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Abstract

We develop a model to study the joint determination of the ownership structure of off-
shoring, skill upgrading, and wage inequality in developing countries. Because of the abun-
dance in low-skilled labor and contractual frictions in the South, the skill content of intra-firm
offshoring dominates that of arm’s length offshoring. As a result, processing trade by foreign
owned firms has a greater effect on skill upgrading and skill premium in developing countries
compared with that by joint ventures and indigenous firms. We test these theoretical impli-
cations with a natural experiment in which China lifted its restrictions on foreign ownership
upon its accession to the WTO. Empirical findings using detailed Urban Household Surveys
and trade data from Chinese customs provide strong support to the proposed theory, shed-
ding light on the changes in firm ownership structures, the skill content of exports, and the

evolution of wage inequality over the past two decades in China.
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1 Introduction

The nature of international trade has changed. For cesfwanventional trade involves the
exchange of final goods among firms located in different gaalgc regions. Now trade in inter-
mediate inputs — through both arm’s length transactionsteade within firm boundaries — has
become a prominent feature of the global economy. Usingtioptput table and bilateral trade
data for 113 countries and regions, Johnson and Noguerd)20hclude that trade in interme-
diate inputs today accounts for as much as two thirds of nateynal trade. The organizational
structure of trade has also chanced. Revolutionary infmw&in transportation and communica-
tion technologies, such as the container ship and the lettenave made multinational companies
the dominant player in world trade, and also significantlgrpoted intrafirm trade. As a result,
roughly one-third of world trade was within firm boundariedP96 (UNCTAD, 1999, p.232). Be-
cause most of intrafirm trade involves exchanges in interatedhputs, thus intrafirm offshoring
contributes about a third to a half to total offshoring. Theng offshoring and changes in orga-
nizational form raise important questions for the deteation of factor prices. Does the effect of
offshoring on wage inequality differ from that of convemtad trade? Do intrafirm offshoring and
arm'’s length offshoring have differential effects on refatvages?

Trade economists have studied the impact of offshoring ciofgrices, initially as a remedy to
the failure of Heckscher-Olin model in explaining the rigimage inequality in both developed and
developing countries in the last three decadeRecent studies by Grossman and Rossi-Hansberg
(2008) and Baldwin and Robert-Nicoud (2010) have treatéshofing as the core of trade and
explored its general implications on wage inequality. Hegvemost of the studies focus on the
effect of offshoring on wage inequality in developed coiastr while the rising college premium

in developing countries is even more puzzlifgMoreover, this literature mainly focuses on the

1See, for example, Feenstra and Hanson (1996b), Feensttdaason (1997), Hsieh and Woo (2005), Zhu and
Trefler (2005).

2Stolper-Samuelson theorem suggests that globalizatiomdtelp low-skilled workers in developing countries
because they are the locally abundant productive factoreder, overwhelming evidence shows that globalization has
increased the income of high-skilled workers relative & thf low-skilled workers in developing countries (Goldéper
and Pavcnik, 2007).



impact of aggregate size of offshoring on wage inequality,dmes not distinguish the ownership
structure of offshoring, i.e., intra-firm offshoring andavés length offshoring. This is an important
omission in light of the extensive evidence showing thattmationals are more likely to offshore
capital (or headquarter service and communication) interad more sophisticated tasks through
their foreign affiliates,and given that multinationals become an increasingly pnemti feature of
world economy (Ramondo and Rodriguez-Clare, 2009).

In this paper, we construct a general equilibrium model wheultinational companies make
joint decision of ownership structure, production locatiand skill demand. We show that the
skill content of intra-firm offshoring (by foreign owned fighis higher than that of arm’s length
offshoring (by joint ventures and Southern domesticallyred firms) in developing countries.
Thus, the intrafirm offshoring has a major effect on the skigrading in export structure and the
rising skill premium in developing countries, while the &rtength offshoring may not have a
significant effect.

Our main innovation in modeling is to introduce the ownepsitioice into the offshoring model
by Feenstra and Hanson (1996a), where the ownership ctolzsed on the classical Property
Rights Theory (PRT) of firms (Grossman and Hart, 1986; HadtMnore, 1990). The model inte-
grates the features of comparative advantage of factoveméeats and incomplete contracts, but
disentangles their roles in global production specialirat The model retains the main implica-
tion of comparative advantage: the more skill-intensivedpicts remain in the North, and the less
skill-intensive goods are offshored to the South (Dornhuwetcal., 1980). Among these offshored
goods, the model also provides a complete characterizafiownership structure of offshoring,
in which intra-firm offshoring is more skill intensive thamais length offshoring.

In drawing the firm ownership structure, we follow the serhimark of Grossman and Hart
(1986) and Antras (2005). We consider the setting of indebepcontracts in which for each

product, the Northern innovator has the blueprint to preduigh-tech inputs using high skilled

3See, for example, Grossman and Helpman (2002, 2004, 200&)asA(2003), Antras and Helpman (2004),
Antras (2005), Antras et al. (2006), Feenstra and Han2085), Nunn and Trefler (2008), Costinot et al. (2011), and
Fernandes and Tang (2010).



labor, but needs to find a supplier of low-tech inputs, whiehmoduced by low-skilled labor. Both
parties engage in the relation-specific investments fenthique product. The contract is complete
in the North but not in the South because no outside court eafy\quality of the inputs of both
parties due to poor legal protection (Nunn, 2007; LevcheBRO7). The nature of the incomplete
contracts leads to a classical holdup problem, which cannbeliarated by ownership choice.
Thus, Northern innovators’ offshoring decision in natumeolves the choice of firm ownership
structure among Northern foreign ownership, joint ventareSouthern domestic ownership.
Following the property-rights approach of Grossman and,k&vnership of the joint produc-
tion entitles the firm’s owner to some residual rights cantiaus improving his ex-post bargaining
position, but reducing the other party’ ex-ante incentivenike relation-specific investment. Thus,
the optimal ownership structure should give the residgdilttio the party whose investmentis more
important for the relation-specific investments. In oure;aamong those goods offshored to the
South, it would be better if the Northern innovator owns th& fior more skill-intensive products,
since she has control over the high-tech input. On the conifdess skill-intensive products are
involved, Southern ownership is optimal because the invest in low-tech inputs by the local
supplier is more important. If both inputs are crucial, tj@nt ownership would be optimal.
Combined with the implication of comparative advantage oadel depicts a complete picture
of global production sharing. The most skill-intensive gwots remain in the North, the next
more skill-intensive products are offshored to the Soutfolbgign owned firms, and the less skill-
intensive products are offshored through joint venturess $authern-owned firns. Thus, it is
easy to see that more skill-intensive products are leslyltkebe offshored to the South if foreign
ownership is limited in the South. In contrast, relaxing ewahip restrictions can significantly
upgrade the export structure of the South in terms of skidlnisity, and thus increase the demand
for high-skilled labor. A new result is that ownership chartgelf increases the demand for high-

skilled labor because foreign-owned firms have incentivertivide more high-tech inputs by

4This property is complementary to Antras and Helpman (200% which the most productive firms in the
headquarter-service-intensive sector prefer vertidaigiration over arm’s length outsourcing, as well as Li (2009
in which the communication-intensive industries adoptfitm offshoring.
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hiring more skilled workers given the same product.

We test our theory empirically using the natural experimainbwnership liberalization in
which China lifted its restrictions on foreign ownershipompts accession to the WTO in 2001.
China has imposed foreign ownership restriction in earl90s9 and with its accession to the
WTO, it has undertaken a major legal and economic reformrmue barriers to foreign trade and
investments. These policy reforms along with trade libeasibn have successfully transformed
China from a negligible player in international marketsite world’s largest exporter in 2010, and
to the largest recipient of FDI among developing countri@ae remarkable structural change is
that foreign-owned firms began to play the dominant role ithlppocessing exports and FDI after
2001.

Figure 1 presents processing exports by ownership for tB2-P908 period, highlighting the
role of foreign-owned firms in the recent surge in China'saigP The processing exports by
foreign-owned firms experienced steady growth in the 198€m;hing 52 billion USD in 2000.
Since then, the growth has exploded, reaching 434 billiod W$2008, which accounts for 64
percent of China’s processing exports. Similar changewimeoship structures are observed in the
FDI inflows. Joint ventures played the dominant role in FOibibe 2001. However, foreign-owned
firms accounted for 78 percent of China’s annual FDI in 2008 $N2009).

Coincidentally, the college wage premium in the Chineseufeuturing sector stayed flat be-
fore China’s accession to the WTO in 2001, but dramaticaityeased thereafter. In Figure 2 we
compute the college wage premium based on the nationalsemuaive sample of Chinese Urban
Household Surveys (CUHS), collected by the National Burgfa8tatistics (NBS) and to which
we have unique access. The earnings gap between those wittithout a college education was
about 30 percent throughout the 1990s, but this skill premriose to 55 percent in 2006.

Are these two facts mere coincidences or causally linked?cOujecture is that liberalization

SProcessing exports are an activity that involves a firm im@nporting intermediate goods from aboard, using
the input for production, and then exporting the finisheddgao international markets. Imported intermediate input i
duty-free as long as it is used only for export (Feenstra agusidn, 2005). In other words, processing exports are the
offshored production from developed countries. Procgsskports play a major role in China’s international trade,
accounting for 53 percent of the country’s total export frb®®2 to 2008.
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toward foreign ownership of capital may account for both ¢hanges in export pattern and the
college wage premium in China. China has rich spatial digassacross provinces, thus we can
take the advantage of the geographic differential in exposn trade and labor market to test
our theory. We derive three testable hypotheses from theemte skill intensity hypothesis, the
distributional hypothesis, and the college premium hypsith The skill intensity hypothesis states
that intra-firm offshoring is more skill-intensive than asrtength offshoring by joint ventures and
Southern-owned firms. The distributional hypothesis stdtat regions (or industries) in the South
with a higher degree of ownership flexibility, a better castrenvironment, and lower trade costs
have more intra-firm offshoring. The college premium hyjsik states that regions with more
offshoring and a higher share of intra-firm offshoring haighkr college premium.

The primary data sources we use are the Chinese customsifatad€1992-2008) and CUHS
(1992-2006). For the first hypothesis, we find that the aveskil intensity of processing exports
by foreign-owned firms is the highest among all firms. Morepthee first-order stochastic dom-
inance test suggests that the processing export distiibbty foreign owned firms have strictly
dominated those of joint ventures and Chinese-owned firmses1 998, implying that the skill
upgrading is the most significant in the export by foreigmewa firms, especially in 2000s. For
the second hypothesis, we construct a unique measure ofrglwpdiberalization at the 4 digits
ISIC industry level over years, based on a series of govemhimdustrial policies, specifying in
which industries foreign ownership is encouraged, resticor prohibited for foreign capitals. As
a result, we find that a high degree of ownership liberaligta better contract environment, and
trade cost reduction increase processing exports by foi@igned firms more than those by other
firms.

For the third hypothesis, we find that both the size of praogssxports and the processing
exports share of foreign-owned firms are important deteantsiof college wage premium. This
result is also robust to various controls of alternativeothes: skill-biased technology (measured
as R&D expenditure and the import share of equipment) anilat@pmplementarity (measured as

the capital-to-output ratio). As a result, a one percenpaget increase in the processing export-to-



GDP ratio and the share of foreign-owned firms in processipgrs are associated with77 and
0.24 percentage points increase in the college wage premiunw@og differential), respectively.
Because China’s processing export ratio and the share @fjfeowned firms have increased by
7.8 and24.6 percentage points from 2000 to 2006, each of them contdldugand5.9 percentage
points, respectively, to the increase in the college wagenprm. Overall, they account f&0
percent of the total increase in the college wage premiunvdzsi 2000 and 2006. Since foreign-
owned firms contribut&3 percent to total processing export in 2006, the processipgre by
foreign-owned firms itself can account &% percent of the increase in the skill premium.

This paper contributes to the literature on the organipaliforms of multinationals in global
production. As discussed above, previous studies maimys@n the determinants of organiza-
tional forms, while the general equilibrium structure igkely ignored® We are not aware of any
previous work that has focused on the ownership liberatimats a mechanism linking offshoring
and labor-market outcomes. This paper bridges the gap lwdang an integrated framework to
analyze the effect of ownership liberalization, trade gesiuction, and improvement in contract
environment on trade pattern and wage inequalities in deusd countries. Understanding the
linkage between ownership structure of offshoring and wagguality also have important policy
implications because the limitation on foreign ownerslsigghe most obvious barrier to inward
FDI. Moreover, in the last three decades many countries haglertaken ownership liberalization
to encourage inward FDI (Kalinova et al., 2010). Howeveg, ¢ffect of ownership liberalization
on trade structure and factor prices is still largely unknov@ur empirical results based on the
experience in China, certainly cast lights on the hidden.are

This paper contributes to the literature concerning thatieship between globalization and
wage inequality in two folds. First, most recent studies@sipg the role of firm heterogeneity in

the rising demand for high-skilled labors are based on théngomechanism a la Melitz (2003)

5Besides the above mentioned studies, please see Helpm@é) @0 a comprehensive review of trade, FDI
and firm organizations. As Grossman and Rossi-Hansberg8j2@mment: “Part of this literature focuses on a
firm’s choice of organizational form. Although this is anengsting problem, the models used to address it tend to
be complex, incorporating imperfect information and selstbntracting or matching problems, and so the general
equilibrium structure has been kept to a bare minimum.”

’See, for example, Bustos (2011) discusses the channepihfisms’ choice of skill-biased technology adoption.
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whereas our approach focuses on the heterogeneous otgarmat&orms of offshoring, and thus
has stronger policy implications for developing countri8scondly, although the impact of glob-
alization and wage inequality has been extensively exglaraong many developing countries,
there has been limited research on China (Goldberg and Ra&007), with an exception of
Han et al. (2011§. This is a serious void in the literature because China hasgadaapidly as
the “workshop of the world” and experienced profound changancome distribution in recent
decades. Our research covers all provinces of China exdegt, @nd also the years from 1992 to
2006, which cover both before and after China’s entry to thEONThus, our case study of China
sheds light on the effect of the recent wave of globalizatarincome inequality in developing
countries.

