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In the attempt to compete for foreign investment, local jurisdictions in China set up a large number of
development zones for industrial and commercial uses. Many of these areas never received any investment
and sat idle for years as undeveloped sites. In several periods of time, development zones mushroomed at
such a rampant pace that the central government had to intervene in order to prevent the rapid reduction of
agricultural land. In this paper, we propose a model to account for the “development zone fever” experienced
in China. We consider local jurisdictions as participants in an all-pay auction competing for investment
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H77 projects. An investment always goes to a jurisdiction with the highest-quality infrastructure in its
R58 development zone. A jurisdiction has to pay the cost of infrastructure in advance, which is irrecoverable

whether it wins the investment or not. In equilibrium, many jurisdictions set up economic development zones
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several policies are examined. The model suggests that to reduce land use by development zones, the central
government could either claim a larger share of the tax revenue generated by foreign investments or raise the
tax on the land used for development zones. Other policies, such as putting a budget constraint on
infrastructure spending or restricting some jurisdictions from competing, are either ineffective or have some

undesirable effects.
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1. Introduction

An economic development zone is a government-designated area
for industrial and commercial development.' In 1984, China opened
its first development zone in Dalian. By January 1985, similar
development zones were established in thirteen other coastal cities.
The central government granted these zoned areas various favor-
able policies for the purpose of attracting foreign direct investment
(FDI).

The number of development zones and their importance grew
rapidly in China. They have played a crucial role in China's success in
attracting FDI and boosting international trade. In 2008, the 54
national-level economic development zones (a small group estab-
lished with the endorsement of the State Council of China and for
which accurate statistics are easily available) received US$ 19.5 billion
FDI, 21.1% of the total in the country; their total value of imports and
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exports was US$ 385.5, 15.0% of the total.? Some of these development
zones have experienced miraculous economic success.’

Although the earliest development zones were all established by
the initiation of the central government, local governments in China
quickly recognized this useful development tool.* Before long, many
local governments started to set up their own development zones. A
typical development zone is located at the edge of an urban area. The
local government first draws up a blueprint that delineates the land
area for development and lays out the stages of planned development.
It then raises funds through various channels such as bank loans or
sales of land use right to local developers. Using these funds as well as
some tax revenue, the local government builds infrastructure in the

2 Statistics on all development zones are difficult to come by. According to one
report, in 2006, development zones at different levels accounted for 68% of China's
GDP and 87% of its exports (http://www.cbfeature.com/special_coverage/lead/chan-
ges_in_development_zones/, accessed July 26, 2009).

3 For example, Kunshan, which was still a poor rural area in Jiangsu province in the
1980s, has now become one of the richest counties in China, largely due to the success of its
economic development zones. In 2008, Kunshan manufactured 48 million laptop
computers and 15.2 million digital cameras, accounting for 40% and 15%, respectively, of
all those sold in the world (http://district.ce.cn/zg/200907/28/t20090728_19644318.
shtml, accessed May 20, 2010).

4 There are four levels of local governments in China, including, from the lower to
the upper level, (1) townships; (2) counties; cities; and districts; (3) prefectures and
municipalities; and (4) provinces, autonomous regions, and direct-control munici-
palities.
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development zone, typically including paved roads, utility connec-
tions for water, sewer, electricity, gas, cable, and phone services, and
some landscaping. Local government officials will actively solicit or
campaign for FDI; some of them travel all over the world to court
potential investors. In addition to the tax breaks granted by the central
government, local governments will often offer additional incentives
for FDI located in their development zones, which may include local
tax breaks, discounted land rents, and lowered utility prices in the
early years of investment.

By one count, there were already 1951 development zones in
China by the end of 1992, with the planned area totaling 15.3
thousand square kilometers (Yang, 1997; Zhang and Li, 2007). To put
this in perspective, China's total urban built-up area was only 13.4
thousand square kilometers in that year. During this explosive boom
of development zones, local governments seized a large amount of
land from peasants and the total area of cultivated land decreased
sharply.® Naturally, many of the newly designated development zones
never saw any investment and most of the zoned areas were never
developed, leaving a lot of arable land idle. In response, the central
government urged local governments to raise the approval require-
ments for development zones. The State Council ran a campaign to
review existing development zones and canceled many of them.

However, this policy did not solve the problem. By 1996, the
number of development zones reached 4120 (Zhang and Li, 2007). As
a further response, the State Council decided in April 1997 to
temporarily stop authorizing any conversion of arable land for
nonagricultural uses. In 1998, this policy was extended for another
year. Despite this effort, the expansion of development zones was
again out of control in the late 1990s and early 2000s. By 2003, the
number of development zones increased to 6866, with a total planned
area amounting to 38.6 thousand square kilometers (again even
higher than the total urban built-up area in China, which was 28.5
thousand square kilometers in 2003). During these years, even more
peasants had their land taken away by local governments with little
compensation. Some observers would call this phenomenon the
“enclosure movement” in China (He, 2003).°

In 2003, the central government again had to step in to curb this
wild development. The State Council ordered a complete halt of new
development-zone approvals. Local governments were requested to
take stock of the development zones in their jurisdictions and rectify
the disorder. According to the guidelines issued by the central
government, each county in principle could have at most one
development zone, which had to be authorized by the central or
provincial government. Development zones approved by lower-level
governments all were to be closed and the undeveloped land they
occupied had to be returned to peasants. Even the development zones
that survived this round of reorganization were required to cut back
their use of arable land. It took more than three years to complete this
round of cleanup. In late 2006, the central government released a
directory that listed only 1568 surviving development zones, and
together they only had a total planned area of 9949 square kilometers.
Compared to those in 2003, the number of development zones and
their planned area were reduced by 77.2% and 74.2% respectively (see
Fig. 1).

5 In China, land is owned by the state in urban areas and by local collective economic
organizations in rural areas. Most arable land in rural areas is distributed or leased to
peasants. Technically, peasants are not owners but only have the use rights of their
land for certain years. In practice, peasants often do not even have the basic tenants'
rights to keep the land for a pre-specified period; their land can be taken away (with
limited compensation) at the local governments' discretion.

S From 2001 to 2003, China's Ministry of Land and Resources and its local branches
investigated 364 thousand cases of illegal land uses, many of which involved land
appropriation by local governments and developers. Some peasants would confront
government officials and riot police in order to keep their farmland. During these
years, land-related protests by peasants became a major source of social unrest in
China (Keidel, 2006).
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Fig. 1. Closing down undeveloped development zones in China, 2003-2006.
(Data source: National Development and Reform Commission of China.)

These developments in China during the past two decades pose a
puzzling question: why did local governments decide to open so
many development zones even though only some of them would
succeed in securing investments. Ex post, there appears to be a great
waste of resources, especially arable land. Given the concern that a
similar development zone fever may return in the near future, one
also wonders how different central government policies would affect
the outcome. A better understanding of this phenomenon is crucial for
comprehending some important features of land use patterns and the
process of urbanization in China.

In this paper, we propose a simple model to account for the
strategic competition for FDI among local governments in China. We
think of this situation as an all-pay auction in which local govern-
ments are bidders. Each jurisdiction decides how much resources are
used to open a development zone and build infrastructure in it to
attract an indivisible FDI project. The jurisdiction where the
infrastructure is of the highest quality will win the competition. A
key feature of this game is that all participating bidders incur a sunk
cost. That is, even if a jurisdiction fails to obtain the FD], it still has to
pay a cost because its spending on infrastructure cannot be recovered.
It is shown that in equilibrium more than one jurisdiction will spend
on infrastructure even if only one of them wins the project, which
explains why ex post we see a seeming waste of resources. More
importantly, this model provides a framework for us to discuss the
effects of various policies.

