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Abstract

In this paper, we develop a ssmple model of international outsourcing and it to processing trade
in China. We observe China s processing exports broken down by who owns the plant and by
who controls the inputs the plant processes. Multinational firms engaged in export processing in
Chinatend to split factory ownership and input control with managersin China: the most
common outcome is to have foreign factory ownership but Chinese control over the inputs. To
account for this organizational arrangement, we appeal to a property-rights model of the firm.
Multinational firms and the Chinese factory managers with whom they contract divide the
surplus associated with export processing by Nash bargaining. Threat-point payoffs are subject
to alossin human capital. In our benchmarks estimates, this lossin human capital is estimated
at 33—40% in all provinces except the southern coast, but only about 22% in Fujian, Guangdong
and Hainan. The probability of legal enforcement of contracts has a similar pattern and isthe
lowest in the southern coastal provinces, and the highest in Beijing.
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1. Introduction

Global production is acommon feature of the modern firm. Businesses as diverse as
Mattel, which makes plastic dolls, Dell, which sells personal computers, and Intel, which makes
semiconductors, operate supply chains that span multiple countries. Typically, multinational
firms produce components in one location, process components into final goods in another
location, and manage these operations from headquartersin yet another location. While trade
theory has used general-equilibrium models to examine location decisions by multinational
firms,* the literature has tended to abstract awvay from how multinationals set firm boundaries
within global supply chains. Until recently, trade theory has not sought to explain why Intel
would use wholly-owned subsidiaries in China and Costa Rica to assemble its microchips, while
Dell and Mattel subcontract production to outside firmsin many countries. Nor hasit tried to
account for why Dell would control who buys what from whom along its PC supply chain, while
Mattel grants the suppliers that make its dolls latitude in finding sources for materials.

In anew body of work, trade theorists have started to bring modern theories of the firm
into models of international trade.? Grossman and Helpman (2002a,b) and Antras (2001) use the
property-rights theory of Grossman and Hart (1986) and Hart and Moore (1990) to model global
outsourcing and intra-firm trade. Grossman and Helpman (2002c) apply the incentive-systems
framework of Holmstrom and Milgrom (1994) to model managerial compensation in global
production, and Marin and Verdier (2001, 2003) and Puga and Trefler (2002) extend the Aghion
and Tirole (1997) theory of delegating authority to general equilibrium.

In this paper, we build a ssmple model of international outsourcing and apply this model

to China. We consider a multinational firm that has decided to setup an export processing plant

! See Markusen (2002) and Markusen and Maskus (2003) for surveys.
2 For early work on firm boundariesin international trade, see Ethier and Markusen (1996) and M cLaren (2000).



in alow-wage country. In this arrangement, the firm sends intermediate inputs to a processing
factory, which converts the inputs into finished goods and then exports the final output. The
decisions facing the multinational include who should own the processing factory and who
should control input-purchase decisions the factory makes. Following recent trade literature, we
use the Grossman-Hart-Moore property-rights (PR) theory as the basis for our model. In this
framework, parties use control rights over productive assets to ameliorate hold-up problems
created by incomplete contracts. We aso build simple contracting costs into the model, in the
spirit of the Holmstrom-Milgrom incentive-systems (1S) framework.

The application to Chinais motivated by the importance of export processing to global
trade and by the availability of detailed trade data on China. Asdescribed in section 2. We
observe China’s processing exports broken down by who owns the plant and by who controls the
inputs the plant processes. Since the early 1980s, China has permitted foreign ownership of
export processing plants. It stipulates that al processing plants (whether Chinese or foreign
owned) operate according to one of two regimes: a pure-assembly regime, in which aforeign
buyer supplies a plant in China with inputs and hires the plant to process them into finished
goods, all the while retaining ownership over the inputs; and an import-and-assembly regime, in
which a plant in Chinaimports inputs of its own accord, processes them, and sells the processed
goodsto aforeign buyer. Thislevel of contractual detail israrely observed in international trade.

In our model of export processing, presented in section 3, parties have the option of
writing alegal contract to govern trade, where there is some probability the contract will be not
be verifiable and parties will be forced to divide gains from trade by Nash bargaining. The
threat-point payoffs associated with bargaining involve aloss in investments in human capital

and depend, in standard fashion, on who has the relevant control rights (i.e., ownership of the



factory or control over input decisions). Whether factory ownership and input control should be
given to the same or to different parties will depend on several parameters of the model,
including the specificity of human-capital investmentsin the project, value-added in the
processing factory, and the Nash bargaining weights. When human-capital specificity islow,
value added is high, or the bargaining weight of the multinational is high, the multinational can
ameliorate the hold-up problem by transferring control of the input purchases to the manager.
Thiswill improve the manager’ s incentive to invest in projects that are specific to the
multinational even when she does not own the factory, so that ownership and control are given to
different parties. However, when human-capital specificity is high, value added is low, or the
multinational’ s bargaining weight is low, then ownership and control should be given to the
same party.

On the basis of the model, we develop a stochastic specification for ownership and
control decisionsin export processing, which is presented in section 4. Previewing the empirical
resultsin section 5, we find that multinational firms engaged in export processing in Chinatend
to split factory ownership and input control with factory managersin China: the most common
outcome is to have foreign factory ownership but Chinese control over inputs purchases. Thisis
consistent with moderate or low human-capital specificity and high bargaining weights for
multinational firms, which our estimates of these parameters confirm. We also investigate
variation in ownership/control patterns across industries and regions within China

Our findings are relevant to several bodies of literature. While incomplete contracts are a
staple feature of recent trade models, there islittle empirical work on whether contracting costs
matter for international trade.® We estimate sources of contractual incompletenessin global

production. A second body of literature to which our work relates is empirical work on modern

% See Rauch (1999) and Rauch and Casella (2000) on networks and information costs in international trade.



theories of the firm. Despite intense theoretical interest in the PR and other models, few papers
have tested them.* A notable exception is Baker and Hubbard (2000a,b) who examine
contractual arrangementsin U.S. trucking. They exploit the introduction of on-board computers
in trucks, which changed the costs of monitoring truck drivers, to sharpen predictions from
theory and to surmount the lack of data on key determinants of organizational choice. They find
evidence consistent with the PR and IS models. Our work, which exploits the interaction
between choices over ownership and input-purchase regimes, is similar in spirit to theirs. Our
work extends the literature by estimating contracting costs in a devel oping-country context,

where contractual incompletenessis often assumed but is rarely estimated.

2. Export Processingin China

Export processing plays amajor rolein China sforeign trade. Table 1 shows that over
the years 1997-2002, which spans our sample period, processing exports accounted for 55.6% of
China’ stotal exports. Export processing in Chinais broadly similar to that in other countries. It
involves afirm in Chinaimporting intermediate inputs, processing the inputs, and then exporting
the finished goods. The inputs are imported duty-free (as are any investment goods used in
export processing) as long as these goods are only used to produce exports. China has two
regulatory regimes for export processing:

The Pure-Assembly Regime.” In this arrangement, aforeign firm supplies afactory in

Chinawith materials from abroad (Naughton, 1996). The factory in China, whose roleis
relatively passive, receives orders from and delivers processed goods to the foreign client, who

then sells the goods outside China. While the factory takes possession of the imported materials

* For surveys of the theoretical literature, see Hart (1995) and Tirole (1999) and for surveys of the empirical
literature, see Baker and Hubbard (2001) and Whinston (2001).

® In Chinese trade statistics, the pure-assembly arrangement is called “processing and assembling” or “processing
with supplied materials,” and the import-and-assembly arrangement is called “processing with imported materials.”



during processing, the foreign firm retains ownership over them. The foreign firm pays the
factory in Chinaafeefor its processing services. To obtain clearance from Chinese customsto
import materials and to export processed goods, the terms of the transaction between the Chinese
factory and the foreign firm must be stipulated in awritten contract and presented in advance to
Chinese customs officials for approval.® Legally, the processing factory may use imported

materials for the sole purpose of meeting its obligations to the foreign client.