This paper is also related to the recent growing literatorecerning the relationship between
institutional quality and trade pattern (Nunn, 2007; Lemcko, 2007; Lu et al., 2008; Du et al.,
2008; Feenstra et al., 2010). We show that ownership lilzatédn of foreign capital has a thresh-
old effect on the skill upgrading of export structure and tiseng skill demand in developing
countries. Moreover, it contributes to the literature ddgoexploring efficiency loss due to poor
contract environment both from the intensive margin aneémsitze margin of export. Consistent
with Feenstra et al. (2010), we also find that better congaeironment encourages more intra-
firm offshoring than arm’s length offshoring.

This paper is organized as follows. Section 2 develops teerétical framework. Section 3
proposes three hypotheses, and presents the backgrourtdnaf &d our data. Section 4 tests
three hypotheses and presents the empirical findings. Thedettion concludes with policy

discussions.

Verhoogen (2008) explores the quality upgrading channelpidan et al. (2010) provides a tractable model to ex-
plore the determinants of wage distributions that empleasithin-industry reallocation, labor market frictionsica
differences in workforce composition across firms

8Han et al. (2011) also find that wage inequality was rising in@, using a part of CUHS data that cover five
provinces. Their study is purely empirical and does not jpl@a theoretical explanation.
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2 An Offshoring Model with Ownership Choice

This model introduces ownership structure into the offstgpdecision in a two-country model,
showing how firms jointly decide on offshoring, ownershipnis and skill demand subject to trade

frictions and incomplete contracts.

2.1 Setup

The world consists of two countries, the North and the Soithere are two types of labor:
high and low skilled labors, denoted byand! respectively. Their wages in couniryare denoted
by ¢¢ andw®, respectively, where € {N, S}. The North has more abundant high-skilled labor
than the South.

The final good production technology is given by= log(fol ya(z)dz)l/a, a pure assembly
of intermediate goods. We assume that the North producédhefinal good” and intermediate
goods, while the South only produces intermediate goodmdHn the South need to export their
products to the North, and the trade cost is modeled as Saomieh iceberg cost, denoted by
t > 1. The South must sendunits of goods for one unit to arrive for sale in the North.

The production of the intermediate gogg:) is given by

T x

_ z 1—z
y(=) = (L) (=) (1)
wherez,, is the high-tech input, which requires the high-skilleddglandz; is the low-tech input
produced by the low-skilled labor. For simplicity, we assuimear production functions for these
inputs: one unit of high-tech (low-tech) input requires amé of high-skilled (low-skilled) labor.
® We also assume that the production for each intermediate g9 is not fragmentable, i.e., the

two inputs have to be produced at the same location for maturfag the good:. °

9This assumption simplifies the model, but the model can benebetd to have different labor productivities.

10we follow the approach of Feenstra and Hanson (1996a, 1899fg¢horing, where intermediate goods can be
offshored, but the production of intermediate goods is nagrhentable. In contrast, Grossman and Rossi-Hansberg
(2008) and Antras (2005) assume fragmentable producigonthe North can offshore the high or low input production
to the South separately. Please see Feenstra (2010) far disdzission of these two approaches and their implications
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For any intermediate googd, only the Northern innovator has the technology (bluepriot
produce the high-tech input, but she has to find a low-techtisppplier in the North or South.
Two parties’ investments are assumed to be relation spetifec Northern innovator tailors the
high-tech input and the supplier customizes its low-teghuin Thus, both parties’ inputs are
useless outside the relationship. As the Northern innoatters, the supplier needs to pay her a
lump-sum transfei” because ex ante there are a large number of identical andtipbsuppliers
competing for the job. This lump-sum transfer would makestingplier break even.

The setting is one of the incomplete contracts in the sibmatif global production sharing. In
particular, we assume that only when two agents are botteiNtrth can an outside party (court)
distinguish between a good-quality and a bad-quality inpatwever, the Northern innovator and
the Southern supplier cannot sign an enforceable contpacifging a certain type of quality for
inputs for a certain price. If they did, the party that reesiypositive payment has incentives to
provide a low quality input. Hence, this leads to the clabsidup problem impeding the Northern
innovators from offshoring. However, the Northern inn@ratcan choose the ownership of their
joint production to ameliorate the holdup problem creatgdh® incomplete contracts. Let the
variableO denote whether the Northern innovator owns the fiém< F’), or the Southern supplier
owns it (O = D), or both parties share the ownership, i.e., joint ventare=(.J).

Timing proceeds as follows: in peridd the Northern innovator of the intermediate gagdd)
chooses to locate production in countrye {N, S}, and she offers a contract to the low-tech
supplier consisting of ownership choice and an ex-antesteanin period 1 both parties simultane-
ously hire high-skilled and low-skilled workers to produgdgh and low tech inputs respectively.
In period 2, the firm ships the intermediate goodnd sells it to the final good producer in the
North.

In this simple framework, the Northern innovator makes thetjdecision of offshoring, own-
ership structure and skill demand, given the behavior oéioinoducers. Based on the final good

production function, we can derive the factor demand cuovéhis unique intermediate goad:)

of offshoring and wage inequality.
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as follows:

y(z) = Ap(z) V9 0<a<1 (2)

where) is a function of total expenditure and an aggregate pricexntlencep(z) = (\/y(z)) ™

and the revenue iB(z) = A y(2)~.

2.2 Production in the North

Consider a Northern innovator who locates her productigherNorth. Because the contract is
complete in the North, the organizational choice is irraté\since the institutional environment in
the North fully enforces the contracts between the innovaatd the supplier. Under this scenario,
the Northern innovator requests the supplier to providddhetechz;, along with her own high-
techx;, to maximize her profit as follows:

NlN

max7m =R —¢"hY —w
Th,T]

s.t. R(z) = A7y~

This yields the investment bundg™*, /V*). The innovator pays¥/* to the supplier, and sets the

lump-sum transfef?” = 0. Thus, she has the following profit:

TV (z) = (1 = a)A[a(1/q")* (1/w™) 2]/ 3)

2.3 Production in the South

If the Northern innovator chooses to locate her productiothe South, contracts specifying
the purchase of a certain type of input for a certain pricerarteenforceable. As a result, the
innovator and the supplier can only bargain over the surfpbra their joint production after the
inputs have been produced. This ex post bargaining is mo@sl@ generalized Nash bargaining

game in which the innovator obtains a fractiére (0, 1) of the ex post revenue, where the value
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of § depends on the organizational forms, as we will discussabdidoth parties produce good
quality inputs, then the potential revenue from the saléhefgood isR(z) = A!=2y®/t*. Thus,
the supplier set$” to maximize(1 — $)R(z) — w®l®, and the innovator sets® to maximize

BR(z) — ¢°h®. Combining the two first order conditions yields the optimealenue as follows:

1

R(z, 8) = A0 a(8/¢%)((1 = 8) w120 @

SettingT" so as to make the low-tech supplier break even leads to tloeviol expression for the

Northern innovator’s ex ante profits:

(2, 8) = A(%)‘”/(1_“) [a(B/¢%)7((1 = 8)/w®) "Y1 — afz — a(l - B)(1 - 2)]  (5)

wherea € (0,1)andg, z € [0, 1].

Ownership gives the owner of the firm the residual rights &g thanges the two parties’ ex
post outside values. If the Northern innovator owns the fitim< '), once they did not achieve
agreement on the bargaining, the innovator can fire the ém-supplier, who will be left nothing.
But she can still obtain an amount&fy output, which in turn generates sale revenu&at. The
quasi-rent of this relationship {§ — %) R. Symmetric Nash Bargaining leaves each party with its
outside option plus one-half of the quasi-rent. Thus, the@st share of the Northern innovator

in revenue is3* = 1(1 + 0%), which leaves the low-tech supplier— 5 = 1(1 — 6%) of the

p
revenue. For the case of joint ownership £ J), both parties have veto power and their outside
options are zero, thus symmetric Nash Bargaining impliasttie innovator’s share in revenue is
37 = 1/2. If the low-tech input producer owns the fir® (= D), the innovator’s share in revenue
is P = %(1 — 0%). Clearly, the share of revenue is higher for the party whaorhase control over

the firm. For the Northern innovator we hag€ < g/ < p*.
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2.4 Location and ownership choice

The Northern innovator chooses production locations akasehe optimal form of ownership
if she chooses to offshore. Therefore, her ex ante expectdit is

m(z) = {7%(2),7%(2,B7),7°(2, 87), 7°(2, B")} (6)

= max
ce{N,S},Oe{F,J,D}

Comparing to the North, the South has abundant cheap ldedkabor, but it has the iceberg
trade cost and efficiency loss due to the incomplete comstrala separate the effect of compar-
ative advantage and trade costs from the effect of incommglentracts on offshoring, we intro-
duce a hypothetical case where the South also has complete&acts. The procedure to derive
the profit for a given intermediate goadunder the complete contracts in the South, denoted
as °(z), is similar to the case of production in the North, thus it &y to showr”(z) =
(1 = a)Ala(1/g*)*(1/w?*) =2/ Am (1 /)0,

We first consider an artificial case when both the North andtSeave complete contracts. Let
N(z) denote the “log profit ratio” of the Northern production téla to the Southern production

both with complete contracts:

1l —«

N(z) = In(7 (2) /7% (2)) = 2z In(w;/wp) — Inw; + Int (7)

wherew, = ¢"/q¢°, andw, = w" /w®. At the cutoffz* the Northern innovator is indifferent of
locations, i.e.t™ (z*) = 7°(z*) or N(z*) = 0, thus we get* = (Inw; —Int)/(Inw; —Inw,). The
North has more abundant high-skilled labor, which impllesti;, < w;. To rule out the extreme

case that all products are produced in one location, we asgherfollowing assumption.
Assumption 1 wy, < t < w.
Based on this assumption, we can show the following lemma.

Lemma 1 Assuming that both countries have the complete contractsaasumption 1 holds, we

havez* € (0,1), and for anyz > z*, 7V (z) > 7°(z) and for anyz < z*, 7™ (z) < 79(2). Thus,

13



more skill-intensive intermediate goods are produced m North, and the less skill-intensive

intermediate goods are offshored to the South. Moreavencreases as the trade cost decreases.

Proof. It is easy to show that the assumption 1 guaranteestanoir solutionz* € (0, 1),
and N(z) increases ire. Thus, forz > 2*, N(z) > N(z*) = 0, and=«"(z) > 7°(z), and vice
versa. In this case, our model is the same as in Feenstra arabi&1997) where comparative
advantage plays a crucial role in the allocation of globabpiction sharing. Moreover, the trade
cost dampens the South’s comparative advantage, and daigedunctrade costs can attract more
skill-intensive products to the South.

Similarly, we define the “log profit ratio” of the Southern graction under different ownership

types, relative to the Southern production with the congpbeintracts as follows:

l—«

In(m® (2, ) /7%(2)) (8)
In(l —afz—a(l—=75)(1-2)) —In(l —a)]

5(z,8) =

11—«

= zIn +In(1 - 5)+

g
1-p5
wheres € (0,1). This normalization procedure peels off most of commondiectn the profit

function of 79(z, 3), such as demand shift factor prices and trade costs, but highlights the key

factor for ownership choice. The next lemma shows an impofeature ofS(z, 3).

Lemma 2 S(z, 3) is supermodular ir{z, 5), concave ire, and strictly concave iry. For a given
value ofz, there is a unique maximize¥(z) € [0, 1], and5*(z) increases irx.

Proof appears in Appendix A. Sinc¥z, ) is continuous and differentiable, we only need

9%5(z,8)
0208

to show > 0 for supermodularity, according to Milgrom and Roberts (@98nd Topkis
(1998). Supermodularity implies that the Northern innovatbargaining power is complemen-
tary to the skill intensity of the intermediate googds This is also the core spirit of the PRT of
firms (Grossman and Hart, 1986; Hart and Moore, 1990), whighes that the optimal owner-
ship structure should give the residual rights to the paftpse investment is more crucial to the
relation-specific investment. More formally, the appensliwws that there is a unique maximizer

p*(z) € [0, 1] for a given value ot, and$*(z) increases i due to supermodularity.
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In our case, three ownership types correspond to three envgues of3. Thus, for the most
skill-intensive intermediate goods produced in the Soiitwould be optimal if the Northern in-
novator owns the firm@ = F’) since she has control over the high-tech input. While fer th
least skill-intensive intermediate goods, it would be wyati for the Southern domestic ownership
(O = D) since the local supplier’'s investment in low-tech inputisre important. If both inputs
are important, then joint ownership would be optimial= J). The following lemma formally

proves this statement (see the proof in Appendix B).

Lemma 3 If the Northern innovators would offshore all intermedigt®ods to the South, the most
skill-intensive intermediate goods are offshored throtdginthern-owned foreign firms: (> 2% ),
and the next more-skill-intensive are offshored throughtjeentures {},, < z < z%.), and the
least skill-intensive are outsourced to the Southern-ala@mestic firmsz < z7,;). Moreover,

these cutoffsy, ; andz% ) are independent of trade costs.

Figure 3 plotsN(z) and S(z, 3°) whereO = F,J,D. The horizontal zero line is the log
profit ratio of 7°(z). The upward sloping linéV(z) implies that the profit is higher for more skill-
intensive intermediate goods to be produced in the Nortis tatement also holds for the upward
sloping curveS(z, 3F), namely the foreign ownership of the Southern productiarcantrast, the
negative sloping curvé(z, 37) implies that it becomes less profitable to choose Southenepw
ship for more skill-intensive products. Meanwhile, Lemmarplies that the optimal offshoring
profits should be the upper contour of the log profit ratioshoé¢ ownership types, if the whole
spectrum of intermediate goods would have been offshorgébdet@Gouth. This upper contour is
below zero, implying that allocation of property rights aawt recover the efficiency loss due to
the incomplete contracts. This is fundamental feature df, PR., the allocation of residual rights
increases one party’s incentive but decreases the othessg@an and Hart, 1986). Thus, the
area between the upper contoursifz, 3°) for O = F, J, D and the horizontal zero line is the
efficiency loss due to the incomplete contracts.