The rest of the paper is organized as follows. Section 2 introduces
the institutional background in China, focusing on why it is reasonable
to treat local jurisdictions in China as tax revenue maximizers.
Section 3 briefly reviews the literature on interjurisdictional compe-
tition. Section 4 presents the model and discusses its policy
implications. Section 5 concludes with some remarks.

2. Institutional background

It is rather remarkable that China, once a socialist economy with a
deep root in centralized planning and control, has fostered fierce
competition among its local jurisdictions since the inception of its
economic reform. Indeed, this may well be the key to understanding
China's rapid economic growth in the past three decades (Oi, 1992;
Cheung, 2008).

Prior to 1980, China had a highly centralized fiscal system that was
characterized by “unified revenue collection and unified spending”
(tongshou tongzhi). The central government controlled almost all
revenue sources and adopted a unified budget that included receipts
and expenditures of the central government, provinces, as well as
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sub-provincial governments. Local governments thus did not have
their own separate budgets; their expenditures were approved by the
central government and financed by funds allocated through the
central government. Although this system evolved in detail over time,
its most prominent feature before the reform era had always been
centralized planning and control.

A key component of China's economic reform was fiscal decen-
tralization. In the early 1980s, China established a “fiscal contract
system” with the goals to promote self-sustainable local public
finance and provide incentives for local governments to develop
their local economies. Under this system, a local government would
sign a contract, stipulating the share of its revenue or a lump-sum
payment that should be remitted to its upper-level government.’
Such a contract typically lasted three to five years before a revision. An
important incentive device built into this system was that local
governments could keep all (or almost all) extra revenues they
generated beyond their contract responsibilities. In the meantime, the
central government also decentralized many authorities, granting
local governments a greater autonomy in terms of approving
investments, allocating resources, and regulating local economies in
their own jurisdictions.

This fiscal decentralization, together with other complementary
reforms, provided an institutional foundation for a “Chinese-style
federalism” (Montinola et al., 1995). It created an environment in
which local governments and their officials benefited greatly from
local economic prosperity. It thus gave local government officials a
significant incentive to pursue economic growth. Oi (1992) would
famously characterize this institutional arrangement in China as “local
state corporatism.” As she pointed out, local governments in China
show many features of a large business corporation and their officials
behave like managers or entrepreneurs in seeking profit/revenue
opportunities for their own jurisdictions. In an account of the intense
inter-county competition as the key driver of economic growth in
China, Cheung (2008) made a similar point that county government
officials are very much like corporate executives.

During a major tax reform in 1994, China replaced the fiscal
contract system with a new “tax sharing system.” This system defined
certain taxes as revenue sources for the central government and other
taxes as revenue sources for local governments; it also created a
value-added tax that would be shared by the central and local
governments. Whereas this tax reform was meant to strengthen the
fiscal position of the central government, the incentives for local
governments to pursue economic development were essentially
preserved.

Local government officials in China benefit from a prosperous local
economy in many different ways. First, a growing local economy is a
stable revenue source. This makes it much easier for local government
officials to do their job such as providing local public education and
improving local infrastructure. Second, a stable source of government
revenue also rewards government officials financially. Part of the
revenue will become perks and fringe benefits for them; part of it will
be used to fund their work-related travel and consumption; and of
course, part of it may end up in the officials' pockets through
corruption, fraud, or other questionable conduct.

Third, and perhaps most importantly, a prosperous local economy
helps government officials climb up the hierarchy within the ruling
party's cadre system. In China, government officials are not elected
through a democratic system; they are promoted by upper level
officials in the communist party. At least during the post-reform era,
economic performance of their jurisdictions has been an important
factor that determines the career paths of local government officials.
As shown by Li and Zhou (2005), a better economic performance
increases a provincial leader's probability of being promoted and

7 This remittance could be negative when a local government received a subsidy.

decreases the probability of his or her career termination.® The same is
true at lower government levels. Consider the example of Suzhou, a
municipality in Jiangsu province that has been most famous in recent
years for several successful development zones within its jurisdiction.
During 2000-2009, four consecutive party leaders in Suzhou were all
quickly promoted to higher positions (either within or outside the
province) to spread the “Suzhou experience.”

This institutional arrangement in China has fostered fierce
competition among local government officials to develop their local
economies. They work hard to attract capital to their regions; they
experiment with different policies that are tailored to investors and
entrepreneurs; they learn from other localities' successes as well as
their failures. It is in this context that we believe it reasonable to
model local jurisdictions in China as tax-revenue (or tax-base)
maximizers that compete with one another for foreign investments.

3. Related literature

The study of interjurisdictional competition has a long tradition
(Tiebout, 1956; Oates, 1972) and therefore there is a vast literature on
this topic. Tax competition is perhaps the most widely studied topic in
this field.!° In this brief review, we focus on one strand of this
literature that examines interjurisdictional competition for mobile
firms or investment in physical capital, which is most closely related
to this study.

A central theme of the early literature on interjurisdictional
competition is that competition for mobile capital may lead to a “race
to the bottom,” resulting in inefficiently low tax rates and local public
expenditures. This idea traces back at least to Oates (1972) and is more
rigorously formalized by Wilson (1986) and Zodrow and Mieszkowski
(1986). According to this theory, local governments tax mobile capital to
provide public goods. By setting a lower tax, one jurisdiction can attract
firms from other places to increase its own tax base. However, given a
fixed capital stock, this will create a negative “fiscal externality” and
reduce the tax base of other jurisdictions. In equilibrium, tax
competition transfers resources from the public sector to private sector
and leads to an underprovision of public goods.

An alternative view emphasizes that governments, run by self-
interested politicians, are not necessarily benevolent planners and
may be revenue-maximizing Leviathans (Brennan and Buchanan,
1980). Without any restriction on the power to tax, governments tend
to extract an excessive amount of surplus from the private sector,
resulting in an over-sized public sector and inefficient resource
allocation. In this case, tax competition may help “tame the Leviathan”
and thus improve social welfare. Edwards and Keen (1996) and
Rauscher (1998) have explored this idea in formal models.

A few other studies also try to explain why interjurisdictional
competition for capital investment may not lower social welfare.
Black and Hoyt (1989) model a situation in which two cities bid for a
large firm. The firm and its workers pay taxes to the city where the
firm is located, and the city provides them with public services. If the
marginal cost of providing public services to a new firm and its
workers is lower than the tax revenue they generate, a city benefits
from a new firm locating there. Since the new firm and its workers
have to pay the average cost of public services, if the average cost is

8 In a widely-cited article, Zhou (2004) argues that this process of selecting and
promoting cadres has essentially created a job tournament among local government
officials and that it explains many phenomena in China, including local protectionism,
interregional trade wars, and redundant construction.

9 Journalists have dubbed Suzhou the “cradle for province governors.” Some foreign
investors even expressed their concerns over the rapid turnover of leaders in Suzhou,
which they suspected would interrupt the stability and continuity of the local
economic environment. See Yang and Wang (2008) for an informative case study of
the Suzhou region in the context of development zone fever.