The Import-and-Assembly Regime. In this arrangement, the processing factory in China
plays amore activerole. Table 1 showsthat this regime is the more common form of export
processing, accounting for 70.7% of processing exports over the 1997-2002 period. The factory
imports materials of its own accord and takes ownership of these materials during processing. It
may broker deals to process goods for multiple foreign firms (World Bank, 1994). Thus, the
factory in China controls both the import of inputs and the export of processed goods (though
usually not the marketing and sale of the good to end users). Legally, Chinese customs treats
processing plants under this regime as bonded warehouses — facilities that are permitted to
import inputs duty free under the proviso that they export all output. Bonded goods cannot be
transferred to another party without the approval of Chinese customs. To become a bonded
warehouse, a plant must apply to the Chinese government and have warehouse facilities and
accounting personnel that meet government standards.” Under either regime, exporters are
required to submit monthly reports on the status of their contracts and to verify that the contract

has been completed within a month of having exported the finished goods.

® The contract must specify the materials (and any equipment) to be imported, the processing activities to be
performed, the feesto be paid, and the ports of entry and exit, among other items. See “Regulations Concerning
Customs Supervision and Control over the Inward Processing and Assembling Operation (Amended),” Customs
General Administration, October 5, 1990, http://www.moftec.gov.cn.

" See “Measures on the Administration of the Customs of the People’s Republic of Chinafor Bonded Warehouse
Factory Engaged in Processing Trade,” Customs General Administration, April 6, 1988, http://www.moftec.gov.cn.



There are severa important distinctions between the two processing regimes. One relates
to the responsibilities of the factory manager in China. Under pure-assembly, the manager
appearsto play asmall rolein searching for inputs or in other activities that precede input
processing. Under import-and assembly, the factory manager has more responsibility. A second
distinction has to do with to controls rights over imported materials. Under pure-assembly, the
foreign buyer of the processed goods owns the materials used in processing. Without this
buyer’ s consent, the factory in China cannot legally use the imported materials to process goods
for another client. Under import-and-assembly, in contrast, the processing factory owns the
imported materials. It may use them to produce for the foreign buyer of its choice, so long as the
goods are exported. A third distinction between the two regimesis that they are subject to
different approval processes and regulations. In particular, import-and-assembly factories are
required to make greater investments in inventory storage and management. This suggeststhat a
processing plant cannot costlessly or quickly change from one regime to another.

Processing factories may be owned by either Chinese or foreign interests. Foreign-
invested enterprises (FIES) play amajor rolein China strade. Table 1 showsthat FIES
accounted for 62.8% of China s processing exports over the years 1997-2002. The Chinese
government recognizes two categories of FIEs, wholly foreign-owned enterprises and equity
joint ventures in which aforeign interest has at least a 25% ownership stake. Oneissueis
whether a 25% ownership share gives aforeign party effective control over a processing factory.
Standard definitions of whether an enterprise is foreign controlled set alower ownership
threshold, such as 10% in the case of the U.S. government. Following this precedent, we treat as

foreign controlled both wholly owned factories and equity joint ventures.®

8 The government al so recognizes cooperative joint ventures as a mode of inward foreign investment (Sung, 1998).
These are often non-equity arrangements between a foreign firm and a domestic partner that account for a small



Export processing began to take off in Chinain the late 1980s. The pioneersin the sector
included Hong Kong trading companies that set up processing plants across the border in
Guangdong Province and used Hong Kong as a base from which to manage their operations
(Sung, 1991). Hong Kong continues to mediate a large fraction of China s processing trade.
Table 1 shows that from 1997 to 2002, 45.9% of China’s processing exports were re-exported
through Hong Kong. Hong Kong traders provide arange of intermediation services, including
finding foreign buyers, sorting and grading goods according to quality, labeling and packaging,
and coordinating processing in Chinawith processing in other countries (Naughton, 1997;
Feenstraand Hanson, 2002). We shall examine whether processing exports re-exported through

Hong Kong differ systematically from those shipped directly to destination markets.

3. TheModel

We begin by describing the problem faced by aforeign firm wanting to locate export
processing operationsin China. The parties choose who should own the factory used in
production and who should control the purchase of inputs processed by this factory. Our model
follows closely the PR approach of Grossman and Hart (1986) and Hart and Moore (1990).

Consider aforeign firm, denoted by f, transacting with afactory manager in China,
denoted by g. The project requires the parties to purchase one unit of an input, to use afactory to
process the input into one unit of afinal product, and to market and to sell the final product.
Timing isasfollows: In period O the parties choose who should own the factory and who should
control input purchases; in period 1 the parties simultaneously make effort investments; and in
period 2 the parties undertake input purchases, input processing, and final sales. All actions are

observable to the two parties but not necessarily verifiable to athird party.

fraction of exports. Since these arrangements may not involve foreign investment, we exclude them from our
definition of foreign-owned plants. Counting them as foreign-owned plants does not affect the results.



The efforts undertaken in period 1 are asfollows. e; = effort devoted to searching for a
low-priced input, by either party f or g; e, = effort devoted to preparing the factory to produce,

by the factor manager g; e3 = effort devoted to marketing the final good, by the foreign firmf.

The subscripts on these effort levels denote the stages of production rather than the timing, since

al efforts are undertaken in period 1, before production and sale. The price of the input in period

2 isgiven by thelinear function P-(1-e1), P>0, 0< e, <1, so that more search effort lowers the

input price. The cost of input processing in period 2 is given by A-(1-e5), A>0, 0<e, <1, so
that preparation effort lowers processing costsin period 2. Revenues from final salesin period 2
are given by B-(1+ieytes), where 0<A <1, 0<e; <1 and B>(A+P)>0, so that more

preparation and marketing effort raises sales revenue. Combined period 2 profits are then,

1= B(1t eytes) — A(l—e) — P(1—e1) > 0. @

Notice that we have introduced an element of joint production between input processing
and sales revenue, with effort e by the factory manager affecting both. 1t is perhaps obvious

that effort by the manager can reduce factory costs. An example, taken from Grossman and

Helpman (2002c), where such effort also affects final salesiswhen the project is* successful”
(leading to positive sales) with some probability that isincreasing in ep. Joint production means
that it will be difficult to compensate the manager at the first-best level, reflecting the marginal
contributions of her effort to both processing costs and final sales.

The period 1 effort investments, g, i=1,2,3, impose a cost on the partiesinvolved. The

variable o, 0 {0,1} indicates whether the foreign firm f (&, = 0) or the manager g (61 = 1)



expends search effort ;. We refer to thisindicator variable as control over input purchases.

The costs to the foreign firm are given by C; [(1-8,)e;,e3] = yTf[(l— 61)e12 + e§] , and the costs

to the manager are given by Cy(d:1€1, &) = y79(61ef + e%) , Where yr and yg are the disutility of

effort for each party. The total surplus from the project is then,

W =T1— Ch[(1-01)ey, €3] — Cr(d1€1, €), )

where first-best effort levels are ei =max{P/y;,P/yq}, e; =(AB+A)/yy, and e}; =Bly; .
In addition to input control, &;, we introduce the ownership variable & [1{0,1} to

indicate whether the foreign firm f (&2 = 0) or whether the Chinese manager g (& = 1) ownsthe

factory used to process theinput. While thisindicator variable does not appear in the profits (1)

or surplus (2), ownership of the factory certainly affects the effort levels of f and g, aswill be

made clear below. With the effort levels depending on &, and &, the surplusin (2) also depends
on these, which we write as W(d1, &). The goal of our analysisisto see how W varies with &;
and &. If W(0,0) + W(1,1) >W(0,1) + W(1,0) then W is strictly supermodular, so the highest

values for W are obtained when &; and &, take on the same values and it is optimal for the same
party to control the inputs and to own the factory. Conversely, when W(0,0) + W(1,1) < W(0,1)
+ W(1,0) then W is strictly submodular, so it isoptimal for ; and &, to take on different values,

meaning that one party controls the input purchases and the other owns the factory. Aswe shall
see, our application of the PR model can lead to either of these outcomes, depending on

parameter values.
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3.1 Incomplete Contracting

Essential to modern theories of the firm is that idea that contracts are imperfect or
incomplete, so that the first-best effort levels cannot necessarily be obtained. In Grossman and
Hart (1986), contracts are enforceable, so there is Nash bargaining over ex post profits. In
Holmstrom and Milgrom (1994), effort is observed with arandom error, so wage compensation
imperfectly rewards effort. We will combine elements of both approaches by assuming that with
probability (1- ¢) the parties efforts can be verified, so that afirst-best contract can be enforced,
and with probability @thereis no verifiability and no contract, in which case the parties Nash
bargain over profits. Thus, the parameter ¢ serves as a measure of contractual incompleteness.