Figure 3 also suggests the solution to the Northern innogajmint choice of location and

organizational form. The optimization problem in equat{éh is equivalent to comparison be-
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tween the log profit ratios of North and South productionhiree ownership choiced/(z) and

S(z,39) for O = F, J, D). To formally show the solution, we make the following asgtion:

11—«

Assumption 2 (1) wy, < t; (2) w; > 1_tﬁF[1_a1(Ing)] - .

The first part is the same as in Assumption 1, which guararbegghe most skill-intensive
productz = 1 is produced in the North, even assume the South also had thglet® contracts.
The second part guarantees that the least skill-intensiv@upt is produced in the South, i.e.
N(0) < S(0,5%). This impliesg” < 3 = f~(w;/t), wheref(3) = ﬁ[ﬁ]l%. The
intuition for this upper bound is that the South supplier lide incentive to invest in low-tech
input if his revenue sharél — j3) is close to 0. Notef(/3) is an increasing function from 1 to
infinity. Thus, if 37 satisfies this inequality, it is easy to show that this indityualso holds for3”’

andsP. Based on this assumption, we can show our main proposi@mthe proof in Appendix

Q).

Proposition 1 If Assumption 2 holds, there exists a unique triplgy (t), 255, 25,;), such that the
most skill-intensive intermediate goods remain in the Nért> 7., (¢)), the more skill-intensive
are offshored through Northern-owned foreign firmg ((t) > z > z%), the less skill intensive
are offshored through joint ventures;(;, < z < z%,), and the least skill-intensive are outsourced

to Southern-owned firms  z},;). Moreover, as the trade costlecreases; ;. (t) increases.

Note that under certain conditions, foreign ownership matylre an optimal arrangement for
any of the intermediate inputs. For instance, if the trads overy high, the log profit ratio of
Northern productionV(z) does not have interaction with the log profit ratio of Southgroduc-
tion with foreign ownership, namel§(z, 3¥"). Thus, this proposition only shows the case when
four production modes coexist, but Figure 3 is sufficienu®to do general analysis. Next we con-
sider three scenarios: trade cost reduction, ownershapdiization and improvement in contract

environment.
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2.4.1 Trade Cost Reduction

Lemma 1 implies that a reduction in trade costs shifts déW), as shown in Figure 4.
There are two implications of this effect for offshoring lagtor. First, when the trade cost is very
high, only Southern-owned firms participate in processiadd, even if joint ventures and foreign
ownership are legally allowed. Because the trade cost dasnjpe comparative advantage of the
South, it is only profitable for the North to offshore the I@wskill-intensive products.

Second, as the trade cost declines, it becomes profitabddhern innovators to offshore
more skill-intensive intermediate goods to the South. Ndale, the Northern innovators would
require more control over their productions in the Southus'mstead of licensing to Southern-
owned firms, the Northern innovators would prefer to set it jeentures or their own greenfield
firms in the South. In this case, restriction of foreign ovahgp would become an important trade
barrier.

In addition, a reduction in trade costs has differentia¢ef on the export of Southern firms

with different ownership types. More formally, we can shdw following proposition:

Proposition 2 A reduction in trade costs increases the export revenueesbfdoreign-owned firms

in the exports of intermediate products, if three ownersiyges of firms coexist.

Proof appears in Appendix D. The intuition is simple: if tar@vnership types of firms coex-
ist, a reduction in trade costs increases intensive maggialf firms in the South, but increases
extensive margin only for foreign-owned firms. Equation 4vgh that the revenue elasticities of
the trade cost is- 7=, irrespective of firm ownership. Thus, a decline in tradesowreases the
intensive margin of offshored intermediate goods for gty of firms in the South. However, for
the extensive margin, it depends on the locatio@t). If the three ownership types coexist (as
depicted in Figure 3), a reduction in trade costs incredsegxtensive margin of foreign-owned
firms, but not for joint ventures or Southern-owned firms guse the cutoffs between ownerships
are independent of the trade cost. Thus, the revenue shidre foireign-owned firms in the exports

of intermediate products increases.
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2.4.2 Ownership Liberalization

Governments in developing countries often restrict thevidiets of wholly-owned foreign in-
vested firms for reasons including reducing competitiomwitligenous firms, promoting technol-
ogy transfer through joint ventures, and controlling gigat sectors (e.g., Kobrin 1987; Gomes-
Casseres 1990). Our model provides a framework to analgzenpact of ownership restrictions
of foreign capital on the South’s export structure.

Consider one extreme case where the Southern governmeasé@sia strict prohibition of
foreign-owned firms or joint ventures, and only Southermed firms export. Then the cutoff
between North-South production is given By,,, as showed in Figure 5. If the trade cost is very
high, this ownership restriction policy does not matter mamce the Northern innovators would
want to outsource their least skill-intensive products tmtSern-owned firms. However, if the
trade cost is low, then joint ventures and foreign-owneddiare more profitable, thus the South
can benefit substantially from relaxing the ownership adritor foreign capital. First, if joint
ventures and foreign-owned firms are allowed, then the tb&tiveen North-South production
moves up to:;, thus many more skill-intensive products will migrate te 8outh. Second, there
is an efficiency gain from the ownership change from Soutlwsvnership to joint venture and
foreign ownership for those products withit, ;, 27, v -

Another typical case is that the South imposes a prohibgrowholly foreign-owned firms but
encourages joint ventures in hope of more technology sitlthrough learning. This case can
be analyzed similarly in Figure 5, and the efficiency gaimfritberalization of foreign ownership
remains the same. For both cases, as a result of the Southéssinip liberalization, the exports by
foreign-owned firms will increase, both in intensive andeesive margins, thus the export revenue

share of foreign-owned firms will also increase. As a summaeystate the lemma as follows:

Proposition 3 If the trade cost is lower, i.e., foreign ownership beconresifable, relaxing own-

ership restrictions can increase the export revenue shbfereign-owned firms.
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2.4.3 Improvement in Contract Environment

Figure 3 shows the case where the four production modesstoéiiis figure shows the ad-
ditional efficiency loss at the extensive margin due to tleemplete contracts in the South. The
Northern innovators would offshore more intermediate gopfl (1) < z < z*) if the South had
the complete contracts. The distance betweesndz:;. reflects the extensive margin of the loss
due to the incomplete contracts, which in general contam®rskill-intensive intermediate goods,
and thus affects high-skilled labor more.

Although we do not model the partial incomplete contractliexfy, it is not difficult to see
that more products will be offshored to the South if its caotrenvironment becomes better. In
Figure 4, an improvement in the contract environment in tbetls can be approximated by an
upward shift in the upper contour of the log profit ratios atnownership types! It is clear that
the cutoff between North-South productiep, (t) will increase as the upper contour shifts up,
and thus many more skill-intensive products will be offgtbto the South through foreign-owned
firms.

If the three firm ownership types coexist, and assume an iepnent of the contract environ-
ment has the same effect on the intensive margin of all Souttsfiexports, then the combined
effect on the intensive and extensive margins of foreigmexhfirms’ exports implies that the ex-
port revenue share of the foreign-owned firms will increaséha contract environment becomes

better. As a summary, we state the lemma as follows:

Proposition 4 If three ownership types of firms coexist, an improvemenbmnract environment

increases the export revenue share of foreign-owned firms.

\We can extend our model to characterize partial completea@cts by assuming the South has complete contract
with a positive probabilityp € [0,1]. Following Sheng and Yang (2011), we can obtain the expegtefit for
South production with ownership choi¢® denoted as° (z, 3°), as the weighted profits of*(z) and7(z, 3°),
with weights¢ and1 — ¢ respectively. Since the log function is concave, and by el#asnequality, we know
In7%(z,8°) > ¢InnS(z) + (1 — ¢)In7w°(z,3°). Thus, the log profit ratio of South productici(z, 5°) =
(1—a)/alln73(z,3°) —In7%(2)] > (1 —¢)S(z, B°). Clearly, a rise inp can shift up the South production profit,
and with the optimal ownership structure, it shifts up theempcontour of three log profit ratios of South production
in Figure 4.
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2.5 Offshoring, Ownership structure, and Skill premium

In previous sections we have shown that ownership libextdin of foreign capital, along with
the trade cost reduction and improvement in contract enwient not only increases the export
share of foreign-owned firms, but also upgrades the Soutbregpructure, because more skill-
intensive products are offshored through foreign-owneddir This section discusses the impact
of ownership liberalization on the wage inequality in thei®o The subscrip$ is omitted without
causing any confusions in this section.

The general formula of the aggregate relative demand of iite- $killed laborD(q, w, %) in
the South within the interval € [0, Z], is defined as

D(q,w,z) = M
foz I(z,B)dz

whereg could bes?”, 37 andjs* for different range of. Next we show the property of the relative

(9)

skill demand for a given intermediate good.

Proposition 5 The relative demand for the high-skilled labor for each fir@,h(z, 5)/1(z, 5) =

U—Bﬁ%%’ increases irr and S but decreases in the relative price of the high-skilled labo

This proposition reflects two channels that offshoringéases skill demand in the South. First,
skill demand increases if more skill-intensive intermégligoods (increase ir) are offshored to
the South through the extensive margin. Second, even witheugrowth in extensive margin,
ownership liberalization (increase f) itself also increases firms’ demand for high-skilled labor
This is consistent with the PRT in the sense that the partyavts the firm has more incentive to
invest its own input. When the Northern innovator owns the fishe will hire more high-skilled
workers to produce more high-tech input. As the South rel@seownership restriction on foreign
investment, the relative skill demand will increase forstaérms switching from Southern-owned
firms or joint ventures to foreign-owned firms. This chanseiovel in the literature of the impact

of offshoring on labor market.
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D(q,w,z)

Proposition 6 The aggregate relative demand for the high-skilled laboraases irz, i.e.,2

>

0.

This is essentially the mechanism of Feenstra and Hans@®6&)9Without loss of generality,
we prove the case when three ownership types of firms co&fistaggregate relative demand for

high-skilled labor is given by

Z fQ ( ﬁo)dz

O=D,J,F

Joo 1=

O=D,J,F

D(q,w,z) =

whereQ)p = [0, 25,,], Qs = (2], 25p), andQp = [2%5,Z]. Thus,

D ,3) _ omiiyp oo (B8 e SV STIIE57) — e 0) 2 POl
” ! [O:§J F fQO 2 BO)dz)?

due to the fact thati(z, 3¥)/1(z, BY) > h(z, BF)/l(z, BY) = h(z, B°)/I(z, B°) for z < z, and for
O = D, J, F. Note that this proposition holds for any distribution afearmediate goods.

Proposition 7 Given the trade cost is low, ownership liberalization irases the aggregate rela-

tive demand for the high-skilled labor, even without coasity the growth in extensive margin.

To make our point clear, we assume that the trade cost is llmwiag three types of firm own-
ership coexist. For simplicity, we compare the aggregdétive demands of the high-skilled labor
for intermediate goods in the rangk z7.], under three ownership arrangements: only Southern-
owned firms, only Southern-owned firms and joint venturesl, famally with all three types of
ownership. The relative skill demand under three ownerahigngements are denoted by, D,

Ds. First we redefin€lp = [2% 5, 25 y], andQ = O:g,J,FQO’ then the formula foD,, D,, D5 are

given as follows:

fQ h(z, BP)dz
fQ l(z,pP)dz
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Jo, Bz BP)dz + [, h(z, B7)dz

D. = Jop 1z, BP)dz + [, (=, B7)dz

fQD h(z, fP)dz + fQJ h(z, 7)dz + fQF h(z, BF)dz
Jo, Uz, 8P)dz + [o Uz, 87)dz + [, (2, B7)dz

In Appendix E, we show thab; < D, < D3 holds under some mild assumptions. Note that

D3:

Dy(or D,) is larger than the relative demand for high-skilled laldarrily Southern-owned firms

(or with joint ventures) are allowed since the cutgffy < 2y (or 27y < 25y)-

3 Hypothesis Testing

3.1 Three Testable Hypotheses

Our model generates fruitful predictions about the skikisity and the regional (or industrial)
distributions of the intermediate goods export by differ@m ownership, and the impact of off-
shoring with ownership structure on college premium in thatB. To test our model, we propose
three testable hypotheses.

Hypothesis | : Skill intensity hypothesis: The offshored products thtotayeign-owned firms
are more skill intensive than those through joint ventuned €hinese-owned domestic firms.

This hypothesis is one direct result from Proposition 1. @&mse we focus on the effect of
offshoring on the South, we do not test the skill intensityNaith production. A weaker version
of this deterministic ranking is stochastic dominance,chlgaptures the idea that foreign-owned
firms are relatively better in producing more skill-intaresproducts. Thus, we adopt stochastic
dominance tests for this hypothesis. Note this hypothesisei building block of our conjecture for
the rising college premium in China. Once we show evidencéhis hypothesis, we explore the
determinants of geographic or industrial distributionhe £xports by different ownership forms.

Hypothesis |1: Distributional hypothesis: Regions (or industries) that/k lower trade costs,

higher degree of ownership liberalization and better cantrenvironment have more export of
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intermediate products by foreign-owned firms.

This hypothesis is based on Propositions 2, 3, and 4, but i® maphisticated than these
propositions, which show that the export revenue sharerefdo-owned firms will increase as the
South reduces it trade barriers, relaxes ownership rastrcfor foreign capital, and improves its
contract environment. For our empirical purpose, we exgioe differential effects of these factors
on the geographic and industrial distribution of the expdihtermediate goods by different firm
ownership types. Based on the regional difference in th@rqf intermediate goods and its
ownership structure, we can test the third hypothesis.