10 For some recent reviews of this literature, see, for example, Wilson (1999),
Brueckner (2003), Wilson and Wildasin (2004), and Wildasin (2006).
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higher than the marginal cost, it makes sense for the city to use a
subsidy to attract the firm. More importantly, such a subsidy is not
simply a transfer from a local government to the new firm; it
enhances social welfare because the bidding leads to the efficient
location of the firm.

King et al. (1993) present a two-period model in which local
governments bid for a plant. The plant chooses its location in the first
period and relocation is costly. Thus the government that won the bid in
the first period gains an advantage over the firm in the second period,
which allows it to extract a share of the surplus of the firm. Knowing this,
the government is willing to offer tax breaks or subsidies in the first
period to bid for the plant. King et al. assume that regional governments
can invest in infrastructure before the two-period game is played. They
show that even if the cost of building infrastructure is identical across
regions, in equilibrium, regional governments choose different levels of
infrastructure and that this outcome is efficient.

Wilson (2005) analyzes a situation in which each local govern-
ment provides a public input (e.g., infrastructure) to mobile firms and
finances it by taxing wage and capital income. More public input not
only raises the productivity of labor and capital but also attracts firms
from other regions, both of which result in higher tax revenue.
Whereas local residents control the tax rates, government officials
choose the level of public input to maximize tax revenue net of the
cost of providing this input. The competition among governments, by
spending on the public input to lure firms, increases residents’ income
and makes them better off.

Two studies analyze the welfare effect of interregional competition
particularly in the context of attracting FDI. Fumagalli (2003) shows
that local subsidies to FDI could be welfare-improving when the
location less preferred by the foreign investor benefits more from the
investment than the alternative location. However, such subsidies
also have a negative effect because they make domestic firms less
competitive. Davies (2005) points out that local incentives to FDI not
only influence locational choices but also affect the investor's output
decisions, because such incentives are usually tied to the investor's
use of domestic inputs. He argues that state tax competition does not
necessarily reduce national welfare because competition leads the FDI
to locate efficiently. Without such competition, federal subsidies are
needed to attain the national optimum.

Similar to King et al. (1993), in this paper we also analyze local
jurisdictions' investment in infrastructure to attract FDI. We present a
simple one-shot game that resembles a sealed-bid all-pay auction,
and use it to explain the development zone fever in China and
examine the effects of various policies. The analytical techniques are
mostly derived from the all-pay auction literature, which was
developed to study strategic situations such as rent-seeking, political
lobbying, R&D races, and job promotion tournaments.'!

4. Model

We analyze interjurisdictional competition for FDI in China as an
all-pay auction. We start with a very simple model that is just enough
to generate some important insights, and then extend the model to
take into account some complications.

4.1. A simple model with complete information

Consider a situation in which two risk-neutral jurisdictions
compete for an indivisible FDI project. If located in jurisdiction i, the
gross value of the investment for the domestic economy is v;, which
comprises four parts: (1) taxes paid by the foreign-owned enterprise

1 See, for example, Hillman and Riley (1989), Baye et al. (1993), Che and Gale
(1998), Clark and Riis (1998), Gavious et al. (2002), and Kaplan et al. (2002).

to central and local governments; (2) the extra income generated by
the FDI through creating more jobs for local workers; (3) the extra
profit to local businesses that supply intermediate goods or provide
business services to the foreign-owned enterprise; and (4) the value
of knowledge spillovers from the FDI to local businesses and potential
entrepreneurs.'? To simplify our analysis, we assume that all of the
extra income and profit are generated within the jurisdiction hosting
the FDI. That is, non-host jurisdictions can only benefit from the FDI
through the central government's transfer of tax revenue. Clearly,
even for the same FDI project, v; can be different depending where it is
located because the knowledge spillovers tend to be highly location-
dependent. Without loss of generality, assume v;>v,>0. Only a
portion of the value, Av; where 0<A<1, accrues to jurisdiction i
because the central government will extract some of the value
through taxes and use it for the benefit of the entire nation.'?
Therefore, A is a policy variable controlled by the central government.
Also for simplicity, we assume that A is the same everywhere so it is
not indexed with i.

To attract this FDI, each jurisdiction may make an irreversible
spending of size s;, which is used to set up a development zone and
build infrastructure in the zoned area. The quality (Q) of infrastructure
is “produced” using land (L) and physical capital (K), which is
governed by a Cobb-Douglas technology Q=L*K' ~¢ 0<a<1. Given
the technology, a jurisdiction always spends as; on land in order to
minimize the cost of building infrastructure. If land rent is r, as;/r is the
size of its economic development zone. Assuming cand r are the same
for the two competing jurisdictions and by choosing a proper unit for
r, we shall proceed by letting o/r=1. Therefore, depending on the
context, we may refer to s; as jurisdiction i's spending on infrastruc-
ture, or the size of its economic development zone, or the quality of its
infrastructure built to accommodate the FDI. All these quantities are
proportional to one another, so we use the same measure for all of
them.

In addition to infrastructure, foreign investors may also care about
local taxes, business regulations, and the endowment of human and
natural resources in the host jurisdiction, because all these could
affect the returns of their investment. For the purpose of this study,
we assume that the two jurisdictions are equally competitive along
those other dimensions and the quality of their infrastructure alone
determines the locational choice of foreign investors. In particular,
assume that the FDI will go to the jurisdiction with the higher-quality
infrastructure, i.e., a larger s;. In the case s; =s,, the two jurisdictions
have equal chances to receive the investment. For the time being, we
assume that the size of the FDI (and therefore its value) is
independent of the host jurisdiction's spending on infrastructure. In
other words, the foreign investors have already decided to invest a fix
amount of capital in one of the two jurisdictions; all that can be
influenced is the locational decision. We will relax this assumption
later by assuming that the size of the FDI is related to the winning
jurisdiction's spending on infrastructure.

To facilitate policy discussion below, we introduce a tax on
infrastructure spending, which is also controlled by the central
government. In particular, if a jurisdiction spends s; on infrastructure,
it has to pay 7s;, where 7>1, with s; used for building infrastructure
and (7—1)s; paid to the central government.'*

12 More specifically, knowledge spillovers occur if the FDI project comes with new
ideas that stimulate local entrepreneurial activities and make local existing businesses
more productive, leading to more income and profit.

13 Note that the central government will extract part of v; as tax revenue and spend it
for the welfare of the whole country, including the host jurisdiction i. Therefore, A
should be interpreted as the net effect of this policy on jurisdiction i instead of the
nominal tax rate. A second policy variable T, which we will introduce below, should be
interpreted in the same way.

14 Throughout the rest of the paper, we discuss 7 as a tax. But of course it can also be
interpreted as a subsidy by assuming 7<1.
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We assume that the gross expenditure on infrastructure in a
development zone, once paid, becomes a sunk cost. Therefore, if
jurisdiction i wins the competition, its payoff is \v; — 7s;; otherwise, its
payoff is — 7s;. Of course, any infrastructure may also be valuable for
some alternative uses. Here we normalize the value of its second best
use to zero.'> Note that, whereas the goal of each jurisdiction i is to
maximize its expected payoff (Av;)Pr[i wins|sq,s,] — Ts;, social welfare
in the domestic economy is maximized only if the winner i gives the
highest v; — (51 +52).