We will allow for generalized Nash bargaining where the foreign firm has bargaining

weight 8 and the Chinese manager has weight (1 — 8). The status quo or threat point payoffs for

the two parties will be denoted by 7t and Tt (as specified below). Total ex post profits are

given by (1), and the profits ¢ and 1y earned by each party are then:
Party f receives: 1§ =7t +8(Ti— Ty — T ) = 6(11- T) + (1 - 0) T (3)
Party greceives: 1y = iy + (1-0)(Tt— T — 1) = (1 6)(11— T ) + 671 . 4

Given our assumption that Nash bargaining occurs with probability ¢, whereas first-best

contracts occur with probability (1 — ¢), the expected payoffs to each party are then:

Party f payoff: T4 =¢8(~ 1) + (1~ 6)7 | + (1~ @)[Bes + (1-3,)Pey] 3)

Party g payoff: T, = qI(L-B)(— i) + 6ty ] + (L~ Q[(A +AB)e, +&Pey] . (4)
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Thus, each party will choose their effort levels to maximize the difference between these payoffs

and the costs of supplying effort:

_ max — ~
Party f solves: onee, T Ci[(1-01)ey, &3] , ®)

max

Party g solves;
9 581,85

Ty — Cy(1€1, €2) (6)

where the foreign firm f chooses e; when &;=0, while the manager g chooses e; when &;=1.

In order to solve these problems, we need to be more specific about the threat point
payoffs received by each party. Our general assumption is that when Nash bargaining breaks
down, the party not owning the factory can still make an arrangement with another factory. But
in that case, the marginal product of hisor her effort investment is reduced by ), so the payoffs
are (1 —y) timestheir first-best level. Thus, Y measures the specificity of human-capital
investments by either party in the project. For example, when the Chinese manager owns the

factory (&, = 1) and Nash bargaining breaks down, then the foreign firm will seek out another

factory to work with. In that case, the threat-point payoff to the foreign firmis:

Party f threat-point when &,=1: T = (1-y)[Be; +(1-8;)Pe;]. @)

Meanwhile, the manager can till use the factory to process the input for another firm. We

suppose that the transfer price received depends imperfectly on the marketing effort of the
manager, T=T+ A(1—)Bey, but otherwise the manager has property rights over the residual

profits of the firm. Her threat-point payoff is then:

Party gthreat-pointwhen &,=1:  fiy =T -A(l-e,) -PL-3,e)). (8)
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Next, suppose that the foreign firm owns the factory (&, = 0). In the case of
disagreement over the ex post division of profits, the foreign firm retains ownership of the
factory and hires another manager. Thereis no reason to expect that a new manager would have

made prior effort investments, so in that event the profits of the foreign firm should be computed

with e;=0. Thus, the threat-point payoff of the foreign firmis:

Party f threat point when &, = O: G =B(l+e3)-A-P1-(1-93))e]. 9

The ex-manager must now find another factory to work with, and the amount that she earns from
her effort investmentsis again reduced by Y. We make the further assumption that when the
manager does not own the factory her effort investments are valued more highly by another
factory if she controls input purchases. In other words, a manager who is separated from a
foreign firm is more productive in another firmif she brings with her the knowledge of how to
purchase inputs; otherwise, she becomes part of the general labor pool, where her prior effort
investments have little value.” Normalizing the wage in the general labor pool at zero, then the

threat point payoff to the manager when she does not own the factory is:

Party g threat point when &, = 0: ﬁg =0,(1-W)[(A +AB)e, +Pe;]. (10)

Substituting (7)-(10) into the objective functions (5) and (6), we can determine the optimal effort

investments, as discussed in the next section.

° The essential feature of this assumption is that giving the factory manager control over input purchases does more
to improve her outside options (or, more precisely, to increase the sensitivity of her outside optionsto her effort
investments) when she does not own the factory (and isin a very weak position) than when she does own the factory
(and isin astronger position). For simplicity, we normalize the return on the factory manager’ s investmentsin the
threat point for case (61,82) = (0,0) to zero, but thisis not essential. We assume a similar asymmetry does not apply
to theforeign firm. Since the foreign firm may transact with many managers, the impact of gaining control over
input purchases on the firm's outside optionsis less likely to depend on whether or not it owns the factory.
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3.3 Solutionsfor Effort Investments
Let usfirst consider the case where the foreign firm owns the factory, and also controls
the input, so that (81,02) = (0,0) in the upper-left cell of Table 2. In the disagreement point the

foreign firm receives the full marginal value from it’s own effort investments, as shown in (9),

since it ownsthe factory. It followsthat the foreign firm’s effort levels are at their first-best

levels of e; = P/y; and e3 = B/y;. The manager, on the other hand, faces the threat-point payoffs
in (10). When &1 = 0, the manager’ s effort investments have no value in her outside option.
Since the threat-point payoff has weight 6 in (7), then e, = (1-@6)(A +AB)/yy, whichis
below its first-best level by the factor @6.

The case (01,8) = (0,0) is particularly ssmple because the foreign firm retains ownership

of the factory, and since it also makes the input decision, the manager has no property rights. To
discuss other casesin Table 2, recall our assumption that aparty loses0 < (/< 1times her

marginal product if she works with another factory. In particular, consider the case (01,07) =

(1,0) in the lower-left cell of Table 2, so the foreign firm retains ownership of the factory but the
factory manager now controls the input decision. In that case, if the manager goes to another

factory then she loses () times the margina product of her effort investments. So the optimal
investment towards processing the inputsis now e, = (1- @UB)(A +AB)/y, which exceeds
e, =(1-@)(A +AB)/yy, as applies when the foreign firm has both factory ownership and

input control. Thus, giving the manager control over input-search improves her incentive to

make investments in processing the input. Thisis because the threat-point earnings from outside
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employment in (13) are conditional on having control over the input, =1. However, her
optimal effort in input-search ise; = (1- @UB)P/y, which isless than the first-best.

In order to compute the levels of surplus W(&1, d,), we make use of the following result:

Lemma

Suppose the effortslevelsare e; = (1-A1)P/yp, h=f, g, &; =[(1-A5,)A +(1-A,,)AB] /vy,
and e3 =(1-A3)B/y;. Thensurplusis:
—(R_A _ 1 (1_A2\P2 4+ 1 (1_A2\R2
W=(B-A P)+m(1 AP +ﬁ(1 A3)B )
+i[(l—A223)A2 + (1= D a0 5 ) 2NAB + (1- A5, )\B2].
Thisresult follows by straightforward computation, and shows that the welfare lossis
proportional to the square of the deviation of each effort level from its first-best value. Making

use of (11) and the efforts shown in the first column of Table 2, it is readily shown that W(0,0)

cannot be ranked in general with W(1,0): effort e; is higher when the foreign firm controls input

purchases, but effort e in processing the input is higher when the manager has input control.

