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This dissertation studies trade liberalization and labor market outcomes. The first two
chapters examine the impact of China’s trade liberalization on the adjustment of U.S. labor
market for skilled and unskilled workers in a dynamic general equilibrium framework with
firm heterogeneity and factor proportions. In the first chapter, I most specifically look into
the effect of trade cost reduction on U.S. skill premium in an environment which I abstract
from labor market friction. Featuring labor market search and matching frictions, the second
chapter is part of a broader agenda on the labor market effect of China’s trade liberalization
and U.S. firms’ offshoring decisions, with a greater focus on the dynamics of unemployment
of skilled and unskilled workers. The third chapter investigates the impact of the China’s
increased trade openness on its local labor market. It examines the effects of China’s domestic
migration policy change and trade liberalization on wage inequality in China using a dynamic
general equilibrium model of international trade and internal migration across regions. This
dissertation showcases some of the ways trade policy can interact with firms’ endogenous
offshoring and entry decisions, workers’ mobility choices, as well as labor market frictions in
a dynamic fashion.

More specifically, the first chapter studies how wage inequality between skilled and un-
skilled workers interacts with multinational firms’ decisions and countries’ different factor

endowments using a two-country dynamic stochastic model featuring task-offshoring, hetero-



geneous firms and factor proportions. It shows that besides the traditional Stolper-Samuelson
mechanism that shifts factors of production towards a country’s comparative advantage sec-
tors, there also exist other firm-level adjustment mechanisms that widen the wage gap after
trade liberalization. It finds that offshoring widens wage inequality between skilled and un-
skilled workers through increasing high-skilled wage and lowering low-skilled wage. Such
effect is more announced in the beginning phase of the adjustment. The intensive margin
and the extensive margin are both active in shaping rising wage gap in the home country,
with the latter playing a more important role in the short to medium run compared to the

beginning stage following the shock.

The second chapter studies the dynamic effects of offshoring on the unemployment rates
and wage inequality across the high-skilled and low-skilled workers through the dynamics of
firms’ production location and entry decisions in general equilibrium. First, I examine the
dynamic effects of offshoring cost reduction due to China’s trade liberalization. Estimates
from vector autoregressions (VARs) show that a decrease in offshoring costs is associated with
a short-lived increase in low-skilled unemployment, but a persistent decline in high-skilled
unemployment and a less persistent expansion of wage gap in the source country. Second,
I build a two-country trade-in-task model with firm heterogeneity, endogenous selection
into entry and offshoring as well as search and matching frictions to study the channels
through which offshoring cost reductions affect the labor market outcomes for different skill
groups over time. The model successfully reproduces the VAR evidence and highlights the
importance of endogenous firm entry and labor market frictions in generating the empirical

dynamic responses of wage and unemployment across different skill groups.

The third chapter investigates China’s labor market’s responses to its own trade liber-
alization, which is a relatively less explored topic compared to the relationship between the
China shock and labor market changes in other countries. Using data from CHIP (Chinese

Household Income Project), this chapter aims to fill this gap by estimating the effects of



trade liberalization on Chinese local labor markets. In addition, it investigates changes in
urban to rural wage inequality and skill premium in urban and rural areas separately with
the availability of surveys conducted in urban and rural households. In the model, a dynamic
general equilibrium framework with heterogeneous firms, heterogeneous workers and internal
migration is used to study the impact of policy-generated trade cost reduction and easing
of migration restrictions on Chinese wage inequality. I focus on the role of labor mobility
that characterizes the large rural-to-urban migration in the midst of trade liberalization in
shaping skill premium and urban to rural wage inequality. Calibrating the changes in policy-
generated migration cost reduction and trade cost decline, as well as productivity increase in
the tradable sector, this paper analyzes the responses of different measures of wage inequality
and other macroeconomics variables following these shocks.

This dissertation highlights the role of interaction of firm dynamics, factor endowments
and labor market frictions in shaping the labor market adjustments. The positive effects of
offshoring on the labor market for workers regardless of skill levels suggest that more trade
frictions designed to restrict offshoring is likely to hinder firm entry, which is a key driver
that contributes to higher wages and lower unemployment rates of both skilled and unskilled
workers over time. It also points to the importance of labor market reforms by showing
that easing of migration restriction and search and matching frictions are both beneficial to

exports and wages of all workers, with consequences of rising wage inequality though.
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Chapter 1

MULTINATIONAL FIRMS’ SOURCING DECISION AND
WAGE INEQUALITY: A DYNAMIC ANALYSIS

1.1 Introduction

It is now the fourth decade since the beginning of China’s economic reforms launched the
country on perhaps the most spectacular growth and poverty reduction performance in the
history of world. This achievement has been accompanied by equally dramatic outcomes
in other economic spheres domestically as well its impact on the rest of the world. Due
to its size, China has been the subject of extensive introspection over global issues such
as manufacturing jobs, wages, investment and savings imbalances, exchange rates and so
on. Analysis on the impact of China’s import growth on the U.S. economy has also been
extended to cover the labor market outcomes. This paper looks into how wage inequality
between skilled and unskilled workers interact with firms’ offshoring decisions and countries’
different factor endowments in a dynamic setting.

Using data from the FDI statistics from China’s Ministry of Commerce, figure 1.1 shows
that at the beginning stage of China’s market economy orientation and opening to the
world, late 1980s, US FDI to China remained at a very low level. It was not until 1992
when the number of foreign-invested enterprises reached its peak. What happened that year
was that Special Economic Zones (SEZs) were created, which allowed foreign companies
to set up factories that imported inputs free of tax and exported outputs, with substantial
reductions in income taxes as well, easier access to foreign markets and free from government

interference. Effectively, the realized FDI values kept increasing and reached the peak in the

1Offshoring refers to the sourcing of inputs from foreign countries which enables the fragmentation of
production process. One of the main motivations for fragmenting the production process is the ability to
procure these inputs at a lower cost from abroad than at home.



early 2000s, roughly around post WTO entry period, and stayed quite high for the following
few years. What is also true of offshoring statistics is that as shown in figure 1.2, the
United States ranks the third among all the regions in the world in terms of total number
of offshoring firms in China since 1987, only lower than Hong Kong and Taiwan, which are
two most China-dependent economies. According to Antras et al. (2017), for the US, China
is also the second largest sourcing country that firms source from, only second to Canada.

With multinational enterprises moving their factories to China, China saw a further
increase in processing trade activity. According to Fan et al. (2014), the share of exports by
FIEs in total exports increased from 12.6 per cent in 1990 to 47.9 per cent in 2000, and the
share of processing exports in total exports rose rom 40.9 per cent in 1990 to 55.2 per cent
in 2000. The ratio of processing exports started to climb up in the mid 1980s and is kept at
a level above 50 percent after 1995.

While there is a surge of multinational firms’ offshoring activities in China especially
in the processing trade industries, the issue of expanding wage inequality in the United
States has received great attention. The larger wage gap has been studied extensively in
the literature. Many studies point to the role of changes in the economic environment,
particularly in production technologies, that favored skilled workers and widened the wage
distribution.? A completing explanation emphasizes international trade, which hit hard on
domestic low-skilled workers with competition from cheaper imported goods. In particular,
trade with China has been recently identified as an important driver of wage inequality in
developed countries. 2

This paper examines how firms’ offshoring decisions and countries’ different factor endow-
ments affect wage inequality between skilled and unskilled workers in a dynamic framework.
Featuring factor proportions and firm heterogeneity in the model, this paper provides a dy-
namic view of how the skilled and unskilled workers respond to trade cost reduction under

the offshoring context in the short run and over time.

2See for instance Acemoglu and Autor (2011), Acemoglu et al. (2015) and Burstein and Vogel (2017).
3Some examples include Ebenstein et al. (2015), Pierce and Schott (2016).



Why is the dynamic framework important for studying wages of skilled and unskilled
workers following trade liberalization? One of the reasons is that it is important for us
to understand the adjustment path of wages of different skill groups following trade policy
changes. which is critical for understanding the time-varying impact of policies. Lack of
support of one or another trade policy regime depends crucially on the adjustment to changes
during the dynamics. The dynamic analysis allows one to obtain implications of steady state
results without ignoring the short run costs and the transition dynamics. In reality, the
negative impact on blue-collar workers in the States as well as their slow adjustments have
received great attention with China’s integration into the global trade system, commonly
referred to as the China shock. The policy debate on the China shock, for instance, Autor
et al. (2016), puts great emphasis on how painful the adjustment has been for workers and
firms. This happens along the dynamics, not in the steady state. Therefore, it is highly
important to study this issue in a dynamic environment and to offer a framework that
examines the impact of the China shock from a dynamic perspective to capture the wage
adjustments to changes during the dynamics for workers with different skill levels. For these
reasons, which point to the role of the dynamics, I make the model fully dynamic general

equilibrium model in the spirit of the recent international macro and trade literature.

To map the empirical evidence from US offshoring to China, I build a two-country dy-
namic general equilibrium model with country-level differences in factor proportions, firm
heterogeneity and endogenous firm entry. I then use the model to study the channels through
which offshoring cost reductions affect wages of different skill groups and the wage gap along
different time horizon. Results of the model show that offshoring does have distributional
consequences: wage gap between high-skilled and low-skilled workers does increase substan-
tially in the initial periods following the shock. The rise in wage wage then slows down. Over
time, low-skilled workers experience increase in their wage, which leads to slower growth of
wage gap. The intensive margin and the extensive margin both operate in shaping rising
wage gap in the home country, with the latter playing a more important role in the short to

medium run compared to the beginning stage following the shock.



1.1.1 Related Literature

This paper is closely related to the task-based framework including Acemoglu (2003), Ace-
moglu and Autor (2011), Feenstra and Hanson (1999) and Grossman and Rossi-Hansberg
(2008), particularly the last two. In Feenstra and Hanson (1999), firms offshore some of
their labor-intensive activities following liberalization of capital markets, thereby reducing
the demand for skilled labor in the U.S. I extend their framework by introducing firm-level
heterogeneity and examine the implications of within-sector productivity channel. On the
other hand, Grossman and Rossi-Hansberg (2008) predict that offshoring may have posi-
tive effect on both the low-skilled and the high-skilled when certain conditions hold. In
their model there exist complementarities between domestically performed and offshored
tasks whereas in my model the two tasks are perfect substitutes so that the demand for the

low-skilled labor falls in response to trade liberalization.

The dynamic framework of this paper builds on Ghironi and Melitz (2005). In a dynamic
stochastic environment, Zlate (2016) studies the synchronization of business cycle linked by
offshoring. Mandelman (2016) focuses on the polarization of the labor market in the US.
Regarding the impact of offshoring on labor markets, Ottaviano et al. (2013) looks at the
impact of offshoring and immigration on home country’s employment; Mandelman and Zlate
(2016) model the impact of offshoring and low-skill labor migration on labor market polar-
ization; Cacciatore (2014) examines the role of labor market rigidities in shaping business
cycle comovement. Lechthaler and Mileva (2014b) introduces Heckscher-Ohlin compara-
tive advantage and labor adjustment costs to examine the effect of trade liberalization on
wage inequality between high-skilled and low-skilled workers. Their paper focuses on trade
in goods rather than trade in tasks and multinational production. Another paper that is
closely related to mine under the dynamic stochastic environment is Goel (2017), which
studies the impact of offshoring on wages and employment for low-skilled and high-skilled
workers, though it does not feature cross-country differences in factor proportions and only

models the home country.



My work contributes to the literature studying the impact of the China shock such as
Autor et al. (2013), Autor et al. (2016), Asquith et al. (2019), Bloom et al. (2019),Eriksson
et al. (2019), Feenstra and Sasahara (2018) and Feenstra et al. (2019). My main contribution
to the literature is that I build a dynamic and stochastic framework with uncertainty that
embeds in the standard Heckscher-Ohlin model the firm heterogeneity mechanisms under a
task offshoring environment.

This paper is also related to the large literature that studies offshoring to low-wage coun-
tries, such as Feenstra and Hanson (1996), Harrison and McMillan (2011), Kohler (2004)
and Rodriguez-Clare (2010). However, these papers do not feature firm heterogeneity. Some
examples of papers in the trade literature studying offshoring with firm heterogeneity include
Antras and Helpman (2004), Egger et al. (2015), Sethupathy (2013). For instance, Egger
et al. (2015) also studies the implications of offshoring in a model with firm heterogeneity,
focusing on the implications of offshoring for income inequality, both within and between
entrepreneurs and workers. Groizard et al. (2014) introduces a more general production
structure where there exists a continuum of inputs with the fraction of offshored inputs de-
pending on offshoring costs while also allowing for firm heterogeneity. Apart from examining
the wage effects of offshoring in particular, Bernard et al. (2007), Burstein and Vogel (2017)
looks at the impact of trade on wage inequality between high-skilled and low-skilled workers,
abstract from an environment that features trade in tasks and multinational production.

Recent empirical work studying the relationship between the wage effects of offshoring
include Baumgarten et al. (2013), Becker et al. (2013), Crino (2012), Criscuolo and Garicano
(2010), Ebenstein et al. (2015), Hummels et al. (2014), Mion and Zhu (2013) etc.

The rest of the paper is structured as follows. Section 1.2 presents the theoretical model.
Section 1.3 analyzes the steady state comparison between autarky and open economy where
firms can self select into offshoring. Section 1.4 describes calibration of parameters in the
model. Section 1.5 focuses on the dynamic effects of offshoring cost reduction and other
exogenous shocks. Section 3.4 concludes. Technical details of the derivations and proofs are

provided in the appendix.



1.2 The model: two country, trade-in-tasks

1.2.1 Model environment

This section presents a stylized model of offshoring with heterogeneous firms and country-
level different factor endowments in a trade-in-tasks environment. The representative house-
holds and firms’ problems are described below.

Although I do not explicitly model multiple sectors, the framework nevertheless highlights
the micro-level characteristics of sectors (the production share of low-skilled task, the level
of product differentiation, firm entry and exit rates, levels of sunk costs and trade costs) that

would generate differences in persistence rates for cross-country sector-level price differentials.

Household’s Problem

There are two countries- home and foreign. Foreign variables are denoted with an asterisk.
The two countries are endowed with different amounts of skilled labor H, and unskilled labor

L. Home is asumed to be more skill abundant than foreign, so that the relative skill abundance

is higher for the home country than for the foreign: 7+ > 7+.

Each economy consists of a
unit mass of atomistic households and a continuum of monopolistically competitive firms
with different levels of labor productivity. As in Ghironi and Melitz (2005), all contracts are
written in nominal terms. Since prices are flexible, the variables solved for are all in real
terms.

The representative household maximizes expected lifetime utility:

Biy1,T41

o0 Cl_,y
E s—t s
max t ; B 1 — 77
where § € (0,1) is the subjective discount factor, C; is aggregate consumption, and v > 0 is
the inverse of the inter-temporal elasticity of substitution. The budget constraint is:
Ci + (Ny + Ney) 22441 + By = (?71: + CZt) Nyxy + (L +1¢) Byg + wpe H +wi L. (1.1)

The household purchases two types of assets. First, it purchases x;.; shares in a mutual

fund of Northern firms, which includes N; incumbent firms producing either domestically or



offshore at time t, and also N.; new entrants in period t. The date t price of a claim to the
future profit stream of the mutual fund of N;+ N, , home firms is equal to the average nominal
price of claims to future profits of home firms, P,v;. The mutual fund pays a total profit that
is equal to the average total profits of all home firms that produce in that period, Pd;N;.
The household also receives dividends equal to the average firm profit d, proportional to the
mass of firms /N;. The household also purchases the risk free bond issued by its own country
By 41, denominated in units of the issuing country’s consumption basket. The domestic
risk-free bond pays interest rate r;. Entering period t, the household has share holdings z;
in a mutual fund of N; home firms whose average market value is ©;. There are two types
of labor — high-skilled labor and low-skilled labor, supplied inelastically, earning real wages

wp and w;; and pooling income together.

The consumption basket for the Northern household includes varieties produced by the

Northern firms either domestically or offshore:

0 _
-1

C, = /o’ yD7t<W)091dw+/ Yot (w)gf)ldw] . (1.2)

Zmin Zo,t

Each variety w is produced by a different firm. Firms with productivity above the offshoring
cutoff z,, supply the offshored varieties whereas firms with productivity above z,,;, but below
2o+ supply the domestically produced varieties. The consumption-based price index for the

1/(1-6)
ca, Pt (w)l_edw) . Setting the consumption basket C; as

home economy is then P, = ( L
numeraire, the price index for the North is 1 = [p(w)'~/dw] fl‘", and p;(w) is the real price
of goods of different varieties. The household’s demand for each individual good variety w
is ¢ (w) = (p(w)/P) " C,.

The foreign household earns nominal wage rate W, and Wy, , denominated in units of
foreign currency. It maximizes a similar utility function. However, the composition of the

consumption basket is different. The subset of goods available for consumption in the foreign

country 2y only consists of goods produced by foreign firms selling in the foreign country,



which is expressed as:

<ﬁ—M;ﬁwﬁwﬂﬁ.
(Cgl)ﬂ] . (1.3)

The Euler equation for bonds for the North is:
C s .
t

where 9 is firms’ exit rate, which reflects the random exit shock that can hit all firms including

14+ By = B (1 +141) By

The Euler equations for stocks is:

G =B(1-0)E

the entrants every period with probability §.

Firms entry

Firm entry requires an entry cost that is equal to f. effective labor units, which is equal
to é—‘; (llﬁ—la)l_a (%)a units of the home (foreign) consumption good. After paying the sunk
entry cost, each firm is randomly assigned an idiosyncratic productivity z which is drawn
from a Pareto distribution over the interval [z,;,,c0), and it stays the same for the firm’s
entire operation term. Foreign firms draw productivity levels from an identical distribution
over the same interval. Therefore, there are N, , new firms entering the market every period
and start producing at the next period. With all firms, including the new entrants, being
subject to a random death shock with probability ¢ at the end of every period, the law of
motion for the mass of firms is therefore Ny = (1 — 0) (Vy + Ney).

Every period, the new entrants have expectation of their post-entry firm value v, which
is a function of the stochastic discount factor, the probability of exit  and the expected
monopolistic stream of profits d;. Eq. 1.4 yields the expected post-entry value of the average
firm:

N - 1,05\ 5
v = By Z [B(L=d))° (a) 7ds (1.5)

s=t+1



As a result, every period, potential entrants make their decision to enter or not by comparing
the sunk entry cost that they need to pay up front before entry with the expected profits
after entry. In equilibrium, firm entry takes place until the expected value of the average
firm value is equal to the sunk entry cost : 0; = f, (%)1_(1 (%)a, which is f. times the

effective unit of labor.

Firms’ production function and choice of production location

There is one final-good sector. Firms are all final-good producers with heterogeneity in
their productivities, each producing a different variety of the final goods. Production of the
final good requires two tasks — y;, and y;. Task y;, uses high skilled labor only and task
y; uses low skilled labor only. The production function is assumed to take the following
form: y,(2) = 2Z [yns(2)]" [y1e(2)]' .4 Every firm has a different level of productivity z
with which it transforms the two tasks into the final output. Production are also dependent
on the country-level productivity Z;. The productivity differences across firms translate into
differences in the unit cost of production. This cost, measured in units of the consumption

good C, is i (fjj’;)l_a (“2)®, where w;; = W/P; is the real wage for low-skilled labor

and wp; = W/ P is the real wage for high-skilled labor. Similarly for the foreign firms,

their unit cost measured in units of the foreign consumption good is - é: (;ﬁ—la) e (72)&,
where wy, = W,/ P} and wj; , = Wy, /Py

The high-skilled and low-skilled endowment of both countries are set up in a way that
delivers the wage relationship that w; < w; so that firms have incentive to offshore the
low-skilled task in order to utilize the low-skilled cost advantage of producing in the foreign

country. And the assumption that the high-skilled task cannot be offshored is made.’.

4In Antras and Helpman(2004), the output of a firm z is a Cobb-Douglas function of two inputs that use
ZZ2li 11—
t 2l ] .

l-«

domestic and foreign inputs respectively, y, ¢+ = [%]a[

5Using German individual-level data, Baumgarten et al. (2013) shows that there is a tendency that high
skilled workers are more likely to hold jobs that use tasks that are less offshorable. In the case of US
offshoring to China, offshoring low-skilled is more relevant due to the labor-intensive content of processing
trade.
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Every period, firms choose to produce either domestically or offshore. If the firm decides
to produce both tasks domestically, then y,.(z) = hi(z) and y;.(z) = li(z). If the firm
instead decides to offshore the low-skilled task, then since the high-skilled task can only be

l*f’). 7 is the variable iceberg trade cost

produced domestically, y,.(z) = h(z) but y,.(2) =
that firms need to pay if the low-skilled task is performed in the foreign country. It can be
interpreted as a friction (e.g., a trade barrier) and as a cost or productivity disadvantage
(less control and monitor over the products) due to distance. ¢ Therefore, the output of
producing both tasks domestically is yp(2) = 27, [h(2)]* [li(2)]'™® whereas keeping the
high-skilled task produced in-house and offshoring the low-skilled tasks give firms output
wrl2) = 22, () [22]

Monopolistic competitive firms maximize profits for the two different production strate-
gies. Before that, the first step, cost minimizing pins down the number of high-skilled
and low-skilled workers each firm hires, depending on the wages, firm-level productivity

and aggregate productivity. The marginal costs of production for the two strategies then

1 (wl,t
Ziz \1—«

follow— mep ¢(z) = )1_a (“2)® for firms producing both products domestically and

«\ 1l—a a
mey(z) = i <ﬂ> (“2)" for firms that offshore the low-skilled task to the foreign

11—
country.

i () = po o)~ s (125) () e (19

PD(z) Ziz \1—«

* l—« o % l—«a a
max dv(2) = pvi(2)yve(z) — Z%z ( T ) <%> Yv(z) — % < o ) <%> ;

PV (2) 11—« o l—« o
(1.7)

where pp(.) and py (z) are the real prices of the two production strategies. Prices are markup

. . .. oL l1-a «
over marginal costs, thus generating the pricing conditions: pp; = %i (;U_l;) (%)

«\ 1l—a
and py; = o%z_lzt (%) (%)a w; is the home country’s real low-skilled real and wy, is

home country’s real high-skilled wage. Offshoring firms also need to pay the fixed offshoring

cots fy in terms of these firms’ effective unit of labor, which is associated with building up

61ceberg trade cost implies that, for every t;1 units produced offshore, only one unit arrives in the North,
with the difference lost due to factors such as trade barriers, transportation costs and so on.
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and running maintenance of the factories and facilities offshore. Following Zlate (2016), I
assume that firms hire workers from their respective offshoring low-skilled labor market to
« 11—«
cover these fixed offshoring costs. Therefore, the fixed offshoring cost is fZ—V <1le> (%)a
t « a
units of the home consumption good. The melting-iceberg trade cost 7 is embedded in
offshoring firms’ marginal cost. Firms with different levels of productivity z incur different
costs of production. More productive firms have higher levels of output and revenue. In
addition, there is a positive correlation between firms’ productivity and the intensive use of

labor, since % >0 % > 0. More productive firms demand more labor input, for both

high-skilled and low-skilled workers.

The demand for variety produced by firm z using the two production strategies are
ypi(2) = ppi(2)7'Cy and yvu(2) = py(2)Ch. Profits are dpy(2) = %pD,t(Z)liact for
domestic production and dy,(z) = %pw(z)l_@Ct — fvzlt (%)l_a (%)a for offshoring the
low-skilled task. Higher firm-level productivity implies that a given cost reduction from
offshoring yields larger gains in profits.

The offshoring cutoff z,; is pinned down by equalizing profits of the two strategies for
firms’ production: z,; = {z:dp(20t) = dvi(2,4)}. It indicates that at this productivity
level z,., producing both tasks domestically and offshoring the low-skilled task generate the
same profit. The linkage between the average profit of offshoring and that of domestically

producing the low-skilled task is:

~ k 2Vt o-1 ~ 6 -1 fV w?t 1o Wht\ %
dv = — d S ) 0 .
! k—(e—m(zm) D’t+k—(6—1)Zt 1—« <Q>

From the above relationship, it can be noted that the average profit of offshoring firms is

higher than that of domestically producing firms because firms above the productivity cutoff
would self select into offshoring.

Every period, firms compare, based on their productivity level, whether the strategy of
producing both tasks domestically or that of offshoring the low-skilled task gives the firm
higher profits. The cutoff is time-varying; it is responsive to changes in the labor cost of two

types of labor across the two countries as well as the iceberg trade cost. The set of offshoring
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firms fluctuates over time with changes in the profitability of the offshoring. A lowering of
the tariff or the wage cost of the low-skilled workers abroad increases the profitability of
offshoring and thus lowers the offshoring cutoff, incentivizing more firms to offshore.
Consistent with the implications of Zlate (2016), firms with productivity level higher than
the cutoff productivity self select into offshoring since the benefit of offshoring outweighs the

cost of doing so for these firms. In order to ensure the existence of the offshoring cutoff, the

(W)= (wn)* /Zt

condition 7w} < w; has to be satisfied, which implies that 7'~ *TOP = Tlf‘lm

1.

Averages

The model is isomorphic to a framework with two representative firms in the home country:
one produces both tasks domestically, one offshores the low-skilled task and only produces

the high-skilled task in the home country.