Suppose the valuations and the rules of this game are common
knowledge between the two jurisdictions. This is a two-player
game that is often called an all-pay auction with complete
information. Our analysis will focus on the equilibrium of this
game. Following standard practice in noncooperative game theory,
define player i's (mixed) strategy as a probability distribution over
its spending s; that specifies the probability (or probability density)
of choosing each possible s;. A Nash equilibrium of the game is a
pair of strategies, one for each player, that are best responses to
each other.

It is easy to see that in equilibrium neither player will choose a
specific spending level for sure. In other words, this game has no pure-
strategy equilibria.'® It is well known that this game has a mixed-
strategy equilibrium, in which each player continuously randomize
over a range of s’

Proposition 1. Two jurisdictions with values v;>v, compete for
the FDI through an all-pay auction as described above. (1) In
equilibrium, jurisdiction 1 randomly draws s; from the distribu-
tion

Fy(x)=Prls; <x] = ):-_‘Z xe{ %} 0

jurisdiction 2 randomly draws s, from the distribution

Fy(x)=Prls, <x] = 1— 2 4+ % xe{ ﬁ} 2)
vy Yy

(2) In equilibrium, expected total spending by the two jurisdictions
on economic development zones is no more than %; up to one
third of this total is spent by the jurisdiction that will not receive the
FDL

It is straightforward to verify that the pair of strategies indeed
constitutes an equilibrium. Given an arbitrary s;€ {0 —] jurisdic-

tion 1 wins the competition only if jurisdiction 2 chooses an s, <sq,
which happens with probability F,(s;). So jurisdiction 1's expected
payoff is

V2 + TSq

M) = Fas) )7y = (1-72 + 3

)<xv1>—rs1 —Av-v). ()

15 That is, if the value of the second best use is positive, we interpret 7s; as the
payment for the value beyond the second best use.

16 It is clear that s, =5, =0 cannot be an equilibrium because either player has an
incentive to raise the spending just a little bit and obtain a higher expected payoff. A
pair of strategies with s; >s,>0 cannot be an equilibrium because at least one player is
not playing the best response. If 7s;>Av,, 2's expected payoff is negative and can do
better by choosing s, = 0. If Ts; <Av,, 2 can do better by raising s, just a little bit above
s1. Similarly, it can be shown that a pair of strategies with s,>s;>0 cannot be an
equilibrium either.

17 See, for example, Hillman and Riley (1989), Baye et al. (1990), and Ellingsen
(1991) for games of similar nature but analyzed in completely different contexts.

Given 2's strategy, jurisdiction 1 wins for sure if s; > ?2 However, in
that case, 1's payoffis Av; — 75 <A(v; — v»). Therefore, no matter what

e . . .. N
the distribution of s; is, as long as its support is in {0, Tz , jurisdiction

1's expected payoff is always A(v;—v;) and there is no way to
improve this payoff. In other words, jurisdiction 1 is playing its best
response to jurisdiction 2's strategy.

Now consider jurisdiction 2. For an arbitrary 526[0 T]

jurisdiction 2 wins the competition with probability F;(s2). So its
expected payoff is

My (55) = Fy(52)(NVy) —Ts, = {—Z(xvz)—wz =0. 4)

Given 1's strategy, jurisdiction 2 wins for sure if s, > % However, in
that case, 2's payoff is Av,—7s,<0. Therefore, as long as the

. . N
distribution of s, has a support in [O,TZ , jurisdiction 2's expected

payoff is always 0 and there is no way to improve this payoff. That is,
jurisdiction 2 is also playing its best response to jurisdiction 1's
strategy. By definition, this pair of strategies constitutes an
equilibrium.

We next calculate the expected total spending on infrastructure in
equilibrium. Notice that F; represents a uniform distribution over

Vv, . .

)\ 2 . Thus the expectation of s; is E(s1) = % F, is also a uniform

distribution when s,>0. However, F,(0) = ]—v—z, so jurisdiction 2
1

chooses a positive level of spending with probability %<1 The

. . o _V2 Vv )\Vz )\V2
expectation of s, is therefore E(s;) = (1 W)O + = vi 21 27y
Between these two jurisdictions, the expected total spending on

economic development zones is
SN, N Ay 1 N
R e e R S )

This total spending increases with A and decreases with 7.8
Eventually, only one of the two jurisdictions will receive the FDI.
The other gets nothing; it ends up with an empty development
zone and its spending (if p siti\‘//e appears to be wasted. In
equilibrium, with probablllty{l—— jurisdiction 2 will choose
zero spending on its economic development zone and so the
smaller spending level is 0. With probablllty both jurisdictions
will choose spending levels from the same umform distribution

over |0,—= AV , which has a density function f(x) = ™ In this case,

AV,
either one's spending may be the smaller one. Therefore, the
expectation of the smaller s; is
\v,

v, T T ¢ TZ _ )\vg
v 2fo )\v2< 0NV, dz)dt T 3Tv

(6)

E(min{s,,s,}) = (1— %)0 +

18 One could also think of A as a combination of government tax policy and a time-
variant scaling parameter. For example, let A = AgA,, where A is the local jurisdiction's
share of the value and A, a parameter indicating that the value is time-dependent. The
idea is, even the same FDI may generate a higher value in booming years. This
alternative interpretation has the intuitive implication that in booming years (with a
larger A;) the equilibrium level of spending on infrastructure is higher, which is
consistent with what has happened in China.
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This is no more than one third of the total spending:

. 1N A\ 1\, | NV 1
= — | —= < _ | —= s | = =
E(min{sy,s,}) 3 (2_“/] + v, )53\ 2r + 7T, 3E(s1 +55).

The situation analyzed here can be thought of as a representative
case. When thinking about reality, we would consider a large number
of similar but independent situations, each involving two jurisdictions
competing for an FDI project. Proposition 1 therefore suggests that
many jurisdictions (in different competing jurisdiction pairs),
anticipating the gain from FDI, will spend resources setting up
economic development zones. Only some of them will eventually
receive an investment. Others get nothing despite their spending on
infrastructure. We therefore see a development zone fever and many
resources appear to be wasted.

From the analysis above, it is clear that the jurisdiction with a
lower value will receive the investment with a positive probability.
This seems to suggest that the interjurisdictional competition is not
economically efficient because the economic gain is not maximized.
However, it is unclear what a first-best outcome would be. After all, a
mechanism is always needed to allocate the FDI to a particular
location, and there is no reason to assume that a mechanism will be
costless. Nonetheless, we could check whether an alternative
mechanism will do better.

For the purpose of comparison, we consider a hypothetical
English auction to allocate the FDI. Assume that no jurisdiction
has to pay any sunk cost before they know whether they will
receive the investment. All they need to do is to announce an
amount of resources they are willing to spend to accommodate
the FDL'® Again, consider the case in which there are only two
jurisdictions competing for the FDI and they know each other's

. . e g . . . %]
valuation of the investment. If v;>v,, jurisdiction 1 will bid —= -
just enough to outbid jurisdiction 2 - and win the project. This
mechanism is efficient because the jurisdiction with the higher
value will always win. It also has the advantage that no resources
are wasted in that the losing jurisdiction does not pre-commit
anything. Ignoring the profit for foreign investors, the net gain for

) . . L vy .
the domestic economy under this English auction is v{ — TZ with

)\v177<¥ retained by jurisdiction 1 and the rest collected by

the central government. Notice that the payoff for jurisdiction 1 is

still A(vq —v3), the same as in the all-pay auction (see Eq. 3).