Now consider the situation where the manager owns the processing factory (6,=1). The
solutions for the effort investment are shown in the second column of Table 2. When 8, =0, the
foreign firm controlsinput purchases. As summarized in the upper-right cell of Table 2, all
effort investments are below their first-best level. For the foreign firm, the marginal value of its

investments are reduced by s in its threat-point payoff, and since this occurs with probability ¢

and has weight (1-6) in (3), its optimal efforts levelsare e;=[1- @1 - 6)W]P/y; and

e3=[1- @1 -0)Y]B/y; . The manager chooses e, which has marginal value A+(1— W)AB in her
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threat-point payoff (8), compared with (A+AB) in profits Tt Since the threat-point has weight @6
in(4), it followsthat e;=[A +(1-@Oy)AB]/yy, whichis below the first-best level.

Suppose now that the manager controls input purchases, 61 = 1. In that case, shereceives
full marginal value of P from search effort in both her threat-point payoff (8) and in total profits,
U It follows that her optimal search investment is at her own first-best level, e; = Plyg. The

other efforts levels are unchanged from when the foreign firm controls the input decision. So the
only difference between having one or the other party control the input decision isin their search
efforts. With differing disutility of efforts, we cannot rank W(0,1) and W(1,1). If vt = yg,
however, then it is clearly better to have the manager search for the input, since she undertakes
this activity at her first-best level. SoW(1,1) > W(0,1) if v = yq.

Using the effort levelsin Table 2, the value of surplusin each caseis computed asin
(11). Then aconvenient summary statistic is the modularity of the surplus function, computed

by taking the sum of its values using the diagonal elements of Table 2, minus the sum of its value

using the off-diagonal elements. We obtain:

W(0,0) + W(L,1) — W(0,1) — W(1,0)

_p2 91-8)°W*  ¢*8%* |_(A+AB)*¢’(1-y*)e*
2yf 2yg 2yg

(12)

It is apparent that (12) can be positive or negative. In the former case the surplus function is
strictly supermodular, meaning that the highest values tend to occur when d1=04,, so that factory

ownership and input control go to the same party; in the latter case, the surplus function is
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strictly submodular so that the highest values tend to occur when 8,78, so that ownership and

control go to different parties. These results are summarized with:

Proposition 1

The surplus function is strictly supermodular, so (12) is positive, if and only if,
2 2 _ 2
L O 0
P 1-y 0 Vi

Notice that the parameter @, indicating the degree of contractual incompleteness, does not

appear in condition (13), so the modularity of the surplus function isindependent of this

parameter. Thisis because ¢ does not affect the relative bargaining power of the two parties. To

interpret condition (13), recall that (A+AB) isthe marginal product of the manager’s effort ey,
while e; = (A +AB) /Yy, isthefirst-best effort level, so that (A +)\B)2 /'yq would be the |abor
income received by the manager or value-added in the first-best. Similarly, if the manager

controls the input decision, then P is the marginal product of her effort e; and e; =Plygq isthe

first-best effort level, so leyg would be the labor income or value-added in the search activity. It

follows that [(A+A B)/P]2 isinterpreted as the ratio of value-added in the factory relative to that

in input search, or ssmply the value-added ratio, in the first-best.

Then (13) shows that if the value-added ratio is low, the parameter ) measuring the
specificity of human-capital investmentsis high, or the foreign firm’s Nash bargaining weight 6
islow, then supermodularity of the surplus function is obtained. To explain this result, low
value-added means that incentive problems are more acute in input search than in processing.

Then from Table 2, the first-best levels of input search are obtained along the diagonal, when the
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same party has ownership of the factory and control over input sourcing. Relatedly, when s is
high (say, U = 1) then the outside options are irrelevant and the disincentive for the manager to
engage in processing effort e, isthe samein all cells of Table 2: e, =(A+AB)/2yy when =1,

which is one-half of itsfirst-best level. Then again, the relevant incentive problem occursin
input search rather than processing, which obtains its first-best along the diagonal, when
ownership and control is given to the same party. In this case the surplus function is
supermodular, asis also obtained when 6 is sufficiently low.™

When value-added is high, however, or human-capital specificity islow, then surplus
depends more on ameliorating the incentive problem in processing. In these cases, the
manager’s effort is improved by giving her better outside options. In particular, when the
foreign firm owns the factory then the manager’ s outside options are improved by giving her
control over the inputs. Because ownership and control are given to opposite parties, this means
that the surplus function is submodular.

We can think of alow value of ), the measure of human-capital specificity, asindicating
“thick labor markets’ for the manager, since her outside options are improved. We might expect
thisto occur in coastal regions of China or in the country’s special economic zones where export
processing plants have agglomerated and where rules governing employment and firm creation
arelessrestrictive. A lower value of U, or higher productivity in processing as measured by
(A+AB), both give more submodular values of the surplus function. Thisresult follows directly

from the measure of modularity in (12):

19\When 6 islow (say, 6=0) and the factory manager has all the bargaining power, then she maximizes rtso all her
effort decisions are at their first-best level. Likewise for the foreign firm provided that it owns the factory. When
the manager owns the factory, however, then the foreign firm makes second-best effort choices on e3, and also on e1
when the foreign firm controls inputs. Thus, the worst outcome in this case is to have Chinese ownership and
foreign control of inputs, leading to supermodular welfare.
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Proposition 2
DefineV =W(0,0) + W(1,1) - W(0,1) —W(1,0). Then:

a—V<O a—V<O,a—v<0,and a—V>0. (14
0A 0B oA oy

Below, we apply this result by examining how processing exports vary across the four factory-
ownership and input-control regimes. More generally, the goals of our empirical analysiswill be

to assess the modularity of the surplus function and to estimate the model parameters.

4. Stochastic Specification and Data
41  Multinomial Logit

The modularity of the surplus function cannot be tested directly, because we do not
observe the value of surplus from outsourcing activity; instead, we observe the processing
exports accounted for by each ownership and control regime. To move from the value of surplus
in (12) to the frequency of contractual regimesin our data, we adopt a simple stochastic

specification. In particular, we suppose that ownership and control in our data are chosen to
maximize W(d1, &2) plus ani.i.d. extreme value random error that varies across contractual

types.™* Thenitiswell known (see, e.g., Train, 1986) that the probabilities of observing each

contractual type take on the logit form:

priiiy= — SPIWGEDL gy 15
= ey 008 (19)

To measure the probabilities on the left of (15), we shall use the share of processing

trade accounted for by each contractual type. Denoting these export shares by (i, j), our

1A stochastic specification of this type is suggested by Whinston (2001).
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measure of the modularity of the welfare function is then:

CVD =[In (0,0) + In S(1,1) —In S(1,0) — In S(0,1)]

=[W(0,0) + W(1,1) —W(1,0) -W(0,1)] , (16)

where the second line follows from replacing Pr(i, j) by (i, j) in (17). We shall refer to CVD as
concentrated versus dispersed ownership/control. It isevident that this serves as a non-
parametric measure of the modularity of the surplus function. We assess the modularity of the
welfare function in Chinese export processing by cal culating the expression for the sum of log
export sharesin the first line of equation (16). We then see how this expression varies across
Chinese regions and trade policy regimes.

Turning to parametric techniques, if we observed individual export processing plants,
then we could estimate (15) using standard multinomial logit techniques, in which the dependent
variable would indicate which of the four factory-ownership/input-control regimesis chosen.
Our data, while not at the factory level, are still highly disaggregated. For each of the four
ownership/control regimes, we observe exports by year, Chinese city, type of economic zone,
product, and destination market, yielding approximately 170,000 observations per year. For the
vast mgjority of these year-city-zone-product-destination country cells, exports are positive in
only one of the four input-country/ownership regimes. This makesit feasible to use multinomial
logit to estimate the underlying parameters of the welfare function. The dependent variable
indicates for a given cell which of the four ownership/control regimes has positive exports.