Average productivity, prices and profits

Firms’ productivity are drawn from the Pareto distribution over the interval [z,,,, 00), where
the common distribution is G(z) with density g(z). Every period, there are Np; firms whose
idiosyncratic productivities are below the offshoring cutoff 2., < 2 < 2,; that produce
both tasks domestically; and there are N,, firms with productivity levels above the cutoft
2z > zyy . The average productivity of domestically producing firms is Zp,; whereas that of

offshoring firms is Zy,;. The average productivity levels follow as:

B 1 Zo,t 0—1 0—1
= d d
Zp. G o) /me 2" g(2) z] an

1
0—1

N R T St
v = _1—G(Zv,t)/ z g(z)dz]

Zo,t
With the assumption that the Pareto distribution of the productivity has p.d.f. g(z) =

kzk,./z*and c.df. G(z) =1— (zmm/z)k, the average productivity levels zq4; and z,,; can
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both be expressed as function of offshore productivity cutoff z,;:

k—(6-1) k—(0-1)7 9=1
~ . Ryt ~ Zmin d
2Dt = VZminivit an

Zv7t — Z

min

Zot = V2,
1

where v = [ }m , k>0 —1, and the cutoff is z,; = zpmin (N;/Ny;) /¥, Firms in the

=
Southern country only has the strategy of producing domestically. Their average productivity
remains constant at z; = vz} . .

The average price indexes for the North and the South also follow as 1 = Np; (p D7t)179 +
Ny (pve) ™% and 1 = Ny (57)' 7. The total profits of firms in the North and the South are

Nyd;, = Npdp, + Ny,dy, and Nid; = N;d;.

Labor market clearing

Denote h p.+ as the average amount of high skilled labor used by domestically producing firms
Np,. Similarly, izv’t is the average number of high skilled labor used by offshoring firms Ny;.

The labor market clearing conditions under offshoring become the following:

- ~ QW e awy, o
H = ND7thD,t + NV’th\/’t + NE,th (1 O{)wh —I— Nv’tfv (1 a)wh
_ t — it

- 1—a)wye @
L =Npips+ Ng.fe (M)

Wy g

Home country’s high skilled labor is used by domestically producing firms using high-skilled
labor, offshoring firms using high-skilled labor as well as high skilled labor used for the sunk
entry cost and fixed offshoring cost activities. In contrast, the low skilled labor is used only
by domestically producing firms and those used to pay fixed entry cost. The opposite is true

for the foreign country.

Aggregate accounting

Aggregating the budget constraint (2) across home households and imposing the equilibrium

conditions under financial autarky (Byy1 = By = 0 and z441 = x; = 1) yields the aggregate
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accounting equation Cy = wy+L + wp H + Ntht — Ng,0;. A similar equation holds abroad.
Consumption in each period must equal labor income plus investment income net of the cost

of investing in new firms.

1.3 Steady state comparison: autarky to open economy

1.3.1 Autarky equilibrium

Under autarky, firms are all producing using domestic factors. Prices are mark up over the
marginal cost of production using both types of the country’s factors. Profits are derived
from producing domestically. Total number of firms N only includes all domestically pro-
ducing firms Np. Therefore, 1 = Ny(pp;)'~?. The factor market clearing conditions in both
countries incorporates factor used by firms’ production, as well as those used for the sunk
entry cost. H = NJLt + Ngfe (&”ﬁ) e and L = NtZNt + NefE (%)a Under

autarky, a key implication on wages in equilibrium is that the wage ratio of high skilled to

low skilled labor within a country is solely determined by factor proportions and high skilled

o __ H*
l—-a =~ L*°

w _a _ H W
cost share «, as o Toa =L w

Proofs are shown in the appendix. Given that

the foreign country is relatively more labor abundant than the home country, the wage gap

.
Wh,

v .
wy

between high skilled and low skilled is lower than that for the foreign country: ’5}—2’ <
The ratio of domestic low skilled wage over foreign low skilled wage is dependent on both

country’s factor endowments as well as the ratio of the entry costs. The same results hold for
1

. . w [N R R = " TS R 2841 P
the high-skilled factor: oF = (L) o=t (H2)o (f_];> = (L&) = (4 (fg) .

These factor endowments, entry costs are set up in a way that delivers the equilibrium wage
values relationships that home’s low skilled wage is higher than foreign’s. It generates the
result that when trade is allowed, we only see some of the Northern firms offshoring to the
South and only offshoring low skilled tasks, with high-skilled tasks offshoring prohibited as
a simplifying assumption. Factor endowments pin down wages through the factor market

clearing conditions.
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1.3.2 Open economy equilibrium: The impact of trade liberalization

In the open economy context, the final consumption good is non-tradable and the low-skilled

tasks are tradable, namely, offshorable. Proofs for this section are included in the appendix.

With the possibility of offshoring, the first difference lies in Northern firms’ production
location decisions. Now firms need to compare, based off their productivity, whether in
house production or offshoring is more profitable. To engage in offshoring, firms need to
pay the fixed offshoring cost fy in terms of the effective units of labor used for offshoring
production, as well as the variable offshoring cost acted on the low-skilled task. Firms
above the offshoring productivity cutoff would choose to offshore. Besides firms’ production
strategies and profits, what’s also different now under open trade is that the labor market
clearing conditions become different. Now, the market clearing condition for factors in both
countries incorporates factors used by the firms producing domestically, as well as factors

used for the sunk entry cost and fixed offshoring cost activities if there are any.

Opening up to trade has impacts on the economy in the following aspects: First, it
increases the average profits d; for Northern firms. As some of the previously domestic
producing firms turn into offshoring firms, we can see here now the average profits capture
the fixed offshoring cost that these firms have paid, thus making the average profits now
higher than the autarky value. It is easy to see that prohibitive costs of offshoring (when
fv= 00, 2z, =00 (no firm offshores)) lead to an equality between these two values. So this
additional positive term reflects the offshoring cost related activities by the offshoring firms.
These offshoring firms are firms with productivity higher than the cutoff; for these firms,
offshoring gives them higher profits than producing domestically. What can also be noticed
is that, since average profits is also equal to this positive term times the average value of
firms, which is the fixed entry costs, as average profits go up, the marginal cost of producing

domestically increases as well.

Secondly, opening up to trade-in-tasks increases the number of firms N in the North in

equilibrium mainly by creating an increase in the number of offshoring firms Ny. What’s
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more, just as mentioned, as firms accumulate profits, average firm value also goes up, allowing
for more entry of firms. As a result, there is an increase in the total number of firms.

As for the wage ratio between low-skilled and high-skilled, it is lower under offshoring than
in autarky. The simple expression of the ratio of factor endowments disappear because of
the assymetry of offshorability of the two tasks. The effective labor used for offshoring is also
different from the effective labor used for entry. The wage gap in the home country expands
when offshoring is made possible, with the real wage for high-skilled getting higher and that
for low-skilled getting lower. Since offshoring reduces the relative demand for each country’s
scarce factor, we expect a lower w; and wj, when offshoring costs are not prohibitive. For the
foreign country, because of the increase in foreign low-skilled labor cost due to the increasing
demand by home country’s offshoring firms, foreign firms are going to experience lowering
of profits, fewer number of firms in equilibrium and lower wj, because of the reduction of

demand by Southern firms.

1.3.3 The mechanisms of rising skill premium
The Heckscher-Ohlin mechanism

Just as what Heckscher-Ohlin model implies, reductions in trade costs shift factors of pro-
duction towards a country’s comparative advantage sectors and raise the relative return to
the factor that is used intensively in these sectors. In this model specifically, international
trade increases the skill premium in the country that is more skill abundant and decreases
the that in the country that is more labor abundant. It also increases skill premium in
sectors with comparative advantage in skill-intensive sectors (high o/ sectors) and decreases

that elsewhere.

The production fragmentation mechanism

Only the low-skilled task is tradable, and the high-skilled task needs to be completed using

domestic high-skilled labor as a complementary part of production.. Therefore, the more
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firms offshore the low-skilled task due to the reduction in the cost of offshoring, the higher
the demand for high-skilled and the lower the demand for low-skilled at home.

The firm-level productivity channel

Looking at the relationship between firm-level labor demand and productivity, another useful

Oh(z)

0z >0

result is that more productive firms hire more of both types of labor on average, as

and ma(;) > 0. The ratio of labor demand across firms with different production locations
are: Z—D = (%)1_9%)(1_0‘)(1_9) > 1 and % = (%)1_9(%)0‘(9_1)_97 > 1. This means that

on average, offshoring firms hire more high-skilled and low-skilled labor than domestically
producing firms do. What’s more, offshoring firms are the ones that are more productive,
and they hire more labor on average, exacerbating the negative effect on the low-skilled wage

and the positive effect on the high-skilled wage.

hp(2)
Ip(2)

for offshoring firms. What’s more,

The high-skilled to low-skilled ratio used is the same among the same type of firm:

for domestically producing firms, 7“/’((5)) = Z—;ﬁ

W _o
wp 11—«

comparing this ratio between domestically producing firms and offshoring firms, ’l‘—: / %’ =
Z—{ < 1. So, not only do offshoring firms hire more domestic skilled labor and more foreign
low-skilled labor, they also use higher ratio of low-skilled to high-skilled workers, exaggerating
the fall in low-skilled wage.

In sum, in response to a trade cost decline, for the low-skilled, the extensive margin
indicates that more firms offshore, reducing the demand for domestic low-skilled labor. The
intensive margin indicates that offshoring firms are more productive firms that hire more
domestic skilled labor and more foreign low-skilled labor. They also use higher ratio of low-
skilled to high-skilled workers, exacerbating the fall in low-skilled wage. For the high-skilled,
facing a decline in trade cost, total number of firms increase over time, increasing the demand

for high-skilled labor.
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1.4 Calibration

Firm’s exit rate 4, is set equal to 0.025 which implies an annual rate of depreciation of
10 percent. Kydland and Prescott (1982) found this to be a good compromise given that
different types of capital depreciate at different rates. The discount factor, (3, is set equal
to 0.99, which implies a steady state annual real rate of interest of 4%. The relative risk
aversion coefficient is v = 2. The intra-temporal elasticity of substitution is § = 3.8, as

specified in Ghironi and Melitz (2005).

The other parameters are calibrated to match steady state of targets of wage ratios
between skill groups in both U.S. and China, the cost ratio of low-skilled in the two countries,
the fraction of offshoring firms out of the total number of firms in the U.S. in the period
before China’s entry into WTO. In the analysis of the dynamic adjustment of trade cost
reduction, the tariff decline is calibrated into an AR (1) process and delivers quantitative
results on how much of the decline of the low-skilled wage and the increase in the high-skilled

wage in reality can be explained by the model.

The entry cost in the two countries are calibrated to match with the data from world bank
that indicates the entry costs to be 1.1 times in the U.S. and 0.6 times in China in units of
income. The Pareto distribution parameter k, iceberg trade cost 7, the fixed offshoring cost
f» are calibrated so that the model in steady state matches the wage ratios of high-skilled
and low-skilled in the U.S. and in China (WIOD socio economic accounts data) as well as

the proportion of offshoring firms over the total number of firms in the U.S. 7.

The sunk entry costs, along with the values for k, 7, f,, generate a steady state value
for the terms of production that is far less than unity (TOP = (%)l_a = 48%). The
steady-state wage of low-skilled labor in the South is 15% (compared to 8% in the WIOD

data) of that in the North.

"BEA MNE activities data
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1.5 Dynamic adjustments in response to trade liberalization and other shocks

I log-linearize the model around the steady state and compute impulse responses for key

variables to different shocks in the home country.

1.5.1 Decline in iceberg trade costs

The tariff data is from WTO, covering China’s MFN applied duty rates on an aggregation
of products from 1996 to 2017. I construct the time series of the simple averages of tariffs
using the tariff line averaging method and calibrate the persistence of an AR(1) model of
applied MNF tariff to be 0.97 over the time period of the data. The average tariff drops
from 23.66% collected from 6549 lines in 1996 to 9.64% collected from 8377 lines in 2017.

In response to a decline in trade cost, productivity cutoff is lowered. Offshoring firms’
demand for foreign low-skilled tasks and domestic high-skilled tasks both increase, thus lead-
ing to an increase in domestic high-skilled wage and foreign low-skilled wage. Even though
on impact, foreign low-skilled wage increases whereas domestic low-skilled wage declines, the
wage relationship for low-skilled labor still falls under foreign lower than domestic. There-
fore, there would still exhibit a continuous increase in the number of offshoring firms utilizing
the increased but still lower foreign low-skilled cost.

In periods after the shock, notice that even though the offshoring cutoff z, goes down
continuously, w; is kept at a rather constant level because the demand of foreign low-skilled
by foreign firms decrease as N* becomes lower. Home country’s high-skilled wage rises
continuously since the demand from Np and Ny both increase continuously as N goes up
every period. After a decline on impact, home country’s low-skilled wage sees an increase
along the transition path as the number of domestically producing firms rise up steadily
following the increase in the total number of firms. As for the continuous decline in the
offshoring cutoff in the periods after the shock, it is caused by the greater rise of w; than wy.
In the new steady state, w; decreases. Intuitively, for a given z, = z;, the relative demand

for the abundant factor in the home country increases, as offshoring is now subject to a
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lower variable cost. Thus, a decrease in 7 decreases w;. As for the on impact levels of other
variables, N declines on impact because the fall in Np much outweighs the rise in Ny as soon
as the trade cost shock occurs, with the level of Np and Ny getting pinned down by the
labor market clearing conditions. However, over time, with the accumulation of increased
firm entry, there will be an increase in the number of domestically producing firms as well,
driving up the total number of firms N and thus consumption.

For the foreign country, as shown in fig.1.4, consumption, average firm value, average
firm profit and the number of entrants all go down.

The impact of decline in fixed offshoring cost has similar effect as decline in iceberg trade

cost, and is shown in fig A.1 in the appendix.

different factor intensity across sectors

Although I do not explicitly model multiple sectors, this framework nevertheless highlights
the micro-level characteristics of sectors (the production share of low-skilled task, the level
of product differentiation, firm entry and exit rates, levels of sunk costs and trade costs) that
would generate differences in persistence rates for cross-country sector-level price differentials.

In case of trade liberalization, the higher the share of low-skilled labor used in the pro-
duction, the higher the wage inequality between high-skilled and low-skilled (skill premium)
in the home country and lower for the foreign country. For the sectors that use skilled factor
more intensively (reflected by the red line), the less negatively affected for these sectors’
low-skilled workers following the trade cost decline since the total amount of work offshored
to be produced by foreign low-skilled workers is lower compared to the case where low-skilled
factor intensity is higher in the production.

However, the higher the factor intensity of the low-skilled used in production (shown by
the blue line in fig 1.5), the lower the offshoring productivity cutoff, which increases profit
opportunities in the domestic economy. Therefore, there will be larger increase in the number
of offshoring firms as well as the number of entrants. As a result, the total number of firms

experiences larger rise over time, so does the increase in consumption. Due to higher demand
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for labor to be used in production as more firms are operating in the domestic economy, high-
skilled wage rises by more, contributing to a larger increase in wage gap under the case of

higher low-skilled factor intensity.

Fized extensive margin and fixed entry

This section closely examines the role of intensive margin and extensive margin in shaping
the rising skill premium after trade liberalization. I also compare the baseline case with the
fixed extensive margins case and the fixed entry case. In the fixed extensive margins case,
both entry and the offshoring cutoff are fixed so that both total number of firms and the
number of offshoring firms remain unchanged in the new steady state. In the fixed entry
case, entry is fixed but the offshoring cutoff is able to vary in response to exogenous changes,
meaning that even though the total number of firms is the same in the new steady state, the
number of offshoring firms changes. As shown in fig 1.6, the blue line remains at zero for

entry of firms but changes for the productivity cutoff.

Fixed extensive margins In order to hold the extensive margin fixed, both entry of firms
and the offshoring cutoff need to be fixed. Holding the cutoff of offshoring fixed means that
the fraction of offshoring firm remains constant over time. If the offshoring cutoff is fixed
but entry is not, the number of offshoring firms still varies due to changes in the stock of
firms.

To hold firm entry fixed, I follow Jaef and Lopez (2014) in assuming the sunk cost is
convex in the deviations of firm entry from its steady-state level, as is also used by Zlate
(2016): frs = fg + 7flexp(Ng;s — Ng) — 1]. Fixing the offshoring cutoff follows a similar
assumption of the fixed offshoring cost: f,; = f, + mflexp(Ny: — N,) —1]. 7y is set to be
very large (my = 1,000). In this fashion, the entry cost and offshoring cost both become
stochastic variables that change instantaneously every period with the number of new firms
and the number of offshoring firms. More specifically, when entry rises above the steady

state value, the entry cost rises immediately to offset the hike in entry. When entry falls
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below the steady state level, the entry cost decreases rapidly as well to compensate for such
decline in the number of firms entered. The similar logic applies to the number of offshoring
firms. As a result, both the number of new firms and the number of offshoring firms stay
virtually constant.

Shutting down the extensive margin highlights the effect of intensive margin of firms
on wages. Without the possibility of changes in the number of firms and the number of
offshoring firms, lowering the trade cost affects the wages through the intensive margins.
Under this scenario, following a decline in the trade cost, even though the increase in the
number of offshoring firms is ruled out, those offshoring firms increase their production due
to the fall of production cost associated with offshoring the low-skilled task. Accompanying
the increase in demand for the foreign low-skilled task is the increase in that for the domestic
high-skilled task to complete the production of the final good.

The difference in the red dashed line and the green line captures the importance of
extensive margin of firms (both extensive margin of producing firms and offshoring firms).
Both the intensive margin and the extensive margin play roles in shaping the rising skill
premium after a trade cost reduction. The intensive margin plays a more important role at
the beginning stage and the extensive margin becomes more and more important over time
in shaping the wage gap between skilled and unskilled in both countries.

The difference in the red dashed line and the blue dashed line reflects the extensive margin
of new firms, whereas the gap between the blue and the green line indicates the extensive
margin of offshoring firms. Compared to the baseline model, shutting down firm entry makes
domestic low-skilled wage even lower and persistently lower since the number of domestic

producing firms still experiences decline rather than increase in the short to medium run.

Fixed entry Shutting down the entry of firms while keeping the cutoffs of offshoring
variable delineates the role of extensive margin of producing firms. Adding in the extensive
margin adjustment of producing firms (allowing for firm entry) increases home high-skilled

wage, foreign high-skilled wage and decreases foreign low-skilled wage by more. However,
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surprisingly, just as mentioned above, allowing for firm entry dynamics would dampen the
effect of the lowering of low-skilled wage following deeper trade liberalization. With the stock
of firms remain constant throughout periods after the shock, the demand for low-skilled labor
becomes even lower since the number of domestically producing firms shrink by more due
to the lowering of the offshoring cutoff. Meanwhile, the total demand for high-skilled is
also lower compared to the baseline model because the total number of firms, which is fixed
even when there’s a reduction in the trade cost, is lower than the case when firm entry
is allowed to vary. With the same logic, for the foreign workers, allowing for the entry of
firms increases the wage of foreign low-skilled workers by more and reduces that of foreign
high-skilled workers by more.

Fixing home entry (under both fixed entry and fixed extensive margins case) implies that
there is zero entry of home firms over time, the total number of firms decline on impact (after
the trade cost shock) and then eventually increases until it reaches the before shock level. Tt
still climb up to the original level of stock because even though entry is fixed, it is not zero—
entry is always kept at the before shock level in every period. Therefore, the number of new
firms is kept at a certain level, adding up to the stock of total firms. Following a decline in
the trade cost, the number of total firms fall on impact because the fall in the number of
domestic producing firms is larger than the increase in the number of offshoring firms. This
indicates that the competition from the lower foreign low-skilled wage (the competition from
the offshoring production strategy) due to the decline in trade cost has substantial negative
impact on domestically producing firms Np, pointing to a competition effect.

For the fixed extensive margin case (both entry of firms and the offshoring cutoffs are
fixed), the number of offshoring firms Ny remains constant, and the fall in the total number
of firms on impact exactly reflects the fall in Np on impact. This reflects the logic that Np
adjusts to the shock first, and this affects V.

In sum, the intensive margin and the extensive margin are both active in shaping the
rising (declining) skill premium in the home (foreign) country, with the latter being more

and more important over time compared to the beginning stage. Allowing for entry of firms
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is beneficial to the low-skilled wage: w; is higher under the baseline case than the fixed entry
case because higher entry of firms leads to a larger increase of the number of domestically

producing firms.

Destination country’s labor abundance

U.S. firms’ offshoring decisions are mainly motivated by the cost advantage of low skilled
labor in a range of foreign countries with larger supply of low skilled labor and thus cheaper
low-skilled cost. However, the sudden possibility of offshoring to a country with incompara-
bly high supply of labor like China might lead to outcomes that are also incomparable with
offshoring to countries that are moderately more labor abundant than the U.S. This section
evaluates the role of factor proportions feature of the offshoring destination country by com-
paring the outcomes of offshoring to two countries that are both more labor abundant than
the home country but with different levels of labor abundance. Assume H=1.05, L=1. For
the foreign country A, H=1, L*=2.4. For the other foreign country B, which is slightly more
labor abundant than the home country but yet much less labor abundant than country A,
H=1, L*=1.6. Fig 1.7shows the comparison of impulse responses under these two scenarios.

In response to the declining trade costs, offshoring to the more labor abundant country
A gives the home country higher high-skilled wage both on impact and along the transition
dynamics than offshoring to country B mainly because of the higher rise in demand for the
domestic high-skilled tasks complementary to that for the foreign low-skilled tasks due to
country A’s lower low-skilled wage than country B. It leads to a slightly larger reduction
of low-skilled wages on impact but faster increase along the transitional path. What this
indicates is that if the U.S. multinational firms have to offshore part of their production,
namely, the low-skilled tasks to countries with relative labor abundance higher than U.S.
to utilize the lower low-skilled cost, offshoring to the most labor abundant one actually
generates the best effects on the domestic labor market in the sense that it leads to larger
increase in high-skilled wages and faster catch up of low-skilled wages during the transition.

Wage inequality becomes higher somewhere along the transitional path but mainly driven



25

by the higher increase in high-skilled wages. For the foreign workers, wage for the low-
skilled in country A falls below that for country B both on impact and along the transition
since the foreign country A has larger labor supply to absorb the increase in home country’s
demand for the low-skilled labor abroad following the decline in trade costs.The difference
in high-skilled wages between the two foreign countries tend to be very small.

Following a negative iceberg trade cost shock, the average domestically producing firms’
increasing demand for low skilled labor is higher under offshoring to the more labor abundant
country and the decrease in demand for high skilled labor is also smaller in this case. The
magnitude of an average offshoring firm’s decrease in demand for both low-skilled and high-
skilled labor are lower under the case of offshoring to the country with larger labor supply.
For the foreign country, the average firms’ low-skilled demand are almost the same under
two different offshoring locations; high-skilled demand decreases more on impact for foreign
country B but catches up faster than foreign country A.

This suggests that offshoring to China compared to offshoring to other countries enlarges
the wage gap between skilled and unskilled in the United States mainly through increasing
the income of high-skilled labor without lowering the low-skilled wage by more than any

offshoring destinations.

1.5.2 Productivity shock at the home country

In this section, I linearize the model around the steady state and compute impulse responses
for key variables to a transitory one-percent increases in aggregate productivity in the North.
Aggregate productivity follows the autoregressive process logZ;.1 = plogZ; + &, with per-
sistence p = 1.

As shown in fig 1.8, following a productivity shock, average price decreases on impact,
which leads to a decline in the number of firms on impact. In the quarters after the shock, as
aggregate productivity persist above its steady state, firm entry leads to a gradual increase
in the stock of firms. Home country’s wages both experience upward pressures due to higher

demand of labor. The number of offshoring firms increases gradually in periods after the
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shock because of the same reasons as in Zlate (2016): First, the increase in the entry of
Northern firms facilitates a portion of the new entrants that are above the productivity cutoff
to produce offshore. Second, as the terms of production decreases on impact and persist
lower than its steady state level, the productivity cutoff decreases after the period of impact,
prompting more firms to offshore the low-skilled task. To be more specific about changes
in the productivity cutoff of offshoring, looking at the expression of z, in the appendix,
apart from changes in wages, it is negatively affected by consumption, which decreases on
impact, giving 2z, an upward push.® Since N falls on impact, consumption at home also
falls since consumers now are faced with a narrower variety of products produced by firms.
But average firm profits increases on impact because now production now incorporates a
higher aggregate productivity. Therefore, entry of firms rise on impact, taking expectation
of future average firm profits, building on the stock of firms eventually. The demand for
domestic low-skilled labor increase continuously, pushing up the low-skilled wage whereas
the demand for domestic high-skilled labor decrease in net on impact since the decline by
offshoring firms outweigh the increase by domestically producing firms. On the other hand,
the foreign low-skilled demand increases on impact due to the larger increase in demand by
foreign firms than the decline in demand by offshoring firms, and it continues to increase
because of the rise in demand by offshoring firms in the periods after the shock.The foreign
high-skilled demand increases on impact and then decreases to a lower level since the foreign

number of firms see a gradual decline.