Is the net gain for the domestic economy larger in this English
auction? To see this, we need to calculate the realized value in the
all-pay auction because no jurisdiction will always win in that
case. So, again, consider the all-pay auction. When jurisdiction 2
chooses s, =0 ( with probability 1—‘;—2 , jurisdiction 1 will win

1
and the gross value of the FDI for the domestic economy is vy.
When jurisdiction 2 chooses s,>0 | with probability “:—2 , the two
1

jurisdictions pick their spending levels by independently making
two random draws from the same uniform distribution over

[ ,%]; they win with equal probabilities and the expected

19 Indeed one wonders why jurisdictions in China do not compete for FDI this way,
which more closely resembles the competition process in developed countries such as
the U.S. The reason perhaps has to do with the fact that both physical and legal-
political infrastructures are poor in China. With a legal-political infrastructure
inadequate to maintain and enforce contracts, local jurisdictions in China perhaps
need to use the construction of physical infrastructure as a commitment device to
make their promises credible.

winner's value is 2! * V2 Therefore, the expected value of the FDI

for the domestic economy is

2
_¥ Va(it Ve _ o, _ Va2 g V2
(1 V1>V1+V1( 3 )-(v] v2)+<2 +2v1>' (8)

Then the expected net gain for the domestic economy is

N /1 v, AV,
— — — ) (= 2 )| <y, — 2
Vi—V, {1 <1 T) <2 + Zvlﬂ_vl —

That is, if there is an allocating mechanism like an English auction, the net
gain for the domestic economy dominates the gain from the all-pay
auction.
Interestingly, in the all-pay auction the total spending

()\vz N2 ) . . . . ()\vz> .

——= + ——=) is actually less than in the English auction { —= ). This

2T 2TV, T
is because each participant in the all-pay auction knows that they must
pay the bid no matter what; taking this into account, they tend to bid less
aggressively than in an English auction. The real problem with the all-pay
auction is that the FDI sometimes goes to the location that will not
generate the highest value. Therefore, from the perspective of the
domestic economy, the real concern is not that too much is paid for the
EDI (or too much land is “wasted” in the form of unused economic
development zones); rather, it is the efficiency loss when the FDI ends up
in a location with a lower value.

4.2. Policy implications of the simple model

4.2.1. Lowering the ratio A

As indicated above, parameters A and 7T are policy variables
controlled by the central government. By Eqs. (5) and (6), a
smaller T leads to a lower total spending on economic develop-
ment zones by the two competing jurisdictions and less land
“wasted” by the losing jurisdiction. Moreover, according to
Eq. (9), a smaller — gives a higher net gain for the domestic
economy. This seems to be an ideal policy that helps achieve
several desirable goals. In practice, — can be made lower either by
increasing the central government's share of the tax revenues

generated by the FDI or increasing the tax on infrastructure
spending in development zones.

However, Eqgs. (5) and (6) also imply that the winning jurisdic-
. . . N[y v3 V3 . .
tion's spending on infrastructure is =y + v, ﬁ , which will

N . : .
decrease as = becomes smaller. This lower spending on infrastructure

may affect the size of the FDI, a possibility that we have assumed away
for now but will explore later.

4.2.2. Putting a constraint on infrastructure spending

In the name of preserving arable land, the central government
in China repeatedly urged local governments to restrict the size of
their development zones. In our model, this is equivalent to setting
a maximum level of spending on infrastructure. Here we analyze
the effect of this policy. Let s™ be the maximum amount of
spending allowed for any jurisdiction. We assume that sm<£,
because otherwise we know from Proposition 1 that this policy is

not binding.
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Proposition 2. Two jurisdictions with values v, > v, compete for the FDI
through an all-pay auction as described above and the maximum amount
, in equilibrium,

(D) Ifsme O—
2T ) ’\v, v
m (MV2 AV2Y
2) If § 57 T , in

equilibrium, jurisdiction 1 randomly draws s, from the distribution

. . v,
of spending allowed is s"=( 0, —= -
the two jurisdictions choose s, =s,=sm.

X XE {0, 25" — &]

v, T
Fy(x)=Pr[s;<x|s"] = { 275" 1 e (ZSm_&Jm) (10)

AV, T

1, x=s"

and jurisdiction 2 randomly draws s, from the distribution

12 xe [0,25m N2
v, NV ’ T
Fy(x)=Pr[s,<x|s"] = -2 27" s )\v2 g (11)
v \v; ’

1, x=sm
(3) Total spending on infrastructure may be higher than without the
budget constraint.

First let us verify the equilibrium strategies for the case

sme(0 )\—\;2 If s;=s", jurisdiction 2's best response is to choose
s, =s". With a 50% chance to win the FDI, its expected payoff is
AV,

5 —1s™ > 0. There is no way jurisdiction 2 can improve its payoff by

choosing any other spending level lower than s™. Similarly, jurisdic-
tion 1's best response to s, =s™ is to choose s; =s™. Therefore, each
choosing s™ is an equilibrium and the total spending in equilibrium is
2s™.
We have shown in Eq. (5) that without the budget constraint, the
2

2
total spending is );—T + 2— strictly smaller than ? 2 when vy >vs. It

A\v, )\Vz )\Vz
follows that —= i = <5 If the spending cap happens to be
she Avy + vy ,m , then 2s™ > AV + & that is, the total
AT 4TV T 2T 27 2TV

spending with the constraint, 2s™
without the constraint.

Moreover, the stringent budget constraint also affects each
jurisdiction's probability of winning the FDI. Recall from Proposition 1
that without the budget constraint, jurisdiction 1's spending s; has a

, is strictly hlgher than the total

density " and it wins the FDI ifjurisdiction 2 bids a smaller s,

(which occzurs with probability F,(s1) = 1—‘/—2 + {i) Therefore,
1

without the budget constraint, the probability that jurisdiction 1
wins the FDI is

w,

T (V2 TN Y2
fo )\V2<1 v +)\V1>dt—1 2, (12)

which is greater than 50% when v;>v-. In contrast, with a spending
cap s™"e|( 0, % , jurisdiction 1 (with the higher value) will now win

the FDI with a 50% probability, lower than the case without the budget
constraint. Therefore, the winner's value (i.e., the realized value of
the FDI) is expected to be smaller than before. Given the lower

value and hlgher level of spending, setting a spending cap
sme()\VQ )\Vz v,

s v, 27) is clearly a bad policy.

.29 The two distribution

Avy, AV
Now consider the case s"e 21_2 TZ

functions, defined in Egs. (10) and (11), imply that each jurisdiction

will either pick a spending level from {O,Zsm—)\—v2 or choose s™.

Given jurisdiction 2's strategy specified above, 1's expected payoff is

(51 [s™) =52(51)<)\V1)_751

V. TS \v
(1—ﬁ + )\v1>()\v1) TS, = NVy—Vy), Vs E { ?2]
= 2v, | 275" 1 2v2 2715
{32+ 50) #2032 m)]}”l
—7s™ = N(V;—Vy), =s".
(13)

Thus any distribution of s; over 0,25’"—% U{s™} will give
jurisdiction 1 the same expected payoff A\(v; —v,). It is straightfor-
ward to check that jurisdiction 1 cannot do better than this by
choosing other spending levels.