To apply multinomial logit, we measure welfare for a given ownership/control regime

choice relative to welfare for some base choice, which we select to be W(0,0). For convenience,

we shall weight welfare by the inverse of g(A+A B)Z/Vg, where (A+A B)Z/yg isthe (first-best)
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value-added in the processing factory, and o is a parameter related to the variance of the extreme

value error.*? Using the effort levels shown in Table 2, the relative welfare levels are:

202 2 2
WO -W(O0) | _ ¢6°A-w )—1{¢292¢2+(y—9)—1}[ - j (173
o(A +yB)? /Y, o o Y A+AB

{W(O,l)—W(o,O)]:cpzez_(V_gjcpz(l—e)zwz( P jz

O(A +yB)*/y, o Vs o A +\B
, (17b)
_ﬁ[eZ}\Z{V_f]_'_qJZ(l_e)z:”: B /yzg ]’
o Yq (A +AB)?/y;
W(LY) -W(00) |_ ¢%6% 1 (v_g B 1)( P )2
o(A+yB)?Iyg | 0 olyr LA+AB
(17¢)

2
_ﬁ[ezAZ(y_f]_l_wZ(l_e)Z]l: B /ng ]
° Yg (A +AB)s

The various terms appearing on the right of (17) reflect the reduction in welfare due to having

efforts chosen below their first-best levels. Notice that these terms depend on two value-added

ratios: [P/(A+)\B)]2, which istheratio of first-best value-added in input search relative to that in
processing production (when they are both done by the manager); and (leyf)/[(A+)\ B)2/yg] ,

which isthe ratio of first-best value-added in marketing the final good relative to that in
processing (where the former is done by the foreign firm and the latter by the manager). Our

empirical measures of these value-added ratios are discussed next.

12" The variance of an extreme-value distribution is u2n2/6 (Anderson, De Palma and Thisse, 1992, p. 40), whereas
the MNL specification in (15) assumes that the variance is T[2/6, so that g = 1. Our assumption is that the variance

parameter 1 equals 0(A+)\B)2/yg, so that by dividing each observation by this, we effectively obtainp = 1. Wedo
not attempt to identify o, but shal treat it as a parameter.
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4.2 Data

Data are from the Customs General Administration of the People’ s Republic of China
and show processing imports and exports by year (1997-2002), 8-digit harmonized system (HS)
product, origin or destination city-districts in China (including trade zone status), destination
country (including whether goods are exported directly or through Hong Kong), customs regime
(pure-assembly or import-and-assembly), and ownership type (foreign or Chinese-owned). In
addition, we make use of import and re-export datafor Hong Kong by year (1997-2001), source
and destination country, and 8-digit HS product. The detail in these data approach that which
might be available from afirm level dataset, even though the fundamental observation available
to usisthe 8-digit HS product, Chinese city-district, and destination market. For example, if
thereisasingle factory processing “women’s or girl’s suit-type jackets of wool” in Pudong,
Shanghai, operating in a SEZ, and exporting goods directly to the U.S., then the Chinese data
would show its ownership and control regime along with its export value. However, if there are
severa such processing factories in Pudong (located in the same economic zone and exporting
the same product directly to the U.S.), then the exports of each ownership and control regime
represented there would be listed. Thus, a given city-economic zone-product-destination market
cell might show positive exports for more than one type of contractual arrangement.™

To estimate the parameters of the welfare function, we need measures of the two value-
added ratios appearing on theright of (17). Asdiscussed in the data appendix, we will measure
the value-added in processing trade within China using an estimated input-output table that
differs across provinces, and we shall measure the value-added in input search by the markups

charged on goods re-exported from Hong Kong to China. From these two data sources the ratio

3 |n our data 82.7% of observations have positive exports in one ownership/control regime, 13.4% have positive
exports in two regimes, 3.4% have positive exportsin three regimes, and 0.5% have positive exports in four regimes.
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[P/(A+A B)]2 is constructed, which we refer to as the inbound value-added ratio, since it depends

on the effort devoted to bringing inputsinto China. It is more difficult to measure the value-
added in marketing the final good since this depends on the destination market for the processed
good, but we attempt to do so using the markup on goods leaving China and re-exported through

Hong Kong. Theratio of thisto the value-added on processing trade within Chinais used to
(imperfectly) measure (B/y;)/[(A+AB)?yg], which we refer to as the outbound value-added

ratio, since it depends on the effort in marketing the final good exported from China.

Because of the errorsinvolved in estimating the Hong-Kong markup and the input-output
table for processing trade within China, both the value-added ratios are measured at the 1-digit
SITC level rather than the 8-digit HS level; these ratios also vary across years, across provinces
(since the processing input-output table differs across provinces), and across destination markets
(for the outbound ratio). The coefficients of the two value-added ratios along with the intercept
termsin (17) are estimated by multinomial logit, from which the underlying parameters ¢, 6,
are obtained once we specify o as a parameter.’* We correct the standard errors for the
correlation across errors because the value-added ratios are measured across 1-digit SITC rather
than 8-digit HS products. Our estimates will be sensitive to the Hong Kong markups that we
use, and as discussed by Feenstra et al (1999), there are several methods available to estimate
these. After reporting benchmark results, we investigate the sensitivity of the parameter

estimates to alternative measures of the markups.

14 Because we do not accurately measure the ratio (leyf)/[(A+)\ B)zlyg] appearing in (17b) and (17c), we do not
expect to identify the intercepts in those equations. So we rely on the single intercept term of (17a), together with
the three coefficients of [P/(A+A B)]2, to measure the four parameters @, 6, g, and (yg/yr). It isreadily shown that (p2
is proportional to the choice of g, so we can only measure the relative magnitude of this parameter (across regions or
time). Theratio (yy/yr) isalso quite sensitive to the choice of o, so we do not report this parameter. The human-
capital specificity parameter | isindependent of g, while 6 depends on ¢ only dightly.
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5. Empirical Results
5.1 Export Shares

To evaluate the modularity of the welfare function nonparametrically, we report the
average values of export-shares across the four factory-ownership and input-control regimes. In
Table 3, the first two columns show export shares in the total sample, and the second two
columns show export shares for the inland provinces (i.e. excluding Shanghai, Zhejiang, Fujian,
Guangdong, Hainan). Reading down the first column, foreign-buyer control of the inputs (the
pure-assembly regime) combined with foreign ownership of the factory accounts for an average
of 7.4% of processing exports, while Chinese control of the inputs (the import-and-assembly
regime) combined with foreign ownership of the factory accounts for 55.4%. The differencein
these two probability masses is much greater than in the second column, where foreign control of
the inputs combined with Chinese ownership of the factory accounts for 21.8% of processing
exports, while factory control of the inputs combined with Chinese ownership of the factory
accounts for 15.3% of processing exports. Computing CVD asin (16), thisis highly negative,
confirming that dispersed control/ownership is more likely than concentrated control/ ownership.
In the full sample, the data support the submodularity of the surplus function. From Proposition
1, thisis consistent with some combination of high value added in input processing, low human-
capital specificity in factory manager-foreign firm relationships, and a high bargaining weight
for foreign firms.

From Proposition 2, we expect the welfare function to be less submodular where
productivity in export processing islower or human-capital specificity ishigher. In China,
export processing activities are highly concentrated in coastal provinces. Given the relative

absence of export processing in interior provinces, we might expect human-capital specificity to
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be higher in these regions. Managers or foreign firms who separate from their trading partners
would presumably be less able to find an alternative partner in the interior than they would along
the coast. In the second two columns of Table 3, we separate out processing exports for interior
China. Relative to coastal China, export processing in interior Chinaisless likely to occur under
dispersed ownership and control, so that the welfare function for the region is much less
submodular. This appears to be consistent with Proposition 2.

One reason that coastal China has developed more export processing than the rest of the
country isthat over the last two decades trade policies have varied substantially across regions of
the country. In the early stage of China s economic opening, the government permitted foreign
trade and investment only in Special Economic Zones (SEZs) located in the southern coastal
provinces of Guangdong and Fujian. Inthe mid to late 1980s, the government expanded the
number of regions in which foreign trade and investment were permitted. By the 1990s, foreign
trade and investment were allowed (subject to government approval) throughout the country
(Demurger et a, 2001). Still, much export activity continued to be concentrated in SEZs.™
Advantages to being in a zone may include expedited treatment by customs of imported inputs
and exported outputs, more freedom to import or export goods directly rather than through state-
owned foreign trade corporations, greater opportunities to retain foreign exchange earnings, and
access to various types of tax incentives. There are is also a separate court system set up to
handle civil and commercial legal cases in trade zones (Wang, 2000).