Similar to the implications in Zlate (2016), a positive productivity shock in the home
country leads the productivity cutoff to decrease in transition, which implies that the number
of offshoring firms increases over time. Also, the number of firms decline on impact. There is
in this model a force that puts downward pressure on the number of firms on impact that’s

missing compared to Zlate (2016). In this model, the changes in average prices happen

8Tn this scenario where only production of the final good is subject to the aggregate productivity shock,
the aggregate productivity of producing domestically and offshoring is the same. Therefore, a change in
Zy is exerted equally on these two strategies of production.
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instantaneously in response to shocks, which then pins down the on impact levels of other
macroeconomic variables (N, 0, j) Then gradually, these variables adjust to the entry of
firms (adjustment along the extensive margin) and in turn determine the changes and trends

of wages.

1.5.3 Decline in entry cost at the home country

In response to a decline in home country’s entry cost, the wage for both high-skilled and
low-skilled reach a higher level in the new steady state, as pictured in fig. 1.9. A decline
in the entry cost for firms in the home country is beneficial for both types of workers since
it encourages more entry of firms which stimulates more hirings of both types of domestic
workers. From the graphs, on impact, low-skilled wage increases and high-skilled wage
decreases. Notice that the productivity cutoff first goes up and number of offshoring firms
decrease on impact. On impact, fewer firms choose to offshore since home’s environment
becomes more attractive due to the lowering of the entry cost, exerting a downward pressure
on the demand of foreign low-skilled and home high-skilled by offshoring firms. The trends
of both low-skilled and high-skilled wage exhibit a continuous upward hike from the start,
with the high-skilled wage persisting to stay at the peak level and the low-skilled wage start
to slowly fall down little by little. The reason why the upward trend of wage for high-skilled
workers will persist longer is because the high-skilled is demand by both home production and
offshoring firms whereas the low-skilled is demanded only by firms producing domestically.
Home country’s wage gap between skilled and unskilled falls on impact and starts to go
up right away until it reaches the new steady state which is higher than before shock. On
impact, N decreases, Np and Ny both decreases.

In the new steady state, there are more firms in the home country, with both Np and
Ny increase. The productivity cutoff is lowered. Home’s low and high skilled wage, foreign
low skilled wage higher; foreign high-skilled wage lower. Home consumption higher. The
steady state level of N is pinned down by all variables, but after the shock happens, N is

just reflected by Ng. The cutoff is higher on impact then going down to become lower than
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before shock.
Therefore, decreasing the entry cost can make remedies to the increasing skill premium

caused by trade liberalization.

1.5.4 Positive productivity shock in the foreign country

The responses of variables in response to a positive productivity shock in the home country
somewhat mirrors the labor market outcomes over the past for US: low-skilled wage experi-
ences declines and high-skilled wage keeps hiking up. What this may not be matching with
China’s growth is that the foreign low-skilled wage in this setting decreases, whereas in re-
ality it increased as well. Just like what many skepticism of HO theory suggest, unlike what
the theory indicates, high skilled wage increases almost everywhere across the world. Fig.
1.10 plots the behaviors of key variables in response to a positive productivity shock in the
foreign country. When the foreign country experiences productivity growth, just like what
China has witnessed after its reforms, we do see home low-skilled wage going down, while
foreign low-skilled, high-skilled and home high-skilled wage all going up. The mechanism is
that foreign firms also become more profitable due to the productivity growth, creating more
firms, increasing foreign consumption as well, pushing up the demand for foreign high-skilled
labor as well as foreign firms’ demand for low-skilled labor. Thus, we see an even higher

increase in foreign high-skilled wage and a reduction in home low-skilled wage.

1.6 Conclusion

The paper examines the dynamic effects of offshoring to China on wage gap between skilled
and unskilled workers in an environment of factor proportions and firm dynamics using a
dynamic general equilibrium model. It finds that in the short run, offshoring widens wage
inequality between skilled and unskilled workers through increasing high-skilled wage and
lowering low-skilled wage. Such effect is more announced in the beginning phase of the
adjustment, and slows down over time as low-skilled wage rises faster than the cool-down of

high-skilled wage increase. The intensive margin and the extensive margin are both active
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in shaping rising wage gap in the home country, with the latter playing a more important
role in the short to medium run compared to the beginning stage following the shock.

What’s more, endogenous entry of firms is beneficial to domestic low-skilled wage as low-
skilled wage is higher in the baseline model than the fixed entry scenario. This is because
positive entry of firms in response to larger profitability due to lower trade costs eventually
leads to a larger increase of the number of domestically producing firms, contributing to a
rise in the total demand for low-skilled workers.

Comparing the baseline case with a scenario of offshoring to a country that is slightly
less low-skilled labor abundant than China, the results also suggests that offshoring to China
compared to offshoring to other countries enlarges the wage gap between skilled and unskilled
in the United States mainly through increasing the income of high-skilled labor by more.
Low-skilled workers are better off over time, but the positive effect on high-skilled wage
much outweigh that on low-skilled wage.

The paper also examines policies associated with reforming the product market to alle-
viate the issue of expanding wage inequality during the adjustment after the trade shock.
Product market reform such as decreasing the entry cost helps dampen the increase in skill
premium following trade liberalization which affect firms’ offshoring activities. For industries
with higher low-skilled share used in production that face persistently larger wage inequality,
they might need such market reform more to help low-skilled workers that are hit particularly

hard by easier offshoring.
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Figure 1.5: Impulse responses of variables under different cost shares of high-skilled labor

following a trade cost reduction.
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Figure 1.6: Baseline, the fixed extensive margin scenario and fixed entry scenario following

trade cost reduction.
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Figure 1.7: Baseline vs lower foreign low-skilled endowment following trade cost reduction
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Figure 1.10: Impulse responses of key variables following a positive productivity shock in

the foreign country.
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Table 1.1: Model equations

-
Euler equation, bonds 14 By = (1 +1441) By {(Cé_tl) |

1+ Bg,.1 =0 (1 +Tt+1) Eq {( C}: ) }

L
Euler equations, stocks o, = (1 —9) E; {(%—?) (dt-‘,—l + 6t+1>]

o =5 (16" B, {(Cé‘y)” (45 + @;‘H)}

Free entry Uy = fe (ﬂ)l_a (wh)a

Law of motion, firms Nip1 = (1—=06) (Vi + Ngy)

Nt*+1 = (1 - 5*) (Nt* + NE,t)

. - \1-6 - \1-0
Price index 1=Np:(pps)  + Nvi(pve)
* ~x% 1-6

1= ND,t (pD,t)
Aggregate accounting  Cy + Np 0y + By 1 = wie Ly + wp e Hy + Nid; + (1+7r)Bye+T
Total pI'OﬁtS Ntdt = ND,th,t + NV,th,t

* Jk * *
Nydi = ND,th,t

Number of firms Ny = Np; + Ny,
ff h . ﬁ l k CZ zlgt—l d"’ 0—1 wik,t j e Wh ¢ o
Offshoring profit links vt = ORI bt + g fo | 25 ( o )
1
1 k—60+1_ k—6+1 | 6—1
.. ~ E_ \o—1 ., . Zoit  TPmin
Average pI'OdllCthlty ZDt = (k79+1) ZminZo,t |: Zﬁ,tfzfnin :|

Zvie = (k—’;+1) " Zo

Zpi = (k—l;—l-l)ﬁ Zmin




40

Table 1: Model equations, continued
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Table 1.2: Some calibration parameters

Parameter

Value Source:

Risk aversion
Discount factor
Shape parameter
Firm exit rate
Variety elasticity of substitution
Entry cost ratio
Factor proportion

Low-skilled labor ratio

g
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0.99

4.19

0.025

3.8

0.5

0.44

8.16

Literature

Literature

Literature

Literature

Literature

Data

Data

Data

Other calibration parameters and steady-state targets

Calibration parameters: Steady-state targets:

Data Model

Production share a=0.6
[ceberg trade cost 7 =1.7

Fixed off. cost fo=10.44
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2.12%  2.49%
81% 14.9%

1.8% 1.8%
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Chapter 2

OFFSHORING, FIRM-LEVEL ADJUSTMENT AND LABOR
MARKET OUTCOMES

2.1 Introduction

How does offshoring to China affect unemployment rates and wage inequality across high-
skilled (college) and low-skilled (non-college) U.S. workers? The literature has provided a
mixture of conclusions about the labor market effects of offshoring, with some conclusions
contradicting others.! There is no consensus on the sign of offshoring effects, not to mention
their magnitude. However, most of the previous empirical and quantitative studies of the
impact of offshoring on the labor market are based on the predictions of steady state trade
models, in which the aggregate variables remain constant over time. Even though it has been
widely acknowledged that frictions interfered with the dynamic adjustment of the labor mar-
ket in response to the China shock, there is no existing dynamic analysis of this problem in
the literature.? This paper develops a two-country dynamic general equilibrium model with
cross-country differences in factor endowments, heterogeneous firms, search and matching
frictions, and endogenous firm entry. The model is used to study the adjustments of wage
inequality and unemployment rates of high-skilled and low-skilled workers after trade liber-
alization that allows for easier offshoring to a low-wage country like China. A VAR analysis

is also performed to validate the model results.

Why are the domestic labor market effects of offshoring important? Offshoring through

'Recent empirical work testing the implications of existing theories with respect to the wage and em-
ployment effects of offshoring includes Crino (2010); Hummels et al. (2014); Harrison and McMillan
(2011);Wright (2014) and Kovak et al. (2017). The results are discussed more in details in the next
section.

2The China shock is commonly referred to as increasing import competition from China since the 1990s.
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vertical FDI refers to the relocation abroad of a part of a firm’s production process to benefit
from lower production costs, either within the firm’s boundary or through arm’s length
trade.> When part of the production of multinational firms move to foreign countries, the fear
at home is that jobs will be lost, wages will fall, for workers in industries and tasks that are
subject to offshoring. These labor market effects make offshoring a salient public policy issue.
Over the past few decades, the increasing capacity and popularity of low-wage countries like
China, India and Mexico as offshoring destinations have exacerbated such fears in developed
countries. While more and more labor-intensive tasks are offshored to countries with large
low-skilled labor supplies and lower low-skilled labor costs, the low-skilled blue-collar workers
in developed-country manufacturing have suffered from such competition. Thus, a growing
population of voters have begun to associate offshoring with the disappearance of domestic
jobs. However, before painting offshoring as the main source of job losses, we need to
understand its short- and long-run labor market effect and not just the immediate job-

relocation effect.

In the literature, the rise of China has generated a wave of China shock studies recently,
as the shock has provided a rare opportunity for studying the impact of a large trade shock
on labor markets in developed economies.* However, these studies do not take into account
the dynamic adjustment aspect of the shock. Why should we examine the China shock using
a dynamic framework? First, while empirical work studying the China shock, like that of

Autor et al. (2016), points to the role of labor market frictions in slowing down labor market

3 As opposed to offshoring through horizontal FDI, under which firms relocate production abroad to save
on transport cost for supplying the local market, the type of offshoring that I study is vertical FDI, which
is motivated by cross-country differences in the cost of effective labor as a motive for the foreign location
of some stages of production, producing goods that are then shipped back to the country of origin.

4Most of these empirical works point to the negative impact of surging imports from China on the
labor market. For instance, Autor et al. (2016) suggest that import competition from China catalyzes a
significant fall in manufacturing wage and employment decline; Pierce and Schott (2016) identify trade
with China as an important driver of wage inequality in developed countries; Asquith et al. (2019) focus
on the job loss from the death of establishments affected by the China shock. On the contrary, the positive
effect of the China shock has received much less attention. Using a multi-country sourcing model, Antras
et al. (2017) show that a 10 point increase in the growth rate of Chinese imports is associated with a one
point increase in the firm’s U.S. employment.
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adjustment, theoretical models neglect these frictions in the context of the China shock. Sec-
ond, trade models typically treat firms’ decisions as static, while in reality firms’ offshoring
decisions are dynamic and forward looking. A shock does not only affect firms’ period profit.
Rather, it changes the whole stream of expected profits from the production strategies of a
firm. Such forward-looking offshoring decisions turn out to be very important in modeling
the China shock and labor market adjustment dynamics, because the shock interacts with
labor market conditions intertemporally, generating dynamic effects. In particular, the rel-
ative importance of the extensive and intensive margins of firms’ decisions varies over time
following the shock. So, a model that incorporates these dynamic aspects of labor market

adjustments is needed.

A comprehensive study of the effects of offshoring to China on wage inequality and
unemployment should, in my view, contain the following features: i) adjustment dynamics,
as changes do not happen over night and short-run costs have been found to be sizable; ii)
search and matching labor market frictions, because these frictions are important in shaping
employment and wage dynamics at different time horizons; iii) trade-in-task elements that
incorporate the link between the offshorability of tasks and skills; iv) factor proportion
differences in the context of offshoring to more low-skilled labor abundant countries; v)
firm heterogeneity, endogenous firm entry and selection into offshoring markets, because
these features of firms dynamics have been shown to be important ingredients of offshoring

empirically.

Taking account each of these aspects, this paper reexamines the labor market effects of
the China shock from a dynamic perspective by providing a DSGE model that embeds the
search and matching friction into a two country trade-in-task environment featuring firm
heterogeneity, endogenous selection into entry and offshoring of the low-skilled task by firms

in the skill abundant country.

In the model, there are two countries (home and foreign) that differ in their relative factor

abundance. The home country is relatively more skill abundant than the foreign country.
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Production of the final good requires combining low-skilled and high-skilled tasks.® For the
home country, the low-skilled task is offshorable, which is in line with the assumptions in

other studies of task offshoring to low-wage countries.’

Firms are final good producers with heterogeneous productivity in assembling the two
tasks. More productive firms self-select into offshoring. This microeconomic structure en-
dogenously determines the extent of offshoring and the composition of consumption baskets
in both countries. There are two types of workers, the high-skilled and the low-skilled, that

search for jobs in each of their own market.

Importantly, the model features endogenous firm entry. Forward-looking firms formu-
late entry and offshoring decisions based on their expectations of future market conditions.
Exogenous shocks to trade costs, labor market regulation, aggregate productivity, or entry
induce firms to shift the location of their low-skilled tasks, thus altering the composition of
consumption baskets across countries over time. Firm entry is crucial in contributing to the
size distribution of offshoring firms and thus relative factor price movements, which generates

an additional margin that affects the labor market.

The predictions of the model match the robust empirical evidence: the negative impact
of offshoring on the domestic low-skilled workers is actually very short-lived -- there is an
increase in low-skilled unemployment and a decrease in low-skilled wage and then quickly
moves the opposite way. On the contrary, the decrease in high-skilled unemployment and
the increase in their wage are quite persistent. Fig.2.1 shows a comparison between VAR

results and the model’s responses.

®One can also think of these two tasks as two production stages in Feenstra and Hanson (1996). Al-
ternatively, they can be also interpreted as two inputs -- headquarter services and manufacturing in a
benchmark vertical FDI model shown in Antras and Helpman (2004) and Antras and Yeaple (2014).

6This pattern of production is supported by an unskilled-labor wage which is strictly higher at Home
(w; > wf) and a skilled-labor wage being strictly higher in Foreign (wy, < wj).
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Figure 2.1: VAR results and model responses

The mechanisms driving the short run rise of low-skilled unemployment and wage inequal-
ity reflect a combination of forces in the literatures of Heckscher-Ohlin factor proportions,
firm heterogeneity and task offshoring. First, reductions in trade costs reward a country’s
abundant factor and raise the skill premium in the country that is more skill abundant,
which is the standard Stolper—Samuelson channel. This mechanism drives up labor demand
for high-skilled labor in the home country and the demand of low-skilled labor in the foreign
country. Second, the more firms offshore the low-skilled task, due to the reduction in the
cost of offshoring, the higher the skill premium and unemployment divergence in the home
country. This extensive-margin channel is due to the necessity of the high-skilled task to be
completed domestically. I refer to this extensive margin channel as the product fragmenta-
tion channel. Third, a productivity mechanism works at the intensive margin: Offshoring

firms are more productive and hire more labor on average, both low-skilled and high-skilled.



47

Furthermore, they use a higher ratio of low-skilled to high-skilled than non-offshoring firms,
exacerbating the drop in low-skilled wage and employment. The picture for high-skilled
workers is the opposite. The latter two channels are both about firms’ offshoring decision,
one along the extensive margin and the other along the intensive margin.

However, why do we still see rising wage and declining unemployment rate for the low-
skilled group? Driving the positive effects on the low-skilled over time are the endogenous
entry effect and the search and matching friction effect. Entry increases firm offshoring in the
beginning stage as the goods market become more competitive, driving up wages. However,
with endogenous entry generated by the increase in the average value of firms due to larger
average profitability of firms, the number of domestically producing firms also rises by more
over time, thus benefiting low-skilled workers.” As an example, when Apple becomes more
profitable by offshoring more labor-intensive tasks to China, it is able to invest more in R&D
and open more product lines in the United States. Therefore, a good way to understand
this entry effect is that following the trade cost reduction, as firms become more profitable
on average, more product lines become available in the home economy. Labor market search
and matching friction dampen the magnitude of changes in the labor market over time by
dampening changes in firms’ offshoring and hiring decisions, both along the extensive and
the intensive margins. With the labor market for the low-skilled becoming looser because of
the expanding pool of unemployed workers separated from firms that switched to offshoring
(extensive margin), the remaining non-offshoring firms are able to match with more low-
skilled workers. Also, with the incorporation of the search and matching frictions, firms
make their offshoring decisions more cautiously compared to the model without such frictions.
Therefore, there is a lower number of offshoring firms in the search and matching scenario.
Furthermore, there is more entry when search and matching friction is present. These effects

combined lead to a better outcome for the low-skilled.

"Following the language convention of most of the macroeconomic literature, I assume coincidence be-
tween a producer, a product and a firm. However, as in Ghironi and Melitz (2005), each unit in the model
is best interpreted as a production line that could be part of a multi-product firm whose boundary is left
undetermined.
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My work contributes to the literature studying labor market adjustments to the China
shock. I emphasize the interaction between firm dynamics and labor market search and
matching frictions in propagating the shock on wages and unemployment rates for workers
with different skill levels in a DSGE framework.

My work also contributes to a large literature that extends traditional theories of interna-
tional trade, such as the Heckscher-Ohlin models, to analyze dynamic adjustment after trade
liberalization. With the presence of labor market search and matching frictions in the model,
this paper provides a dynamic view of how high-skilled and low-skilled workers respond to a
trade cost reduction in the presence of offshoring, when the speed of adjustment dynamics
is affected by frictions in the labor market. The dynamic approach allows me to tease out
the changes in the margins at play at different time horizon, and thus my work provides new
insights into the dynamic mechanisms that shape labor market outcomes for different skill
groups of workers.

My work also contributes to the literature studying the labor market outcomes of the
China shock by broadening the traditional focus exclusively on manufacturing to explore
the impact of offshoring on the high-skilled and low-skilled workers in all sectors. A more
detailed discussion of related literature is provided in Section 2.

The rest of the paper is structured as follows. Section 2 provides a brief overview over
the other related literature. Section 3 shows the empirical evidence. Section 4 describes the
theoretical model. Section 5 describes calibration and impulse responses of the model. In
section 6, I describe steady state results, long run implications and some robustness checks.

Section 7 concludes.
2.2 Related Literature

My work relates to the recent studies of the China shock. Autor et al. (2013) find that
workers employed in sectors that are exposed to competition from Chinese imports suffer
lower wages and lower employment. Autor et al. (2016) point out the slow adjustment in

local labor markets, with wages and labor-force participation rates remaining depressed and
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unemployment rates remaining elevated for at least a decade after the start of the China trade
shock. Pierce and Schott (2016) link the sharp drop in US manufacturing employment after
2000s to increasing Chinese imports. Asquith et al. (2019) show that U.S. net job destruction
due to the China shock is mainly driven by an increase in the rate of job destruction caused
by deaths of establishments. Cabral et al. (2018) show that the negative employment effect
of the China shock is mainly generated by the loss of export opportunities or volumes to
other foreign markets due to the competition from China’s exports to those foreign markets.
While these literature focus on the negative impacts of the China shock, Feenstra et al.
(2019) point to the positive effect generated by US exports on employment by looking at
both manufacturing sector and the service sector. They find a substantial net job gain in
the service sector large enough to offset the net job losses in the manufacturing and natural
resources sector. Most of the studies of the China shock are under the context of import
competition, however, with the exception of Antras et al. (2017), which includes a discussion
of the employment effect of the China shock under the context of offshoring opportunities.
They show that a 10 point increase in the growth rate of Chinese imports is associated
with a one point increase in the firm’s U.S. employment. In a similar attempt as Antras
et al. (2017), my paper also examines labor market outcomes of the China shock under the
offshoring context. However, none of the above papers look at the dynamic changes of the
labor market variables following the China shock. Thus, my work contributes to this strand
of literature by providing a model to examine the dynamic adjustment of the China shock
under the offshoring context. It also extends the view focused exclusively on manufacturing

sector to explore the impact of offshoring on workers with different skills in all sectors.

The offshoring structure in the model of this paper is related to the trade-in-tasks struc-

ture of the model of Grossman and Rossi-Hansberg (2008).% In their model there exist com-

80ther foundational task trading framework literature include Feenstra and Hanson (1999), Acemoglu
(2003), Acemoglu and Autor (2011), and Feenstra and Hanson (1999). In Feenstra and Hanson (1999),
firms offshore some of their labor-intensive activities following liberalization of capital markets, thereby
reducing the demand for high-skilled labor in the U.S. I extend their framework by introducing firm-level
heterogeneity and examine the implications of within-sector productivity channel.
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plementarities between domestically performed and offshored tasks whereas in my model
the two tasks are imperfect substitutes under the Cobb-Douglass specification of production
function so that the demand for domestic low-skilled labor declines in response to trade lib-
eralization to reflect the reality of rising skill premium. Also, Grossman and Rossi-Hansberg
(2008) do not have labor market frictions, and they do not consider firm heterogeneity.
Bernard et al. (2007) study the implications of final-good trade liberalization for gross job
flows in their Heckscher—Ohlin model with Melitz-type firm heterogeneity. Featuring both
skill abundance differences across countries and firm heterogeneity, Burstein and Vogel (2017)
adds in skill intensity differences across firms and sectors to examine the consequences of
trade liberalization on skill premium. However, neither do these two papers feature any
labor market frictions nor do they study the impact of offshoring. More importantly, these

models do not study the dynamic adjustments following trade liberalization.

The trade-in-task framework in my model embeds multinational firms’ production seg-
mentation element into Melitz (2003). While only the most productive firms trade interna-
tionally in the Melitz model, my model demonstrates that more productive firms self select
into offshoring and their production structure determines that they demand domestic high-
skilled workers and foreign low-skilled workers. The macroeconomics setup in my model
is built upon Ghironi and Melitz (2005), which appends the Melitz setup with a dynamic
stochastic international business cycle framework. Several extensions of this last model also
are related to this paper: Lechthaler and Mileva (2014b) introduce Heckscher-Ohlin com-
parative advantage and labor adjustment costs, Cacciatore (2014) adds DMP labor market
frictions, Mandelman (2016) allows for skill heterogeneity and occupational choice, Zlate
(2016) incorporates offshoring through vertical foreign direct investment, and Mandelman
and Zlate (2016) integrates both offshoring and immigration. None of these models, allow for
both skill heterogeneity and search and matching frictions to study unemployment rates for
two skill groups of workers and skill premium. Among these papers, my model is most closely
related to Lechthaler and Mileva (2014b) and Mandelman and Zlate (2016). The first one de-
velops a dynamic version of Bernard et al. (2007) along the line of Ghironi and Melitz (2005)
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and adds low-skilled workers training to become high-skilled workers and labor adjustment
costs across sectors to study the effect of trade liberalization on wage inequality. In a similar
vein, I add search and match frictions into a dynamic general equilibrium model with factor
proportions and examine both wage inequality and unemployment rates. While Mandelman
and Zlate (2016) examine the joint impact of offshoring of middle-skill tasks and low-skilled
immigration on labor market polarization, I focus on the effect of offshoring of low-skilled
tasks and search and matching friction on skill premium and unemployment rates. In my
approach, offshoring decision resembles endogenous firing in Cacciatore (2014), in the sense
that trade cost reduction induces more domestic firms to switch to offshoring, thus acting
as firing of the domestic low-skilled workers at the same time. Another paper that is closely
related to mine is Goel (2017), which also features two types of labor in a dynamic setting.
The difference is that I look at the unemployment and wage effect of offshoring, whereas
Goel (2017) studies the impact of offshoring on wages and employment for low-skilled and
high-skilled workers. Therefore, that paper does not feature labor market frictions, thus
the interaction between labor market frictions and offshoring, which is a key interest of my
paper. And it does not feature factor proportions differences, an important element in my

model that studies offshoring to a country that is more low-skill labor abundant.

The paper also belongs to the growing literature on the impact of globalization on labor
markets with search frictions. Pioneers of this literature are Carl Davidson and Steven Ma-
tusz, who in a series of papers study the implications of introducing unemployment arising
from labor market frictions in trade models. Moore and Ranjan (2005) show how trade lib-
eralization in a skill-abundant country can reduce the unemployment of high-skilled workers
and increase the unemployment of low-skilled workers. Felbermayr and Prat (2011) study
the impact of a reduction in the cost of trading final goods on unemployment in a one-sector
model with firm heterogeneity. Finally, Alessandria and Choi (2014), Burstein and Melitz
(2013), Costantini and Melitz (2008), and Kambourov (2009) study the transition dynam-
ics following trade liberalization, abstracting from the role of search and matching market

frictions in the labor market. None of these papers study the implications of offshoring on
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unemployment.