Hypothesis I11: College Premium hypothesi®egions that have more offshoring and higher
share of foreign-owned firms in offshoring have higher galpremium.

This hypothesis is based on Propositions 6 and 7. It dirdesys our conjecture that the
offshored production through foreign-owned firms driveghgp skill demand in the South. More
importantly, it quantitatively evaluates the role of offsimg and the export share of foreign-owned
firms, against several other popular theories about theg®lpremium, such as the skill-biased

technology theory and the capital-complementarity theory

3.2 China’s Background

China provides a unique opportunity to test these hypothdsecause foreign ownership is
restricted or prohibited by the Chinese government in eB®80s, and in late 1990s the country
undertook a major legal and economic reform in foreign trade investment in the face of the
WTO accession in 2001. The WTO Agreement on Trade-Relatesstment Measures (TRIMS)
itself explicitly precludes the WTO members from imposiegtrictions or distortions on foreign
investment. In order to fully enforce the provisions of thRIWls agreement, China has mod-
ified many laws regulating trade and foreign investmentparegging foreign firms to compete
on an equal basis with Chinese companies. For example, thendbDevelopment and Reform
Commission has started to announce the industrial policyeigulating foreign capital in 1995,

namely the Catalogue for the Guidance of Foreign Investimehistries (NDRC, various years),
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and revised it subsequently in aiming to relax capital adatgradually. Moreover, China has
also improved its legal protection on foreign ownership amdllectual property right in the last

two decades. According to Park (2008), the rank of Chinaterimationally patent protection has
increased from 69 in 1995 to 34 in 2005, based on the indextehpaghts developed by Ginarte
and Park (1997)\2

These policy reforms along with trade liberalization havecgessfully transformed China from

a negligible player in international markets to the worli#sgest exporter in 2010. Moreover,
China has also become the largest recipient of FDI in devdogpuntries and emerged rapidly as
the “workshop of the world”. Meanwhile, as we discussed &ytive foreign-owned firms started
to play the dominating role in China’s processing exportibdinflows. Thus, we test these three
hypotheses against the Chinese experience when majautitsial reforms occurred concurrently

with the dramatic expansion of processing trade surrogn@imna’s entry into the WTO.

3.3 Data

The primary data sources are Chinese Urban Household Suf@&HS 1992-2006) and the
Chinese customs trade data (1992-2008). Both datasetsmaneland China’s provinces except
Tibet due to data missing in CUHS. The CUHS is conducted byp&éiNational Bureau of Statis-
tics (NBS). It records basic conditions of urban househalu$ provides detailed information of
workers’ demographic characteristics (age, gender, amdahstatus), employment (income, edu-
cational attainment, working experience, occupation,iaddstry) and geographic residence (city
and province). The survey includes information on abou®@3to 56,000 workers in a year. In
this paper, we focus on annual wages of manufacturing acarkevs engaging in wage employ-
ment. Wage income consists of basic wage, bonus, subsidiesther labor-related income from
regular jobs. We compute the real wage by deflating annuaésvemthe base year (2006) using

province-specific urban consumption price indices.

1?please see Branstetter and Lardy (2008) for a detailed stignu of China’s policy changes upon the WTO
accession.
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The trade dataset records both the value and quantity ofreapthe product level (six-digit
HS code), exporter locations and destinations, firm owngtgpes, and types of Chinese custom
regimes. The firm ownership types include Chinese-ownededtimfirms, joint ventures, and
wholly foreign-owned firms. In this paper, we use the rest ofld/(ROW) as the North country,
but for robustness check we use China’s high-income tradegra as the North. Our definition
of high-income countries follows the World Bank’s standelaksification, including 66 countries.
13 China’s processing exports to high-income countries dautied about 90 percent of its total
processing exports. Most of empirical results hold for ksstmples. Based on these two datasets,

we test three hypotheses in the next section.

4 Empirical Evidence

4.1 Hypothesis I: Skill Intensity Hypothesis

To compare the skill intensity of processing exports acfiossownership types, we first com-
pute the average skill intensity by firm ownership types foe period 1992-2008, as shown in

Figure 5. The average skill intensity for the firm ownerslyipetO in yeart is defined as

whereO = F, J, D. z; denotes the skill intensity of industéy andyy, ands, denote the value
and share of processing exports of industiy yeart for the firm ownership typ®. Thus, the
average skill intensity is a weighted mean of industriall sktensity, using the industrial share
of processing exportﬁt as the weights. The average skill intensity for ordinaryatgpcan be
computed similarly.

The measure of skill intensity, for industry: is defined as the ratio of workers with college

degrees or above to industrial total employment. The dafeorm Chinese National Industry

3Taiwan is not included in the World Bank’s data, althoughualifies to be a high-income region. We add Taiwan
into our sample because it is an important trade partner aflarad China.
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Census 1995 (CNIC1995), which reports employment by educat the 3 digit industry level
for 1994.1* We drop the most skill-intensive sector to avoid that ouultssare impacted by this
sector, which is 75 percent higher than the second highest.

Figure 5 presents the evolution of average skill intensitgrocessing exports by three types
of firm ownership verse ordinary exports. Clearly, the agerakill intensity is the highest for
foreign owned firms, the next highest for joint venturesidieked by Chinese domestic firms, with
the lowest being for ordinary exports. Since 1992, therebleas significant skill upgrading in the
processing exports, especially among foreign owned firnmdlevthe skill upgrading in ordinary
trade has been limite®. This pattern strongly supports the first hypothesis. Howatean not
rule out the possibility that foreign-owned firms are beitdroth the least and most skill-intensive
industries, which makes their average skill intensity kigthan other firms. Thus, we look into
the distributional differences across firms.

Figure 7 presents the distributions of processing exporfeim ownership types in 1992 and

2008. The empirical distributio@o(z) for O = F, J, D is constructed as follows:
@to(z) = ZI(ZZ- < z)sgt

where(.) is the indicator function. This figure reveals two importamssages. First, the dis-
tribution of foreign-owned firms is more skewed toward skiliensive sectors than those of joint
venture and Chinese-owned firms. In other words, the digtdb of foreign-owned firms first-

order stochastically dominates those of other firms. Moeeawis feature is more significant in

2008 than 1992. Second, all distributions shift toward trigom 1992 to 2008, implying sig-

14The CNIC1995 is based on Chinese Standard Industrial @tztgin 1994 (CSIC1994) at 3 digits level, which
has similar structure as ISIC REV.3 at 4 digits level. So weveot both the skill intensity measure and trade data
based on Harmonized system into ISIC REV.3 at 4 digits le@&lce we restrain ourselves to manufacturing sector,
we cover 113 out of 127 classes in ISIC REV.3 at 4 digits leRédase see the concordance detail in Appendix F.1.

15As a robustness check, we use the skill intensity measumetfie National Economic Census 2004 (NEC 2004).
The correlation of two measures is as high as 0.8, but thensdtas a higher mean and variance, which magnifies the
differences in the skill intensity across industries, amastthe average skill intensity is higher and the gaps betwee
firm ownerships are larger. However, the patterns of skitrisity by firm ownership types in Figure 5 remain the
same.

1Figure 5 is based on the sample of exports to all countrigghlbypatterns of skill intensity across firm ownership
types and export regimes are the same for the sample of highrie countries.
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nificant skill upgrading in the processing exports. Notes tigiature is also more significant for
foreign-owned firms.

More formally, following Delgado et al. (2002) we adopt a Aearametric test for first-order
stochastic dominance. L€ét°(z) denote the cumulative distribution of the processing etgploy
firm ownershipO. ThenG*(z) has first-order stochastic dominance og€f(2) if the following
condition holds:G*'(2) — G’(z) < 0 uniformly in z € R, with strict inequality for some. Thus,

we are interested in testing the following hypotheses.

() Two-sided test
Hy: GF(2) = G7(2) forz € Rv.s. Hy : GF(2) # G7(z) for somez

can be rejected.

(i) One-sided test
Hy:GF(2) —G7(2) <0forze Rv.s. H, : GF(2) > G(z) for somez

can not be rejected.

The two-sided test tests the equality of two distributiond ¢he one-sided test tests the hy-
pothesis thatz"'(z) has weakly first-order stochastic dominance ofié(z). If the two-sided
test is rejected and the one-sided test is not rejectediiitates that:;* (z) strictly stochastically
dominates’(z). In other words, the processing exports by foreign-ownedsfiare more skill
intensive than those by joint ventures.

The Kolmogorov—Smirnov test statistics of the two-sided ane-sided tests for two equal
numbers of observations afg = /n/2 max |G7(z) — G7(z)] andT?2 = \/n/2 max{G" (z)

G’(2)}, respectively, wher&(z) is the empirical distribution o&°(z) for O = F,.J as con-

structed above.
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The Kolmogorov-Smirnov test requires independent idahtample, while we have sampling
data for 1992-2008 and they may have autocorrelations sgea's. Thus, we run the test year
by year. Table 1 presents testing results where 1 denotssicg) of the null hypothesis at 10%
significant level, and 0 means a failure to reject the nulle Wo-sided test for foreign-owned firms
and joint ventures (column 1) shows that it rejects the rarllyears 1998-2008 but not for earlier
years, and the one-sided test (column 2) does not rejecuthtonall years in our sample. Thus,
we can conclude that processing exports by foreign-ownatsfitave been more skill intensive
than those by joint ventures since 1998. It is reasonablethieawo-sided test fails to reject the
null for years before 1998, because the trade cost was higjfioagign ownership was restricted,
few foreign-owned firms and joint ventures entered. Thus, distributions of foreign-owned
firms and joint ventures are not statistically differentnfreach other. As the trade cost declined
and the restrictions on foreign ownership were gradualtyaeed, more intermediate goods were
offshored through foreign-owned firms and joint venturetiug, their distributional differences
became statistically significant.

The testing result is similar for joint ventures and Chinessed domestic firms. The two-
sided test (column 3) shows that it rejects the null for ye&387-2008, and the one-sided test
(column 4) does not reject the null for all years. This implteat processing exports by joint
ventures have been more skill intensive than those by Caioesed firms since 1996. Because
the stochastic dominance is a partial order, we can conc¢hateprocessing exports by foreign-
owned firms have been more skill intensive than those by Gkhogvned firms since 1997.

This two-step testing procedure can be applied to testingkdl upgrading in processing
exports for each type of firms. Table 2 shows the results foh déae-year interval during 1992
and 2007. The two-sided test rejects the null but the onedsiést fails to reject the null for all
firms in three time regimes. It implies that there is signifitcskill-upgrading in processing exports
for all firms. However, recall the fact that processing expby foreign-owned firms became more
skill intensive than those by joint ventures and Chineseefirms after 1998. Thus, it must

be the case that the skill upgrading is similar for all firm$obe 1998, but is more substantial in
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foreign-owned firms than joint ventures and Chinese-ownetsfthereafter.

We also conduct this stochastic dominance test for the saaf@hina’s export to high-income
countries. All the results in Table 1 and 2 remain to hold egt¢hat processing exports by joint
ventures have been more skill intensive than those by Ciioesed firms since 1997, rather than
1996.

In the end, we show how much foreign-owned firms can accourthéorising skill content in
total processing exports. The contribution of each typerai fo the skill content in processing
export can be defined as the ratio of the skill content in tlegssing exports by firm type to
the skill content of the total processing export, i.e.,

o] ~0 0]
i “iY; Z i Yi
skshr?zz Yir _ Ey’t:Zo*VStO

Zi ZiYit ? ZZ Yit

whereZ© = z9 /7 is the relative average skill intensity by firms with owneps®, andV S° =
%—zoj is the value share of processing exports by firms with owmgréh This implies that the
role of firms with different ownership types can be decomgost two parts: the relative average
skill intensity and its share in processing export. Notide tecomposition exercise only measures
the “between” industrial skill upgrading, but not the “witthindustrial skill upgrading.

Figure 8 presents the skill content shares by firm types ingssing exports during 1992 and
2008, together with the processing export share of foreigned firms. It shows that foreign-
owned firms have grown from a minor player in the skill contefprocessing exports to the

dominating organization in 2008, i.e., it contributed al®8ipercent of skill content of processing

exports.

4.2 Hypothesis Il: Distributional Hypothesis

In previous section, we have shown that the processing expgrforeign-owned firms are
more skill intensive than other firms, and play the risingeroi the skill content of processing

exports. Thus, the regional distribution of processingoeipy foreign-owned firms becomes the
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important determinants of regional skill demand. In thistes, we explore the determinants of
the regional distribution of processing export by firm ovafap types.

We use the revenue function in Equation (4) to derive the emtric specification for the
second hypothesis. By taking the logarithm transformatifiihe revenue function, we get
Q@ 15} S

1_@[—lnt+zln1_5—zln%—l—lna—kln(l—ﬁ)—lnws] (20)

InR=InX+

However, it is not the optimal revenue for the Northern irstov and we need to modify it ac-
cordingly. The first term in bracket only considers the istea margin effect of the trade cost,
which is the same for three types of firm ownerships, but igadhe extensive margin effect,
which is different for firm ownership types, as shown in Lem{@a Thus, we include the in-
teraction term between firm ownerships and the trade costblas in regression. Second, the
second term in bracket implies the complementarity of ski#nsity and the Northern innovator’s
ex post revenue share. However, it omits the optimal owngidtoice and its determinants. Thus,
we include the interaction term of firm ownerships and messof ownership liberalization and
contract environment. If Lemma 2, 3 and 4 hold, we would ekfjeat trade costs reduction, own-
ership liberalization and improvement in contract envin@mt would increase more the processing
exports of foreign-owned firms.

Third, the third term in bracket reflects the impact of conagige advantage on export. Fol-
lowing Romalis (2004), and Nunn (2007), we use the shareshiiph-skilled labor to indicate the
relative price of high-skilled labor, and include the imtetion term of industrial factor intensity
(hi, k;) (skill intensity and capital intensity) and factor endowrteariableV}, (H;;, K;;). In the
end, we use dummy variables for industries, provinces,syaad ownerships to control for the
demand shiff\, low-skilled labor wage and yearly effect and ownershipdiréect.