Being in a SEZ may affect the choice of input-control and factory-ownership regimein a

variety of ways. Since SEZs are the center of import and export activitiesin China, it might be

15 SEZs have been succeeded by second and third generation trade and development zones, including bonded areas,
Economic and Technological Development Areas, and Hi-Technology Development Areas. At risk of blurring
definitions, we refer to al of these zones as SEZs. These zones are managed by provincial governments and so may
exhibit regional variation in their organization and effectiveness.
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relatively easy for aforeign firm or Chinese factory with a presence in an SEZ to find a new
export supplier or foreign buyer. We hypothesize that this would lower the specificity of human-
capital investments by factory managers and foreign buyers, and by Proposition 2, would make
concentrated input-control and factory-ownership less likely inside SEZs than outside SEZs. To
evaluate this, Table 4 replicates the results in Table 3 breaking out processing exports by whether
or not they are produced in one of China s Special Economic Zones (SEZs). Being inside and
SEZ puts over 80% of the export massin the lower-left cell, with foreign ownership but Chinese
control of theinputs. Outside the SEZs, there is 47% of the export share with foreign ownership
and Chinese control, but another 27% with the reverse case of Chinese ownership and foreign
control of the input, so again the preponderance of export mass is on the off-diagonal of Table 4.
So being outside the SEZ does affect the type of contract used in outsourcing, but the modularity
measures within or outside the SEZ are not that different.

Another useful way to split the sample is according to whether the processing exports
from China are re-exported through Hong Kong or not. Re-exports are not ssimply goods
transshipped through Hong Kong; rather, they are goods that clear customsin Hong Kong and
that are taken into possession (and subject to intermediation services) by firmsthere. Hong
Kong traders typically grade them according to quality, package and label them, and arrange for
their shipment to final destination markets (Sung, 1991). As compared to direct exports from
China, we conjecture that Hong Kong firms have a higher relatively high marginal productivity
of investment (B) in export processing activities and relatively low specificity of human-capital
investments (§). By Proposition 2, we then expect export processing involving Hong Kong to
exhibit more dispersed ownership and control. Table 5 separates Chinese processing exports into

those shipped directly to destination markets and those re-exported through Hong Kong. For
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Hong Kong re-exports, there is more mass along the off-diagonal in dispersed input-control and
factory-ownership regimes. Thus, for re-exports through Hong Kong, CVD is more negative, as

IS again consistent with Proposition 2.

5.2 Parametric Estimation Results

We turn now to the estimation of the model parameters: , the specificity of human
capital in afactory manager-foreign firm relationship; 6, the bargaining weight for foreign firms;
and ¢, the probability that contracts will be unenforceable. The latter parameter is very sensitive
to our choice of g, which isrelated to the variance of the extreme-value distribution. We choose
o = 0.1to ensure that @ lies between zero and unity, and focus on the relative magnitude of this
parameter rather than its absolute level ™

In Table 6, we report the results from MNL estimation of the three equationsin (17).
With six years of data (1999 — 2002) and thirty Chinese provinces, we can allow parametersto
change over time and across regions. We adopt a parsimonious specification whereby the
coefficients of the two valued-added ratios appearing on the right of (17) have constant
coefficients, whereas the intercept terms vary across inland and coastal regions and also years.
In addition, we allow for interaction terms between the four coastal regions (northern provinces;
those around Beijing; those around Shanghai; and southern provinces) and the two time periods
1997-99 and 2000-02. The usefulness of this fixed-effects specification will be apparent when
we discuss the parameter estimates.

In Table 6, the sign pattern of the coefficients in the three MNL equations meets our

expectations from (17). For example, in the first regression, the inbound value-added ratio has a

16 Asdiscussed in note 14, the Yo/¥s is also quite sensitive to the choice of o, so we do not report this parameter,
which istypically slightly greater than unity.
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negative coefficient in (17a) provided that (yy/ys) is not too small, and this negative signis
confirmed in the estimated equation (17a) in Table 6. The outbound value-added ratio does not
appear at al in (17a), and its estimated coefficient in Table 6 isvery small. The intercept termis
positivein (17a), where it equals ¢’0%(1 — w%)/o, and also in the estimate of Table 6. Our
inclusion of Hong-Kong and SEZ indicator variables, as well as the regional indicator variables
for the four coastal regions, clearly affects the estimate of the intercept term in Table 6 and
therefore affects the implied parameters. Using equations (17) and the estimates from Table 6,
we can solve for the implied parameters ), @ and 6, asreported in Table 7. We also compute
standard errors by bootstrapping equations (17) with 100 replications. For convenience, we do
not report the standard error for each estimate and region, but instead indicate the maximum
standard error across regions.

From Table 7, we see that the estimates of J, the degree of human-capital specificity, are
highest in Beijing and lowest in the southern coast. Since this parameter reflect the lossin
human capital when bargaining breaks down, lower values of ¢ may very well indicate a
“thicker” labor market and outside options for the Chinese managers. Wefind it highly plausible
the loss in human capital islowest in the southern coastal provinces of Guangdong, Fujian and
Hainan Island due to thicker labor markets. It is somewhat surprisingly that this parameter is
highest in Beijing, though the difference between Beijing and the northern or inland provincesis
very small in the 2000-02 period, whereas the southern coastal provinces still have a markedly
lower value of |, indicating less human-capital specificity. Just below the estimates of ) for
each time period, we report the range of these parameters across regions. Generally, these ranges
are reduced in the 2000-02 period as compared to 1997-99. These results are suggestive of

integrated labor markets that are becoming more integrated within and across regions.
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In addition, the estimates of ) depend on whether the goods are processed in SEZ or not,
and whether they are re-exported through Hong Kong or not. Comparing the estimatesin the
first two columns of Table 7 with those in the second two columns, we see that direct exports
have slightly higher estimates of ) than do re-exports through Hong-Kong. That is, using Hong-
Kong trades to handle processed exports dlightly reduce the loss in human capital faced by the
Chinese entrepreneur or foreign firm when they have to find another partner (presumably, the
Hong Kong traders can help arrange a new match). On the other hand, thereis practically no
difference in the estimates of Y within SEZ and outside of SEZ. This might reflect the mobility
of labor across SEZ boundaries so that, for example, aforeign firm working with a manager
within an SEZ could just aswell hire from outside the SEZ if a new partner is needed.

Next in Table 7 we report the estimates of ¢, which is the probability that a contract
cannot be enforced so that Nash bargaining is used. Recall that the absolute magnitude of this
parameter depends on g, which isrelated to the variance of the extreme-val ue distributionsin the
MNL specification. We have chosen o = 0.1 so that ¢lies between zero and unity, and focus on
the relative magnitude of this parameter rather than its absolute level. Our estimates of @ are
lowest in Beljing, suggesting the highest degree of legal enforcement there. While we have no
direct evidence on legal institutions across provinces, there is data on the level of “trust” that
businesses perceive within each province, from Ke and Zhang (undated).*” According to these
authors, Beijing and Shanghai rank as the most trustworthy locations. Our estimates accord with
theirsfor Beijing, but not for Shanghai, where our estimates of @in Table 7 are higher than for

Beljing. More surprisingly, our estimates shown the highest value of ¢@in the southern coastal

" These authors received a response from over 5,000 businesses on the question: “From your experience, which
five regions do you consider most trustworthy? List from high to low.”
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provinces. We would not have expected to have the highest probability of Nash bargaining (and
lowest likelihood of legal enforcement) in these locations. Ke and Zhang rank Guangdong as 4"
interms of “trust,” Fujian as 11™, but Hainan at 30" out of 31 provinces or autonomous regions
(including Chonggin, which is anewly added 31 region). While our finding that the southern
coastal provinces have a much higher value of @is surprising, we note that the disparity between
these provinces and Beijing is somewhat lower in the 2000-02 period than in 1997-99. In other
words, there is some evidence of convergence of legal institutions.