My paper also contributes to the trade literature by studying the effect of offshoring
with the presence of search-induced unemployment. Davidson et al. (2008) focus on the
impact of offshoring of high-tech jobs on low- and high-skilled workers’ wages, and on overall
welfare under a job-search model. Mitra and Ranjan (2010) study the impact of offshoring
on unemployment in a two-sector model where firms in one of the two sectors offshore.
Groizard et al. (2014) introduces a more general production structure where there exists
a continuum of inputs with the fraction of offshored inputs depending on offshoring costs
while also allowing for firm heterogeneity. Egger et al. (2015) also studies the implications of
offshoring in a model with firm heterogeneity, focusing on the implications of offshoring for
income inequality, both within and between entrepreneurs and workers, with an extension
that allows for unemployment. Again, all of these papers mentioned are under static trade
models, thus ignoring the dynamic adjustment aspect of trade liberalization.

Recent empirical work testing the implications of existing theories with respect to the
wage and employment effects of offshoring includes Crino (2010); Harrison and McMillan
(2011); Hummels et al. (2014); Wright (2014); Kovak et al. (2017) and Boehm et al. (2019).
The interest of this paper is to estimate the impact of offshoring to China on wage inequality
and unemployment rates for high-skilled and low-skilled workers in the short and medium

run.
2.3 Empirical Evidence

In this section, I study the labor market outcomes of the China shocks by applying structural
vector autoregression methods.

I take a new look at time series evidence by using vector autoregressions to investigate the
short-run effects of offshoring costs on unemployment rates for high-skilled workers and low-
skilled workers and wage gap between them. Trade cost shocks are identified by exploiting the
contemporaneous exogeneity of destination country’s FDI liberalization policies with respect

to source country’s labor market variables. I use Chinese import tariffs and FDI restrictions
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as separate measures of trade cost. The former represents the variable cost of offshoring
and the latter corresponds to the fixed cost of offshoring. I use these two measures as the
key explanatory variables because they provides the most accurate and detailed information
on trade openness and offshoring easiness that act as motivation for multinational firms to
invest and offshoring in China. I also implement the VAR analysis using other measures
of the China shock in the literature as checks. The main conclusion is that offshoring cost

reduction has a very short-lived negative impact and then a persistently positive impact on

low-skilled labor.

Offshoring cost measures:

The baseline measure of the China shock under the offshoring context is the Chinese
import tariff, which corresponds to the variable cost of offshoring (the iceberg trade cost)
in the model. Tariff data is from UNCTAD, which documents the drop of average tariff
from 32.17% collected from 6549 lines in 1992 to 5.07% collected from 8377 lines in 2007.
The reason why I use Chinese import tariff to proxy for trade cost reduction is because
one of the most effective trade policies by China to attract offshoring by multinational
firms is lower import tariff. Lower import tariff translates to lower cost of materials of
the downstream production, for the offshoring firms that are mostly engaged in processing
trade. Multinational firms in manufacturing sector have more incentive to reallocate their
low-skilled task production to China when they are charged lower import tariff, modeled
as a per-unit cost associated with the low-skilled task in the model part. Thus, decline
in Chinese tariff is tied to a lowering of the variable cost of offshoring in my paper. Fig.
(2.2) plots import tariff and fraction of industries subject to high tariffs (higher than 15
percent). Chinese import tariff declined from as high as above 40 percent in 1992 to 16.59
percent in 1997, remained stable around that number and declined again since 2001, dropping
persistently to around 9 percent in 2007. The fraction of industries facing high tariffs also
experienced a rather monotonic decline from above 80 percent in 1992 to 20 percent in 2001,

with a large and persistent decline happening since WTO entry. The two series exhibit
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great commovement during the throughout the sample period, both pointing to substantial
per-unit cost reduction for offshoring firms in the manufacturing sector.

I also consider fixed offshoring cost, measured by changes in the barriers and restrictions
for firms to engage in FDI and offshoring in China. Following Brandt et al. (2017), I use the
fraction of manufacturing sectors subject to FDI restrictions or import and export licenses
(non-tariff trade barriers). The reason is that besides import tariff cuts that substantially
reduced the cost of raw inputs of the offshored low-gkill labor intensive tasks, liberalization
policies related to FDI restrictions and other barriers also opened the gate for foreign firms to
enter. China’s low-skilled wage had always been low compared to United States. The Chinese
to American low-skilled real hourly wage ratio averages 6.7% from 1995 to 2000 before
China’s accession into WTO (calculated from the WIOD dataset). What were preventing
foreign firms to move part of their production to China were a list of factors including
protectionist measures such as FDI restrictions, uncertainty and so on. As an effort to
promote trade openness and to eventually meet the requirements for joining WTO, China
implemented a series of trade liberalization policies to attract foreign investment and foreign
production in China. Fig.2.3 plots the fraction of industries that contain at least one 8-digit
product line subject to some form of FDI restriction. It shows that the FDI restrictions
dropped drastically at the moment of WTO entry, with the number of sectors subject to
FDI restrictions declining from a high of 87 out of 424 industries in 1995 to 47 in 2007. The
total number of industries subject to some form of import licenses also fell from 15.3 percent
in 1997 to 22.6 percent in 2000 and only 1.2 percent in 2007.

Using data from Autor (2014), Fig.2.4 plots the real weekly earnings relative to 1992 of
workers with different educational attainments. It is noted that earnings difference between
the top two series (high-skilled) and bottom three series (low-skilled) expand more after
China joined WTO in 2001.

Other China shock measures:

Besides the tariff measure, two other influential measures of the China shock in the recent

literature: the increase in Chinese import penetration in the U.S. (from Autor et al. (2013),
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and its variant, import exposure in Asquith et al. (2019) are also implemented. Lastly,
I also do a robustness check with the measure being US to China FDI flow from BEA
MNE dataset, which is particularly relevant in this paper’s offshoring context. To guide the
empirical exercise, I build on the comprehensive work of Acemoglu et al. (2016)— who in

addition to a local labor markets analysis of the China shock conclude on net employment.

Empirical Strategy

The following structural VAR equation is estimated

p
Y, = @‘i‘Z‘I)th—i + Auy,

i=1

where Y; is a vector that represents offshoring cost measures and labor market variables
including skill premium and unemployment rates for high-skilled; u; is a vector of structural
innovations which satisfy the condition of E(u,u;) = Iy; A is a matrix that links structural
and reduced-form innovations. Estimating this relation at different horizons ¢ produces a set
of coefficients {®;};—1., that can be interpreted as an impulse response of the variable Y to
the China shock.

Trade shocks are identified by exploiting the contemporaneous exogeneity of trade cost
changes with respect to labor market variables.® The assumption is that changes in China’s
input tariff and its restriction measures do not respond to American labor market variables
within the period. Such assumption is plausible to make as the main incentive and objective
for China to lower tariff was to promote trade openness, attract more foreign investment and
to meet the requirements for joining WTO. Changes in US labor market variables do not
directly affect the incentive of China’s trade policy changes.

Identification is achieved by imposing short-run restrictions, computed with a Cholesky

decomposition of the reduced-form residuals’ covariance matrix.

Results

9Direct evidence on trade costs are from two major categories, costs imposed by policy like tariffs and
costs imposed by the environment such as transportation, insurance and time costs. See Anderson and
Van Wincoop (2004) for more details.
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I now examine the results of labor market variables in response to a trade shock.

I estimate a monthly structural VAR with four variables: Chinese import tariff, high-
skilled unemployment rate, low-skilled unemployment rate and skill premium. Data covers
the period Jan 1992 to Dec 2007. For the estimation with FDI restrictions and non-tariff
barriers, data covers the period Jan 1997 to Dec 2007. Appendix discusses the details of the
data.

Fig.2.5 reports the impulse responses to a one-standard deviation shock to China’s tariff.
The impact of tariff decline on the domestic low-skilled workers is actually very short-lived
and close zero, with the decrease in unemployment for the high-skilled workers being quite
persistent. This negative impact goes away shortly. It does enlarge the wage gap, much
so in the short run, by 11 percent immediately, and then the impact dies down a little bit.
A one standard deviation decrease in tariff leads to an average 1.5 percent decline in the
high-skilled unemployment rate and an average 2 percent points decline during this period.
The results for the fixed offshoring measure, as in Fig.2.6, are very similar to the import
tariff measure case. The levels are slightly lower, and the responses are less persistent.

Using import penetration from Autor et al. (2013) as the measure of the China shock,
the findings shown in Fig.2.7 are quite similar to the baseline results, except for a more pro-
nounced increase in the low-skilled unemployment rates in the initial phase of the adjustment
and a less persistent climb in wage gap. The unemployment rates for both types of labor in
the medium to long run also exhibit less decline compared to the baseline responses. Fig.2.8
shows the results of using import exposure as a measure of the shock, which follows from the
approaches in Asquith et al. (2019). The VAR responses and level of the low-skilled unem-
ployment rate are almost identical to that using the previous measure— import penetration.
However, the high-skilled unemployment rate behaves just like the baseline result, with a less
persistent decline over time though. Using FDI flow as the exogenous shock variable, Fig.
2.9 depicts a similar pattern of the dynamic adjustment of labor market variables as those
shown by using the measures above. These findings are just in line with what Asquith et al.

(2019) find with gross job flows, which shows the net job creation in the non-exposed sector
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is as large as the net job destruction in the exposed sector, resulting in an almost neutral net
effect of the China shock. Feenstra et al. (2019) on the other hand, find a positive overall
effect of the China shock since their unit of analysis includes not only the manufacturing
sector, but also the service sector. They find a substantial net job gain in the service sector
large enough to offset the net job losses in the manufacturing and natural resources sector.
In my analysis, by looking at the responses of high-skilled and low-skilled workers in the
aggregate economy, the results incorporate both changes in the exposed and non-exposed
sector, as well as a combination of the manufacturing sector and the service sector.

All of these results suggest that the trade shock which allows easier offshoring to China is
correlated with increase in the wage gap and declines in the unemployment rate for both high-
skilled and low-skilled workers over time, with slight differences in terms of the unemployment

rate of low-skilled workers in the initial phase of adjustment.

2.4 The model

2.4.1 Owverview

This section presents a stylized model of offshoring with firm-level heterogeneous productiv-
ities and country-level different relative factor abundance in a trade-in-tasks environment. I
model a world economy that consists of two countries, Home and Foreign. Foreign variables
are denoted with asterisks.

The two countries are endowed with different amounts of high-skilled labor and low-
skilled labor -- H (H*) high-skilled labor and L (L*) low-skilled labor for the home (foreign)
country, where the bars indicate country endowments. I assume that home is relatively

H*

more skill abundant than foreign, so that % > I

Each economy consists of a continuum
of monopolistically competitive firms with different levels of labor productivity and one
representative household, which can be thought of as an extended family with two types
of agents: H high-skilled workers, L low-skilled workers in the home country and H* high-

skilled workers, L* low-skilled workers in the foreign country. The number of family members

who work is not chosen by the household, but rather determined by a labor matching process.
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As in Ghironi and Melitz (2005), all contracts are written in nominal terms. Since prices are
flexible, the variables I solve for are all in real terms.

Firms are final good producers with idiosyncratic productivity level of technology specific
to their own with which they combine the high-skilled task and the low-skilled task into the
final good. Each firm produces a different variety of goods. Production of the high-skilled
task requires a match with a high-skilled worker; similarly, production of the low-skilled task
requires a match with a low-skilled worker.'® Firms in the home country can choose to either
produce domestically or offshore the low-skilled task, but they keep the high-skilled task in
house by assumption.!'’ However, firms in the foreign country are assumed to produce both
tasks in their own country, due to prohibitive costs of offshoring.

I focus on the home country in presenting the model, with the exception of when the
foreign country shares asymmetric characteristic with home. Full model summaries are in

the Appendix.

2.4.2 Household’s Problem

Following Andolfatto (1996), Merz (1995) and much of the subsequent literature, I assume
full consumption insurance between employed and unemployed individuals, so that there is
no ex post heterogeneity across individuals in the household.

The representative household maximizes the expected intertemporal utility function:

o) 1—~
Et {Zﬂst |:Cs_ - VlLs - VhHS:| } 3
s=t

L=~

where 5 € (0, 1) is the subjective discount factor, C; is a consumption basket that aggregates

a variety of final goods, and v > 0 is the inverse of intertemporal elasticity of substitution. L,

0Firms have access to the final goods technology and no search is required to find the two tasks. A firm
simply purchases the tasks and use them to produce the final good.

1Using German individual-level data, Baumgarten et al. (2013) shows that there is a tendency that high
high-skilled workers are more likely to hold jobs that use tasks that are less offshorable. In the case of
US offshoring to China, offshoring low-skilled tasks is more relevant due to the labor-intensive content of
processing trade.
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and H, are the number of employed low-skilled and high-skilled workers. ! > 0 is low-skilled
labor’s disutility of work, and v > 0 is high-skilled labor’s disutility of work.'2

The consumption basket C; is defined over a continuum Q: C; = < fw cq Ct (w)%dw> %,
where # > 1 is the elasticity of substitution across goods. Following Ghironi and Melitz
(2005), at any given point in time only a subset of goods €2, € Q is available. 2, contains
varieties produced by domestically producing firms and those produced by firms offshoring
the relevant low-skilled task. Let p;(w) be the Home nominal price for the good w € €. Tlhe
consumption-based price index for the Home economy is then P, = < fw ca, Pt (w)l_e dw) .
Setting the conlsumption basket C}; as numeraire, the price index for the North is 1 =
<pt (w)' dw)m, and p; (w) is the real price of goods of different varieties. The house-
hold’s demand for each individual good variety w is ¢; (w) = (p; (w) /P,) " C,.

The foreign representative household maximizes a similar utility function with foreign
variables. However, the composition of the foreign consumption basket is different: C} =
< Jocar € (W) %dw> 777, The subset of goods available for consumption in the foreign coun-

try at every point in time f € Q* only consists of goods produced by foreign firms that

produce both tasks in the foreign country.

2.4.3 Firms and the labor market

Varieties are produced by monopolistically competitive firms, with heterogeneous produc-
tivity level z. Prior to entry, firms are identical and face a sunk entry cost, to be explained
later on. After paying the sunk entry cost, each firm is randomly assigned an idiosyncratic
productivity z which is drawn from a Pareto distribution over the interval [z, 00) and re-
mains the same during the entire operation term of the firm. Foreign firms draw productivity
levels from an identical distribution over the same interval.

There is one final-good sector. Firms are all final-good producers with heterogeneity in

their productivities, each producing a different variety of the final goods. Production of the

12 Arseneau (2014) calibrate the scaling for disutility of low-skill participation to be 9.793 and 11.470 for
disutility of high-skill participation.



60

final good requires two tasks -- y; and y,. Task y; uses high-skilled labor only and task
1o uses low-skilled labor only. I assume the production function takes the following form:
Yo (2) = 22 e (2)]% [y2 (2)]' .13 Every firm has a different level of productivity z with
which it transforms the two tasks into the final output. Production also depends on the
country-level productivity Z;. As explained in 2.4.3, every period, firms face the decision
of whether to produce both tasks domestically or to offshore the low-skilled task. If the
firm decides to produce both tasks domestically, then y; (2) = h(z) and y, (2) = 1 (z). If
the firm instead decides to offshore the relevant low-skilled task, then since the high-skilled
task can only be produced domestically, y; (2) = h(2z) but y2 (2) = @ 7 is the variable
iceberg trade cost that firms need to pay if the low-skilled task is performed in the foreign
country. It can generally be interpreted as a friction (e.g., a trade barrier) and as a cost
or productivity disadvantage (less control and monitor over the products) due to distance.'*
Yet, it is best to interpret 7 as costs of policy-related trade barriers imposed on per-unit

offshored low-skilled task under the context of the China shock. Therefore, the output of

producing both tasks domestically is:

ypa (2) = 22 [he ()] [l ()], (2.1)

whereas keeping the high-skilled task produced in-house and offshoring the low-skilled tasks

give firms output as the following:

o) = =2lne ()" | 2] - (22)

T

The labor market model follows Pissarides (2000). Every period, each worker has one
unit of labor to devote to market activities. The labor markets are characterized by a

matching technology that depends on the number of unemployed searchers and the number

13Tn Antras and Helpman (2004), the output of a firm z is a Cobb-Douglas function of two inputs that
-«
Zt*zl,*l

l—o

use domestic and foreign inputs respectively, ¥, + = [%]a [

14Tceberg trade cost implies that, for every 7 > 1 units produced offshore, only one unit arrives in the
North, with the difference lost due to factors such as trade barriers, transportation costs and so on.
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of job vacancies. For each task, the firm posts vacancies for matches. High-skilled and low-
skilled workers search in their respective sectors. For simplicity, I assume a Cobb-Douglas
matching function, identical for the two tasks. Let u’ denote the unemployment rate and v
the vacancy rate (the number of vacancies divided by the labor force) for a type i worker
(i = I,h). Define #° = v'/u’ as a measure of market tightness for type 7 workers, and let
x be the scale parameter in the matching function. Then, the flow of matches for each

type of labor at every period can be written as: M (u"H,v"H) = x (u")° (vh)l_EH =

YO~ u"H and M (ull_/,vl[_/) =X (ul)6 (vl)lfel_/ = x0'~u'L, with 0 < € < 1. Define m" =
M (u"H,v"H) /H and m' = M (u'L,v'L) /L as the matching rates in the two tasks. Then,
the job finding rate for an unemployed type i searcher is ¢/ = m'/u’ = y (6)'° and the
vacancy filling rate for a firm is ¢¢ = m?/v’ = x ("), The job finding rate for a worker is an
increasing function of market tightness, whereas the job filling rate for a firm is a decreasing
function of market tightness. Once a vacancy is matched with a worker, the match remains
effective until it is destroyed by an exogenous shock with probability A € (0, 1), which can be
viewed as an arrival rate of a shock that leads to job destruction within a firm. The workers
who get hit by the exogenous separation shock enter the unemployment pool immediately.
The timing of hiring proceeds as follows. At the beginning of each period, a fraction
(1 — A) of workers survive from the exogenous separation shock and remain hired within the
firm. Aggregate shock are then realized, after which firms post vacancies for both tasks.
The newly matched workers become productive the same period in which they are hired.
Therefore, once the new matches are generated, all of the newly matched along with the
workers who have survived job destruction from the last period produce start producing

in the current period. The law of motion of employment for the two types of worker for

producer z are thus given by:

Le=1—=A) 11+ qﬁvi,t and (2.3)

oy = (1= A)hoyor + giol,. (2.4)

When a firm leaves the market, its entire stock of workers become unemployed, joining the
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pool of searchers in the next period. When a firm switches from domestic production to
offshoring, all of the domestic low-skilled workers it hires join the unemployment pool and
some of the unemployed foreign low-skilled workers get matched. The law of motion of

low-skilled employment for offshoring firms then become:
l;t =(1-2) l:,t—l + qi*vgt, (2.5)

which is the same as that for foreign firms.

Production location strategy

Every period, firms have to make the production location decision regarding the low-skilled
task: either produce that domestically or produce that in the foreign country. For either
of these two production strategies, a firm maximizes expected present discounted value of
future profits subject to the law of motion for both types of workers and the production
function, the forms of which are all dependent on the specific location decision. In every
period, each firm compares the expected present discounted value of offshoring and that of
domestic production and chooses the production strategy that yields a higher expected value
of production.

If a firm produces both tasks domestically, it chooses the employment levels and vacancies
to post for both type of workers to maximize the expected present discounted sum of current
and future profits:

[e.9]

max dp: + E; Z [B(1—9)]

s=t+1

s—t U/(Cs)
U'(Ct)

[(1 = &)dp,s(2) + &do,s(2)]
where the period profit of domestic production is
dp,s (2) = [pp,s (2) yp,s (2) — wils (2) — whhy (2) — Koy, (2) — Kops (2)]

and ;s = (Cs/C)™" denotes the stochastic discount factor of domestic households, who

own domestic firms by assumption. The above profit maximization problem is subject to the
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law of motion of employment for both high-skilled and low-skilled shown above as Eq. (2.3)
and Eq. (2.4), as well as the production function (2.1).

For firms that choose to produce offshore, the cost associated with the high-skilled is the
same since the high-skilled task can only be produced in the home country, but the cost for
hiring and paying for the low-skilled labor is the foreign low-skilled wage plus the cost of
searching and matching with them in the foreign labor market. In addition, offshoring firms
need to pay the per period fixed offshoring cost f,,, which can be interpreted as the cost asso-
ciated with building and maintaining production facilities abroad. The profit maximization

problem associated with offshoring in period ¢ thus follows:

o0

max do: + E; Z [B(1—9)]

s=t+1

s—t U/<Cs)
U'(Ct)

[(1 - £s>dD,s<Z) + gst,s(Z)] )

where the period profit is

dO,s (Z) = [pv,s (Z) Yu,s (Z) - wl*,sl: (Z) - wh,shs (Z) - '%Z*UZS (Z> - /{hvh,s (Z) - fv] .

Apart from the lower low-skilled labor cost in the foreign country, the foreign country’s
labor market rigidities can provide another source of cost advantage that induces more
offshoring. If the labor market is more flexible in the foreign country than the home country,
firms would have additional source of motivation for offshoring the low-skilled task. The
cost minimization problem is subject to the law of motion of employment for home high-
skilled labor Eq.(2.4) and that for foreign low-skilled labor Eq.(2.5), as well as the offshoring
production function (2.2).

Define &;41 as the probability of being an offshoring firm in the next period. Every pe-
riod, every firm faces probability &1 of being an offshoring firm and 1 — & of being a
non-offshoring firm in the next period. Since every firm has the same information regarding
exogenous shock and aggregate outcomes in the next period, they each face the same prob-
ability of being a specific type of firm in the next period. In other words, two firms with
productivity levels z, and z, face a same probability &, of being an offshoring firm and a

same probability 1 — &1 of being a domestically producing firm because of the same set
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of information about their productivity position relative to productivity cutoff in the next
period. Moreover, the probability of being an offshoring firm &, in the next period can be

k
pinned down by next period’s productivity cutoff z.;11: &1 = 1 — G (2ep41) = (ZZ’“T"l) ,

which is the same for every firm. Denote the expected discounted present value of offshoring

and domestic production as Vi, (2) and Vp, (2). It follows that:

Vou(2) = doa(2) + B 3 50— ) (59 [(1 ~ £)dpa(2) + Euos(2)] and
s=t+1 t
Vou(2) = do,t(2) + E; > [B(1 =) (%)H [(1 = &)dp,s(2) + &sdos(2)] -

The present discounted value of the two strategies can also be written in Bellman equations as
the following: the discounted present value of offshoring today is equal to this period’s profit
plus the discounted present value as of tomorrow, similarly for the offshoring strategy. The
present discounted value of domestically producing the low-skilled task today is equal to the
period profit of domestic production plus the present discounted value of domestic production
tomorrow, which is adjusted for the probability of remaining a domestically producing firm
tomorrow and that of being an offshoring firm tomorrow. The present discounted value of

offshoring follows a similar logic, as the following:

Vot =dps+ Bris1 [(1 —&41)) Va1 + &4+1Vor41] and

Vor=dor+ Brir1 [(1 = &41) Vo1 + &1 Vorsa]

where ;441 = BE; U[,](,((’é)l) is the stochastic discount factor.

Productivity cutoff for new entrants at period t is defined where the present discounted
value of the two strategies is equal zy; = {2 : Vp(2v) = Viu(2v,)}. Every period, a firm
may decide to stop offshoring not just based off the profit today, but based on the expected
present discounted stream of future profits. However, from the value functions above, it is
noted that the comparison of values of the two production strategies boils down to comparison

of period profits of the two strategies. Therefore, the productivity cutoft zy; can also be

written as zyy = {2z : dp(2v) = dvi(2v)} At every period, the firm is reoptimizing.
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The first-order conditions for vacancies and employment imply the following job creation

equation:
/ﬁ}i . .
=(1=0)1=-NE (ﬁt,tﬂ (1= &1) ) + 0,122 — wy, (2.6)

z,t+1

/ii

qi

where ¢! (i = [, h) is the Lagrange multiplier attached to the constraint (2.1) with respect
to i, corresponding to the real marginal cost of type ¢ worker used for production. Eq.(2.6)
equalizes the marginal cost and the marginal benefit of posting a vacancy for each task of
type 7. The marginal benefit of a filled vacancy includes expected discounted savings on the
future vacancy postings, further discounted by the exogenous probability of the survival rate
of the match (1 — §) (1 — X), plus the average profits generated by the match. Profits from
the match equals marginal revenue product from the match minus the wage cost paid to the
type ¢ worker. Forward iteration implies that, the expected discounted value of the stream
of profits generated by a match for type ¢ worker over the span of its expected lifetime is

equal to k'/q, the marginal cost of the match at the optimum.