To test this hypothesis, we need to obtain measures of ohipdiseralization, contract envi-
ronment and trade costs. For ownership liberalization,emstuct a uniqgue measure of ownership

liberalization using the official list from the Chinese gawment that specifies which industries are
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encouraged, restricted, or prohibited for foreign investin This list, provided in the Catalogue
for the Guidance of Foreign Investment Industries (NDRGCioues years), was first published in
1995 and was revised subsequently in 1997, 2002, 2004, &id Zor encouraged industries,
foreign investors have more freedom in choosing their osMmprstructures, and they enjoy other
advantages such as preferable corporate tax rates, low @bktnd, and duty-free for imported
inputs. In contrast, for restricted or prohibited industrithe Chinese government usually imposes
stringent restrictions on ownership structures and highyasost for foreign investors. The Chi-
nese government removed the restrictions and prohibitoalfout a half of the industries, which
initially was restricted or prohibited, and expanded alBi® of its encouragement coverage after
access to the WTO.

For subsequent regression analysis, we construct twogsd&r ownership liberalization at
the industry level: an encouragement policy indicator argksgriction (includes prohibited) policy
indicator. We assign the value of 1 for encouragement (dricéen) policy in an industry if at
least one product in that industry is formally stated on tbeegnment list of encouragement (or
restriction). Otherwise, we assign the value of 0 to thatigtdy. We also assume that there are no
policy changes until a formal revision is announced in thielighed Catalogue. These two policy
indicators capture the differences in ownership regutatibetween industries with and without
policy interventions?!’

For the measurement of contract environment, we follow itegalture on the influence of
institutional quality on the trade pattern (Nunn, 2007; ¢tleenko, 2007; Feenstra et al., 2010).
These studies use the indexes of doing business in 30 praMiapitals in China published by the
World Bank (2008). Specifically, we use a “court cost” vakghvhich is measured as the ratio of
official costs of going through court procedures to the d&btrc Higher “court cost” indicates an
inefficient, rent-seeking legal system, implying a lowestpability of upholding contracts between
firms. For convenience of interpretation, we construct atcefficiency measure, which equals

0.5 minus the ratio of court cost, as in Feenstra et al. (20%0Yhe spatial differences in court

17please see Sheng and Yang (2011) for the details about ostrgction method.
8\World Bank (2008) also provides two other measures of cohéravironment: “court time”, which measures the
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efficiency in China are substantial. The Southeast coastalnres usually have higher levels of
court efficiency than do interior and northern provinces.

To approximate trade costs, we use the cumulative numbeatadnal policy zones that had
been opened up to a year in a specific proviffaghina began to establish special economic zones
for export in the early 1980 in coastal cities. Owing to thaitial success, special zones were
expanded into inland cities (Wang, 2010). These policy gamaude Economic and Technological
Development Zone, High-Tech Development Area, Bonded Aeg@ort Processing Zone, and
other types. Multinational companies in these zones ergoypus advantages, including lowered
corporate tax rate of 15 percent, duty free for imported ispwo import quotas, low costs of land,
and no property tax in the first five years. There are also mahdit benefits for foreign firms if they
export most of their products. The data reveal two boomirrgpde of policy zones: the first is
1990-1993 when the cumulative number of zones jumped frotoe 180, and the second is 1999-
2003 when the number increased from 139 to 196. By 2006, bab221 policy zones had been
established in China. Their existence has reduced the obstsernational trade. To avoid the
potential contemporaneous correlations between pralineriables with the error term, we use
one-year lagged values of trade costs measures and thaaet@f éndowment as the benchmark
specification.

To develop the regression specification, we denote our digpevariabldn(R,;;;) as the log
value of processing exports value of ownershifn industryi:, provincej, and yeat. Indicator
variables for three types of ownerships are denoted by aowvég;;,. We interactD,;;; with

ownership encouragement policy, denétg;;,, ownership restriction policy, denofeP;;, contract

time interval between the time the plaintiff files the lavisand the time of payment, and “court rank” of the court
system in each provincial capital based on the measuresooft'cost” and “court time”. As Nathan Nunn points
out in Feenstra et al. (2010), either a very short periodroétor a very long period of time can be an indicator of
inefficient legal system; as such, there is no monotonidiogighip between court time and court efficiency. We also
agree with this point; thus, we use the court cost as a meas$judicial efficiency in our study.

1%We adopt this measure rather than tariff because of two nsasbirst, all imports for processing exports are
duty-free in China, and outward export tariffs do not haveateons across provinces. Second, the setup of national
policy zones requires authorization from the central goregnt, which can be arguably considered as an exogenous
process beyond the control of provincial governments. &foee, the endogeneity problem is not a major concern.
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environment, denot€;, and with trade cost variable, dendt€’;;, obtaining the regression:

In(Ryiji) = 01 Doijt + 03 Doijt EPy + 05Dt RPy 4+ 01D it Q; + 05 Dyije TCly (11)

+wi Ve + &+ &+ &+ o

Where¢;, {; and¢, are the indicator variables of industry, province and yé&ote the trade lib-
eralization measure differs across provinces and yeaywimership liberalization policy differs
across industries and years. However, the contract emagahonly differs across provinces, as
discussed in detail as below, thus these interactions diireear with provincial dummy. There-
fore, the interaction between Chinese-owned firm and conémavironment variable is treated as
omitted group.

We begin a simple specification in Table 3 that only includesinhteraction terms of own-
erships with key variables of ownership liberalizationipgl contract environment and the trade
cost, and dummies for ownership, province, industry ana.year brevity we do not report co-
efficients for dummies variables. The second column presiet OLS results with controls for
the interaction terms of factor intensities and factor endents. Both OLS regressions show that
the ownership policy, contract environment and the trade lcave significant effect on the export
of joint ventures and foreign-owned firms. Consistent witin model prediction, their effects on
foreign-owned firms are larger than joint ventures and erawvned domestic firms.

As Lu et al. (2008) and Feenstra et al. (2010) point out, tmgract environment variablg);)
is likely to be endogenous to trade volume. We follow themgpice of using former colonial
rule, i.e., by British, France, Russia, or a combination oftiple powers, as well as provincial
population in 1953 as instruments for contract environm©éfe report the 1V results using GMM,
and test for weak instruments using an F-test in the firglestagression, as recommended by
Stock et al. (2002). The F-test statistics are all above thekSYogo criteria of 10, rejecting the
notion of weak instruments.

The IV resultin column (3) confirms our finding with the OLS regsion, and strongly supports
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our second hypothesis. The encouragement policy raisesxpp@t of foreign-owned firms and
joint ventures byxp(0.44) — 1 = 55 percent an@zp(0.18) — 1 = 20 percent, respectively, com-
pared with those firms in industries without preferable @oliBy contrast, the restriction policy
significantly reduces the export of foreign-owned firms anidtjventures byt —exp(—0.458) = 37
percent and — exp(—0.134) = 13 percent. The IV estimate of court efficiency also supports ou
second hypothesis. Consider the inner province Sichuartrendoastal province Shanghai, if
Sichuan had the same efficient court system as Shanghaiisgedeibus, the processing export
of foreign-owned firms and joint ventures will increase day(3.93 x (26.65% — 8.99%)) = 2
times andl.7 times, respectively. The establishment of national patmyes also has significantly
positive effects on the processing trade. Opening oneiadéditnational policy zone is associated
with 12 percent and percent increase in the export of foreign-owned firms anit jegntures,
respectively. However, it does not have significant effecthe export of Chinese-owned domestic
firms. These results are consistent with model predictibasttade and ownership liberalization
and improvement in contract environment will increase thygoet of foreign-owned firms more
than firms, when three types of firm ownership coexist.

This specification omits reductions in other unobservablaroneasured trade costs around
China’s access to the WTO. We expect the impact of ownerdb@palization and contract envi-
ronment would have more significant effect after China ettéhe WTO. Thus, we run the IV
regression after 2001, and the result is shown in columnf(#able 3. We find that the effects of
encouragement policy and contract environment are muohgr after 2001, while the negative
effect of restriction policy on foreign firms decreases. Effect of trade costs captured by the
cumulative number of zones becomes slightly smaller foeifpr firms. This is reasonable be-

cause the average area of national policy zones decreased 0 to 62 square kilometers as the

20we also conduct various sensitivity analysis, includingnggprovince-year pair dummy, alternative measure of
the trade cost and contract environment variables. Fatiguiimao and Venables (2001), the alternative measure
of the trade cost is infrastructure, measured as the logewafithe miles of railways and highways, relative to the
minimum distance to two major ports: Shanghai and Hong Kdfvgrld Bank (2008) also provides two additional
measures of business environment: (1) the official costasfisy a commercial or industrial firm, as a percentage of
income per capita, so called “startup cost”; (2) the officiadt of involving in registering property, as a percentage o
property value, so called “registration cost”. These twdalges may capture the cost of acquiring legal protection
for business. We find that all the major results are robugiesd alternative specifications.
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number of zones increased from 1990s to 2000s. One notedétdrence is that the estimated
coefficients of encouragement policy and trade cost redlndtir Chinese firms are also positive.
However, this result is hardly surprising because the itvtasstargeted by the government encour-
agement policies are also likely to receive other prefémbtreatments, have reduced bureaucratic
barriers, and encounter lower entry costs for all types aidjrthus leading to expansion in the
processing trade by indigenous Chinese firms. As a resultvaeoship liberalization, positive
productivity spillover to Chinese firms by the growing pnese of multinational companies may
also promote the export of Chinese firms (Chen and Swens6i)20

In the end, Table 4 presents the estimation results baseueosaimple of high-income coun-
tries, and all results are broadly consistent with our beraitk findings. Moreover, the effect
of ownership policy and contract environment are even geoffor this narrowly defined North

country.

4.3 Hypothesis IlI: College Premium Hypothesis

In this section we explore the effect of the regional disttikin of processing export by firm
ownership types on the regional skill premium. The empirsgeecification follows the classical
Mincer earning regression, which models the log value of eaening as a function of workers’
education and years of potential labor market experienbas,lthe dependent variable for analy-
sis, In(wy,;¢), is the log value of real annual wage for individualin province; and yeart. We
use college indicatorc¢ll,,;;) as the basic measure of education since we care about flegeol
premium. The local labor market may rewards college workl#ferently due to their differen-
tial exposure to globalization and other factors. Thus, meract the college indicator with these
key provincial variables, including processing expor8fGratio, denoted agroezratioj;, the

processing exports share of foreign-owned firms and jointwres, denotedeshr;, andjvshr;,.
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Thus, the basic estimation equation is

In(Wimjt) = ao+[Bo+Liproexratioj+Fa feshrj+Bsjushrj+BaX i) X collyji+7Gmji+0 1 +€mje

(12)
where X, are other provincial variables associated with the collegenium. G,,;; are other
personal characteristics including gender, experiengpereence squared and the indicator of
state owned sectod,;; are province-year pair dummy to control for province-yeanying effect.
Province-year cluster robust standard deviation is adbfatecontrol for the sample dependence
in CUHS. Our theory suggests that regions that have moreepsirtg exports and higher share of
foreign-owned firms have higher skill demand and thus higlodlege premium, thus we would
expects; andj, are positive.

Table 5 column (1) begins with a simple specification withany interaction terms with col-
lege indicator. It shows that on average the college wor&arased about 35 percent more than
non-college workers, and one additional year of experien@ssociated with a 4.8 percent in-
crease in real wage. In addition, female earns less than ayadeworkers in the state sector earn
about 20 percent more. These results are consistent wihrexliterature (Zhang et al., 2005; Ge
and Yang, 2009). Next we include the interaction terms ofiege indicator with the processing
export/GDP ratio and the share of foreign-owned firms. Caol2) shows that both processing
exports size and the share of foreign-owned firms are impbita the college premium.

However, this regression does not control for alternatheoties of the college premium.
Two popular alternatives are skill-biased technology Hlgpsis (Acemoglu, 1998, 2003) and the
capital-skill complementarity hypothesis (Krusell et @000). We use the ratio of R&D expendi-
ture to output to capture the domestic skilled-biased teldgy, and the import share of equipment
and FDI as a percentage of investment to capture the impskiked biased technology, following
Eaton and Kortum (2001); Burstein et al. (2011). Capitabiput ratio is used to capture capital-
skill complementarity. As a comparison of processing etgdhe ratio of ordinary export to GDP

is also included.
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Column (3) presents our benchmark result with these additioontrols. Our key variable,
the processing exports share of foreign-owned firms, issoblihe effect of processing exports
becomes larger and the role of joint venture become insagmfi One percentage point increase
in processing exports size and the share of foreign-owned fare associated with abdut7 and
0.24 percentage point increase in the college premium, reyadctiMoreover, both alternative
theories are not supported by the data. The R&D expenditapgrt of equipment and capital-to-
output ratio are all not significant. The negative sign of Rialy indicate the role of horizontal FDI
because the share of foreign owned and joint venture in psiieg exports contain information
of vertical FDI. Note the role of ordinary export has a poesteffect on the college wages, but
its magnitude is only 40 percent of processing exports. &leyur theory is the most possible
explanation for the rising college premium in ChigA.

One caveat of these regressions is that processing expaytbenendogenous to labor market
outcomes. For example, firms that export processing goodsttechoose regions with abundant
high-skilled labors if their intermediate goods are mor#l gktensive. Next, following Frankel
and Romer (1999), we adopt a two-stage procedure to deathigtiissue. First, we construct the
predicted values of processing exports ratio, and the pseiog exports shares of foreign-owned
firms and joint ventures in processing exports from the &30 in Hypothesis |l (regression (11))

as follows:

proexratio_pred;, = Z exp(l?z?%m-jt)/GDPjt

2,0

feshr_pred;; = Z €$p(m/§oijt)/ Zexp(ﬁ%mﬁ)

i,0=F 2,0

jushr_pred;, = Z 61’p(m/\Roikt)/ Z 6$p(ﬁzoijt)

’i7O:J 7;70

whereﬁ%oijt is the predicted log value of processing exports from theassion (11), based on

21This result is robust if we adopt a two-step regression, iiciwive first run Mincer regression for each province
at each year, and get a province panel of estimates of cqliegeia, and then regress the imputed college premium
on these provincial variables in Table 5.
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the result in column (3) of Table 3. Second, we use these giegtivariables as the instruments of
endogenous variables in the Mincer regression.

