0.0282) (0.0172) (0.0228) (0.0196) (0.0303)

Married -0.0942∗∗∗ -0.651∗∗∗ -0.130∗∗∗ 0.580∗∗∗ -0.0510∗∗∗ 0.0821∗∗

(0.0159) (0.0320) (0.0109) (0.0269) (0.00538) (0.0252)

Minority 0.0400∗ 0.106 0.259∗∗∗ 0.0423 -0.0764∗∗∗ -0.0373
(0.0186) (0.0633) (0.0182) (0.0541) (0.0120) (0.0383)

TotalChildren -0.0482∗∗∗ -1.144∗∗∗ -0.0262∗∗∗ -1.234∗∗∗ 0.0730∗∗∗ -0.437∗∗∗

(0.0124) (0.0330) (0.00610) (0.0322) (0.0159) (0.0229)

Education(Years) 0.0432∗∗∗ 0.0554∗∗∗ 0.0418∗∗∗ 0.0884∗∗∗ 0.0676∗∗∗ 0.0443∗∗∗

(0.00312) (0.00442) (0.00253) (0.00370) (0.00374) (0.00452)

Age -0.0115∗∗∗ -0.0648∗∗∗ -0.00993∗∗∗ -0.0552∗∗∗ -0.0341∗∗∗ -0.0733∗∗∗

(0.000922) (0.00138) (0.000657) (0.00122) (0.000982) (0.00143)

Constant -0.446∗∗∗ 3.933∗∗∗ -0.173∗∗ 1.068∗∗∗ 1.067∗∗∗ 3.752∗∗∗

(0.0656) (0.159) (0.0532) (0.0996) (0.0640) (0.114)

athrho
Constant -1.681∗∗∗ -0.187∗∗∗ -1.992∗∗∗ -0.107∗∗∗ -1.282∗∗∗ -0.340∗∗∗

(0.0481) (0.0496) (0.0513) (0.0297) (0.0248) (0.0514)

lnsigma
Constant 0.880∗∗∗ -0.546∗∗∗ 0.835∗∗∗ -0.249∗∗∗ -0.243∗∗∗ -0.440∗∗∗

(0.0216) (0.00780) (0.0127) (0.00760) (0.0107) (0.0105)

Observations 21526 12824 24953 15779 19665 11181
R2

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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TABLE 6.8: Decomposed OLS estimates on Log Wages

(1) (2) (3) (4) (5) (6)
1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

Female -252.1∗∗∗ -787.2∗∗∗ -957.0∗∗∗ -2140.8∗∗∗ -4328.3∗∗∗ -7487.6∗∗∗

(27.45) (78.46) (31.54) (173.9) (388.9) (652.5)

Age 19.48∗∗∗ 291.4∗∗∗ 113.4∗∗∗ 426.4∗∗∗ 626.6∗∗∗ 1516.0∗∗∗

(5.847) (25.28) (3.035) (61.30) (87.24) (226.1)

Age2 -0.285∗∗∗ -2.529∗∗∗ -1.402∗∗∗ -3.416∗∗∗ -9.364∗∗∗ -17.82∗∗∗

(0.0727) (0.318) (0.0398) (0.758) (1.159) (2.816)

HS -12.15 745.4∗∗∗ 509.7∗∗∗ 2514.2∗∗∗ 374.8 3091.4∗∗∗

(77.90) (104.9) (55.69) (218.0) (742.7) (863.1)

College -133.0 1550.9∗∗∗ 1287.5∗∗∗ 6637.0∗∗∗ 1574.6∗∗ 14303.1∗∗∗

(359.6) (89.51) (76.67) (227.2) (525.8) (873.0)

Enrollment Ratio 28.24∗∗ 18.02 15.72 121.7 -86.33 -874.1∗∗∗

(9.896) (21.35) (11.18) (64.03) (126.8) (162.6)

GDP per capita 57.41∗∗∗ 217.2∗∗∗ 199.8∗∗∗ 650.7∗∗∗ 536.2∗∗∗ 434.2∗∗∗

(5.138) (12.55) (5.287) (21.94) (45.81) (36.94)

Constant -13.27 -2284.8∗∗∗ -91.31 -4021.9∗∗ 9181.4∗∗∗ -1026.3
(125.7) (517.3) (88.69) (1277.0) (1828.9) (4571.6)

Observations 14649 9470 30227 8836 8784 6783
R2 0.015 0.132 0.133 0.212 0.037 0.095
Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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TABLE 6.9: Decomposed Heckman Two-Step Estimation on
Log Wages