Marginal cost of production for a domestically producing firm with productivity z is:

! h
mepy (2) = (i;) e (%) *, where ¢!, = wi+2—£—(1—5)(1—)\)Et <5t,t+1 (1 —&41) ﬁ)
and @, = wth+”—h1 —(1-0)(1=-NE; (5t,t+1 (1 —&41) %) Profit maximization with respect

-

to price yields that the price charged by firms is the mark-up over the marginal cost pp+(z) =

s2mepy(z). Profits of producing domestically is dp (2) = 3ppy (2) *~Cy. The period profit

of offshoring the low-skilled task while keeping the high-skilled task produced in house is
h 1 -«
dV,t (2) = %pv’t (Z)1—9 Ct _ f’u (902,16) a (M> where PVt (Z) = %mc‘/’t (Z) The marginal

« l—«

cost of offshoring is similarly a Cobb-Douglass combination of the costs of the foreign low-

ol -« n a
skilled labor and domestic high-skilled labor, which is mey(z) = = ( %"t) (ﬁ) ,

2Z; \ 1T-a a
where go?t = w; + % —(1-0)(1=NE; (ﬁt,tHftH%). The marginal cost of offshoring
the low-skilled tasks takes into account the fact that these tasks are subject to foreign wage
and foreign labor market rigidities for the low-skilled workers whereas the marginal cost
of high-skilled task remains the same as producing domestically. If the marginal cost of

job creation is lower too in the foreign country, then introducing labor market search and
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matching essentially has similar effect as reduction in the iceberg trade cost, which lowers the
productivity of offshoring than the previous case without labor market frictions. Therefore,
the productivity cutoff also reflects the labor market frictions of both countries. Changes in

the labor market rigidities in both countries affects the productivity cutoff.

2.4.4 Wage determination

Following much of the labor search and matching literature, I assume that the wage is the
solution of an individual Nash bargaining schedule that splits the surplus of the match
between the firm and the worker. The equilibrium sharing rule resulting from the bargaining
between a type i worker and a producer with productivity z can be written as 77in,t =
(1 —n)S%, (i), where 7 € (0,1) represents the worker’s bargaining share, F}, is firm surplus
and S;t is worker surplus. The bargained wage w;t for type i worker is a weighted average

between the marginal revenue product of the worker i and the worker’s outside option w!:
wi,t = n%pi,tZZt + (1 — n)wi- (2.7)

The worker’s outside option is given by the utility gain from leisure in terms of consumption,
v/C; ", an unemployment benefit from the government, u,, and the expected discounted

value of searching for jobs in the next period:
wi = VZC;Y + Up + (1 — )\) (1 — (S) Et [BtytJrl[’i,t—i-ng—i-l . (28)

The unemployment benefit u;, is denominated in units of the final consumption basket, and
it is financed with lump sum taxes of the government 7. Workers are paid the same wage

within its own type, regardless of which firm they are hired in.

2.4.5 Firm averages

The model is isomorphic to a framework with two representative firms in the home country:
one produces both tasks domestically, one offshores the low-skilled task and only produces

the high-skilled task in the home country.
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Firms’ productivity are drawn from the Pareto distribution over the interval [2,,:,, 00),
where the common distribution is G(z) with density g(z). Every period, there are Np;
firms whose idiosyncratic productivities are below the offshoring cutoff z,,;, < 2 < zy, that
produce both tasks domestically; and there are Ny, firms with productivity levels above the
cutoft z; > zy; . The average productivity of domestically producing firms is Zp; whereas

that of offshoring firms is Zy,;. The average productivity levels follow as:

_ 1

~ 1 ot 0—1 o=t
- d d

Zpu G o) /me 2" g (2) z] an

_ 1
~ 1 /oo 6—1 ( )d o
vy = |—— z 2)dz )

v _]‘ -G (Z'U,t) 2Vt g

With the assumption that the Pareto distribution of the productivity has p.d.f. g(z) =
kzk . /28 and c.d.f. G(2) = 1 — (2min/2)F, the average productivity levels Zp ;and Zy; can

both be expressed as function of offshore productivity cutoff zy,:

1
k—(0-1) _k—(60-1)7 71
~ e ~ “min ~
ZDt = fzminzo,t & % and Rvit = é-ZV,ta
RVt Pmin

1

where £ = [%] “Tand k>0 — 1, and the cutoff is zy; = 2min (Nt/NV,t)l/k.

Firms in the Southern country only has the strategy of producing domestically. Their
average productivity remains constant at z; = 2%, .

The average price indexes for the North and the South also follow as 1 = Np (p,it)l_o +
Ny (p{/,t)lfo and 1 = N/ (p%)lfe. The total profits of firms in the North and the South are
Ny, = ND,tdLN),t + NV,td\N/,t and Nt*cif = Nt*dNI.

2.4.6 Firm entry and exit

The expected post-entry value for firms ¢; is the present discounted value of the expected

stream of per-period profits: & = E, [Zz‘;tﬂ Brs (1 —0) s=tq.| where Brs = (%) =7,
Before entry, the firms face a sunk entry cost f. = fr+/£lvé,t+/ihv2t = fr+/il%+/<;hq%. The

first term, f,, represents the regulation cost for entry, in units of consumption. The second
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and third term are the real cost of hiring type i labor and putting them into production. The
representative new entrant posts vgvt = é;tt and vZﬁt = %. Entry takes place until the average
firm value equals the entry cost, é; = f.. Every period, there are Ng, new firms entering
the market every period and start producing in the next period. With all firms, including
the new entrants, being subject to a random death shock with probability 6 € (0,1) at the
end of every period, the law of motion for the mass of firms is Nypy = (1 —0) (Nt + Ngy) .
Entry occurs until firm value equals the entry cost, leading to the free-entry condition
fer = €. Observe that changes in labor market conditions trigger variations in the cost
of recruiting workers, affecting the profitability of market entry; firm dynamics, in turn,
feed back into labor market outcomes, contributing to the determination of equilibrium
unemployment. Sunk costs and time-to-build transform /V; into a state variable that behaves
like a capital stock, with an endogenously fluctuating price given by ¢€;. Therefore, there are

two endogenous state variables in the model: labor and the number of producers.

2.4.7 Household budget constraint

The budget constraint is:

Ct + (Nt + NEﬂg) ét$t+1 + BN,t—‘rl = <€~t + d~t> Ntl't + (1 + Tt) BN,t
+wp Hy +wi Ly +uf (L — L) +up (H— Hy) + 17,

where T} is lump-sum taxes the representative household receives from the government. In
equilibrium, T¢ = — [u} (L — L) + u} (H — H,)].

At period t, the household purchases x;,; shares in a mutual fund of Northern firms,
which includes N; incumbent firms engaged in domestic production or offshoring, and also
Ng+ new entrants. Meanwhile, the household has share holdings z; in a mutual fund at time
t of N; home firms whose average market value is U;. The date t price of a claim to the future
profit stream of the mutual fund of N;+ Ng; home firms is equal to the average nominal price
of claims to future profits of home firms, P;é;. Besides the shares x;,; in the mutual fund,

the household also holds risk-free, real bonds from its own country By ¢y1, denominated in
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units of the issuing country’s consumption basket. Every period, the mutual fund pays a
total profit that is equal to the average total profits of all home firms that produce in that
period, P,d,N;. The household also receives dividends equal to the average firm profit d,
proportional to the mass of firms N;, as well as the real rates of return r, from the country’s
own bonds.. The employed high-skilled labor and low-skilled labor pool income together,
earning real wages wp,; and wy;.

The Euler equation for bonds is:

1= B(1+ru1) B [(0(21) v} |

The Euler equation for stocks is:

6 = f(1—90)E, [(Cal) Y (Epy1 + ﬁm)] .

2.4.8 Equilibrium

Aggregate employment is L; = Np4l D~,t and H, = N,h,, while the total number of vacancies
posted is V! = N D,t1;£+Ne7th,t and V* = Ntv;hjLNe,tvét. Labor market clears by the following

equations determining that labor supply is equal to labor demand:

l —Q
(1 —w)L = pp Y (2p42) " <m) Np, and

11—«
T Sl .
(1 —wup)H = pp+ Y (2D:+2) ( 7 Np+

* 11—«
e OV (25, 2) e Ny
4 t )t (1 _ Oé) 90? ity

where aggregate demand for each type of labor Y} and Y, are given by
v/ =C+ Neyfrr + £V and Y = C, + Netfre + Nvafve + K"V

Home country’s high high-skilled labor is used by domestically producing firms using
high-skilled labor, offshoring firms using high-skilled labor as well as high high-skilled labor
used for the sunk entry cost and fixed offshoring cost activities. Home country’s low high-
skilled labor is used only by domestically producing firms and those used to pay fixed entry

cost. The opposite is true for the foreign country.
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2.5 Calibration and model properties

The model is calibrated to the home (U.S.) and foreign economy (China), which is relevant
to the China shock debate in the US. The foreign economy is not restricted to the focus of
China; it can easily be calibrated to other developing countries that host offshoring activities
from multinational firms of any developed economy. Periods are interpreted as months. I
choose parameter values from the literature and to match features of macroeconomic and

labor market data of these two economies.

Discount factor S is set to 0.99, corresponding to an annual real interest rate of 4%.
The value of risk aversion = is the standard value 2. Following Ghironi and Melitz (2005),
the dispersion parameter of firm productivity draws k equal to 3.4, z,,;,, normalized to 1,
probability of firm exit o = 0.025 and elasticity of substitution across product varieties 6
equal to 3.8. Iceberg trade cost is calibrated to be 1.8, which generates the Fixed offshoring
cost f, is chosen to match with the share of firms engaged in offshoring to China out of the
total number of firms (Ny /N = 8%) during the sample period 1992-2007 from BEA MNE

dataset.

I set workers’ bargaining share n equal to 0.4, in line with the empirical estimates of
the Nash bargaining power in Flinn (2006). Elasticity of matching function ¢ = 0.4, as
in Blanchard and Diamond (1991). Unemployment benefits for workers are assumed to be
equal across skill groups, and calibrated to have wu,/w equals 0.54 as reported in OECD
(2004). T calibrate vacancy posting cost x‘, matching elasticity x* to match the steady state
job finding rate ¢* and the vacancy filling rate ¢*. The model generates the following steady
state unemployment rates for different skill groups: u! = 8.3%, u" = 2.4%, v* = 3.5% and
u* = 2%.

The production share of high-skilled task «, regulation costs for entry f,, iceberg trade
cost 7 are calibrated so that the model in steady state matches the wage ratios of high-skilled
and low-skilled in the U.S. and in China (WIOD socio economic accounts data) as well as

share of firm entry. The sunk regulation cost f,, along with the values for «, 7, f,, generate a
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28%). The steady-state wage of low-skilled labor in the South is 12% (compared to 10% in

steady state value for the terms of production that is far less than unity (TOP=(

the data) of that in the North. Disutility weight on low-skilled labor and that of high-skilled
labor are set to equal to 0.92 and 1.12 to match the relative shares of labor in production,

0.6 of low-skilled and 0.4 of high-skilled.

Tariff decline is calibrated into an AR (1) process using data from WTO’s tariff data
from 1992 to 2007, with the persistence coefficient equal to 0.95. Table 2 shows all parame-

terization values and targets.

2.6 Results

This section explores the consequences of trade liberalization under the offshoring environ-
ment by studying the transition dynamics and long-run effects of a permanent reduction in
the per-unit trade cost 7 in the model. I discuss the implications of some key steady state

relationships by showing the quantitative results.

2.6.1 Steady-state analysis

The steady state is defined by setting all variables constant and it is the long run position for
the economy. In each country, the unemployment rate depends on the incidence and duration
of unemployment. The incidence of unemployment is defined by the rate of transition from
employment to unemployment, A»79T (i = [, h). The duration of unemployment, ¢ = =<,

is the inverse of the job-finding rate, which captures job creation. The unemployment rate

T
_
Xz(ﬂz)l—e+)\zr .

increases with the incidence and duration of unemployment, since u’ =

In equilibrium, ¢ and AY9T depend on the average marginal revenue of a match ¢’. To
see this, let § = V/U denote labor market tightness, and use ¢+ = y¥'~¢ mentioned above.
Combining Egs. (2.5), (2.6), (2.7), and (2.8), I obtain the following steady-state relationships

for different types of labor.
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Low-skilled unemployment

)\l,TOT — 1 1

T N8 1—sx1—ry ™™

o= {5 [a = -0+ 350 -]}
where 3 = (1 —\)(1—0)8 . Other things equal, an increase in the average marginal revenue
of a match ¢° reduces the incidence and duration of unemployment.

The steady state equation of low-skilled unemployment is affected by two variables:
NTOT which is a decreasing function of the productivity cutoff z,, and labor market tight-
ness ', an increasing function of the average marginal revenue ¢!. When there is a negative
trade cost shock, whether it’s a lowering of variable offshoring cost 7 or the fixed offshoring
cost f,, first, the productivity cutoff is lowered, so that more firms select into offshoring.
Meanwhile, when more firms engage in offshoring, more of the domestic low-skilled labor get
separated from their employers, leading to an increase in the total separation rate for home
low-skilled workers A\"79T . This is the substitution effect that is standard in the literature.

The second variable ¥, labor market tightness for low-skilled market, is an increasing
function of the marginal revenue product of low-skilled labor ¢!, which is determined by the
number domestically producing firms Np as well as the average productivity of these firms
Zp, as ¢l = [Nf#zb,u(ﬁ)“C]ﬁ (1 — ). When trade cost (7 or fy) falls, zp decreases
following the lowering of the productivity cutoff 2y, which lowers low-skilled labor demand
from domestically producing firms on average. This is what I call the “reverse scale effect”
as opposed to the scale effect in the literature, which describes the increase in labor demand
due to headquarter firms’ higher productivity from offshoring cost reduction (e.g. Antras
and Helpman (2004), Grossman and Rossi-Hansberg (2008)) . Here in this model, the scale
effect for low-skilled labor is reversed as the demand for them only comes from domestically
producing firms, which experience lower productivity and thus shrink after the shock. For the

extensive margin captured by Np, there are two opposite effects. On the one hand, offshoring

cost reduction induces more firms to switch from domestic production to offshoring, exerting
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a negative effect on Np. On the other hand, it also increases profit opportunities encouraging
entry. When the shock generates an entry effect that is large enough, ¢! increases after the
shock. Then, the sign of u! depends on the size of the increase in ¢! and that of the decrease
in AbTOT | Basically, when the endogenous entry effect dominates the substitution effect and
the (reverse) scale effect, low-skilled unemployment rate falls.

In a nutshell, when a firm switches from domestic production to offshoring, all of the
domestic low-skilled workers it hires join the unemployment pool and some of the unemployed
foreign low-skilled workers get matched and employed. However, when a shock spurs more

entry in the home market, more domestic workers get employed.

High-skilled unemployment

1
’O —_— —_— —
)\hTT_(l—)\)(l—é) 1,and
ho_ X_h _ h ~’<°'_h hye _ . 73 hghi\%
vt ={RlA =)y b)+ﬁxh(19) npr I}

The steady state equation of high-skilled unemployment is very similar to a standard one
type of labor setting, in the sense that the total separation rate A" is not directly affected by
the shock-- it is solely dependent on the exogenous death probability of firms ¢ and exogenous
separation rate for workers A. This is because when domestic firms choose to instead offshore
the low-skilled task, the high-skilled who were already hired and still employed are not
affected by this transition. Thus, for the high-skilled labor, there is no substitution effect.
Rather, the unemployment rate for high-skilled is merely affected by high-skilled labor market
tightness 9", which is an increasing function of high-skilled workers average marginal revenue
product ©". An increase in the number of firms and average productivity level raises marginal

1 1

revenue product of high-skilled labor, since " = £N#=177-1. This is because even though

S

the switch from domestic production into offshoring due to lower trade cost does not affect
the employed high-skilled, it does have an impact on the unemployed high-skilled labor since
firms are able to hire more and there is an elevation of entry spurred by the tariff reduction.

Focusing on the equation of high-skilled labor market tightness 9", with a decline in 7, the
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average productivity of firms go up, generating an increase in high-skilled labor demand for
the average firm, as the scale effect. Also, the total number of firms N rises due to the entry
effect. This finding is consistent with the recent findings in Kovak et al. (2017) on the labor
market outcomes of offshoring. They find that within US multinationals, the positive scale
effects resulting from a fall in offshoring costs just outweigh the negative substitution effects
on average. Specifically, a 10 percent BT T-induced increase in affiliate employment leads to
a 1.8 percent increase in employment at the US parent firm.

In sum, there are two forces exerted on firms: (1) A lowering of trade cost makes offshoring
more profitable for some existing domestically producing firms whose productivity level now
passes the offshoring productivity cutoff, leading to a flow of laid-off low-skilled workers. (2)
Trade cost reduction makes firms become more profitable on average due to the lower cost
of production and more firms select into offshoring, which elevates firm entry. As more firms
enter, the number of both types of firms go up, spurring an increase in demand for both
low-skilled and high-skilled domestic workers, as well as foreign low-skilled workers. Since

firms are all forward looking, the transition from negative to positive effect is quite rapid.

2.6.2 Dynamic adjustment, impulse responses

I now quantitatively evaluate the effects of offshoring by analyzing the dynamic adjustment
and of a reduction in 7. I assume that 7 declines at a constant rate over the sample period,

consistent with the gradual reduction in trade costs observed in the data.'®

Baseline model

Fig. 2.10 plots the impulse responses of wage gap and unemployment rates following a reduc-
tion in trade cost, and Fig. 2.11 shows the responses of other labor market and macroeco-

nomic variables. Along the transition, trade integration induces job losses for the low-skilled

15For example, Novy (2013) estimates that U.S. trade costs with major trading partners declined steadily
over the period 1970-2000. The author considers that the estimated reduction ranges from 20 to 40% over
the sample period.
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in the very short run and then quickly converts the negative impact into positive gains while
generating a continuing positive change in wage and employment for the high-skilled in the
home country. For the offshoring-competing domestic low-skilled, in the initial phase of trade
cost reduction, they experience decrease in wage rate and increase in unemployment because
in the initial stage, the negative impact of trade liberalization on domestically producing
firms outweighs the positive effect of firm entry. The negative effect on the low-skilled is
short-lived because after the tariff decline, firms on average become more profitable which
increases the average firm value and boosts firm entry. With the accumulation of firm entry,
which gradually builds to the stock of domestically producing firms, the total demand for low-
skilled labor from these domestically producing firms increase, leading to positive outcomes
for the low-skilled. In contrast, the high-skilled group see immediate rise in their wage rate
accompanied by a sudden decline in unemployment rate simultaneously since the high-skilled
workers do not suffer from offshoring competition as they are still hired within the firms that
transitioned from domestic production to offshoring. The employment status of the workers
within these newly transitioned firms remain the same. Along the intensive margin, off-
shoring firms hire more of both types of labor on average ( Z—]‘; = (%)1_9(%)(1_")(1_9) > 1),
and a decline in tariff 7 increases the ratio of high-skilled hired by offshoring firms over the
number hired by domestically producing firms. Therefore, even though the total number of
firms declines in the short run, the total demand for high-skilled still increases, leading to an
increase in wage and lowering of unemployment rate for the high-skilled workers. From the
consumption channel, lower price due to the tariff cut increases the variety of goods available
to consumers which level up their consumption. As consumption increases, the demand for
individual firm’s demand go up, increasing the number of labor hired by all firms, which
in turn, yields more positive outlook for the labor market. This increase in demand for
all firms captures the spillover effect of offshoring. Over time, due to easier offshoring and
entry of firms in the more attractive home environment, the number of vacancies firms post
increases for both types of workers, increasing the labor market tightness for them, lowering

the unemployment rate and increasing the wage rate.
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Fized entry

How does offshoring impact the economy if it does not generate the entry effects? To examine
the role of entry in this model, this subsection compares the baseline model (represented by
the blue line) with an alternative model in which entry is fixed (represented by the black
dashed line). To hold firm entry fixed, I follow Jaef and Lopez (2014) in assuming the sunk
cost is convex in the deviations of firm entry from its steady-state level, as is also used
by Zlate (2016) : fg: = fg + 7flexp(Ngs — Ng) — 1], where 7; is set to be very large
(my = 1,000). In this fashion, the entry cost becomes a stochastic variable that change
instantaneously every period with the number of new firms and the number of offshoring
firms. More specifically, when entry rises above the steady state value, the entry cost rises
immediately to offset the hike in entry. When entry falls below the steady state level, the
entry cost decreases rapidly as well to compensate for such decline in the number of firms
entered. As a result, the number of new firms stays virtually constant.

In the previous subsection when analyzing the impulse responses of the low-skilled wage
and unemployment, it is clear that entry plays a vital role in generating the positive effect of
offshoring on the domestic low-skilled over time. From Fig 2.12, it is noted that entry is the
driving force that stimulates the positive effects of offshoring on the low-skilled outcomes as
well the persistent effect on the high-skilled over time.

As for the distribution of firms, allowing for endogenous entry yields positive entry as the
tariff reduction increases average firm value. Therefore, even though domestically producing
firms are hit hard in the initial phase of the trade cost shock, due to positive firm entry,
there is a continuing increase in the total number of firms in the home country after the on-
impact decline. There is an overshooting pattern in wages and unemployment rates under

the fixed entry model.'® Yet, over time, endogenous entry makes the product market more

16Tn the model with fixed entry, when firms are faced with a decline in trade cost, along the intensive
margin, individual firms are able to expand and hire more labor, in the presence of less competition.
However, there is also the extensive margin along which both domestically producing firms’ and offshoring
firms’ mass shrink as entry is fixed at the pre-shock level. In the short run, the intensive margin dominates
— the average firm hires more labor. Over time, the extensive margin plays a more important role, leading
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competitive, exerting upward pressure on labor costs in the case with firm entry. Therefore,
the initial low-skilled wage decreases by less in the baseline case with firm entry. Similarly,
the on impact increase in high-skilled wage is higher under endogenous entry. Compared
to a persistent lowering of wage over time in the fixed entry case, the low-skilled see an ex-
tended increase in their wage when endogenous entry is allowed. What’s more, rather than
an increase in the unemployment rate of the low-skilled labor in the fixed entry case, endoge-
nous entry generates a decline in the low-skilled unemployment rate. The positive effect of
tariff decline on the high-skilled labor is more persistent under the baseline model featuring
endogenous entry. Endogenous entry makes the wage rate for high-skilled wage higher and
unemployment rate lower over time because with entry fixed at the pre-shock level, the total
number of firms still fall below the pre-shock level, which leads to a lowering of wage rate
and rise in unemployment rate for both types of workers. What’s more, without endogenous
entry, consumption level would go down as the increase in the number of offshoring firms is
dampened compared to the baseline model and so is the total number of firms, providing

fewer varieties for consumers.

Fized offshoring cutoff

The way I hold offshoring cutoff fixed is very similar to holding entry fixed as described in the
previous subsection: f,; = f,+m[exp(Ny, —N,)—1] and (my =1,000). When the extensive
margin of offshoring is shut down, entry is subdued. However, since the endogenous entry
channel is still operating, a negative trade cost shock still generates positive labor market
outcome for both the low-skilled workers and the high-skilled workers. The effects on wages,
skill premium unemployment and consumption are dampened over time compared to the
baseline model. Fig.2.13 plots the comparison between baseline model and the model with

fixed offshoring cutoff.

Table 3 shows a comparison of the percentage changes between steady states of key labor

to the overshooting pattern.
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market and aggregate variables among models with different specifications. Table 4 presents
the results of the baseline model as well as the results in Goel (2017), which does not feature
search and matching unemployment. Therefore, the results for unemployment in the baseline

model are changed to employment to offer a comparison with that paper.

Search and matching

To examine the role of search and matching unemployment in the model, this subsection
compares the impulse responses under the baseline model with the model without unem-
ployment. Except for the existence of unemployment, the main difference is the way firms
make their production location decision, one intertemporal due to the intertemporal hiring
decision and the other simply per period static. Regarding the labor market outcomes, the
major difference between the baseline model and the model without unemployment lies in
the low-skilled group. Without search and matching unemployment, the model generates a
definite and large decline in the low-skilled wage, both on impact and along the transitional
path, thus a lowering of wage gap, as shown in 2.14. Incorporating search and matching
unemployment into the model introduces an additional layer of friction to firms’ decisions
of offshoring as well as hiring. Along the extensive margin, there is now a larger decline in
the total mass of firms, with productivity cutoff also lowered by less, yielding a dampened
increase in the number of offshoring firms. Yet, the friction of unemployment leads to a
higher rise in firm entry since firms now make intertemporal offshoring decisions based on
the expected present discounted value of future profits, which is higher than the per period
profit of offshoring, generating a higher average firm value following a reduction of trade
cost. Firm entry now also takes into account the labor market conditions including labor
market tightness, which gives firms more information in forming their entry decisions. Higher

average firm value stimulates more entry of firms.

Role of labor market rigidity Comparing the baseline results with the scenario where

labor market rigidity for low-skilled labor is lower gives us insights into the role of labor
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market rigidity in shaping the labor market adjustment under the low-skilled task offshoring
environment. As shown in Fig.2.15, Lower labor market rigidity for low-skilled search and
match speeds up the adjustment of wage and unemployment and improves the outlook for
both types of workers. In another note, labor market frictions do slow down labor market
adjustment following the China shock, just as conjectured in Autor et al. (2016). However,
on the aggregate level, the effects of the shock on the labor market are still positive for both

the high-skilled and low-skilled labor, even in the presence of labor market frictions.

Destination country characteristics

The impact of reductions in trade costs on the rise in the skill premium and the lowering of
unemployment rates implied by the model varies systematically with country characteristics.
The effects are larger when destination countries are even more low-skilled labor abundant
than the baseline case. Fig.2.16 shows that under the case where the foreign country is en-
dowed with larger amount of low-skilled labor, low-skilled unemployment in the home country
drops by substantially more whereas wage gap and high-skilled unemployment experience

much smaller changes.