Similarly, given jurisdiction 1's strategy specified above, 2's
expected payoff is
1'[2(52|5m) :i':l (s2)(N\V,) =Ts,

S
)\—‘/Zz(xvz)—rsz =0,
2'1'5’”_1 L1 275"
v, 2 v,

{0, 2s™M—

Vs,E {0 2™ sz}
)

—])} }()\vz)—'rs"' =0, s,=s".
(14)

Thus any distribution of s, over %} U{s™} will give
jurisdiction 2 the same expected payoff 0 and jurisdiction 2 cannot

do better than this by choosing other spending levels. By definition,
we have an equilibrium of this new game.

In equilibrium, with probability <2)\%—1>

2
choose its spending level s; from the uniform distribution over
{0,23"1——2

s™. Therefore, its overall expected spending is
my _ [ AV (275" m[, (271"
E(s;|s") = (s F)()\vz 1) +s"|1 NS

Jurisdiction 2 spends nothing with probability 1— :—2; if it chooses a

271s™
+ vy ) -

or picks a random level of spending from the uniform

jurisdiction 1 will

. . IN% L
with an expectation s™— 2—_‘_2 Otherwise, it will choose

_ Ay,
M = o

(15)

positive s,, it either spends s™ with probability 1— (1 - 2‘%
% 2T
Vi Avq
distribution over {0, 2sMm—

)\T\/z] the rest of the time. Its expected level of

spending is therefore
m Vv m(2vy 278"
E(sy|s™) —0<1 v]) +s <v] N2

N 2v, | 27" vy AV
—02)(1=22 4 2 ) (1=22) | = 2
+ (S 27 vy * AV vy 2T,

(16)

20 See Che and Gale (1998) for a parallel analysis in a similar game-theoretic
situation (with A =7=1) in the context of political lobbying. Che and Gale (1998) also
discuss special cases such as s =Av,/(27). Because those special cases are zero-
probability events, we ignore them here to conserve some space.
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The expected total spending between the two jurisdictions is

mo Ny | NV
E(s; +s,|s") = T + 2, (17)
exactly the same as without the budget constraint (see Eq. 5).
We now check whether this budget constraint s’"E()\z‘;z ,)\:2)

affects a jurisdiction's probability of winning the FDI. We need to

consider two cases: (1) when s, € <O,23’"—¥} , jurisdiction 1 wins
the FDI if jurisdiction 2 bids a smaller s, (which occurs with

a4 ﬁ); and (2) when jurisdiction 1

V1 N%
27s™ 2Ts™

—m z _ _ . i

chooses s;=s <w1th probability 1 <)\v2 1) 2 )\v2>' it

wins the FDI for sure if jurisdiction 2 bids a smaller s;

m
2V + 215 ) or wins the FDI

Vi Avq
with a 50% chance if jurisdiction 2 also bids s™

probability I:‘z(s]) =1—

<which occurs with probability 1—

with probability

2v, 27
Vi A\vq
probability that jurisdiction 1 wins is

) Therefore, with a spending cap sme(7\2‘_’r2 )\:2> the

2s™ ﬁ t
_fs T i(1—"—2—i-1-—>t1t
Vi INA

27s™ 2v, 27" 1/2v, 2ts™\] _ vy
*(*W)[(“?*W)*i(?*ﬁﬂ—1*271'

This is again exactly the same as without the budget constraint (see
Eq. 12).
That is, putting a budget constraint s (

(18)

AV MZ) affects neither
21 ' T

the expected total spending on infrastructure nor the probability with
which a jurisdiction wins the FDI. From the perspective of the

domestic economy, this policy is inconsequential.

What we have just demonstrated is rather instructive. Although a
bidding constraint will reduce infrastructure spending by jurisdictions
with high values, it could also induce some jurisdictions with low
values to jump to the constraint and spend more because the
constraint gives them a higher chance to win than before. If the

IN% v
2_‘_2 222 these two effects

will cancel each other, causing no changes in total spending.

.. \v2
Combining the two cases ( s"e AV b N2 )ﬂ or 5’”6( vz
47 4Tvq ' 2T 27

Av . L
TZ )) discussed above, we see that unless the budget constraint is

constraint is barely binding, i.e., s™&

very stringent, this policy has either a negative effect or no effect.
This of course does not necessarily imply that the central
government should impose a very stringent constraint on infra-
structure spending. A stringent constraint helps only if the spending
on infrastructure, no matter how small, will not affect the size of the
FDI. This fixed amount of FDI is our assumption at this moment, but it
is unlikely to hold as s™ approaches zero and we will relax this
assumption later.

4.2.3. Reducing the number of competing jurisdictions

As discussed in the Introduction section, the central government in
China has attempted several times to control the number of
development zones. Here we analyze whether this goal can be
achieved through restricting the number of competing jurisdictions
and what the effects of such a policy will be. For this purpose, we need
to extend the simple model to cases with more than two players.

Suppose the game is exactly the same except that there are now n>2
competing jurisdictions. Let their values be vi>v,>v3>..>v,. An
equilibrium of this game is defined as a list of strategies, one for each
player, in which each strategy is the player's best response to the
combination of other players' strategies.

It turns out that the equilibrium of this new game involves the first
two jurisdictions (with the two highest values) playing the same
strategies as prescribed in Proposition 1 and other jurisdictions not
participating in the bid.2! Assume the first two players are using the
strategies specified in Eqs. (1) and (2). Now consider the third
jurisdiction. If it chooses s3 =0 and stays out of the bidding war, its
expected payoff is 0. If it chooses any s3>0, it has to choose one such

Vv
that s3<~2 <

Tz be{ause otherwise its expected payoff is clearly
below 0. Given 0<s3<—=, jurisdiction 3 always loses 7s3 but will win

the competition with probability Pr{s;<s3]Pr(s;<s3] = %
2
(l—v—z + E) Thus its expected payoff is
Vi Avq
M= ()\v3)<{‘s/3> <1 Ya 4 {?)—753
2 1 (]9)

ol (-757) o

This implies that jurisdiction 3 has already obtained its highest
expected payoff (=0) when choosing s3=0; it has no incentive to
raise its spending above zero. The same is true for any other
jurisdiction with an even lower value. That is, each jurisdiction from
3 to n is playing its best response to other jurisdictions' strategies by
staying out of the competition. Now consider jurisdictions 1 and 2.
Given 2's strategy and that all other jurisdictions are not participating,
1's strategy as specified in Eq. (1) is still its best response. Similarly,
jurisdiction 2's strategy specified in Eq. (2) is still its best response.
Since every jurisdiction is playing its best response, we have an
equilibrium.

This result has an immediate implication: if the government policy
does not exclude any of the two jurisdictions with the highest values,
then it has no effect at all. All the outcomes will be the same, as if there
are only the two jurisdictions with the highest values competing with
each other.

For lack of information on values or some other reasons, one or
even both of the two jurisdictions with the highest values may be
excluded from the competition.?? In that case, the policy will affect
the outcome. Most importantly, it may lead to a worse outcome in the
sense that not only will the FDI end up in a jurisdiction with a lower
value, but also that the total spending on infrastructure will be
higher.