1995 Rural 1995 Urban 2002 Rural 2002 Urban 2007 Rural 2007 Urban

lnwage

Female 1.200∗∗∗ -0.126∗∗∗ 1.355∗∗∗ -0.137∗∗∗ -0.0510∗∗ -0.240∗∗∗

(0.0747) (0.0122) (0.0532) (0.0171) (0.0157) (0.0175)

HS 0.222∗∗ 0.157∗∗∗ 0.107∗∗ 0.165∗∗∗ -0.0497∗ 0.166∗∗∗

(0.0818) (0.0160) (0.0402) (0.0206) (0.0234) (0.0200)

College 0.654∗∗ 0.290∗∗∗ 0.289∗∗∗ 0.381∗∗∗ -0.0570∗∗ 0.571∗∗∗

(0.226) (0.0142) (0.0544) (0.0222) (0.0180) (0.0207)

Age 0.00701 0.0713∗∗∗ -0.0122∗ 0.0374∗∗∗ 0.0378∗∗∗ 0.0497∗∗∗

(0.0106) (0.00476) (0.00622) (0.00660) (0.00292) (0.00533)

Age2 -0.00000969 -0.000641∗∗∗ 0.000187∗ -0.000332∗∗∗ -0.000414∗∗∗ -0.000555∗∗∗

(0.000136) (0.0000612) (0.0000744) (0.0000822) (0.0000375) (0.0000683)

GDP per capita 0.0850∗∗∗ 0.0341∗∗∗ 0.0974∗∗∗ 0.0441∗∗∗ 0.0229∗∗∗ 0.0155∗∗∗

(0.00460) (0.00188) (0.00407) (0.00207) (0.00148) (0.000866)

Enrollment Ratio -0.0679∗∗∗ -0.0105∗∗ -0.0341∗∗∗ 0.00557 0.00151 -0.0260∗∗∗

(0.0147) (0.00322) (0.00847) (0.00607) (0.00428) (0.00378)

Constant 1.553∗∗∗ -1.070∗∗∗ 3.698∗∗∗ 0.359∗∗ 1.540∗∗∗ 1.074∗∗∗

(0.215) (0.0969) (0.129) (0.137) (0.0605) (0.105)

select

Female -0.669∗∗∗ -0.289∗∗∗ -0.835∗∗∗ -0.510∗∗∗ -0.527∗∗∗ -0.671∗∗∗

(0.0226) (0.0281) (0.0173) (0.0228) (0.0196) (0.0303)

Married -0.0909∗∗∗ -0.643∗∗∗ -0.131∗∗∗ 0.580∗∗∗ -0.0511∗∗∗ 0.0842∗∗∗

(0.0167) (0.0321) (0.0114) (0.0269) (0.00537) (0.0252)

Minority 0.0859∗∗∗ 0.100 0.261∗∗∗ 0.0486 -0.0709∗∗∗ -0.0363
(0.0203) (0.0628) (0.0190) (0.0540) (0.0119) (0.0383)

TotalChildren -0.0522∗∗∗ -1.143∗∗∗ -0.0124∗ -1.237∗∗∗ 0.0828∗∗∗ -0.436∗∗∗

(0.0130) (0.0329) (0.00630) (0.0322) (0.0158) (0.0229)

Education(Years) 0.0452∗∗∗ 0.0552∗∗∗ 0.0409∗∗∗ 0.0880∗∗∗ 0.0637∗∗∗ 0.0443∗∗∗

(0.00324) (0.00441) (0.00263) (0.00370) (0.00375) (0.00452)

Age -0.0116∗∗∗ -0.0647∗∗∗ -0.0104∗∗∗ -0.0553∗∗∗ -0.0342∗∗∗ -0.0733∗∗∗

(0.000936) (0.00138) (0.000667) (0.00122) (0.000979) (0.00143)

Constant -0.543∗∗∗ 3.929∗∗∗ -0.166∗∗ 1.069∗∗∗ 1.094∗∗∗ 3.749∗∗∗

(0.0686) (0.158) (0.0546) (0.0994) (0.0638) (0.114)

athrho
Constant -1.530∗∗∗ -0.251∗∗∗ -1.890∗∗∗ -0.140∗∗∗ -1.294∗∗∗ -0.318∗∗∗

(0.0504) (0.0519) (0.0605) (0.0284) (0.0249) (0.0502)

lnsigma
Constant 0.793∗∗∗ -0.564∗∗∗ 0.782∗∗∗ -0.274∗∗∗ -0.253∗∗∗ -0.469∗∗∗

(0.0236) (0.00820) (0.0148) (0.00768) (0.0107) (0.0103)

Observations 21526 12824 24953 15779 19665 11181
R2

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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