Table 5 column (4)-(5) report the result of using the prestictalues as instrument®. Com-
pared with OLS results, the role of processing exports tsstahile the effect of the export share
of foreign owned decreases. One possible reason is thaegnession (11) has more explanation
power in the size of processing exports than in the expderdihtials across firm ownership types.
One way to reduce the noise in the regression (11) is to fooubeexport to high-income coun-
tries. As we show in Table 4, the effect of ownership policg aontract environment are stronger
for this narrowly defined North country. Table 6 shows theutsswhen we use the sample of
high-income countries. The OLS results in column (1)-(3) largely consistent with our base-
line results. Moreover, the instrument results in columnaf@d (5) show that the export shares of
foreign-owned firms are significantly positive. The impatjaint ventures becomes negatively
significant in all IV specifications because the rising sharoreign-owned firms is more likely
to crowd out export by joint ventures, which may create thgatige statistical correlation.

In the end, for robustness check, we use the schooling yedeké the place of the college
indicator. Table 7 shows that the results are largely ctersisvith our baseline findings. Notice we
need to multiple the coefficients by a factor of 4, when we caraphe effect on college premium
and return to education. Thus, the effect of processing x@ize on return to schooling are
consistently higher across different specifications antpdas than its effect on college premium.
However, the role of the share of foreign-owned firms is cstesitly with its effect on the college

premium.

5 Conclusion

This paper proposes a new mechanism linking trade and wageafity in China: ownership

liberalization due to China’s accession to WTO in 2001. k bffered robust evidence that the

22The two-stage least square procedure leads to a wrong éstirhatandard deviation of the coefficients in the
second stage. We need to correct the standard deviationglusdtstrap method.
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processing exports of foreign-owned firms are more skiénstve than these of joint ventures and
Chinese-owned firms. A reduction in trade costs, ownershgudlization, and improvementin the
contract environment increase more processing exportsrigygh-owned firms, which eventually
rises the relative demand of high-skilled labor. The Minegression has also showed that the
size of processing exports and the share of foreign-owniets fare both important determinants
of the college premium between 1992 and 2006. This finding do¢ appear to be explained by
any of a variety of alternative hypotheses.

These findings have important policy implications for depéhg countries. Conventional wis-
dom might suggest that developing countries encouragequinership between the South and the
North, in hopes of greater spillover from the North throughj ventures. Our analysis implies
that the multinationals jointly decide their strategiesdéfshoring, ownership and skill demand.
Thus, if the South imposes foreign ownership restrictiomsre skill-intensive products remain in
the North, and only less skill-intensive products are aiffgld to the South. In the end, this lowers

the demand for high-skilled labor, and therefore impedesttonomic growth in the South.
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Appendices

A Proof of Lemma 2

9°5(z,8)

SinceS(z, ) is continuous and differentiable function, we only needhove 5208

> 0 for supermodularity,

according to Milgrom and Roberts (1990) and Topkis (1998)sﬁow%gg3) > 0, we only need to show that

1 (1-a)(2-a)
pA=P) " [1—a(l=p)+a(l—-2p)z]?

(A1)

For 8 € [1/2,1], the RHS of inequality (A.1) increases in So we only need to show that the inequality holds for
z =1, whichis

[1—aB >B1-p)1~-a)2-a)

For 8 € [0,1/2], the RHS of this inequality decreaseszin So we only need to show that the inequality holds for
z =0, which is

[1-a-pB)>pB01-B)1-0a)2-a)

It is easy to see that the second inequality is the same agsherik if we redefing = 1 — 5. So we only need to
prove the inequality fog € [0,1/2]. . This inequality can be shown by proving it in two cases whex 2/3 and

a > 2/3. Fora < 2/3, itis easy to show that

(1-af)?>(1-0a)>1-a)2-0a)/4>p1-B)(1-0a)2-a)

Fora > 2/3, we can use convexity property of functions. Cleayy3;) = (1 — «3)? is a convex function on a

compact interval, so we have

9B) = g +gdMB-D=01-a)’+(1-a)Ba—-2)1-5)+2-a)(l-a)(1-p)
> 0+2-a)(1-a)(1-p)p

Next step we show§(z, 3) is concave irx and strictly concave iif.

025(z, B) _ a(l—a)(1—2p)?
022 1—aBz—a(l—B)(1-2)2 "
and
925(z, B) :_(ﬁ—z)2+z(1—z) B a(l —a)(l —22)2 <0
op? B -B) [1-afz—a(l-pB)1-2)
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Because5(z, () is continuous and strictly concave in a compact set &f [0, 1], there must be a unique maximizer
B*(z) for a given value of, according to the maximum theory. Moreover, by the Topkis&orem, the supermodu-
larity implies 8*(z) increases irx. Here we show it by using the implicit function theory.

The first order condition fof is Sg(5*(z2), z) = 0 for an inner solution, differentiating the first order cotiti,
with respect toz and using the implicit function theorem, we find tf%;—z) = —% > 0. For conner
solution, we havgg*(0) = 0 and5*(1) = 1, so our statement ¢f*(z) still holds.

B Proof forlemma 3

To show Lemma 3, we first show the following corollary.

Corollary 1

(@) Forp = 1/2, % = 0 and S(z,1/2) < 0. This implies that the log profit ratio of joint ventures is

independent of.

(b) For 8 > 1/2,258) ~ 0, §(> = 0,8) < S( = 0,1/2) < S(> = 1,1/2) < S(z = 1,8) < 0. Since
BE > 1/2, this implies that the log profit ratio of foreign-owned firingreases inz. Moreover, there exists
a uniquez’,. € (1/2,1], such thatS(z%., 85) = S(z%x, B7), S(z,8F) > S(z,87) if z > 2%, and
S(z,87) < S(z,87)if 2 < 2% p.

(c) Forg < 172,288 <0, 5(2 = 1,8 < 1/2) < S(2,1/2) < S(z = 0,8 < 1/2) < 0. Sinces” < 1/2,
this implies that the log profit ratio of Southern-owned firdexreases in. Moreover, there exists a unique
25, € [0,1/2), such thatS(z}, ;, BP) = S(z},,87), andS(z, BP) > S(z,87) if z < 2}, andS(z, BP) <

S(z,B87)if 2> 25 ;.

Proof. For (a), evaluating(z, 8) and its derivative of at3 = 1/2 shows thatS(z,1/2) = 2=2[In(1 — £) — In(1 —
a)] —In2 < 0and 222, , =o.

For (b) and (c), sincé&(z, 8) is supermodular, we ha\%ig—f) > 0, then

9S(z, B) 2S(z, ) 9S(z, B)
P lg>1/2 > p lp=1/2 = 0> ) lg<1/2

ThusS(z, 8) has a positive slope in the directionofvhens > 1/2, while negative whe < 1/2. Moreover,
sincef(z) = Inz + =%[In(1 — az) — In(1 — «)] increases i if 2 € (0,1), so f(z) < 0 and the equality holds
only if z = 1. ThusS(z = 0,8) = In(1 — 8) + =2[In(1 — a(1 — B)) — In(1 — )] < 0andS(z = 1,8) =

In B+ =2[In(1 - aB) —In(1 — a)] < 0. Also we can seé(z = 0, 3) decreases it andS(z = 1, 8) increases irg.
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Therefore, fors > 1/2, S(z =0,8) < S(z =0,1/2) = S(z,1/2),andS(z = 1,8) > S(z = 1,1/2) = S(z,1/2).
The profit ratio for3 > 1/2 increases in, and with one corner value less than the profit ratio of joertture, and
the other larger than profit ratio of joint venture. Thus twofijt ratio curves only has single crossing. L€t. denote
the crossing point, then far > 2%, we must haveS(z, 8 > 1/2) > S(zf,8 > 1/2) = S(2§,1/2) = S(z,1/2), or
S(z,BY) > S(z,B7). Similarly, we can show theff(z, 87') < S(z,87) for z < z% .

Itis similar to show the case fgr < 1/2. We cangef(z = 0,5) > S(z =0,1/2) =5(z,1/2),andS(z = 1, 5)
< S(z = 1,1/2) = S(z,1/2). Since the profit ratio fog < 1/2 decreases in, there must have single crossing
between the profit ratios fgt < 1/2 and joint venture. Let}, ; denote the crossing point, then fok 27, ;, we must
haveS(z, 8 < 1/2) > S(z};.8 < 1/2) = S(z3,,1/2) = S(2,1/2), or S(z, BP) > S(z,7). Similarly, we can
show thatS(z, 8P) < S(z, 87) for z > 25, ;.

In the end, we show’ € (1/2,1] andz},; € [0,1/2). Itis easy to show the unique maximizer for= 1/2
is *(z) = 1/2, by checking the first order condition 6f;(5*(z),z) = 0 atz = 1/2. So if 2%, € [0,1/2], then
by lemma 3(b),S(z = 1/2,8 > 1/2) > S(z%p, B > 1/2) = S(z}5, 8 = 1/2) = S(z = 1/2,8 = 1/2), this
implies that forz = 1/2, 5 > 1/2is as good ag = 1/2 in maximizing the profit ratio, which contradicts the fact
that 3*(z) = 1/2 is the unique maximizer fot = 1/2. Thusz¥%, € (1/2,1]. By the same spirit, we can show
2hy €10,1/2).

Based on this corollary, the proof lemma 3 follows naturaltyis easy to show that for < 2%, , S(z, 8P) >
S(z,87) > S(z,8F) and forz} ; < 2 < 2%, S(z, 87) > max {S(z, BP), S(z, BF)}, and forz > 2%, S(z, BF) >

S(z,87) > S(z,8P).

C Proof of Proposition 1

First we define

1 t 1 —« 11—«

B(z,8,1) T Bm o "T-apz—al-B)1—2)

IN(z) - S(z,8))/z = In

]

Thus,N(z) > S(z, ) is equivalent toB(z, 5,t) > 0, and vise versa. Based on Assumption 2, we can show the
following corollary.
Corollary 2

(1) If Assumption 2 holds, for a given valyke < 3, we havelim,_, B(z,8,t) < 0, B(1,8,t) > 0, and
B.(z,6,t) > 0. Thus, there exists a unique thresheftt, 3) € (0,1) such thatB(3, z*(t, 8),t) = 0.

As a result, the more skill-intensive intermediate goads-( z*(¢, 8)) are produced in the North. and less
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skill-intensive intermediate goods & z*(¢, 3)) are produced in the South.

(2) The cutof*(¢, B) increases as the trade castlecreases.

Proof. lim. o B(z, 3,t) < 0 holds only if the term in the bracket is negative, which istunder the Assumption

2(2). Moreover,
11—« 11—« 11—« 11—«

B(l,ﬁ,t)zlnﬂi—i— In zlni—i-[ In ﬂ—ln6]>0

Wh « 1—ap wh, « 11—«

due to the facts that> w; and the term in the bracket decreases end has a minimum at zero.

To showB. (5, z,t) > 0, we only need to show

1-a In(l—a)—In(l1—afz—a(l-F)(1—=2))]+Int/(1—-F)w)+ . ozzﬁ(i : Zfi(i g)o(éi 2

r(z,8) = <0

It is easy to show that(z, 8) is non-increasing ir, sor(z,8) < r(0,8) = ln((k%)wl(lfia‘im)%). Since

r(0, B) is strictly increasing in3 if 3 > 0, thenr(0,8) < r(O,B) = 0 for 8 < B. The last strict inequality
holds due to Assumption 2(2). Thu¥(3, z, ) is an increasing and continuous functionz9fand B(3, 1,t) > 0,
Q%B(ﬁ,z,t) < 0. Clearly there must be a unique cuteff(¢, 5) € (0, 1) such thatB(g, 2* (¢, 8),t) = 0. Total
differentiate with respective t6, z andt at z*(¢, 5), we getBgdf + B.dz + B,dt = 0 SinceB, > 0 andB, > 0,
dp = 0, we have={-2) =—2t>0

Sinces? < B7 < BT, there exists at most three different cutoffsy (t) € (0,1), for O = F,J,D. The
above lemma implies that the most skill-intensive interragdgoods are produced in the North, i.e. for any
max{z} (1), 255 (1), 20 n ()}, andr(z) = 7V (2). Moreover, itis easy to show that the orderdf, (), 2%y (), 25 v (2)
must be one of the four cases: @), (t) > 255 () > zHn(1); (2) 25x () > 25n(t) > 2N (1) (B) 255 (1) >
2HN () > 2En (1) (B) 2pn () > 255 (1) > 25 (t). In the first case, four production modes coexists; in thersec
and third case, the North foreign ownership £ F) will not be optimal for any product; in the last case, the North
foreign ownership or joint ventur&X = F, J) will not be optimal for any product. Moreover, the first case also
implieszy,y (t) > 2. Because ity (t) < 27, thenzjy () > 25 (t) which is contradictory to the first case.