Consider a simple example in which the top three jurisdictions
have values v;>v,>v3. Without any policy intervention, we have an
equilibrium in which only jurisdictions 1 and 2 will participate in
)biidding. Their expected total spending, given by Eq. (5), is

<V2 12

\7 + v, ) Now suppose a new policy restricts the number of

competing _]I.l[‘lSdlCthHS and let's say for some reason jurisdiction 1
is excluded from the competition by some uninformed central-
government officials. Then the expected total spending in equilibrium

21 See Hillman and Riley (1989) and Baye et al. (1993) for parallel discussions of
similar game-theoretic situations in the context of rent-seeking and political lobbying.
22 For example, China's central government once decided rather arbitrarily that at
most one development zone is allowed in each county. If two towns in the same
county happen to have the highest values for one FDI project, one of them will be
excluded from the competition. Given that the decision at the upper-level government
is often made by uninformed officials and based on arbitrary criteria, there is no
guarantee that the one with the highest value will always be able to stay in the
competition.
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is % <V—3 + v_3> The difference in total spending is therefore

2 2V2
Ny vs) (Y2 y w2\ = N A vavivs—( + vy
TI\N2  2v, 2 2n/)] T 2V, V, i
(20)

2
which is positive when v 14w
vivs 14+ v
consider a numerical example in which v; =10, v, =5, and v3 =4.8.

. For the purpose of illustration,

Using Eq. (20) we get the difference in total spending 0‘9542 > 0.

That s, the total spending after jurisdiction 1 is excluded from competition
is even higher than before. Given that the winner in this scenario also has a
lower expected value, this is obviously a worse outcome.

The intuition behind this example is clear. When there is an
unmistakable leader with a much larger value than all others, the
potential competitors are intimidated. Knowing that they have little
chance to win the FDI and will most likely lose their bids for nothing,
they will not bid aggressively. Anticipating this, the leader is also
unlikely to bid aggressively. As a result, the total spending is not very
large. In contrast, when there is not an overwhelming leader among
the jurisdictions, the two front-runners each has a reasonable chance
to win and both will bid rather aggressively. Consequently, we may
see a higher total spending on infrastructure although the winner in
this latter case tends to have a lower value. We summarize our
discussion in the following proposition:

Proposition 3. Excluding some jurisdictions from competing for the
FDI may result in a higher level of spending on infrastructure (and
therefore more land used for development zones) and a lower
realized value of the FDI.

4.3. Incomplete information and variable FDI

In this section, we extend the simple model introduced above and
relax several assumptions. We consider the more general case withn>2
jurisdictions competing for an FDI. Unlike in the previous section, we
now assume that jurisdictions do not know each other's value. Instead, it
is common knowledge that each jurisdiction i independently draws a
value v; from a uniform distribution over [0, 1].2* Same as before, the FDI
will go to the jurisdiction that builds the highest-quality infrastructure,
i.e., has the highest s;. And again, the winner i retains only part of its value
(Av;) and the infrastructure spending is taxed (7s;) and irreversible.

We need to modify the concept of an equilibrium. Now jurisdiction
i's (pure) strategy is a function s; = b(v;) that assigns a spending level
s; to each possible draw of v;. Note that the function b(*) is not indexed
by i because of the symmetry among the jurisdictions. We focus on the
symmetric Bayesian Nash equilibrium, which is defined as a set of
strategies {b(v1),b(v>),....b(v,)} such that for each jurisdiction i, b(v;)
maximizes its expected payoff given that all other jurisdictions are
using the same strategy. Jurisdiction i's expected payoff is written as

m; = (\v;)Pr[i wins|s;, ...,s,]—Ts; = (\v;) [] Pr[sj<s,»] —TS;. (21)

J#i

4.3.1. Fixed-amount FDI under incomplete information

For the time being, we still assume that the size of the FDI (and
thus its value) is independent of the winning jurisdiction's spending
on infrastructure. This assumption will be relaxed later.

Proposition 4. When n>2 jurisdictions compete for a fixed-amount
FDI through the all-pay auction with incomplete information, there
exists a symmetric equilibrium in which each jurisdiction chooses its

23 Assuming a uniform distribution greatly simplifies our analysis here. Note that it is
innocuous to assume the upper limit of the support to be unity because we can always
make it true by choosing a proper unit of measurement.
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Fig. 2. Equilibrium strategy with A=0.5 and 7=1.2.

level of spending based on its value. (1) In equilibrium, jurisdiction i's
spending s; is given by

(n—1)\V!

S,‘ =
nTt

(22)

(2) The expected total infrastructure spending increases with A and n,
and decreases with 7. (3) The net gain in the domestic economy

increases with n if = <=.
T 2

See the Appendix for the derivation of the equilibrium. The
equilibrium strategy (Eq. 22) indicates that a jurisdiction with a positive
value will always spend some money building infrastructure in a
development zone to attract FDI, even if it never wins the FDI. Again, this
equilibrium outcome gives an impression of a development zone fever.

As an illustration, Fig. 2 plots the equilibrium strategy for
n=2and 8, assuming A=0.5 and 7=1.2. It is clear that in
equilibrium, a jurisdiction's spending on infrastructure is strictly
increasing in its value. This implies that a jurisdiction with the highest
value will always win the FDI. In addition, the figure shows that with a
large n, a jurisdiction with a small v will spend very little on
infrastructure because its probability of winning and at the same time
maintaining a positive payoff is minimal.

Given the equilibrium strategy and the symmetry among jurisdic-
tions, total infrastructure spending is expected to be

1 (n—1)\V! (n—1)\

E(s; + ... Ldv; = CEE

(23)

+s,) = nE(s;) = nJ-O e

which increases with A and decreases with 7. Therefore, if the local
jurisdiction is entitled to a larger share of the value of the FDI, local
jurisdictions will spend more on infrastructure and use more land to
compete for the FDI. Also, if the tax on the spending is higher, local
jurisdictions will spend less. Therefore, to induce local jurisdictions to
spend less on infrastructure and use less land to compete for FDI, the
central government can either claim a larger share of the value generated
by FDI or raise the tax on the land used to build development zones.
Expected total infrastructure spending also increases with n. This
implies that excluding some jurisdictions from the competition will
tend to reduce the total spending on infrastructure. However, it is not
necessarily a good policy once taking into account the overall effect on
the net gain. In equilibrium, the jurisdiction with the highest value
will always choose the highest level of spending on infrastructure and
win the FDI. Given that the n values are independent draws from the
uniform distribution on [0, 1], the expectation of the highest value is
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n . . .
m.z“ Thus the expected net gain for the domestic economy is

n (n—=1)\

1t T @)

G° = Elmax(vy, ....v,))—[nE(s)] =

e
Differentiating the net gain with respect to n, we get ai =
T—2\ - T2\ on
————— Thus the net gain increases with n if ———— >0, i.e,
(n+1)°T (n+1)°T

=<5 (25)

This condition is not stringent and can be easily satisfied.
Therefore, the net gain can be smaller when n is smaller. That is,
although excluding some jurisdictions from the bidding war gen-
erates a gain by reducing the total spending on infrastructure, it also
causes a loss because in expectation the winner will have a lower
value when the number of bidders is smaller.?® Under the condition

g <%, the loss is bigger than the gain, making it a bad policy to restrict
some jurisdictions from competing for the FDI.