Sensitivity Analysis

Fig.2.17 assesses the sensitivity of the results to tariff shocks of different size (I consider tariff
shocks of size equal to 10, 30, and 60 percent). The short-run responses of unemployment
rates and wage gap are essentially monotonic in the size of the shock, implying that the

positive wage and unemployment effects are the larger the tariff declines.

Instead of a decline in trade cost 7, I also examine the impact of a fall in fixed offshoring
cost fiy. The main difference is that low-skilled unemployment exhibits larger and longer

increase and smaller decrease over time.
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2.7 Conclusion

This paper examines the effect of offshoring motivated by lower production costs on the
unemployment rates and wage inequality across high-skilled and low-skilled U.S. workers from
a dynamic perspective in a model with heterogeneous firms, firms’ endogenous decisions of
entry offshoring. Besides the conventional substitution effect and scale effect in the literature,
it identifies and evaluates the endogenous entry effect. That is, a rise in offshoring to low-
wage countries induces more entry and more hiring by firms, which generates increase in
wages and decline in unemployment rates for both high-skilled and low-skilled labor, as
shown by the empirical evidence. The mechanism of positive labor market effects arises from

the link between endogenous firm entry, firms’ offshoring and hiring decisions.

The findings in this paper has important policy implications. The positive effects of
offshoring on the labor market for workers regardless of skill levels suggest that more trade
frictions designed to restrict offshoring is likely to hinder firm entry, which is a key driver that
contributes to a better labor market outlook for all over time. Apart from the labor market
variables, aggregate consumption and output also experience increase. What’s more, larger
labor market frictions can have discouraging effects on firms’ decision to enter and to offshore
(extensive margin), as well as to hire labor (intensive margin). Product market reform such
as lowering the regulation costs also has potential positive impact on the economy under
the offshoring context. When firm entry is low, policy makers should take into account the
resulting negative impact on the low-skilled wage and unemployment and the entry-inducing

effect of offshoring.

The two-country model framework proposed here also allows for the study of business
cycle characteristics of task offshoring that distinguishes between different skill levels of
workers. It can also be extended to study the spillover effects of a shock from the trading

partner.
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Figure 2.3: Fraction of sectors subject to FDI restrictions and non-tariff barriers.
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Figure 2.5: Monthly VAR, one-standard deviation decrease in China’s import tariff. Tariff

rate is annualized.
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Figure 2.6: Monthly VAR, one-standard deviation decrease in FDI restrictions. Tariff rate

is annualized.
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Figure 2.7: Monthly VAR, one-standard deviation increase in import penetration from

China. Import penetration is annualized.
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Model equations, foreign country
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Table 2.1: Model equations, home country
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Table 2.2: Calibration Parameters

Parameter Value  Source:
Risk aversion v 2 Literature
Discount factor 15} 0.99 Literature
Firm exit rate o 0.025 Literature
Variety elasticity of substitution 0 3.8  Literature
Bargaining power i 0.6  Literature
Matching elasticity € 0.6  Literature
Matching efficiency 0.6  Literature
Exogenous Separation A 0.026 Literature
Unemployment benefit Up 0.02 Data
Unemployment benefit(*) ug 0.015 Data
Regulation cost ratio f—: 0.5 Data
Factor proportion % 0.44 Data
Low-skilled labor ratio LT* 8.16 Data




Table 2.3: Comparison of baseline and alternative models
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Baseline

Low VFDI Fixed entry Fixed ext.margins

(entry, cutoff)

Fixed cutoff

% change between non-stochastic steady states

Low-skilled unemployment -2.0 -14 2.1 1.5 -1.8
High-skilled unemployment -1.5 -1.6 0.8 0.7 -1.2
Total unemployment -1.8 -1.5 1.5 0.1 -1.5
Low-skilled wage 16.2 11.2 -17.5 -12.2 14.0
High-skilled wage 19 18.2 -9.5 -9.1 15.2
Skill premium 4.9 3.9 -1.8 -2.2 4.0
Output 21 16 -37 -25 19
Consumption 12.6 12.4 -10.8 -10 9.8
Table 2.4: Comparison with other papers
Baseline  Goel(2017)

% change between non-stochastic steady states

Low-skilled employment 2 -8

High-skilled unemployment 1.5 8

Total unemployment 1.8 -3

Low-skilled wage 16.2 24

High-skilled wage 19 44

Skill premium 4.9 16

Output 21 62

Consumption 12.6 34
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Figure 2.10: Impulse response functions of wage gap and unemployment rates following a

negative trade cost shock.
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Figure 2.11: Impulse response functions of other variables in the home country following a

negative trade cost shock.
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(a) This figure compares wage gap in the baseline model represented by the blue line, with one which does

not feature search and matching frictions, represented by the red line.
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(b) IRFs of wages and unemployment rates for low-skilled and high-skilled workers in H and F following a
negative trade cost shock in the benchmark case versus in a model with full employment. Red line represents
variables associated with low-skilled workers and blue line corresponds to those of high-skilled workers.

Dashed line- benchmark case. Dotted line — the model with full employment.

Figure 2.14: Benchmark model vs Model with full employment
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Figure 2.15: Benchmark model vs Model with lower labor market rigidity
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Chapter 3

TRADE, MIGRATION, AND INEQUALITY: AN ANALYSIS
OF CHINA

3.1 Introduction

In the early 2000s, there were two policies in China that left far-reaching effects on both of
its domestic economy and the global economy. First is China’s profound trade liberalization,
which culminated with its WTO accession in 2001 and has been linked with large employment
changes around the world. ' Second is the easing of migration restrictions, which generated
an internal migration with a size of perhaps the largest flow of migration recorded in world
history. However, the study of Chinese labor market’s responses to trade liberalization is a
relatively less explored topic. Moreover, little work has been done, examining the impact
of China’s expansion of both international trade and internal migration on Chinese local
labor market. This paper aims to bridge this gap by investigating these three questions:
How does China’s trade liberalization affect its own wage inequality? What role does rural
to urban migration play in China’s skill premium and rural-urban inequality? How does
China’s domestic labor market reform regarding migration policy interact with its trade
liberalization policies in shaping China’s export growth and inequality?

In exploring these questions, this paper uses a two-country dynamic general equilibrium
model with internal labor migration within country to study the adjustments of wage in-
equality in response to trade liberalization and migration cost reduction. The combination
of these two policies, one aiming at promoting international trade openness, the other target-

ing at internal labor market reform that mobilizes labor across regions, contributed to huge

! According to International Labour Organization, the flow of workers across regions within China rep-
resents one of the most extensive migration in human history. In 2015 a total of 277.5 million migrant
workers (36% of the total workforce of 770 million) existed in China.
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growth in China’s exports and productivity. It also has large impacts on wage inequality
across workers in various scopes: skill premium at the aggregate level, skill premium within
the rural area and that within the rural area, as well as urban to rural wage inequality. This
paper looks into changes of these three different measures of wage inequality in China and
examines the channels through which increasing trade openness and labor mobility interact
and affect these wage inequality measures.

On the migration policy side, in 1958, China established a household registration system
known as the hukou system to control population mobility. Each Chinese citizen is assigned
a hukou (registration status), classified as “non-agricultural (urban)” or “agricultural (ru-
ral)” in one’s local administrative unit. In order to change the status of hukou, individuals
need to get approvals from local governments, which are extremely difficult to obtain. The
prohibition of working outside one’s hukou location or category was prohibited was relaxed
in the 1980s but, prior to 2003, workers without local hukou still had to apply for a tem-
porary residence permit. It was however, still very difficult to get. In sum, before the early
2000s, barriers and frictions imposed on migration across regions within China remained
immensely high. Starting early 2000s, the demand for migrant workers in labor-intensive in-
dustries hiked with China’s productivity growth and export surge. As a consequence, many
provinces eliminated the requirement of temporary residence permit for migrant workers af-
ter 2003. There was also a nationwide reform in that same year that accelerated the process
for getting a temporary residence permit in other provinces. These policy changes greatly
reduced the barriers faced by migrant workers and spawned large migration flows from the
rural area to the urban area and also from lower-paid poorer regions to more developed,
industrialized and open regions. Tombe and Zhu (2019)estimates that between 2000 and
2005, migration costs did indeed decline by 29 percent on average. Despite the reforms, the
costs of being a migrant worker remain high because of limited access to local public services,

health care and educational system.

Motivated by these stylized facts, the paper employs a two-country dynamic model fea-

turing internal migration from the rural area to the urban area. The model consists of two
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countries, Home (H) and Foreign (F). Home is interpreted as China and Foreign can be one
of its trade partner. The non-agricultural sector which is housed in the urban area is more
skill-intensive than the agricultural sector in the rural area. In the home country, the rural
area is endowed with unskilled workers Eag’t and skilled workers gag’t, whereas the urban area
is endowed with Ena’t unskilled workers and skilled workers Sna,t. Workers with rural hukou
draw idiosyncratic migration cost and self select into working in the city, which is motivated
by China’s huge flow of rural to urban migration. There are two sectors of production. The
rural area produces agricultural goods while the urban area produces non-agricultural goods.
The agricultural goods are consumed by domestic household and are thus non-tradable. The
non-agricultural goods are tradable — they are consumed both domestically and exported to

the foreign country.

The model is calibrated to match with changes in migration cost, trade cost and produc-
tivity increase in the tradable sector and analyzes the impulse responses of different measures
of wage inequality and other variables in the home and foreign country in responses to these
shocks. The findings of the paper show that migration cost reduction is associated with a
fall in urban to rural wage inequality but widening of skill premium in both agricultural
sector and non-agricultural sector , as well as in the aggregate level. However, negative trade
cost shock and positive productivity shock in the tradable sector each leads to increase in all
three measures of wage inequality. The results are consistent with the findings of Li et al.
(2013) which show that wage inequality increased post 2000.

The mechanisms driving the changes in wage inequality are rather different across differ-
ent shocks. First, migration cost reduction affects variables by changing the relative payoffs
across sectors, without directly impacting the demand side like productivity. It increases
migration cost cutoff for both unskilled and skilled rural workers. Unskilled workers” wage
in the non-agricultural sector wﬁla’t goes down as there are more unskilled workers working
the urban non-agricultural sector. Increase of unskilled migration exceeds that of skilled mi-
gration. Price of domestic non-agricultural good decreases due to lower cost of production,

giving rise to more exports. On the contrary, both skilled and unskilled wage in the rural area
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increases due to a lower level of total labor remaining there. Urban to rural wage inequality
decreases as urban wages fall relative to rural wages. However, skill premium in both the
urban area and the rural area, as well as the aggregate level increase. This is consistent with
Feenstra (2011), which states that the rural-urban migration might be a key factor driving
the export-led growth in Chinese cities. It infers that this migration keeps wage growth
suppressed and allows China to maintain its comparative advantage in the non-agricultural

sector (e.g. manufacturing).

Second, trade cost reduction affects variables by lowering the price of home exports and
thus boosting demand for home non-agricultural exports. As the demand for labor in the
non-agricultural sector builds up, wages of skilled and unskilled workers in that sector climb
up too. Therefore, migration cost cutoffs increase, generating larger migration flow into the
non-agricultural sector. Meanwhile, with diminished labor supply in the agricultural sector,
skilled and unskilled wage in the rural area also go up, putting upward pressure on the price
of agricultural good as well. Thus, wages of skilled and unskilled workers in both the urban
area and the rural area increase. Urban to rural wage inequality expands because wage
increments in the urban area more than offsets that in the rural area. Sectoral skill premium

and country-level skill premium widen.

Third, a positive non-agricultural sector productivity shock increases migration cutoffs for
rural skilled and unskilled workers through increasing wages in the non-agricultural sector,
making migration more rewarding. All three measures of wage inequality rises. Urban-rural
wage gap broadens because productivity growth in the urban area boosts the relative wages
compared to the rural area. Skill premium in the sector level and aggregate level all go up.
Productivity growth in the non-agricultural sector lowers the marginal cost of production,
tapering price of the non-agricultural good produced at home. Meanwhile, it contracts the
agricultural sector, leading to less demand of labor in production of the agricultural good

and thus a downward pressure on wages in the agricultural sector.
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3.1.1 Related Literature

My paper contributes to two broad literature.

First, my paper also contributes to the recent international macroeconomics literature
that study labor migration. In the context of DSGE models, examples include Mandelman
and Zlate (2012), Mandelman and Zlate (2016) and Lechthaler and Mileva (2019). My work is
closely related to Lechthaler and Mileva (2019), which develops a dynamic version of Bernard
et al. (2007) along the line of Ghironi and Melitz (2005) and adds low-skilled workers training
to become high-skilled workers and labor adjustment costs across sectors to study the effect
of trade liberalization on wage inequality. While Lechthaler and Mileva (2019) features labor
mobility between two sectors, they do not study the effect of migration cost reduction on
wage inequality, which is a key focus of my paper. This paper is closely related to Mandelman
and Zlate (2016), which examines the macroeconomic effects of border enforcement and the
transmission of aggregate shocks across countries in the presence of labor migration and
remittances using a two-country business cycle model. My paper studies internal migration
rather than immigration across borders and focuses on the interaction between internal

migration and trade liberalization on wage inequality.

Second, although there has been a growing literature that examines the impact of the
China shock, most of them focus on the labor market effects on developed countries. Papers
studying the effects of the China shock on the U.S. labor market include Asquith et al.
(2019), Autor et al. (2013), Autor et al. (2016), Feenstra et al. (2019),Pierce and Schott
(2016). Hummels et al. (2014) quantifies the impact of firms’ offshoring to China on Danish
workers’” wages. Cabral et al. (2018) looks at the Portuguese labor market’s responses to
competing with Chinese imports. Rodriguez-Lopez and Yu (2017) investigates Chinese firm-
level employment changes following China’s trade liberalization. However, it does not feature

migration and thus abstract from the role of migration on trade and labor market adjustment.

My paper is also related to the literature linking international trade and internal migra-

tion. For instance, Dix-Carneiro and Kovak (2015) finds support of the amplifying role of
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interregional migration on trade liberalization’s effects on the slow path of Brazilian local
labor market adjustment. Some examples of empirical papers investigating trade’s effect
on internal migration include Aguayo-Tellez et al. (2010), Hering and Paillacar (2016) and
Morten and Oliveira (2018) for Brazil, and McCaig and Pavenik (2018) for Vietnam.

3.2 Theoretical Model

The model consists of two countries, Home (H) and Foreign (F). The non-agricultural sector
which is housed in the urban area is more skill-intensive than the agricultural sector in the
rural area. In the home country, the rural area is endowed with unskilled workers I_/am and
skilled workers S*%t, whereas the urban area is endowed with I_Jnayt unskilled workers and
skilled workers S,,,;. There is one way migration occurring in the home country: workers
with rural hukou draw idiosyncratic migration cost and self select into working in the city,
which is motivated by China’s huge flow of rural to urban migration. There are two sectors
of production. The rural area produces agricultural goods while the urban area produces
non-agricultural goods. 2 The agricultural goods are consumed by domestic household and
are thus non-tradable. The non-agricultural goods are tradable — they are consumed both
domestically and abroad. The foreign economy is symmetric with the exception that there

is no migration modeled.

3.2.1 Production, trade and goods prices

There are two areas in the economy: the rural area and the urban area . There are two

sectors: the agricultural sector and the non-agricultural sector. The former is housed in the

rural area and the latter is in the urban area.?

2See, e.g., Tombe and Zhu (2019).
3Such production structure follows Tombe and Zhu (2019).
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Home output

Production of both the agricultural and non-agricultural goods Yg,; and Y, require both
skilled and unskilled labor working in those two sectors. The output of each sector is Y}, =
Z;4lSja)" L) ", where j = ag,na. S;,; is total skilled labor in sector j, L;, is total
unskilled labor in sector j, Z;; is sector-specific productivity. 7; is the sector specific cost
share of skilled labor, and more specifically, production of the non-agricultural good is more
skill-intensive than the agricultural good: 7,, > 744. Since there is no heterogeneity in
worker productivity within one type of labor, all unskilled workers are paid the same wage

w L

5+ and all skilled workers are paid wj, in the same sector j.

Relative labor demand can be described by the following condition:

S
wie m Ly

l Q.
it 1 —1n; S

which indicates that relative demand for labor is independent of sectoral productivity
and is solely determined by the relative wages paid in that sector. The condition implies
that the ratio of the skilled real wage to the unskilled real wage in sector j is equal to the
ratio of the marginal contribution of each type of labor input into producing one extra unit

of output.

Urban area tradable sector

The urban area produces non-agricultural industrialized goods, which are tradable. Produc-
tion of the non-agricultural goods takes the form of Y,u: = Znat[Snat)®*[Lnas) . The
price for non-agricultural goods produced at home is equal to marginal cost of production,

» _ (wim,t)ﬂna (w'lna,t)ﬂna
na,t Znat

, where w;, , is the real wage paid for skilled workers and wl,, , is
the real wage paid for unskilled workers in the agricultural sector.
The home non-agricultural good is used both domestically and abroad: Y.+ = Y00t +

Y*

o ht» Where Yy, 5, denotes the domestic use of the home non-agricultural good, and Y," , ,

denotes exports to the foreign country. Consumption basket of the non-agricultural goods
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are composites of the home and foreign goods:

p—=1 1

1 p=1 1 m
Cna,t = [w” (Yna,h,t) S (1 —QJ)“ (Yna,f,t> " s

where Y, ¢+ denotes the imports of home from foreign.

The demand functions for the home and foreign non-agricultural goods are:
Yna,h,t =w (pna,h,t)_'u Cna,ta and

Yna,f,t = (1 - CU) (pn(hf,tTQt)iu Cna,ty

where ppope and ppe r+Q¢ are the prices of the home and foreign non-agricultural goods

expressed in units of the home consumption basket. Thus, the demand ratios for domestic use

. YooYy
and exports is; ———reht = & (p—pn;f@tﬂ
na,f,

—p
o T > . Set the price index for the non-agricultural

good in the home country to be numeraire: 1 = w (p,w’hvt)k“ +(1-w) (pna,f,t)k“.

Rural area non-tradable sector

The rural area specializes in production of agricultural goods and are consumed by the

domestic household, thus are non-tradable. The output of the agricultural sector: Yg,; =

_ (wtslg,t)ﬁag (wlug,t)ﬁag
- Za,g,t

ZagitlSagt)?* [Lags]'~P»s. The price for agricultural goods, P, , where
l

w ag?

, 1s the real wage paid for skilled workers and w,, , is the real wage paid for unskilled

S
ag,

workers in the rural area.

3.2.2 Home households

Each economy consists of one large representative household, which maximizes the presented

discounted value of utility function:

Ey

= s—t C’sl_’y
S (7))

s=t

where 8 € (0,1) is the subjective discount factor, C; is aggregate consumption, and

~v > 0 is the inverse of the inter-temporal elasticity of substitution. Following Andolfatto
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(1996), Merz (1995) and much of the subsequent literature, I assume that all workers in
the home country are members of this large household which pool income. This implies the
distribution of labor income can be ignored for consumption decision. The budget constraint

the household faces is:

FLi+ 7S+ (L +1)Be+ (1 +7)Boy + Ty = Oy + Byy1 + QB + ngﬂ +

£
§Qth,t+1-
The household spends its income on purchases of international risk-free real home bonds
and foreign bonds denominated in the home currency B4, and B, ;1. Following Turnovsky
(1985), the assumption of bond holding adjustment is made. The cost of adjusting home
bond is ngH and the cost of adjusting foreign bond is %Qth,t 41 where £ is a scalar. The
household obtains income from interest on its holdings of home bonds (1 + r;) B, and foreign

bonds (1 + r})B,;, where r; (r}) is the rate of return of home (foreign) bonds. @Q; = Pj;:t

is the consumption based real exchange rate where ¢; is the nominal exchange rate. The
household also receives total net labor income 7! and 7 from supplying unskilled and skilled
labor. 7! is the average net labor income of unskilled workers, 7 is the average net labor
income of skilled workers, which are to be discussed in details in section 3.2.4. In equilibrium,
T = (£/2) (B + QB 1)

The Euler equations for home bond holdings and foreign bond holdings are:
Ci1)
Ct
(Qm) ( ,:*+1>_7
Q: Ct

The consumption basket C; aggregates the agricultural consumption goods Cg,; and

1+€Bt+l :ﬁ(1+rt+1)Et ,and

14+&B 1 =7 (1 + 7’;_1) By

non-agricultural consumption goods Cy,; in Cobb-Douglas fashion:
Ct - (Cag,t)a(cna,t)l_aa

which comprises consumption of non-tradable agricultural goods C,,: and tradable non-

agricultural goods Cy,;. « is the share of agricultural good in the consumption basket.
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From household’s expenditure minimization problem, relative demand functions for the two

goods follow as:

P,
Cogt = @ L C;, and
ag,t
I
Chat = (1 — Cy.
! ( (y)]?naﬁ !

« -«
The consumer price index is: P, = (%’5) (ﬁ) . No investment demand exists in this

version of the model. By definition, Cyy¢ = Y,4. The consumption basket of non-agricultural

B p=1

good has been defined in section 3.2.1 as Cjpr = [w% (Ym,h,t)Tl +(1- w)i (Yoaft) © L

3.2.3 Home rural workers’ migration decision

Each worker is registered to either an agricultural or a non-agricultural hukou. There are
Ena’t unskilled workers and S’m’t skilled workers with hukou in the urban area, and -Z/ag,t
unskilled workers and gaw skilled workers with hukou in the rural area. Rural workers
can choose to move to the city, but doing so implies a positive migration cost, which is
represented by a common cost variable X; that all skilled and unskilled migrant workers face
and an idiosyncratic €' € [1,00) (i = [,s). Skilled rural workers draw their migration cost
e® from a common distribution G(g*), and unskilled rural workers draw their cost &' from a
different distribution G'(¢'). The migration cost can be interpreted similarly as iceberg trade

%

cost. When rural workers move to the city, a certain portion of their value

(1=1,s)in
the city “melts” away, so that % is left. When there is a negative migration cost shock
t€
that lowers X;, migrant workers’ value of working in the city increases. Since skilled and
unskilled rural workers face similar rural to urban mobility decisions, it suffices to describe
the decision of rural unskilled workers. Analogous equations hold for skilled workers in the
rural area. Migration costs are flow costs that workers incur in each period that they work
as migrant worker in the city. Following the same spirit of Tombe and Zhu (2019), migration

cost is modeled as ongoing cost rather than sunk cost because of the recurring nature of

costs that migrants in China have to pay working in the city under the unique hukou system
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(e.g. restricted access to local educational and medical resources, social welfare, employment
benefits, etc).
An unskilled rural worker decides to migrate to the city if the net labor income earned

in the non-agricultural sector (wage income subject to migration cost) is higher than the

wna,t

Xt&‘l

na,t

labor income earned from staying at the agricultural sector in the rural area: > wflg.

Define rural workers’ net labor income as 7, then the migration decision can be rewritten
V2

as: Tpat > Tagt- 1f the worker chooses to migrate to work in the non-agricultural sector in

l
the urban area, he needs to pay the migration cost ' that he drew. Thus, 7t , = ——net

na,t Xt‘eim t '
)

However, if he decides to remain in the rural area, he would not pay such cost, earning full

wage rate at the agricultural sector: my,; = wég.
Every period, the rural worker with idiosyncratic migration cost level € compares the

net return of remaining working in the rural area and that of moving to the city to work in

l
wna,t

he would
thgn,a,t ’

the non-agricultural sector. Given the migration cost he faces, If wflgi >

decide to remain in the rural area and continue to work in the agricultural sector because it

pays more than the non-agricultural wage discounted by the specific migration cost he needs

!

wna,t !
Xel > wag ’

na,t

to pay. However, if he chooses to become a migrant worker and works in the
non-agricultural sector in the city. In the next period, if the worker still finds it pays out
more to continue to be a migrant worker, he still needs to pay the cost '. Since there is no
sunk cost of migration, and that per-period migration cost €' works like a flow cost that rural
workers need to pay whenever they choose to be migrant workers working in the urban area,
workers’ migration decision is merely a static decision. It is a decision that workers make

every period, evaluating the net payoffs of working in the two areas in the current period.

A threshold, 2!, for which a worker is indifferent between moving and not moving to

l l

: . |
the city can be defined as: & = «; (wna,t — Wy

). Share of different categories of unskilled

workers can be pinned down by &

. Rural unskilled workers with idiosyncratic migration
cost below the threshold will self select into migration whereas those with cost above the
threshold will find net labor income earned in the city lower than that in the rural area and

therefore choose to stay.
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The migration cost cutoff € responds to fluctuations in the relative cost of labor across
regions, and thus affects migration flow and labor supply in the rural area and the urban
area. When there are exogenous shocks that change the payoffs (wages) in the two regions,
the migration cutoff will be affected. For any given level of rural-worker-specific migration
cost, a relatively higher wage in the city implies higher net labor income, and therefore leads
to a larger fraction of migrant workers in equilibrium. For instance, if there is a positive
productivity shock happening in the non-agricultural sector which increases Z,,;, wages in
the urban non-agricultural sector w,,, rises, increasing the cost cutoff .. It makes more rural
workers to find it more profitable to work in the city, leading to a larger wave of rural to
urban migration.