Lastly in Table 7 we report the estimate of 0, the Nash bargaining weight for foreign
firms, which is 0.69 (standard error of 0.015) across all regions and time periods. It turns out
that 6 depends only on the slope coefficients of the inbound and outbound value-added ratios, so
it does not vary with region or time period, asdo | and ¢. However, the estimates of the
bargaining weight would be sensitive to the measurement of the Hong Kong markups, used to
compute the inbound and outbound value-added ratios. Feenstra et al (1999) describe three
methods for computing markups, and method C used in Tables 6 and 7.*® As a sensitivity
analysis, we have re-estimated (17) using the alternative methods A and B. In Table 8 we report
parameter estimates obtained with methods A and B, focusing on 2000-02 for convenience.

Considering first the estimates of y, method B gives estimates that are larger than those
for methods A or C. For example, in Table 7 we reported ) in the range [0.28, 0.33] asthe loss
in human capital in Shanghai, but obtain the range [0.37, 0.51] using Table 8, using the

alternative measures of the Hong Kong markups. Despite the differences in magnitude, the

8 These methods are described in the data appendix. The difficulty in measuring the re-export markups is that
Hong Kong re-exports are distinguished by destination country whereas Hong Kong imports are not, so the bundle
of goods differs even at the 8-digit HS level. Method A compares the Hong Kong import unit-value for each HS
product to the unit-value for re-exports to a destination country, whereas method B compares the Hong Kong import
unit-value to the unit-value for all re-exports (regardless of destination country). Method C attempts to correct the
import unit-val ue to reflect the ultimate destination country for the re-exports.
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overall pattern of estimates across regionsissimilar in Table 7 and 8. In all cases, Beijing has
the highest estimate of ) and the southern coastal provinces have the lowest, though the range of
estimates across regions in Table 8 is somewhat smaller thanin Table 7. Again, the lower values
of Y for the southern coastal provinces indicate smaller human-capital specificity and “thicker”
labor market there.

The estimates of @in Table 8 are also larger than those reported in Table 7, and in some
cases @ exceeds unity. This could be readily corrected by choosing alower value of o, whereas
we have maintained o = 0.1 in both Tables 7 and 8. The absolute magnitude of ¢ is not that
relevant, but its relative magnitude across regionsis still of interest. Again, we obtain the same
pattern of estimatesin Table 8 and in our benchmark results of Table 7: @islowest in Beijing,
indicated the greatest degree of legal enforcement of contracts there, and highest in the southern
coastal provinces. Evidently, this pattern is not sensitive to the precise measure of the Hong
Kong markups that we use in constructing the value-added ratios.

Finaly in Table 8 we report the estimate of 8, which is the Nash bargaining weight for
the foreign firm. It varies between 0.42 and 0.65 in Table 8, which is somewhat |ower than the
estimates of 0.69 in our benchmark results. Thisrange of estimates includes the value 0.5, which

corresponds to simple Nash bargaining as used by Grossman and Hart (1986).

6. Conclusions

This paper reports a new empirical finding: that the allocation of ownership and control
in processing exports of Chinatends to be shared between foreign and local parties, with foreign
firmslikely to have (at least partial) ownership in the Chinese plant, but the Chinese parties
having control over input purchase decisions. Based on anecdotal evidence, we expect that this

pattern might apply in other developing countries as well, such asIndia. A goal of our paper has
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been to reconcile this finding with avail able theories of the ownership/control structure within a
firm. We have drawn on the PR model due to Grossman and Hart (1986) and Hart and Moore
(1990), which can be contrasting with the IS model due to Holmstrom and Milgrom (1994).

Holmstrom and Milgrom show that the IS model |eads to a complementarity in the
allocation of ownership/control instruments, so that these instruments should be given to the
same party. In our simple model of outsourcing, we find that the PR model leads to that outcome
when value-added in the factory is low or the specificity of human-capital investmentsis high.
But the PR model |eads to the alternative arrangement with a sharing of the ownership/control
instruments between the parties when value-added is high, or human-capital specificity islow.
The evidence from Chinatherefore strongly supports the finding that ownership and control is
divided between the parties, and more so as we consider subsets of the data that focus on exports
through Hong Kong, that exclude the interior provinces, or that limit exports to those from
special economic zones. in all three cases, an even greater magnitude of exports occur in the
foreign-ownership/local-control regime.

We have estimated the parameters of the property-rights model that are consistent with
this outcome. These parameters indicate a significant degree of human-capital specificity, such
that if Nash bargaining breaks down, the marginal product and potential earnings of agents are
lowered in their outside aternatives. In our benchmarks estimates, thisloss in human capital is
estimated at 33 —40% in all provinces except the southern coast, but only about 22% in Fujian,
Guangdong and Hainan. Somewhat larger estimates are obtained in alternative specifications,
but the southern coast continues to have the lowest loss in human capital, suggesting “thicker”
labor markets there. The probability of legal enforcement of contracts (or 1 — ¢) hasasimilar

pattern and is the lowest in the southern coastal provinces, and the highest in Beijing. Our range
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of estimates for 6, the Nash bargaining weight, includes the value of 0.5, which correspondsto
simple Nash bargaining as used by Grossman and Hart (1986). It appears that thissimple
bargaining rule is adequate at accounting for the contractual choices observed in export
processing in China, provided that human capital-specificity and contractual enforcement that

differs significantly across regions are also incorporated.
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Table1l: Foreign Ownership, Export Processing, and Tradein China

Processing FIE
Exports/ Exports/ Sharein Total Processing Exports of
Total Total Import-and- Hong Kong
Y ear Exports Exports Assembly Re-Exports FIE Exports
1997 0.545 0.361 0.704 0.556 0.561
1998 0.568 0.393 0.705 0.552 0.587
1999 0.568 0.413 0.677 0.507 0.609
2000 0.552 0.439 0.701 0.470 0.646
2001 0.554 0.462 0.714 0.456 0.669
2002 0.550 0.484 0.741 0.436 0.697

Notes: Columns (1) and (2) show processing exports and exports by foreign-invested
enterprises, respectively, as a share of total China exports; columns (3)-(6) show as a share of
total China processing exports, processing exports under the import-and-assembly regime,
processing exports re-exported through Hong Kong, and processing exports by foreign-invested
enterprises, respectively.
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Table2: Optimal Effort Levels

Owner ship of the Factory

0, =0, Foreign firm f owns o, = 1, Chinese Manager g owns

e1 =Pl (first-best for f) e1=[1-e1-B)W]P/y;

01=0,
Foreign firm &2= (1- 9 (A +AB) /v, e2=[A +(1-9OAB]/yq
f controlsinputs e3=Blyy  (first-best) e3=[1-@L-O)Y]B/v;
Control W(0,0) ><W(1,0) W(0,1) < W(L,1) if v = yg
of the
| nputs

&= (1- QUOP/ y, e =Plyg (first-best for g)
n=t AB]/

=[A+(1- B

Chinese manager &2=(1-QYG(A +AB)/yq 2=IA L= 0OMEN Yy
g controlsinputs e3=Bly  (first-best) e3=[1-@1-0)Y]B/y;

W(1,0) W(1,1)




Table 3: Processing Exports by Input Control and Factory Owner ship Regime
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All Provinces

Interior Provinces

Ownership of Factory: Ownership of Factory:

Control over Inputs: Foreign Chinese Foreign Chinese
$(0,0) S(0.1) $(0,0) S(0.1)
Foreign Buyer 0.074 0.218 0.134 0.098

(pure-assembly)

(0.003)  (0.007)

(0.008)  (0.007)

$(1,0) $(1,1)

$(1,0) S(1,1)

Chinese Factory
(import-and-assembly)

0.554 0.153
(0.006)  (0.003)

0.453 0.316
(0.017)  (0.017)