Thus, in the case of four production modes coexist, the nkdkistensive intermediate goods> =7, (¢) remain
in the North, and the less skill-intensive goods are offeddo the South. Based on Lemma 3, among these products
offshored to the South, the more skill-intensive are thtodgrth owned foreign firmsz(; y (t) > z > z%), the less
skill-intensive are through joint venturesy{; < z < z%,), and the least skill-intensive are outsourced to Southern
owned firms ¢ < z7,;). Thus, there exists a unique trigle;, v (¢), 27, 25 ;), which indicates the boundary of four

production modes. Moreover, as the trade ¢aBicreases;.  (t) increases.
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D Proof for Proposition 2

If three ownership types of firms coexist, we must hajg < 2% < 25y (t). Thus, the revenue share of foreign

firms in process exportis given by

z2pn (1)
[ R(z,8%)dF(2)
TF(t) - 2hy Z;JFF 25y (1)
[ R(z,8P)dF(2) + [ R(z,87)dF(2)+ [ R(z BF)dF(z)
0 255 Z5p

where F(z) is the distribution of intermediate goods Let R(z, 8) = R/(1)*/(0=%), and we can see the above
equality holds if we replac&(z, 5) with R(z, 8), but now the trade costaffects the revenue share of foreign firms
only through the extensive margin, i.e. cuteff, (¢). This is because the intensive margin has the same effect on
all intermediate goods. It is easy to show that the sharereida firms increases as., (¢), and we knowe s, (t)
increases as the trade costecreases. Thus a reduction in the trade cost increasesvitreue share of foreign firms

in process export.

E Proof of Proposition 7

We choose a uniform distribution of intermediate goodsitapdify the proof. First we show; < Ds.

Dy — Dy ~ (/QD h(z,BD)dz—i—/QJYF h(z,BJ)dz> (/QI(Z,BD)dz)
- </Q h(z,ﬂD)dz> (/QD l(z,ﬂD)dz—i—/QJYF l(z,ﬂ‘])dz>
= </QD h(z,ﬂD)dz—i-/QJ)F h(z,ﬂJ)dz> </QD l(z,ﬂD)dz—i-/QJ)Fl(z,ﬂD)dz>
- (/QD h(z,ﬂD)dz+/QJ’F h(z,BD)dz> </QD l(z,ﬂD)dz+/QJ’F l(z,ﬂJ)dz>
= l/QD I(z,8P)dz </QJ)F h(z,B7) — h(z,BD)dz> — /QD h(z, BP)dz </QJ)F I(z,87) — l(z,BD)dz>]

+/QJ,FZ(Z7 D)dz/QJYF h(z,ﬁ")dz—/myp h(z,BD)dz/ I(z,87)dz

Qi F
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The term in bracket is

- \/S;D l(y, ﬂD)dy </QJ,F h(Z’BJ) - h(z, ﬂD)dZ) - ~/5;D h(y, ﬂD)dy <~/§;.J,F Z(Z7BJ) - Z(Z, ﬂD)dZ)

- / / L M)Az B7) =z B7) = hly, Bz B) — Uz, 7)) dzdy
:/ Q /Q h(z, BP)(y, BP)(h(z, B7)/h(z, B7) = 1) = h(y, B”)(U(z, B7) — (2, B"))dzdy
~ /eQ / BP)(U(z, 87)/1(2,87) = 1) = h(y, B°)(U(=, B7) = I(=, B7))dzdy

/UGQD /ZEQJF

= / yaﬂD)( (Z,ﬂJ)—l(Z,ﬂD))—h(y,ﬂD)(l(Z,ﬂJ)—l(Z,ﬂD))dZdy
yEQD J2EQ F

y BD)( (ZvﬁJ) - l(Z,BD)) - h(yaﬁD)(l(ZvﬁJ) - Z(Z,ﬁD))dZdy

0

The firstinequality is becaugéz, 37)/1(z, 37) > h(z, BP)/1(z, 3P), and the second is because, 3”)/1(z, 3P) >

h(y, BP)/l(y, BP), for z > y. For the second term ifD, — D; ), we only need to show

fQJF ’ fQ BD dz
fQJF ’ szs ’ dz

(E.1)

For this inequality it is sufficient to show(z, 37) > h(z, 8P), andi(z, BP) = I(z,87) for z € Q; F.

>

(87) _ aB’zR(z.8")/g _ B'm(z,87)/[L— o’z —a(l - B7)(1 - 2)]
h(zBP) ~ aBPzR(z,87)]q  BPn(zBP)/[1—aBPz —a(l— BP)(1 - 2)]
Jll—apPi—a(l-pP)1-2) 1

g pP 20

The inequality holds becauséz, 37) > n(z, 8P) for z € Q; . Thus we only need to shof(z) > [2 — o], where

f(z) = [1‘°“BDZ_°23(};[3D)(1_Z)]. Itis easy to show that!(z) = "‘(1[}7,23[3]3) > 0 due to the fact thag” < 1/2. Thus

_ 1=a(1-g") ; ; ; D D _
forz € Qup, f(2) > f(0) = —5— > 2 — q, the last inequality holds sinde— a(1 — 87)- 7 (2 - a) =

h(z,8”
(1-287)(1 —a) > 0. Thus, #E55 > 1.

I(z.87) _ a(l—BP)(1~
1A~ (i Bz
(1= BO(BP) (1 -

1= BB

BP)fw _ (1= BP)R(z, 8°)
(z,87)/w (1= B7)R(z,87)

D l—z)]a/(l—a) (1 _ ﬂD)[(ﬂD)Z(l _ ﬂD)(l—z)]a/(l—a)
TY(1=2)]o/(1=a) = (1/2)e/0=a)

—_| =

Defineg(z, ) =In(1 - 8) + a/(1 —a)[zIn B+ (1 — 2) In(1 — B)] — a/(1 — ) In(1/2), thengj(z, B) = —ﬁ +

ﬁﬂ(zl—_ﬂﬂ) = B(lfg)—(ff_a). Thus ifa < BP/z, thengj(z, B) < 0. SinceB? < 1/2, theng(z, 87) > g(z,1/2) =
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0,which impliesi(z, 8?) > I(z,37). Noticez € Q, r, S0z < z*, thusa < 8P /z* is a sufficient but not necessary

condition forl(z, 82) > I(z, 37). Similarly, to showD, < D3, we only need to show the following term is positive.

[/QD I(z,8P)dz </le h(z, ) — h(z,ﬁ‘])dz> - /QD h(z, BP)dz (/QF I(z,67) — l(z,BJ)dz)]
+ UQ I(z,57)d= </st h(z,BF) — h(z,ﬂJ)dz> — /Q,, h(z, B7)dz </st I(z,57) — l(z,ﬂﬂdz)}
+ {/QFZ(z,ﬂ'])dz /QF h(z, fF)dz — /QF h(z, 7)dz /st Z(Z,BF)dz}

The first term

/ 187y ( / RCEE h(z,BJ)dz> -/ iy A7)y < /QF (2, B7) —l(z,ﬁﬂdz)

) / 1w, 87) (12 B7) bz 8) = by B7) (U, B7) ~ (= 57) d=dy

/esz /gg (2. 8y, B7) (h(z, 87) (2, B7) = 1) = h(y, B7) (I(z, 87) = U(=, 87)) dzdy

V

/esz /gg (2,871, 87) ( (2, 87) /U= B7) - 1) = h(y, B") (l(Z,ﬂF) — l(z,ﬂJ)) dzdy

=z J

[ R 8) (15~ e 57) = s 57) (2, 87) = (. 87)) dly
yEQp J2€QF I(z,87)
D

/ / h(yvﬁD)l(yv BP) (1(z, 85) = U(z,87)) = by, B7) (I(z, ") = Uz, B7)) dzdy
yEQp J2€QF Iy, BP)

0

WV

The first inequality is due ta(z, 57)/i(z, B¥) > h(z,5)/1(z,5”), and the second is due tdz, 37)/I(z, B7) >

h(z, BP)/1(z, BP) = h(y, BP)/1(y, BP) for z > y. The second term is positive since

/ Iy, 87 )dy ( / h(z BF)—h(z,ﬂ")dz)— /Q .5y ( /Q Fl(z,ﬂF)—l(z,ﬂJ)dz>

/Q €0 (2,8") = h(z,87)) = by, B7)(U(z, B7) — Uz, 87))dzdy

/EQ /EQ (2, By, B7)(h(z, B7) /2, B7) — 1) — h(y, B7)(I(z, B") — U(z, B7))d=dy

Y

/ / i ,ﬂJ)l BN Uz, B5) = U(z,87)) — h(y, B)(U(z, BF) — I(z, B7))dzdy

yea, Jzeap Uz B7)

7

/ / o ﬁJ)l BNz, B") = Uz, B7)) = hly, B7)(1(z, B7) = I(z, 7)) d=dy
vea, Jzear Uy, B7)

V

WV

=0
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The first inequality is due ta(z, ) /1(z, B¥) > h(z,87)/l(z, B7), and the second is due tdz, 37)/I(z, B7) >

h(y, 87)/1(y, B7) for z > y. To show the third term, it is equivalent to show that

Ja. h(z, BF)dz . Ja. h(z, B7)dz
IQF I(z,F)dz = IQF I(z,87)dz

(E.2)

Next we showi(z, 87) > h(z, B7), andl(z, B7) > I(z, BF) for 2 € Qp.This is sufficient for the inequality (E.2).

h(z B") _ aBTzR(z 8")/q _ pTa(z,B")/[1 — aB"z —a(1 - B7)(1 - 2)]
Wz B7)  ap’zR(z,87)/q  BIn(z,B7)/1 —af’z —a(l = 7)1 - 2)]
2—0]

Z - Bz —a(l— BF)(1—2)]/B"

The inequality is due tar(z, 87) > 7(z,87) for 2 € Qp, andp’ = 1/2. Let f(BF,2) = [1 — aBFz — a(1 —
BF)(1 = 2)]/BY, and it is easy to show that (37, z) = a(1 — 287)/B" < 0sincep? > 1/2. Thusf(B",z) <
FBY zor) < f(BF,1/2) = (1 — a/2)/BF < [2 — al, sowe havéi(z, 3) > h(z, p7) for 2 € Qp.

I(2,6") _ a(l-g")(1
W(z87)  o(1-p7)01

— BF)[(BF)Z(l _ ﬁF)(lfz)]a/(lfa) B (1 _ ﬁF)[(ﬁF)Z(l _ BF)(lfz)]a/(lfa)
1 - B7)[(87)=(1 - g7)a==)]e/0=e) — (1/2)/(1=a)

—Z
-z

)R(z,87)/w _ (1-B")R(z, ")
VJR(z,67)/w (1 =B7)R(z,57)

N
(

Defineg(z, 8) = In(1 - ) + /(1 = a)[zIn B+ (1 — z) In(1 — B)] — a/(1 — @) In(1/2), theng};(z, B) = — 125 +

T 5 = Faeatimy ThusifB > az, gj(z, 8) < 0. Sinces” > 1/2, theng(z, 87) < g(z,1/2) = 0,which
impliesi(z, 3F) < I(z,8”). Noticez € QF, soz < z*, anda < B¥/2* is a sufficient but not necessary condition

fori(z, 8¥) < I(z, 7). Compare with the case &fz, 37) andi(z, 3”), this condition is relatively weaker.

F Concordance and Variable Definitions

F.1 Concordance

The Chinese National Industry Census 1995 (CNIC1995) isdas Chinese Standard Industrial Classification
1994 (CSIC1994 at 3 digits level), which has similar struetas ISIC REV.3. So we do the industry concordance
for manufacturing as follows. First, the National BureauStditistics provides the concordance between CSIC1994
and CSIC2002 at 4 digits, and also the concordance betwekKI2082 and ISIC REV.3 at 4 digits level. Thus, we
first get the concordance between CSIC1994 (172 groups dit3 thvel) and ISIC REV.3 (125 groups at 4 digits

level) through CSIC2002. The concordance between CSICa884SIC REV.3 requires reclassification and some

53



many-to-many matches occur. For these industries in ISIE.REave multiple matches in CSIC1994, we compute
the weighted skill intensity, with the employment sharelasweights. Secondly, World Integrated Trade Solution
(WITS) provides a concordance between ISIC REV.3 (4 digits) Harmonized system (6 digits for various versions).
Since the China trade data record at least at HS 6 digits, iiaax we can convert HS 6 digits to ISIC REV.3 (4 digits)
as well. Consequently we can match CNIC1995 and trade datalmn ISIC REV.3. Once we restrain ourselves to

manufacturing, we cover 113 out of 127 groups of ISIC REV.3.

F.2 Provincial variables

InH/L=the log ratio of the population of college and above retativ non-colleges above age 5, from Annual
Population Survey, reported in China Population Statistiearbook, 1993-2009. We use the Population Census in
1990 to proxy this measure in 1991.

R&D ratio=R&D expenditure/nominal GDP. Source: China Btatal Yearbook on Science and Technology,
1993-2009 K /Y =capital stock/real GDP, both are in 1978 price. Capitatlsts provided by Qian et al. (2007). Real
GDP is computed from China Compendium of Statistics 194@2published by China Statistical Bureau, 2009.

Import share of equipment=the imported equipment/domestiipment output. Following Burstein et al. (2011),
we also choose ISIC 29-33 sectors as equipment, includingfaeture of machinery and equipment n.e.c., man-
ufacture of office, accounting and computing machinery, ufecture of electrical machinery and apparatus n.e.c.,
Manufacture of radio, television and communication equéptrand apparatus, and manufacture of medical, precision
and optical instruments, watches and clocks. We excludsxbgsing import because they are imported for processing.
Output data are from Chinese annual industrial survey, CZRI02) 35, 36, 39, 40, and 41 sectors. This data source is
China industry economy statistical yearbook, available¢hewebsite of China data online for years 1999-2008, and
China cnki for years 1992-1997. The output data was missid®95, 1996 and 1998, we extrapolate the values for
these years.

FDI ratio=FDI annual inflow/fixed investment, and the FDIlal& from China data online, and fixed investment
is from China Compendium of Statistics 1949-2008.