In equilibrium, the existence of productivity cutoff &\ requires a cross-country asymme-
try in the cost of effective labor, which ensures that some of the rural workers have an
incentive to work in the city. To illustrate this point, fig.3.4 plots the two sets of net la-

bor income for unskilled rural workers as functions of the idiosyncratic migration cost &'

l
l ! J— wna,t

. . l _ .
over the support interval [g,n,00), With 7, = W, T, = ~ o The net income func-

ag,t
tion from migrating is steeper than the net income function from staying in the countryside

l
wna,t

slope{n, ,} > slope{,,} as () > (. Therefore, to ensure that the cost cutoff Zl exists in

l

ag’

which implies that w22t > w!

l
equilibrium, the net payoff at ¢,,;, must be greater than w T

at all times. Same applies to g}, the condition that ;”—‘” > w,, must be satisfied. The
tE€min

model calibration and the magnitude of exogenous shocks ensure that these conditions are

satisfied every period. The graph visually shows that becoming a migrant worker generates

larger net payoff than remaining in the rural area for the subset of workers with idiosyncratic

cost €' in the interval (&,n, ).
3.2.4 Worker averages and distributions

Assume the worker-specific labor migration cost for skilled workers € are random draws
from a common Pareto distribution G(e®) with density g(¢®). Therefore, migrant workers

are heterogeneous in the sense that they face heterogeneous costs of migration. All the
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information about G(e¢®) that is relevant for aggregate outcomes can be summarized by
means of average cost levels, as in average productivity levels in Melitz (2003). The average
cost level for workers whose migration cost fall below the threshold can be defined as: &, , =

[@ j (51)_1 g(sl)dsl] . The average net labor income for unskilled rural migrant worker
t min

l
3 ~1 _ [ ~l _ wna,t .
IS Ty = Ty (5m7t) = X whereas the average net labor income for rural workers who
choose to remain in the rural area is Wégt = wégt. For urban workers who do not face

the mobility decision, their net labor income is just their wage income working in the non-

l

nat- Lhe intuitions for the net labor income for these three types

agricultural sector 7 w

iza,t =
of workers (Lyqy, Lags and Ly, ;) are the following: because of the assumption that there
is no heterogeneity across unskilled workers with urban hukou, native unskilled workers in
the urban area all face the same wage. Similarly, for unskilled workers in the rural area
who choose to stay in the rural area, they do not pay the actual migration costs and are
thus ex-post homogeneous. Therefore, they are also paid the same wage. For rural migrant
workers, they are paid the same wage rate as the native unskilled workers with urban hukou,
which means they are ex-post homogeneous too in terms of the wage they are paid. However,
since they paid the migration cost when they selected into moving to work in the urban area,
their net labor income are different though since the migration costs are idiosyncratic.
Every period, after rural workers make their migration decision and pay corresponding
costs if they choose to move to the city, there will be L,,; workers working in the rural area
and L,,; workers working in the urban area, with Loy, = Z)ag’t — Ly and Ly, = Z)na,t—i-Lm’t.
Average worker return is expressed as the average between net labor income earned by

workers working in the urban area and those working in the rural area, weighted by the

share of these different workers:

ﬁ'l _ Lna,t ﬁ.l Lag,t ﬁ.l
t na,t ag,t’
Ly Ly
where #l = —fmat gl Imt  glooanq gl — gl Since Lyt = Lnat 4 Ly, and
nat = TpaitLmi 7t T Lpa it Lmg Mot agt — %ag,t* na,t — Hna,t m,ty
_ i _ I
Logt = Lagt — Ly, average worker net labor income can be expressed as 7l = }:‘zt w,fm,t +

Lm,t ~1 Lag,thm,t, l _ [_/nu,,t l [_/
Ly Wm,t + L; ag,t = I wna,t +

ag,t l Lm,t ~1 _ l
L¢ wag,t+ Ly (Wm,t wag,t)'
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The distribution of workers can be written as the following: {“Ltt = G(&) and M =1-
ag, ag,t

G(&}). This implies that L’" t = émi E}j‘t = G(&)) =t L“g L. If the migration cost distributions are
ag,

assumed to be exponential Wlth rate parameter A, then Lm t=G(E) = (&?t) . Substituting
g,t

the distribution information and the expression of the Share of unskilled migrant workers out

of total unskilled labor supply into the average net unskilled labor income: 7! = Lna. wﬁla’t +

Ly
L, I\ La ~
Li ‘W agt + G( l) gtt (ﬂ-?ln,t o w‘llg:t)'

The average cutoffs for rural workers who choose to migrate are:

y k +1 r (E—l)k"rl N (Smin)k+1

& = —&min€
t L min k (Emm)k )

(&)

. k +1 . (53)k+1 _ (5min)k+1
€t - k Emin —\k k
(5 ) - (5min)

Therefore, average worker return can be expressed as the following equation:

_ — I _
L L —k\ W L —k

~1 na,t | ag,t < _ ) na,t ag,t (] 1

T, = —W + = 1-— (¢ + = (€ w .

t t X, & [ t

3.2.5 Foreign households and output

The foreign economy also produces agricultural goods and non-agricultural goods, the former
sector being non-tradable and the latter being tradable. Rural to urban migration is not
modeled in foreign, so that there is no between sector migration occurring. The foreign non-
agricultural good is also used both domestically and abroad: Y7, = Y7, », + Y7 ,,, where

a.f denotes the use of the foreign non-agricultural good by foreign households, and Y7, ,

denotes exports to the home country. The foreign non-agricultural tradable consumption

basket is:

* * 7¢
p—1 pr=1 | p*-1

Croe = | (@)% (Vi) ™ 4+ (=)o (Vi) ™ ,

where Y7 ., denotes foreign domestic the foreign country’s domestic use of the foreign
non-agricultural good and Y7, , denotes the exports of home to foreign. The demand

functions for the home and foreign non-agricultural goods are Y, ;= w* (Pna,st) - Crat
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and Yy, = (1= w") (Prane/Q:) " Cryyy where are the prices of the home and for-
eign non-agricultural goods expressed in units of the foreign consumption basket. There-

fore, the demand ratios for domestic use in the foreign country and exports to the home

: Yr);a fit w* Pna,f tQt H . 3 .
country is: L = =L . The price index for the non-agricultural good

Yot 1=w* \ Pna,htT"

in the foreign country is also normalized to be numeraire, and it can be expressed as:

1 = W* (pna,f,t)l_u* + (1 - W*> (pna,h,tT*/Qt)l_u*-

Budget constraint for foreign household is:

S
2

-1 12 § 2
Qt B*,t+1+_B:,t+1a

FELr 75 SE - (1+1) B + (L+7) By + T = Cf+Qy ' Bfy + Bl + 5

where Bjis Foreign holdings of Home bonds and B, is Foreign holdings of Foreign bonds.

3.2.6 Aggregate accounting and balanced trade

The change in net foreign assets between ¢ and ¢ + 1 is determined by the current account:
Biy1 — B+ Qi (Biyy1 — Bot) = CA = pna,hT*Y;mh — DPra, 14 TQtYna,ft + 14 By,

where py. . 7Y — PraaTQtYna e = TBg is the trade balance, which is characterized
by total exports minus imports expressed in units of the home consumptions basket. Bond
market clearing implies Byyy + By, = 0 and B, ;1 + B} ;,; = 0. Under financial autarky,

trade is balanced, which implies ppo ,7*Y,), ), = Pna, FaT QY na 1

3.2.7 Measures of wage inequality
Definition of wage inequality measures:

Since the goal of this paper is to analyze the effect of China’s trade liberalization and migra-
tion policy change on wage inequality, this section define a set of wage inequality measures.
There are three measures of inequality that one can study under the framework of this model:
within-area or within-sector skill premium, country-level skill premium, urban to rural wage

inequality. Derivations are in the appendix.
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First, within-sector skill premium is straightforward to measure:

S
Wag,t Nag  Lagyt
= and
wh 1-— Soat’
ag.t Nag Pag,t
S
Wt _ Tna L’let

7 = .
wnaﬂf - Mna Sna,t

Second, country-level skill premium is by definition Z—tj, the ratio of skilled wage over

t
unskilled wage at the aggregate level. Skilled wage wy is the weighted average of skilled wage
in the non-agricultural sector and that in the agricultural sector, weighted by corresponding

labor share, similarly for unskilled wage w':

s Sna,t s Sag,t s d
Wy = S« na,t + S’ wag ¢, an
0 _ Lnat Lagt
w +
t L na,t I/t ag,t-

Third, one can also calculate urban to rural wage inequality, which is the wage difference

between the average wage at the non-agricultural sector and that at the agricultural sector

Z“—"’:, where rural wage and urban wage are defined by:
ag,
w . Lna,t wl + na,t ws and
na,t — na,t na,t’
Lna,t + Sna,t Lna,t + Sna,t
agyt l ag7t S
Wogt = Wy + ————=—W
) g,t ag,t
Lagt + Sagt Lagt + Sag,t

Ezxpression of wage inequality measures:

This section expresses wage inequality measures using other equations described in the the-
oretical model.

Sector-level skill premium:

Since the share of migrant workers out of total agricultural labor endowment is a function
of migration cost cutoffs for skilled and unskilled labor, skill premium in the rural area (the

agricultural sector) is derived as:
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Similarly, skill premium in the urban area (the non-agricultural sector) can be obtained
as: ) N
Whay  Fmat (1 ~ (=) ) Lag 1,4

7 = — - — — .
Uﬁna,t Sna,t + (1 _ (6—%@) k) Sag 1 Tha

The sector-level skill premium at period ¢ depends on one endogenous variable: the

migration cost cutoffs for skilled migrant workers and unskilled migrant workers & and &.
In other words, skill premium within each region depends on the fraction of skilled workers
who choose to move and the fraction of unskilled workers who decide to move, which are
pinned down by other aggregate variables in the economy.

Country-level skill premium:

After substituting labor demand functions in terms of skilled wage and unskilled wage in

the two sectors, country-level skill premium can be expressed as:

Yna,tpna,h,t

wf _ nna Yag,tPag,t ™ 7]ag E
[ Yna,tPna,t Q-

w _ na,tdna, _ S
t (1 = Nna) Yoy Paey T (1 —14q) | St

The above equation means that at the aggregate level, skill premium only depends on

one endogenous variables: the ratio of revenue in the urban area non-agricultural sector

wf
. : Yna,tPna,t : Wy
over that in the rural area agricultural sector Ve Pass Since Vo Pt > 0 as Nna > Nags
Yag,tPag,t

the conclusion that country-level skill premium rises can be easily obtained. Proof is in the
appendix.

Urban-rural wage inequality:

wna,t o Yna,tPna,t Lag,t + Sag,t

wag,t Yag,tPag,t Lna,t + Sna,t

This implies that urban-rural wage inequality is determined by two forces: ratio of output

Yna,t

Vit and the ratio of total labor working in the rural area over the total

in these two areas

Lag,t+Sag,t

. These two forces work in opposite
Lna,t"l‘sna,t

mass of labor working in the urban area
directions.
The amount of labor working in the agricultural sector L,,; and S, equal the total

rural labor endowment Eag,t and S'QN subtracted by the migrant workers L,,; and S, ;.
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Similarly, the mass of labor working in the non-agricultural sector L,,; and S,,; are urban
labor endowment plus the migration flow. Therefore, urban to rural wage inequality can also

be written as:

wna,t _ Yna,tpna,t {_/ag,t + Sag,t - (Lm,t + Sm,t)
wag,t Yag,tpag,t Lna,t + Sna,t + (Lm,t + Sm,t)
Yna,tpna,t Eag (él)ik + Sag (gl>7k

YagiPag,t Lpa + Spa + ((1 — (8_1)_k> Loy + (1 - (5_5)_k> SYag) |

Therefore, changes in urban-rural wage inequality depends on change in the ratio of non-

Yna,t

agricultural to agricultural output =
ag,

, as well as changes in the number of total migrant
workers Ly, s + Sy .

Derived equations for these three different measures of wage inequality delineate a very
interesting phenomenon for inequality. When migration cost is lowered, at the aggregate
level, it is straightforward to conclude that skill premium rises as migration into the city
increases relative output in the urban area. However, it might not be the case if we dig
deeper than the aggregate level and look at skill premium within the urban area and that
within the rural area, as well as urban to rural wage inequality. Exogenous shocks may lead

to increase or decrease in urban-rural inequality and within-sector wage inequality.

3.3 Long-run effects and adjustment to policy changes in trade liberalization
and migration

3.3.1 Steady state analysis

In the steady state, migration cost cutoffs satisfy:

L 1(-n)-a) ()

= _ —
X (1_77119)@ %Z—Z—Fl— (&?l)

s 1 77na<1 - Oé) (és)ik
g == 3 —
X Nag® 'gﬁ +1-— (€S>

—k°

These two equations imply that in the steady state, migration cost cutoff for unskilled

workers & depends only on common migration cost shock X, ratio of skilled cost share in
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production %, relative share of non-agricultural good to agricultural good in the aggregate
ag

consumption basket 1?7“ and ratio of urban to rural unskilled endowment % Similarly,
ag

migration cost cutoff for skilled workers &° depends only on common migration cost shock X,

ratio of skilled cost share in production ;ﬂ and ratio of urban to rural unskilled endowment

ag

dne - Once we obtain & and &', migration flow L,, and S, are also derived. Because there is

Sag

no closed form solution for £% and &, fig 3.4 plots the relationship between cost cutoff & and
common migration cost shock X with plausible values of other variables. The two variables
are negatively correlated: the lower the common cost level X, the higher the cost cutoff of
migration. This is rather intuitive because lower cost of migration allows more rural workers
to find working in the city generating more net income. Thus, when there is a reduction in
the common migration cost, the cutoffs for skilled and unskilled workers rise and more rural
workers find it profitable to leave their hukou location and work in the city, increasing the
migration flows L,, and .S,,.

The three measures of wage inequality in the steady state are also obtained as the fol-

lowing. First, skill premium in the agricultural sector and that in the non-agricultural sector

are:
N A AN
Wag,t — _lg Lag (5l) and wza’t: MIna fa (1 (6) ) feg
wég»t 1 = Nag Sag (g_s)_k wiﬁ‘%t L= 7ag gna + (1 o (58)_k> gag
Within sector skill premium % depends on the sector level endowment ratio -gl and sector
J J

5

specific ratio of skilled to unskilled cost share in the production function o
J

and equilibrium

migration cost cutoffs £ and & for skilled and unskilled rural workers, which are shown above.

Second, urban to rural wage inequality does not depend on depends on 7;, but only
11—«

depends on —=, endowments L, Eag, Sha, Sag and cutoffs £, &, as the following:

W _1—a Log (&) " + 5 ()"
Weg O Loyt St (1= (@) g+ (1- (297) Buy)

Third, country level skill premium is:

w_s _ ( nna% + Nag )
w! (1 = Mna) I?Ta + (1 = ag)

Wil &
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This means that in the steady state, country level skill premium is pinned down by only

the unskilled to skilled endowment ratio %’ cost share in the production function 7,4, 744
and relative share of non-agricultural good to agricultural good in the aggregate consumption

basket ITTO‘

3.3.2 Calibration

This section describes the parametrization of the model that I use for numerical simulations.
Following the practice of Ghironi and Melitz (2005), each period is interpreted as a quarter.
The household discount rate set to 0.99, which is the standard value for business cycle
models at quarterly frequency. The parameters of the Pareto distribution are set to £,,;, = 1
and k = 2, respectively. Share of domestic non-agricultural good in total non-agricultural
consumption in Home and Foreign are w = 0.75 and w* = 0.85, allowing for slightly more
trade openness for the foreign economy than home. Share of non-agricultural consumption
in total consumption basket is o = 0.6.

Iceberg trade costs are calibrated to deliver an average share of US manufacturing trade
with China in US manufacturing value added of 6% during 1988-2000 (the pre-liberalization
period) and 25% during 2001-20013 (the post-liberalization period). Assuming symmetric
trade costs, this share implies trade costs of 7 = 7 = 1.5 before liberalization and 7 = 7" =
1.1 after that. The policy-controlled migration cost X, is also calibrated to match with a share
of migrant workers in rural workers from 6% to 27.8% from 1995 to 2007. Productivity shock
in the non-agricultural sector is modeled as an AR(1) process with persistence parameter
p=0.9.

Using the CHIP surveys in rural households and urban households, during the whole
sample period of 1988-2013, the share of endowed skilled workers in total endowed workers
57/ (57 + L7) is roughly 4.572% in the rural area and 38.6% in the urban area. In the U.S.,
the share of skilled to total workers is 31%, according to Burstein and Vogel (2017). Because
there is no rural to urban migration modeled in the foreign country, I assume the rural area

and the urban area has the same share of skilled workers endowment.



119

3.3.3 Dynamic adjustment, impulse responses

Migration cost shock Fig.3.4 plots the impulse responses of macroeconomics and labor
market variables following a negative migration cost shock. Migration cost cutoffs increase,

leading to increase in both skilled and unskilled migration. Unskilled workers’ wage in
l

nat Zoes down as there are more unskilled workers working

the non-agricultural sector w

the urban non-agricultural sector. Increase of unskilled migration exceeds that of skilled

L l(M

migration. Since ppgn: = T Wnat \ Fretons

Tna
) , price of domestic non-agricultural
good decreases, giving rise to more exports. On the contrary, both skilled and unskilled

wage in the rural area increases due to a lower level of total labor remaining there. As

a consequence, price of agricultural good increases as pog; = 3 (}_ )wég,t (gagigm,tyag,
ag,t Nag ag m,t
Exports and imports both increase. The share of sectoral goods in the home aggregate
consumption basket changes due to lowering of p,,n: and rise of p,g:: consumption of
agricultural good C,,; shrinks whereas consumption of non-agricultural good C,,, ; expands.
In terms of wage inequality, with more workers reallocating from the rural area to the urban
area increasing the relative labor supply in the urban area, urban to rural wage inequality
decreases. However, skill premium in both the urban area and the rural area, as well as the
aggregate level increase. In the urban area, skill premium increases as urban skilled wage
rises but urban unskilled wage decreases. Skill premium in the rural area escalates because
the rise of rural skilled wage far exceeds that of rural unskilled wage. Real exchange rate

depreciates as the price of home non-agricultural good decreases and the price of foreign

non-agricultural good increases.

Trade cost shock Fig.3.4 shows the effect of trade cost reduction on the labor market
and macroeconomic dimension. A decline in the trade cost of home exports 7* lowers the price
of exports ppqni7*/Q+, boosting foreign demand for home non-agricultural exports. Real
exchange rate depreciates. As the demand for labor in the non-agricultural sector builds up,
wages of skilled and unskilled workers in that sector climb up too. Therefore, migration cost

cutoffs increase, generating larger migration flow into the non-agricultural sector. Meanwhile,
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with diminished labor supply in the agricultural sector, skilled and unskilled wage in the rural
area also go up, putting upward pressure on the price of agricultural good as well. Thus,
wages of skilled and unskilled workers in both the urban area and the rural area increase.
Urban to rural wage inequality expands because wage increments in the urban area more
than offsets that in the rural area. Sectoral skill premium and country-level skill premium
widen.

Productivity shock in the non-agricultural sector As described in section3.3.2, pro-
ductivity shock in the non-agricultural sector follows an autoregressive process with degree
1: logZna 41 = plogZye + &, where p = 0.9. Fig.3.4 plots the impulse responses of vari-
ables following a positive productivity shock. A positive non-agricultural sector productivity
shock increases migration cutoffs for rural skilled and unskilled workers through increasing
wages in the non-agricultural sector, making migration more rewarding. All three measures
of wage inequality rises. Urban-rural wage gap broadens because productivity growth in
the urban area boosts the relative wages compared to the rural area. Skill premium in the
sector level and aggregate level all go up. Productivity growth in the non-agricultural sector
lowers the marginal cost of production, tapering price of the non-agricultural good produced
at home py, ¢+ Meanwhile, it contracts the agricultural sector, leading to less demand of
labor in production of the agricultural good and thus a downward pressure on wages in the
agricultural sector. Therefore, there will be a fall in the price p,,:. Both agricultural con-
sumption and non-agricultural consumption increase due to a double lowering of the prices
Prah,t a0d Dggy. Rural skilled wage climbs up because the effect of a weakened labor supply
on wage outweighs that of a suppressed labor demand. However, the opposite is true for

rural unskilled wage, leading to a reduction in rural unskilled wage.
3.4 Conclusion

This paper examines the effects of China’s domestic migration policy change and trade
liberalization on wage inequality in China using a dynamic general equilibrium model of

international trade and internal migration across regions. Calibrating the changes in policy-
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generated migration cost reduction and trade cost decline, as well as productivity increase in
the tradable sector, this paper analyzes the responses of different measures of wage inequality
and other macroeconomics variables following these shocks.

All these three exogenous changes are associated with rise in urban to rural wage in-
equality, sectoral skill premium and aggregate-level skill premium, with the exception that
easing of migration restriction lead to lowering of urban-rural wage inequality. However,
the channels leading to the outcomes are different across the three scenarios. Under all of
these scenarios, there is simultaneous rise in migration and exports. Curtailing migration
cost affects variables by changing the relative payoffs across sectors, increases migration cost
cutoff for both unskilled and skilled rural workers. Price of domestic non-agricultural good
decreases due to lower cost of production, giving rise to more exports. Trade cost reduction
affects wages by lowering the price of home exports and thus boosting demand for home
non-agricultural exports. As wages of skilled and unskilled workers in that sector climb up,
migration cost cutoffs increase, generating larger migration flow into the non-agricultural
sector. A positive non-agricultural sector productivity shock increases migration cutoffs for
rural skilled and unskilled workers through increasing wages in the non-agricultural sector,
making migration more rewarding. Meanwhile, productivity growth in the non-agricultural
sector lowers the marginal cost of production, contributing to lower price of exports.

The findings in this paper has important policy implications. It shows that easing of
migration restriction and trade barriers both encourage rural to urban migration and help
with export surge. However, both of these two policies, one domestic one international, have
distributional consequences on the skill premium as they broaden skill premium in both the

non-agricultural sector and the agricultural sector.



Table 3.1: Employment and wage in China, 1995-2007

1995 2007  %1995-2007 % per annum

Millions

Rural areas labor force 490 476 -2.9 -0.03
Urban areas labor force 196 325 66.8 4.43
Rural-urban migrants stock 30 132 340 13.14

Yuan per annum, average (1995 prices)

Urban real wage 5,348 19,904 272.2 11.16

Rural real income per capita 1,578 3,289 108.4 6.31

Source: China’s National Bureau of Statistics
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Figure 3.1: Existence of the migration cost cutoff.
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Figure 3.2: Migration cost cutoff as a function of common cost shock.
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Table 3.2: Summary of model equations, financial autarky
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a negative trade cost shock 7/, under financial autarky.
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Fig 3.5: This figure shows the impulse response functions of variables in the home country follow-

ing a positive productivity shock in the non-agricultural sector in the urban area under financial

autarky:.
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Appendix A

MULTINATIONAL FIRMS’ SOURCING DECISION AND
WAGE INEQUALITY: A DYNAMIC ANALYSIS

1. Autarky equilibrium

From the entry condition,

wy Wp,

)

l—« a

0= fe( ).
According to the Euler Equation for stocks, in the steady state, the following expression also

holds:
B(1—9) i
- pL-0)"

Combining these two conditions, the average firm profit can be written as:

i-r(s25) () s =

U=

Meanwhile, from the aggregate price index equation:

1

p= N,

According to the average profit expression d = %pl_oC and average productivity zZp =

(b)) "
1-9 (1-a)(1-6) a(1-9)
s i “ (=) e (A.2)
f—1 k—0+1 1—« «

1) and Eq. (A.2), the following equation can be derived:

(17a)0 a0 1 (g \'"' k B(1 - 9)
wq Wp,
(1—a) (E) T 10 (ﬁ) (k:—9+1) 1—5(1—5)0‘

Meanwhile, the average number of high-skilled workers hired by firms is the following:
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1
~ k—0+1\o1 a w\ ",
hp =|——— — C.
i ( k ) (1 - wh) ’
The labor market clearing condition for high-skilled labor follows as:
0\ (k—6+1 wy N w61 B(1 - 6) 5
H=|—— — . [(0—1 .
(e—1> ( k )(1—a> (%) f{( )1—5(1—5)+1—5}

Rearranging the equation above,

w01 (k—0+1\TT (LT o a1 §(1-0) 5 1T
—a 9( k ) (E) Lo e {(9 D )+1—5} ‘

Therefore,

=0 {552 () (2) o om0+ 5]

w=a{t () (1) s o2 )

Besides the factor endowment, only f. changes wage. If f. decreases, both low-skilled and

high-skilled wage w;, wy, increase.
The following part derives the wage ratio of home low-skilled over foreign low-skilled.