[INS(0,0)+InS(1,1)]-
[INS(1,0)+InS(0,1)]

-2.367

-0.047

Notes: This table shows means for shares of processing exports by factory ownership (foreign
versus Chinese) and input-control regime (pure-assembly versus import-and-assembly) for
observations by year, industry, destination country, origin province, and trade zone status. The
first two columns show results for all provinces; the second two columns show results for
interior provinces (all provinces excluding Shanghai, Zhejiang, Fujian, Guangdong, Hainan).
Standard errors are in parentheses.
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Table4: Processing Exports by Control/Ownership Regimeand Trade Zone

Inside SEZs Outside SEZs
Ownership of Factory: Ownership of Factory:
Control over Inputs: Foreign Chinese Foreign Chinese
S(0,0) S(0,1) S(0,0) S(0,1)
Foreign Buyer 0.069 0.048 0.076 0.272
(pure-assembly) (0.006) (0.003) (0.003) (0.007)
$(1,0) S(1,1) $(1,0) S(1,1)
Chinese Factory 0.809 0.074 0.474 0.178
(import-and-assembly) (0.008) (0.004) (0.006) (0.004)
[INS(0,0)+InS(1,1)]- -2.029 -2.254
[INS(1,0)+InS(0,1)]

Notes: This tables show mean shares of processing exports by factory ownership and input-
control regime for goods produced inside (columns 1 and 2) and outside (columns 3 and 4) of

Special Economic Zones.

Table5: Processing Exports by Control/Ownership Regime and Export Route

Hong Kong Re-Exports

Direct Exports

Ownership of Factory: Ownership of Factory:
Control over Inputs: Foreign Chinese Foreign Chinese
S(0,0) S(0,1) S(0,0) S(0,1)
Foreign Buyer 0.027 0.318 0.115 0.134
(pure-assembly) (0.002) (0.010) (0.004) (0.006)
S(1,0) S(1,1) S(1,0) S(1,1)
Chinese Factory 0.530 0.125 0.575 0.177
(import-and-assembly) (0.009) (0.004) (0.008) (0.005)
[INS(0,0)+InS(1,1)]- -3.911 -1.331
[InS(1,0)+InS(0,1)]

Notes: Thistables show mean shares of processing exports by factory ownership and input-
control regime for goods shipped directly to destination markets (columns 1, 2) and goods re-
exported through Hong Kong (columns 3, 4).
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Table6: MNL Estimates of the Property Rights M odel

Equation (17a)

Equation (17b)

Equation (17b)

Intercept 0.74 -0.47 124
(Year = 2002) (0.15) (0.16) (0.14)
Inbound -0.34 -0.036 -0.17
value-added ratio (0.054) (0.072) (0.050)
Outbound -0.007 0.013 0.035
value-added ratio (0.014) (0.021) (0.017)
Years: 1997-99 2000-02 1997-99 2000-02 1997-99 2000-02
Hong-Kong 0.24 -0.061 0.59 0.16 0.26 0.001
(0.15) (0.20) (0.16) (0.23) (0.16) (0.22)
SEZ 0.47 -0.21 -0.90 0.19 -0.48 0.12
(0.12) (0.15) (0.20) (0.31) (0.16) (0.24)
North coast -0.18 0.32 -0.018 -0.25 -1.53 0.54
(0.16) (0.22) (0.15) (0.24) (0.18) (0.24)
Beljing area -0.21 0.11 -0.040 -0.12 -1.18 0.32
(0.15) (0.20) (0.12) (0.20) (0.16) (0.22)
Shanghai area 0.57 -0.14 0.72 -0.56 -0.48 0.027
(0.14) (0.19) (0.12) (0.22) (0.19) (0.20)
South coast 194 0.75 242 0.25 -0.14 1.10
(0.20) (0.29) (0.24) (0.37) (0.21) (0.30)

Notes: N = 1,118,883, across 8-digit harmonized system (HS) products, provinces, years, and destination
markets. The inbound (outbound) value-added ratio equal the markup on Hong Kong re-exports entering
(leaving) China, divided by the value-added in processing trade within China. These ratios are measured
at the 1-digit SITC industry rather than 8-digit HS product, so the standard errors (in parentheses) are
corrected for correlation of errors across observations. The variable SEZ equals one if the HS products
are produced in a Specia Economic Zone (including high-technology devel opment zones), and Hong-
Kong equals oneif the good is re-exported through Hong Kong. All regressions include indicator
variables for the year (with 2002 excluded). The northern coast consists of Heilongjiang, Jilin and
Lioning; the area around Beijing includes Beijing/Tianjin, Hebei and Shandong; the area around Shanghai
includes Shanghai, Jiangsu and Zhejing; and the southern coastal provinces consist of Fujian, Guangdong,
and Hainan Island.
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Table7: Parameter Estimates

SEZ, SEZ, No SEZ,
HK Re-exports Direct exports Direct exports
1997-99  2000-02 1997-99 2000-02 1997-99  2000-02
Region:
¢ Interior 0.38 0.33 0.41 0.35 0.38 0.33
North coast 0.36 0.34 0.39 0.38 0.36 0.34
Beijing area 0.40 0.35 0.44 0.38 0.40 0.35
Shanghai area 0.33 0.28 0.35 0.30 0.33 0.28
South coast 0.21 0.22 0.22 0.23 0.21 0.22
Sand.errors <001 <001 <00l <001 <001 <001
Range 0.19 0.13 0.22 0.16 0.19 0.13
@  Interior 0.50 0.59 0.46 0.54 0.40 0.44
North coast 0.53 0.55 0.49 0.51 0.43 0.39
Beijing area 0.48 0.55 0.44 0.50 0.37 0.38
Shanghai area 0.59 0.68 0.55 0.64 0.50 0.56
South coast 0.91 0.87 0.89 0.84 0.85 0.78
Sand. errors <002 <002 <002 <002 <002 <002
Range 0.43 0.32 0.45 0.34 0.48 0.39
@  Anyregion 0.69 0.69 0.69 0.69 0.69 0.69
Sand. error 0.015 0.015 0.015 0.015 0.015 0.015

Notes. Parameters estimates are cal culated from the coefficients in Table 6 and equations (17).
The parameter | is the degree of human-capital specificity, @is the probability that contracts
cannot be enforced so that Nash bargaining is used, and 6 is bargaining weight of the foreign
firm. Standard errors are obtained by bootstrapping (17) using 100 replications. For
convenience, we do not report the standard error for each estimate and region, but instead
indicate the maximum standard error across regions.



Table8: Alternative Parameter Estimates, 2000-02

SEZ,

HK Re-exports

SEZ,

Direct exports

No SEZ,

Direct exports

Method A Method B Method A MethodB Method A Method B
Region:

g Interior 0.38 0.49 0.39 0.52 0.40 0.60
North coast 0.38 0.52 0.39 0.55 0.40 0.66
Beijing area 0.44 0.53 0.45 0.57 0.46 0.68
Shanghai area 0.37 0.44 0.38 0.45 0.39 0.51
South coast 0.31 0.35 0.31 0.36 0.31 0.39
Range 0.13 0.18 0.14 0.21 0.15 0.29

@ Interior 1.22 0.66 1.20 0.63 1.17 0.54
North coast 1.21 0.63 1.19 0.59 1.17 0.50
Beijing area 1.07 0.61 1.04 0.58 1.02 0.48
Shanghai area 1.25 0.75 1.23 0.72 1.20 0.65
South coast 1.52 0.93 1.50 0.91 1.49 0.85
Range 0.45 0.32 0.46 0.33 0.47 0.37

@ Any region 0.42 0.65 0.42 0.65 0.42 0.65

Notes. Alternative parameters estimates are calculated by changing the method of computing
the Hong Kong markups, used to construct the inbound and outbound value-added ratios. Tables
6 and 7 use method C to calculate the markups, whereas the above estimates use methods A and
B. See Feenstraet al (1999) and the data appendix for more information on these methods for

computing markups, and see the notes to Table 7 for parameter definitions.