Infrastructure=Log(the total mileage of highways andwalifs in province;j up to yeart)-Log(the minimum
distance to the two major ports: Hong Kong and Shanghai). mieage of highways and railways are from China
Compendium of Statistics 1949-2008. The distance is coempy using Haversine formula, based on the latitude

and longitude of each provincial capital, Hong Kong and $jfain
The cumulative number of national policy zones: The datacmis China Development Zone Review Announce-

ment Catalogue, provided by NDRC, 2007.
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Table 1: The Kolmogorov-Smirnov Test for Stochastic Domte

GF(z)andG’(z) G7(z) andGP(z)
Two-sided test One-sided test Two-sided test  One-sidéd tes

1) (2) (3) (4)
1992 0 0 0 0
1993 0 0 0 0
1994 0 0 0 0
1995 0 0 0 0
1996 0 0 0 0
1997 0 0 1 0
1998 1 0 1 0
1999 1 0 1 0
2000 1 0 1 0
2001 1 0 1 0
2002 1 0 1 0
2003 1 0 1 0
2004 1 0 1 0
2005 1 0 1 0
2006 1 0 1 0
2007 1 0 1 0
2008 1 0 1 0

Note: 1=reject, 0= fail to reject, at 10% significant level.
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Table 2: The Kolmogorov-Smirnov Test for Skill Upgrading
Gt+5(2) anth(Z)

Two-sided test One-sided test

Chinese-owned firms 1992-1997 1 0
1997-2002 1 0
2002-2007 1 0

Joint ventures 1992-1997 1 0
1997-2002 1 0
2002-2007 1 0

foreign-owned firms  1992-1997 1 0
1997-2002 1 0
2002-2007 1 0

Note: 1=reject, 0= fail to reject, at 10% significant level.
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Table 3: Determinants of Processing Exports to the Rest afdVo

oLS oLS v IV-After 2001
Independent variables (1) (2) 3) 4)
Domestic firmx encouragement policy 0.057 0.096 0.087 0.308***
(0.068) (0.071) (0.071) (0.112)
Joint venturex encouragement policy 0.197***  (0.189***  (.185*** 0.414***
(0.066) (0.068) (0.068) (0.111)
Foreign firmx encouragement policy 0.478***  0.473***  0.440*** 0.507***
(0.069) (0.072) (0.071) (0.100)
Domestic firmx restriction policy -0.007 0.016 0.046 0.023
(0.056) (0.058) (0.058) (0.104)
Joint venturex restriction policy -0.162***  -0.135**  -0.134** -0.156
(0.061) (0.061) (0.061) (0.114)
Foreign firmx restriction policy -0.496***  -0.463***  -0.458*** -0.259*
(0.061) (0.061) (0.060) (0.106)
Joint venturex court efficiency 2.006***  2,192***  3.12]1*** 4.068***
(0.475) (0.498) (0.804) (0.784)
Foreign firmx court efficiency 2.049%**  2.275%*  3.028*** 5.998***
(0.767) (0.792) (1.236) (2.097)
Domestic firmx trade cost 0.004 0.013 0.007 0.017**
(0.0112) (0.012) (0.012) (0.009)
Joint venturex trade cost 0.036***  0.033*** 0.025** 0.020***
(0.011) (0.011) (0.011) (0.007)
Foreign firmx trade cost 0.119***  0.118***  (0.112*** 0.087***
(0.0112) (0.012) (0.013) (0.008)
Skill intensity x college share 0.006***  0.005*** 0.004***
(0.001) (0.001) (0.001)
Capital intensityx capital-to-output ratio 0.037** 0.032** 0.114***
(0.015) (0.014) (0.022)
Constant 11.822***  12.661*** 12.664*** 10.651***
(0.204) (0.380) (0.391) (0.489)
First stage F-stat > 52.44 > 28.54
Dummies for ownership, industry, province and year yes yes es y yes
N 55,989 52,080 52,080 24,336
R? 0.463 0.462 0.460 0.434

Note: dependent variable: log(processing exports vallibg panel covers 29 provinces and 112 industries
in 1992-2007. Regression (3) and (4) are estimated by GMNh imstruments for court efficiency and its
interactions. Cluster robust standard errors are in pheses. *, **, and *** indicate significance at the 10,5,
and 1 percent levels.
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Table 4: Determinants of Processing Exports to High-inc@uentries

oLS oLS v IV-After 2001
Independent variables (1) (2) 3) 4)
Domestic firmx encouragement policy 0.004 0.035 0.011 0.191*
(0.069) (0.071) (0.071) (0.112)
Joint venturex encouragement policy 0.194***  (0.182*** 0.166** 0.325***
(0.067) (0.069) (0.069) (0.111)
Foreign firmx encouragement policy 0.504***  0.497***  0.462*** 0.501***
(0.072) (0.075) (0.074) (0.109)
Domestic firmx restriction policy -0.062 -0.027 0.011 0.002
(0.060) (0.063) (0.062) (0.107)
Joint venturex restriction policy -0.198***  -0.165**  -0.168** -0.170
(0.064) (0.065) (0.066) (0.119)
Foreign firmx restriction policy -0.550***  -0.513** -0.519*** -0.307**
(0.064) (0.064) (0.063) (0.114)
Joint venturex court efficiency 1.978***  2.146***  3.061*** 4.219%**
(0.462) (0.480) (0.801) (0.814)
Foreign firmx court efficiency 1.686** 1.925** 4.258*** 6.229%**
(0.756) (0.775) (1.154) (0.944)
Domestic firmx trade cost 0.007 0.018 0.014 0.019**
(0.0112) (0.012) (0.012) (0.009)
Joint venturex trade cost 0.033***  0.033*** 0.027** 0.020***
(0.011) (0.011) (0.011) (0.007)
Foreign firmx trade cost 0.117**  0.117**  0.110*** 0.085***
(0.0112) (0.012) (0.013) (0.008)
Skill intensity x college share 0.006***  0.005*** 0.004***
(0.001) (0.001) (0.001)
Capital intensityx capital-to-output ratio 0.026* 0.018 0.110***
(0.015) (0.015) (0.023)
Constant 11.784***  12.646*** 12.688*** 10.646***
(0.199) (0.389) (0.397) (0.521)
First stage F-stat > 51.05 > 27.57
Dummies for ownership, industry, province and year yes yes es y yes
N 52,959 49,260 49,260 23,033
R? 0.465 0.465 0.463 0.442

Note: The sample covers China’s processing exports to inighme countries. The panel covers 29 provinces
and 112 industries in 1992-2007. The dependent variablegigfocessing exports value). Regression (3)
and(4) are estimated by GMM, with instruments for court @fficy and its interactions. Cluster robust stan-
dard errors are in parentheses. *, **, and *** indicate sfgraince at the 10,5, and 1 percent levels.
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Table 5: Determinants of College Premium: Processing Hgporthe Rest of World

OoLS [va
Independent variables (1) (2) 3) (4) (5)
College indicator 0.350***  0.281***  0.248***  0.404**  0.F0***
(0.009) (0.018) (0.036) (0.031) (0.060)
College indicator interaction terms
Collegex processing exports ratio 0.531***  0.773*** 0.643*** 0.70%
(0.115) (0.106) (0.140) (0.109)
Collegex Share of foreign owned 0.236***  (0.238*** 0.112* 0.075
(0.044) (0.043) (0.059) (0.059)
Collegex Share of joint venture -0.092** 0.019 -0.438**  -0.273**
(0.044) (0.043) (0.098) (0.118)
Collegex R&D ratio -0.708 0.194
(0.667) (0.982)
Collegex Import share of equipment 0.003 -0.073*
(0.033) (0.039)
Collegex FDI ratio -0.786*** -0.549%**
(0.116) (0.129)
CollegexK/Y 0.027 0.007
(0.020) (0.027)
Collegex Ordinary export ratio 0.312** 0.530***
(0.134) (0.179)
Individual characteristics
Experience 0.048***  0.048***  0.048***  0.047**  0.047***
(0.001) (0.001) (0.001) (0.001) (0.001)
Experience square -0.001*** -0.001*** -0.001*** -0.001** -0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
Sex -0.202***  -0.202*** -0.202*** -0.208*** -0.208***
(0.006) (0.006) (0.006) (0.006) (0.006)
Stated owned sector 0.195*+*  0.197***  0.197***  (0.193***  Q93***
(0.010) (0.010) (0.010) (0.011) (0.011)
Constant 8.198***  8.207***  8.214%* - -
(0.021) (0.021) (0.023)
First stage F-stat > 48.48 > 22.96
Province-year pair dummy yes yes yes yes yes
N 156,658 156,658 155,905 143,599 143,599
R? 0.366 0.369 0.370 0.118 0.119

Note: the dependent variable is log annual wage income. &uvériables are based on the sample of
China’s all trade partners. Province-year cluster robiastdard errors in parentheses. *, **, and ***
indicate significance at the 10,5, and 1 percent levels.

* Regressions (4) and (5) are estimated by GMM, where we useotistructed variables of processing
exports ratio, processing exports shares of foreign-oimed and joint ventures as instruments, based
on the sample of high-income countries. The regressiortgapaut the constant and province-year
fixed effect by using a two-stage procedure, in the senseeofttsch-Waugh-Lovell (FWL) theorem.
Thus, the coefficient of constant is not reported, andithés the residual R-square without including
the contribution of the constant and the province-year feféelt.
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Table 6: Determinants of College Premium: Processing EgporHigh-income Countries

oLS \s
Independent variables Q) (2) €)) 4) (5)
College indicator 0.350*** 0.279** 0.236*** 0.402*** 0.BL***
(0.009) (0.019) (0.039) (0.032) (0.064)
College indicator interaction terms
Collegex processing exports ratio 0.566*** 0.819***  0.598***  0.6%8
(0.131) (0.125) (0.140) (0.107)
Collegex Share of foreign owned 0.237***  0.240***  0.150***  0.119**
(0.044) (0.044) (0.053) (0.057)
Collegex Share of joint venture -0.068 0.043 -0.403**  -0.265**
(0.045) (0.045) (0.093) (0.111)
Collegex R&D ratio -0.504 0.356
(0.718) (0.967)
Collegex Import share of equipment -0.008 -0.055
(0.033) (0.042)
Collegex FDlI ratio -0.783*** -0.548***
(0.120) (0.128)
CollegexK/Y 0.031 -0.002
(0.021) (0.029)
Collegex Ordinary export ratio 0.364*** 0.490**
(0.140) (0.193)
First stage F-stat > 52.69 > 28.79
Individual characteristics and the constant yes yes yes yes yes
Province-year pair dummy yes yes yes yes yes
N 156,658 156,658 155,905 143,599 143,599
R? 0.366 0.369 0.370 0.118 0.119

Note: the dependent variable is log annual wage income. ©ywériables are based on the sample of
China’s high-income trade partners. For brevity, we do epbrt the coefficients of individual character-
istics and the constant. Province-year cluster robustiaraerrors in parentheses. *, **, and *** indicate
significance at the 10,5, and 1 percent levels.

" See the note in Table 5.
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Table 7: Determinants of Return to Education: ProcessirpHES

The Rest of World High-income Countries

OoLS Iva oLS (\AS
Independent variables Q) (2) ) 4)
Edu 0.039***  0.060***  0.034***  (0.059***

(0.006) (0.009) (0.007) (0.010)
Edu interaction terms

Edu x processing exports ratio 0.111**  (0.122**  (0.113*** (0.11%
(0.020) (0.018) (0.023) (0.018)
Edu x Share of foreign owned 0.066***  0.035***  0.066***  0.043***
(0.007) (0.009) (0.007) (0.009)
Edu x Share of joint venture 0.032%** -0.019 0.037*** -0.016
(0.007) (0.018) (0.008) (0.018)
Edu x R&D ratio 0.038 0.282 0.090 0.338*
(0.162) (0.174) (0.176) (0.178)
Edu x Import share of equipment -0.002 -0.021*** -0.006 -0.020**
(0.007) (0.007) (0.007) (0.007)
Edu x FDI ratio -0.172***  -0.155*** -0.170*** -0.154***
(0.016) (0.017) (0.017) (0.017)
EduxK/Y 0.005 0.003 0.007* 0.003
(0.003) (0.004) (0.004) (0.004)
Edu x Ordinary export ratio 0.023 0.053* 0.039 0.051
(0.030) (0.032) (0.030) (0.035)
First stage F-stat > 26.13 > 28.79
Individual characteristics and constant yes yes yes yes
Province-year pair dummy yes yes yes yes
N 155,905 143,599 155,905 143,599
R? 0.378 0.131 0.378 0.131

Note: the dependent variable is log annual wage income. Fentith, we do not report
the coefficients of individual characteristics and the tamis Province-year cluster robust
standard errors in parentheses. *, **, and *** indicate #figance at the 10,5, and 1 percent
levels.

* See the note in Table 5.
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Figure 1: Processing Exports by Firm Ownership Types: 12928
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College Premium in Manufacturing Sector
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Figure 2: College Premium in Manufacturing Sector: 1992&0
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Figure 6: Average Skill Intensity of Processing and Ordyriaxport: 1992-2008.
The average skill intensity is measured as the weightedageeof industrial skill intensity, with industrial export
shares as the weights, where the skill intensity is meadyréide share of college workers within each industry using
the 1995 Chinese National Industry Census. Thus the risiagage skill intensity reflects sectoral shifts toward more
skill-intensive industries in exports. See more discussgidSection 4.1.

67



‘_| —
o 7
@©
<
n
=
o©
o
X
L
>
=<
R
=}
=
=1
Ony
O —
T T T T T T
0 2 A4 .6 .8 1
Industrial Skill Intensity
Chinese firms, 1992 — — — = Joint Ventures, 1992 — — = Foreign firms, 1997
— — .+ Chinese firms, 2008 — = — Joint Ventures, 2008 — - — Foreign firms, 200§

Figure 7: The Cumulative Distribution of Processing Expdug Firm Ownership Types: 1992 and
2008

68



Skill Content Shares
4
1

O —
1992 1994 1996 1998 2000 2002 2004 2006 2008

Chinese firms  —=——=—- Joint ventures

— — = Foreign firms — — — Processing export share of foreign firms

Figure 8: The Skill Content Share of Processing Exports by dwnership Types:1992-2008

69