The average number of low-skilled workers hired by firms is the following:

_(k=0+1 = a w\ ",
ZD( k ) (1—awh) e
Labor market clearing for low-skilled endowment is:
0\ (k-6+1 (1)t af 1-36 §
p- (2 1) (e () g o -0 2020
-1 k l—«a a 1—-p(1=¢9) 1-9§

Let p= (0 — 1)% + 2, it follows that

1 o 1 1
5 0 k—0+1\71 [ w )(L)O‘ (H)G—l 1(1>9—1 o m(1>@—1

= — = | — o1 = Ho-1],o-1 .
g 9—1( k ) (1—a H L fife [ fe

Combining the equation of N = 5!, the number of firms can be written as:

H “ 1 l—a ryo 1
N:<f> L(ufe):L " (ufe)'
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Consumption can be expressed as:

B k—0+1\T7 (H\TT o 15 1571 B(1-0)
c-o-n () (1) e

Combining with the equation d= %%, the following expression for average profit can be
derived:
~ 0— k 1,22 4 1—p5(1-9)
d= —— - 69*1 P S
0 ~( s AR G T w5

Using the equation v = %5, the average firm value v follows as :

GOk NTEOENTT (e
YT \k—a+1 L )R

. . . . *
Since the ratio of endowments are proportional to wage ratios as % =W _a and &L =
wp, 1—a L

Al

= hlm

Z—Z%, the wage ratio for low-skilled workers across home and foreign country is the following:
h

w, L H* w L*fe 1 L* et H* a0 fe* 1
()71 (%)

)%

_ = 1—-0 — (— ) 6— 60— 0—
o = (7)™ (Lfe) () ) )
2. Offshoring equilibrium
Denote the average firm profit under the offshoring scenario as dOFF,
~ N N
dOFF = ZDg, + =Yg,
NPT NY
= (1= 2")dp + (27%)dy.
It follows that
- 1, 0 k w 2k 1) wy wp,
JOFF _ — 1-6 I \1—a)(1-0) a(1-9) ; I \l—a/%h
=1 oo =d (et A s

which yields the following relationship between average firm profit under offshoring and that

under autarky:

—k *
oFF _ jauT | %o (0 —1) Wi \1—a;Whya
r gty 2O ey
In the steady state, N, = 2N and 0 = f(7%)'*(“2)®, which implies that:
1-9) -
v=0(1-9)(d+7v)= el ) d
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Since Nd = Npdp + chiv, it follows that

1-80-0), _ 1 Np - | Ny -
6(1—6) Je = (fﬁla)l—a(%)a[ N dp + Ndv]
- el = O+ ()

The existence of offshoring cutoff The offshoring productivity cutoff is defined by
setting dp(z,) = dy(2,), which is:

)a]1‘90=§[9f1§0<17i>1‘a< 00— (e

1 0 1 wy 1—a,Wh o
5[0—12_0(1—04) (a )%

@ 1 -« «
The cutoff z, can then be expressed as the following:

fv9 ﬁ 0 Wp,

(—

) ’LUZ* H (Twl*)(l—a)(l—e) _ wl(l—a)(l—e) )
C f—1" «

1-6

)979<1 —O./) - [ (1 _a)(1—a)(1—9) ]f

2o = (

In order for z, > 0 to hold, the condition (7w;)!=®0=0) — ¢ (1=2)1=0) > ( needs to be
satisfied, which implies 7w; < w;. From this equation, it is easy to observe that both a

decrease in f, and 7 lowers the productivity cutoff z,.

Slope of profits for a firm with productivity z The profit for domestically producing
the low-skilled task and that for offshoring the low-skilled task for firm with productivity

level z are expressed as the following two equations:

10(2) = 3 ) O O P and
4,(2) = (g (Lo (B0t (e (e
The slope of d,(z) is steeper than dp(z) since (Tw;)' =% > w;~°.
Average profits of domestic production and offshoring
o= My ey ee T g
4= (o Ty (Mg 9te B g (e
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The linkage between profits of the two production strategies thus follows:

- k1 1 x
i = Z J 0 £ w,

Wp,
z5*9+1—1D+k—9+1 a

)

11—« Q

)Oé
It is easy to note that d, > dp.

Decline in fixed offshoring cost

A decline in fixed offshoring cost has very similar effects as the decline in iceberg trade cost.
They both serve as cost savings for offshoring firms on the one hand and offshoring cutoff
lowering on the other. From firms’ profit side, a lowering of the fixed offshoring cost increases
their profits, encouraging more firms to offshore (shifting down the OFE-schedule). Since
firms pay the fixed offshoring cost in terns of effective labor units — f, (%)<, the fixed cost

of offshoring also show up in the factor market clearing equations. Lowering of the f, also

shifts down the FMC-schedule the same way as the iceberg trade cost does.
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Figure A.1: Impulse responses of key variables following a reduction in fixed offshoring cost

in the home country.
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Appendix B

OFFSHORING, FIRM-LEVEL ADJUSTMENT, AND LABOR
MARKET OUTCOMES

B.1 Data Description

Here we describe in detail the variables used in the VAR part of the main paper.

Tariffs.

In the VAR, I use tariff data from the World Bank WDI (World Development Indicator)
Database as the baseline measure of trade cost reduction that allows for easier offshoring in
China.

UN-WITS Database as the baseline measure of trade cost reduction that allows for easier
offshoring in China. We aggregate HS-2 product-level applied tariff rates using an import-
weighted average of tariffs for . In our baseline specification, we use constant weights (using
imports data for the year 1999). We linearly detrend the tariff measure.

Unemployment Rates.

The seasonally adjusted monthly unemployment rates for high-skilled and low-skilled
workers are from U.S. Bureau of Labor Statistics (BLS), which provides unemployment
rates according to education attainment starting year 1992. Following much of the definition
in the literature, I define the high-skilled groups as workers with some college degree and
above and the low-skilled groups as workers with high school diploma and below.

Wages Gap.

The annual wage data for high-skilled and low-skilled workers in 1992-2007 is from Ace-
moglu and Autor (2011) (AA11 thereafter), in which the log hourly wages by years of edu-
cation are provided. Wage data at the quarterly frequency is taken from Weekly and hourly

earnings data from the Current Population Survey in BLS, which gives detailed information
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on earnings for workers with different levels of educational attainment starting from year
2000. Although the earliest available year for workers with different skills is much later than
the annual data, the quarterly frequency gives us a larger sample for analysis.

Other measures of China shock used:

(i) the measure of Autor et al. (2016)(ADDHP), which captures the change in Chinese
import penetration, and (ii) the measure of China’s PNTR status granted by U.S. Pierce and
Schott (2016) (iii) the measure of Antras et al. (2017), which looks at the growth of China’s
sourcing capacity. (iv) the measure calculated in Asquith et al. (2019), which focuses on the
import exposure and acts as a robustness check for the VAR results. The first two measures
both cover 392 manufacturing industries whereas the last one covers both 392 manufacturing
industries and 87 non-manufacturing industries. More specifically, the first measure— Chinese
import penetration from ADDHP is the annualized change of Chinese import penetration,
which is calculated by U.S. imports from China in industry j at year ¢ divided by real domestic
absorption of U.S. industry j (the industry’s real output, plus real imports, less real exports)
in 1991, the starting year of the analysis. The second measure- permanent normal trade
relations in PS is represented by the “NTR gap”, which is defined as the difference between
the non-NTR rates to which tariffs would have risen without successful annual renewal (37
percent on average in 1999) and the NTR tariff rates under PNTR (4 percent on average in
1999). In terms of the last measure used in the VAR analysis, Asquith et al. (2019) create
a version of the NETS database that matches AADHP’s industry classification from the
County Business Patterns (CBP) of the Census Bureau. In total, there are 392 industries
at the four-digit Standard Industry Classification (SIC) level, and 87 non-manufacturing

industries covered in the calculation of exposure to Chinese imports.
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Labor Market Conditions
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Figure B.1: VAR robustness check.

Figure B.2: Impulse response functions with a set of control variables following a negative

trade cost shock.

B.2 VAR Robustness
B.3 Equations

B.3.1 Wage Equation

I assume wage is the solution of an individual Nash bargaining between a firm and a worker.
The solution splits the surplus of the match with shares determined by the bargaining weight

7 in the following sharing rule:

nSii(z) = (1—n) Sii(2),

where SZFt(z) is the value of the match with the type ¢ worker to the firm with productivity

level z and SX{ (z) is worker’s surplus from the job. The value of the match to the firm is the
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marginal profit brought about by the worker, which is the marginal revenue product minus

wage, plus the expected savings from posting the job next period

. o i
Sh()=¢lzZi+ (1= (1= 0)(1 = N) B —wiy(z) = —.
Ji+1 q

The surplus of the worker is given by:
SZM{(z) = w;(2) — Wi + (1 — 5\) Etﬁt7t+1Sx{+1,
where w; is the worker outside option, defined as:
Wiy =V'CY+b+(1— X)Etﬁt7t+1Lt+1S%+1.

Meanwhile, using the equilibrium sharing rule, the following can be written:

w n K

o 1-ng

which yields:

. {so;tzzt (L= (1= 6)(1 = \) By — wi,t<z>}

i1

=(1—n) [wi,t(z> — Wi + (1 — 5\) Etﬁt,t+lsz‘{+1}

=(1-n) {wi,t(?«') — Wit + (1 - 5\) E B 141 n_HK ] .

1—nqg,

The above expression implies that the wage of a worker of type 7 employed at firm z is equal
to:

wie(2) = 0L,z 2 + (1= 1) D
It follows that all firms pay the same wage w; (2) = wy(2) for type i worker, which also leads

to the equation of SZ‘{ = SZ‘;’ +1- As aresult, the worker’s outside option becomes:

Gy = ViC? +b+ (1 - S\)Etﬁt,t+1Lt+ISK;+1

,{/’L

= V'C) +b+ (1 - NE, 5t,t+1Q§+119¢,t+1L ;
L =nqi

:Lﬂﬁ+b+u—xh”n@UmH4mﬁg.

Combining with the equilibrium value of @;,, wage for a type 7 worker becomes:

Wi =1 |:g0;tZZt + (1 — E\)Etﬁt7t+1/ii19i7t+l} —+ (1 — 77) (V’CJ + b) .
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B.3.2 Steady State Analysis

Unemployment Rate

1. Home high-skilled unemployment:

The assumption here is that the number of vacancies an entrant posts is the same as what

Nd,th;,tJan,th;,t

an incumbent does: v?, = Z—,ﬁ where h; = N,
? t

H, = H/+Hf
= Ntﬂt + Ne,tﬂt
= (N¢+ Ney) Et

Ny + Ney

— _tloletpl B.1
Nt t ( )

The law of motion of the high-skilled for a firm z (regardless of production strategy) is the
following:
By = (1= ) hapor + g0l
which implies:
By = (1= X) by + qlvf.

The total number of high-skilled employed is:

_ H,_ ~
Ht = (1 — )\) Nz_i Nt + q?Ntvf,

and the total high-skilled employed at the incumbent firms follows the following equation:

-~ N,
Ho= (10) st i B2

Combining Eq.(B.1) and Eq.(B.2),

Y Nt Net I h Net h,1
Hy=(1- 1+ =) H 14+ == ) vl B.
r=(1-1) Nt_l( + Nt) (1 |V (B.3)

For entrants, the number of total vacancies posted is equal to
> he N4 H]

hE _ h _ _
‘/;/ - €7tve,t - Nevt_h - N h
q; t gt
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The second part of Eq.(B.3) is

Ne,t
g (1 N ) v

Ne+
q,fl <1 N; ) [ th th E}
N, N, HI}
h et h et £1¢
= 1+ yh_ Zet7t
2 ( Nt) { K N q
N, N, N,
B et H et et 777
= 1+ Ve —11+4 H; . B.4
2 ( Nt) ¢ ( Nt) N, Tt (B-4)

Plug Eq.(B.1) into the first part of Eq.(B.3) and use the result of Eq.(B.4),

- IV Ny N+ Ney I h Ny " Ni+ Net\ Ney Ny
H = (1—-X\ ~ | H 1 o I VA : : H,.
! ( ) Ni_4 <Nt + Ne,t) ( Ny ) i-174 i Ny ! Ny N¢ Ni+ Ny !

The law of motion of total high-skilled employment can be expressed as:
Ny Ny
Ni—1 \ Nt + Ney

H = (1-3) )L

The steady state of high-skilled employment is thus:
H = (1-X\(1-0)H+ "9,
= (1-XN1-06H+M"

Therefore, high-skilled unemployment follows as:

1—(1—)\)(1-90)

Uy, = H B.5
h Xhﬁi_G ( )
. Meanwhile,
H=M"+H-U"
Therefore,
H=[1-1-N1-§H+Hd-U"
H-U"
_ ) B.6
(I=X)(1-=9) (B.6)
Plug Eq.(B.6) into Eq.(B.5):
h 1
U = Xhﬁl—e Y
1+ W
where MWTOT — 1IZU-NU-0) g b — U

1A-—N(1-9) iz}
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2. Home Low-skilled:

The assumption here is that the number of vacancies an entrant posts is the same as what

~ Lf

an incumbent does: v e
d,t

L= L where [y = lgy. Thus, Ly, =l =
L, = Li+Lf
= Nd,tl;,t + Ne,tldN,t
= (Ngt+ Ney) l;,t
Nat+ Ney

= o
Nag '

Since the law of motion of a low-skilled worker for a domestically producing firm with pro-
ductivity level z follows:

Lt = (1 — 5\) lp—1 + %I:U;ta

taking the average and multiplied by the number of domestically producing firms, the total

number of low-skilled employment can be expressed as :

- L
Ly = (1 - /\) L Nay + qwltNd,tUi,t'
dt—1

The law of motion of the total low-skilled employed at an incumbent firm is:

- Nat
LtI = (1 - )‘) Nytt Lz{fl + Qi‘/;tl7

Therefore, the law of motion for aggregate low-skilled workers follows:

N th ( Nd.t ) I hyr-h
L= (1-X\ ’ ’ HL 4+ v
‘ ( )Nd,tfl Nat+ Ney =1 G Ve
Since firms
N, B (1—2z*) N
Ng+Ne  (1-z*N+5N
B 1—96
1—0+6(1—z8)""
1
L=(1-)(1-9) L+ X'l

1—=0+00(1—z7%)"
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Therefore,
(=N (1-9)
_ —1
pl= —leel) g
Xlﬁl ‘
Meanwhile,
L=M+L-U
. As a result, -
I L-U!
=N
1 (=006
175+(5(172c7’c -t
1 _ (1-1)(1-9)
u = 1— (1-M)(1-9) 1’
l—e 1-5+5(1-25")
X'+ —amms
and u! = %l

3. Foreign low-skilled:

I« 1

et q

TR

*l

The assumption regarding the number of vacancies an average entrant posts is v

where

. L
NE
N*I* + N,l,

with the total number of foreign low-skilled labor expressed as N/* = N; + N, ;. The total

foreign low-skilled labor follows:

Ly = L'+ L*

= (NF+N) 5
N+ Ng,

— L*I
t Lx
Nt

Therefore,
L = (1 A NtL* L*I l*vl*,f
t_( - )_NL*- t—1 T Ve
t—1
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and
NL* N*t N*
Li=(1-\ _t 1 _&t L*I % 1 et Vl*’l.

K ( ) Ntli*l ( + NtL*l) t=1 + qt + NtL* t
Thus,

N* + Nvt ( N;t ) T 1 N:t e

Lrm (1= n) ot Pt (g et Nper osepp et )yl
o ) N1+ Nogoy Nfy4 Nygr) 7800 N+ Nysa ) !

generating the following equation:

N} + N,, N+ N,,
Li=(1—-)) —t— 2 (14 L2 )Ly + M)
! ( >Nt*1+Nv,t—1< Nt*+N:,t) A
In the teady state:
1+ Mo
L* = (1= +f§ L+ M"*
-5
N,
— (1—A)(1—5)(1+N*> * M

What is the ratio of offshoring firms to foreign firms? From the price index equations for the

two countries, the following equation can be written out:
11—« % 11—« 1-6
- ¥ Or\“ —k ¥ P\
o (622) @) ORG
( %o )[<1—a> Q +(Z° )[<1—a> Q
N* * l-a 1-0
- ¥ Pr\
o) @]
N (1==7) [(1 —oz) a ]
N* 1-« «a a(1-06)
= - | (aits) (2) ] ()
N ¢ (1—a) Pro Pre

a(1—6) (1-a)(1-90)
_ (Sih) (1_Z;k)< . ¥ ) +Zo—k
Pre ¢ (1—a)

1-0

Thus,

Combining with &~ = 2%,
N*  N*N
N, NN,

a(1-0) (1—a)(1-0)
() e )
Ppe ¢ (1—a)




153

the following equation can be derived:

a(1-0)
(2)
* Pr * Ix ql—eg7lx
L= 0-a) 1 — e | LUt
(25 — 1) (m) +1

Combining with

1— I
L = u ,
(1=X)(1=9)
the foreign low-skilled unemployment rate can be expressed as:
1
ul* = l1—e
14 )\IX*Z+OT
where
( \ a(l-0)
L= (1= (1 =0) |1+ — Z, e
\HTOT _ (Z"_l)<“07(1“*)) i

(I=X)(1=9)
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Appendix C

TRADE, MIGRATION, AND INEQUALITY: AN ANALYSIS
OF CHINA

C.1 Derivation of equations

C.1.1 Wage inequality equations

Within-sector skill premium

s s
wag,t _ 77ag Lag,t and wna,t _ Tha Lna,t
l o l o
Wag,t 1 - Tlag Sag,t Wt I Mna Sna,t

Country level skill premium Country-level skill premium is by definition Z—";, the ratio
t

between skilled wage and unskilled wage at the aggregate level.

s Sna,t s Sag,t s d
Wy = 5 wna,t + S« wag,t7 an
t t
1 Lna,t 1 Lag,t l
Wy = —= na,t + = ag,t-
L, ’ L, ’

Substituting relative labor demand, skill wage and unskilled wage can be written as:

s _ Mna—1 71-7 Nag—1 5 1-7,
w, = |:Sna,t * nnaZna,tSnZ?t Lna,tna + Sag,t * nagZag,tSa;,gt Lzzg,tag / (Sna,t + Sagat)

Snna Nag
. 1—1ng ~na,t 1-7ag ~ag,t
= nnaZna,tha,t O +77agZag,tLag,t q
St St

W) = | Lo % (U= ) ZuaaSiiLadti® + Laga * (1 = ) ZagaSigtLags® | / (Lnas + Laga)
na Nag

— Lnat 1—nq La t
- (1 o nna) Zna»t‘s}lfl,?m_—7 + (1 - 77&9> Zag,tsa!},? ‘=0
Lt Lt
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Therefore, the country-level skill premium follows:

wi [ aZuaiLnad S+ Mg ZagiLagt et ] L.
W [ (1= Mna) Zuaa LSt + (1= 1hag) Zagi LugiSags™® | St
_ _ MnaPnahitYnat + NagDagt Yag.t L
(1 ea) Pt Vo + (1= Thag) Pagt Yage | St
- i vy | L
| (1= 1) Prtetdont (1 ) | S

Wna,t t

Urban-rural wage inequality Urban-rural wage inequality is defined as —*
Since Wy, is the average wage of the unskilled non-agricultural wage and the skilled

non-agricultural wage,

Lna,t ’LUl + Sna N4 5
Lna,t + Snat et nat + Snat na,t
= ZnatPnaht [( ) ngat ia}lm + nnaSZm :za,zna} /(L”avt + Sha.t)
Zna,tpna,h tSnZatLZZat
Lna,t + Sna,t
pna,h,tYna,t
Lna,t + Sna,t '

Similarly, wgg:, which is the average wage of the unskilled wage and the skilled wage in

wna,t

the agricultural sector can be written as:
Lag t + Sag,t ws
Lag t + Sag t tzg,t Lag,t + Sag,t a9t
ag tpag, Snag LZaggt
ag,t + Sag,t
pag,tifag,t
Lag,t + Sag,t.

Therefore, urban-rural wage inequality, which is the wage ratio between the average wage

wag,t

at the non-agricultural sector and that at the agricultural sector is the following:

Whpa,t PrahtYnat Lagt + Sagit

Weg,t Pag,tYagt Lnat + Snat

DPrah,tYna,t I_/ag,t + gag,t — (Lt + Smt)
Pag.tYag.t I_Jna,t + Sna,t + (Lt + Sm,t).




156

This implies that urban-rural wage inequality is pinned down by two forces: ratio of

output in these two areas 1;”—”: and the ratio of total labor working in the rural area over the
ag,

Lag,t"'sag,t

total mass of labor working in the urban area 7 yn

. These two forces work in opposite

directions.

C.1.2 Steady state equations

The price indexes for the composite good of each country are:
l=w (pna,h,t>1_‘u + (1 - w) (pna,f,tTQt)l_M )

1 = w* (pna,f,t)l_'u* + (1 - W*) (pna,h,tT*/Qt)l_u* .

The relationship between p,, 5 and ppe ¢ are obtained:

_1
e ]
pna,f 1—w TQ?

1—w* T*

1
_ [1 — w* (pna,f)l_#*] o Q
Pna,h =

Assuming p = p*, price of the Home non-agricultural good py,; is a function of

Q,7, 7" w,w", pand p*:

1 - na o
UJ* ( w (p ,h)

1—w

) P (1) (o) () = QR
From the balanced trade equation:

pna,hT*Y;a,h = pna7f7—QYna,f-

Substitute price ratios of p,an t0 pra s and that Y (1 — w*) (Prant/Q) " Ck, and

nah —

Yiar = (1 = w) (Pa,s7Q) " Chq into the above equation and assume g = p*, it follows that:

p=1 _
o= (pmvlh) Y Q (Y
— W
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Thus, the consumption ratio in units of the same consumption basket is:

*
Cna _ Qli'LLTli'u 1—w

C;ZaQ (pna,h)u_l — W .

= Mna
Since ppap = (Zna (1 — nna))_1 wt (%) , the consumption ratio in units of the

same consumption basket can also be written as:

-1

Coa l (Lot L™V
_ Qu—l (1 o w*) wna l + —w
C’;’:QQ Zna (1 - 77na) Sna + Sm
From the relative demand equation, price of home non-agricultural good and agricultural
good are: B
B L + L Mna
na,h — Zna 11— na ! == )
A )
Lag— L \™
—1 a m
Pag = (Zag (1 = Nag))™ Wy, (h) :

The expression for the real exchange rate in steady state is:
1—wph #L 478

Q - (1 B W*)pi‘;f}t ﬁl*f/* + 7‘-(’-5*5’*

o 2V . = RV
pZ;}l W wiba Lna —+ Lm (ﬁ + ( )25—1 >:| + wna [Sna + Sm (Xlgs + (8)255 >:|
(1—w) Wy L 103 S+ w0l Ly + w3553,

__ ~ = —k & —k . _ _ _s\—k =s\—k
pg;}l W U)im Lna + Lag (XLE‘Z + (X)él + %)] + wna |:S”W + Sag <XL§S + (EX)és + (€X)55 >:|
(- wh Lo+ w3 St + wip Loy + wigSi,

- 1/ Nna(u—1)

(Zra (1= 1)) ™ ()" (Bt )™
_ *
(1 —w*

A SRR RN G s g tg (@ @
wna Lna + Lag X_gl + Xé&l + Xl + wna [Sna + Sag <ng + Xé&s Xés >i|

wl* E* + ws* S’* + wl* E* + ’UJS*S*

na—“na na™~na ag—ag ag™ag

Derivation of migration cost cutoffs:

Take skilled workers’ urban and rural wage link as an example: w;,, /w;, = X gl. Using ws, =
pna,hnnaifna/snay ng = pagﬁ”agYag/Saga Cna/Oag = (1 - Oé) Pag/apnaa PagYag = PagOag as

well as ppgnYna = Cpe in equilibrium,
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&5 1 Pna,h Mna Y/na Sag

X Pag Tag Yag Sua

i Cna Tha Sag - Sm
X PagCag nag gna + Sm

1 na(1 — ) Sag — (1 - (55)46) Sag

X Mg g4 (1—(55)_k) ag‘

Therefore, migration cost cutoffs satisfy:

4 1 (A =m)(1—0a) (&:l)_k

X (-mga Bmgg (@)

Y

o lmal-a) ()

X Nag™ gzz +1-— (gs)

These imply that in the steady state, migration cost cutoff for unskilled workers & depends

only on common migration cost shock X, ratio of non-agricultural to agricultural good’s share

(1—a) Nna
«

, ratio of skilled cost share in production ; and ratio of
g

in the consumption basket

urban to rural unskilled endowment %"“

e Similarly, migration cost cutoft for skilled workers

£ depends only on common migration cost shock X, ratio of skilled cost share in production

Z"—“ and ratio of urban to rural unskilled endowment 2ze

. Once we obtain &° and &', migration
S )
ag ag

flow L,, and S,, are also derived.

From the budget constraint, PC = wlg (I_Lag—Lm) + wy, (Sag—Sm) +

a,

wim (E”a + LmXLgl) + wfba (gna + SmXLéS) Since le - Ynapna,h = wiana + waaSna
and PC = Cna

1-a?
—k —k —k
(1= E) T E) T 1=-E) T e ]
Wna < Xz T xa T—a ) L= 7ot =
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! _Mna  Lpat+Lm
na l_nna Sna.+sm

Substitute w;, = w into the above equation,

OO RSSO N § N
( Xé&l + Xz T T 1-« Lag_ELna T I/na+ (5—1)—19 -Z/ag
5 —(&s)"k gs)k —@E&)*\ & 1= g =s\"k g
ﬁsna - (1 g(éz + (X)ES —- 1(—a ) Sag 1 Tna S”a + (5 ) Sag

From the expression of p,, , which depends on Q,w,w*, i, and expressions of &° and &,
: . Snat (1= )8 \ " :
combined with w!, = pranZna (1 — Nna) | = (- ),k) 9 , w!, can be obtained as a
’ Lna+(1—(s‘l) )Lag

function of Q,w,w™, 1y, Zna, Mnas Nags Snas Lnas Sags Lag- Once w!, is pinned down, wflg can be

| e Lot (12(5) ) Ly
na1—nnq Sna+(1,(§s)—k)§a9

. l .
obtained as wflg = 4. w;, can also be derived as w;, = w

S
, and wy,

L R— wrsuz
follows as w;, = .
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