In Eq. (24), we know % is the expectation of the highest value.
nnlll is the expectation of the second highest

value.?® So the realized value for the domestic economy is the highest
value and the cost is only a fraction (=) of the second highest value.
The net gain in Eq. (24) is actually the same as what can be achieved
through an English auction (see discussion of Eq. (9)). Note that we
still have only one winner; all other jurisdictions fail to attract the FDI
although they have all built some infrastructure in their development
zones. Again, it appears to be a waste of resources, as most observers
have argued about the development zone fever in China. However,
one needs a benchmark when talking about wastes. If we believe that
the central government can costlessly gather the information about
each jurisdiction's value and pick the winner accordingly, then of
course the first best solution is to direct the FDI to the winner that
way. On the other hand, if there is no cost-effective way to reveal the
information about values, then the outcome of an English auction may
not be that bad. Once we recognize this, the spending in the unused
development zones is not necessarily a waste from the domestic
economy's perspective. It is simply an unavoidable cost of finding the
jurisdiction that will make the best use of the FDI. 27 Again, we should

It can be shown that

24 If the highest value among the n independent draws is smaller or equal to x, then
all n values are smaller or equal to x. Given that every value is drawn from the same
uniform distribution over [0,1], the highest value has a probability function F(x)=Pr
[v1<X,..,v,<x]=x" and a probability density function f(x)=nx""". Therefore, its
expectation is J.Ox(nx"*])dx = nL

25 Here we implicitly assume that the central government has no way to figure out a
jurisdiction's value, thus the excluded jurisdiction is a random choice.

26 Let's say the second highest value among the n independent draws is smaller or
equal to x. Then one of the following two events must be true: (1) all the n
independent draws are smaller or equal to x; or (2) (n—1) of them are smaller or
equal to x and one of them is bigger than x. The second case can occur in n different
ways depending on which one of the n draws is bigger than x. Given that all the draws
are from the same uniform distribution over [0, 1], the second highest value has a
probability function F(x)=x"+nx"~"(1—x). Differentiate this function to get the
probability density function f(x) =n(n—1)(1 —x)x" ~ 2. Therefore, the second highest
value has an expectation f; xn(n—1)(1—x)x""2dx = n—1 X
27 . L n+ 1 Lo

Although not a focus of this study, it is worth noting that the foreign investors get
less in the all-pay auction than in the English auction. Therefore, they themselves may
choose to consider only a small group of competing jurisdictions in order to induce
each one to bid more aggressively. Similarly, they also face the tradeoff between
higher bids (given the same values) and a lower expected winner's bid (due to the
smaller number of bidders).

recognize that local jurisdictions have already taken into account the
probability of losing the bid and that they have already factored this
possibility into their decisions when they choose their spending on
infrastructure in their development zones.

4.3.2. Constraint on infrastructure spending under incomplete
information

Parallel to the discussion of the simple model, we now examine
how a budget constraint on infrastructure spending may affect the

(n—1)\
nt

outcome. From Proposition 4 it is clear that s™> is not binding,

so we will only consider a constraint that is more stringent.
Proposition 5. When n>2 jurisdictions spend on infrastructure to
compete for an FDI through the all-pay auction with incomplete
information and the maximum allowed spending level is
n—1)\ . . e ) .
sme<0,%>, there exists a symmetric equilibrium in which

each jurisdiction chooses its level of spending based on its value. (1)
In equilibrium, jurisdiction i's spending s; is determined by

(n—1)\v}
s = nt vic[0,9] , (26)
s™ v;E(6,1]
.\ . N(6—6™) m
where the critical value 6 solves the equation n(1=0)r =" (2)

Imposing the budget constraint results in a lower total spending and
a lower winner's value in expectation. (3) The expected net gain for
the domestic economy may also be lower because of the budget
constraint.

See the Appendix for a proof of the equilibrium. Given fixed A, 7,
and n, the cutoff value 6 is uniquely determined by the spending cap s™.
In equilibrium, any jurisdiction that draws a value higher than 6 will
spend the maximum amount allowed; that is, with probability (1 —6)
a jurisdiction will spend s™. So we can think of 6 as an indicator of how
stringent the constraint is: the smaller 0 is, the more stringent the
constraint is and the more likely a jurisdiction will reach the cap
amount.

Given 6<1, it is easy to verify that

0—0"

-2 —2
5 = e(l +0+ . +0" ) >0(n—1)0""2 > (n—1)6". (27)
0.14
042 I
7] - I .
- — -n=2, spending cap = 0.12 .
2 01 | !
L] - = 'n=8, spending cap =0.12 ] :
i~ .
& 0.8 A | '
» :
@ '
S 0.06 4 '
S g :
E 0.04 .
g :
=
= 002 /
.-v""'r
0 = il . - e . . .
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Value (Vi)

Fig. 3. Equilibrium strategy with A=0.5, 7=1.2, and s =0.12.
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The first inequality holds because each of the first n-2 items in the sum
(14+60+6%+..+ 6"~ 2) is strictly greater than 8" 2. It follows that

m _ N6—6") Nn—1)¢"
T n(1-0)T nt

(28)

From Proposition 4 we ](JIOW that without the budget constraint, a
jurisdiction spends w at value 6, which is less than the spending
cap s™. That is, with the budget constraint, a jurisdiction will jump up to s™
at the cutoff value; it would not have spent that much at the cutoff point if
not for the constraint. So a binding constraint not only forces some
jurisdictions with high values to lower their bids but also induces some
jurisdictions with low values to raise their bids to s™ (see Fig. 3 for an
illustration). Note that the equilibrium outcome again appears to be a
development zone fever: many jurisdictions will spend on infrastructure
and actively compete for the FDI, although only one of them wins.

Using the equilibrium strategy and the symmetry among jurisdic-
tions, we can again calculate the expected total infrastructure spending:

E(s; + .. +5,]s™) = nE(s;|s™)

= n[foe %dvi + s"(1-9) (29)
(=N N(6—6")
T o n+ Dt T

Again, this total increases with A and decreases with 7. As shown in
the Appendix, a binding constraint always lowers the expected total
spending, i.e.,

E(sy 4+ o 4 $pIs")—E(sy + ... + )
(n—1N"* 1 N(6—0")
(n+ )T T

(=1
S

The constraint also affects the expected winner's value. Without
the constraint, in equilibrium, the jurisdiction with the highest value
always spends the most on infrastructure and wins the competition.
In contrast, now every jurisdiction with a value above the cutoff point
will bid s™, so they all have equal chances to win. To calculate the
expected winner's value, we need to consider two cases: (1) Each of
the n jurisdictions draws a value smaller than 6, which occurs with
probability 6". Conditional on this happening, we have n independent
draws from a uniform distribution over [0,6], then the expectation of

the highest value is (2) At least one jurisdiction draws a value

n+1
higher than 6, which occurs with probability 1—6". In this case, no
matter how many jurisdictions have values above 6, they all have
equal probabilities to win the FDI, so the expected winner's value is

always % Therefore, the overall expectation is

E(winner’s value|s™) = nrfl()" + ?(1—6")
n+1 n (31)
b (1—6)(1—6")
T on+1 2 :

As shown in the Appendix, the winner's value is lower with the
budget constraint than without the constraint, i.e.,

E(winner's value|s™) —E[max(vy, ...,v,)]
ne" t o (1-0)(1—0") n (32)
n+1 2 n+1

We next examine the effect of the budget constraint on the net
gain in the domestic economy. With the constraint, this net gain is

N(6—6")
(n+ 17 T ’
(33)

e m pn 1 1—6)(1—0" —1N\e" 1
G(S)Z{'LH*( )§ )}_{(n )

Subtracting Eq. (24), the change in the net gain is given by

n<en + 1_])

n+1

G°(s")—G° =

. (1—9)51—9“)}

(34)

(n=DN(0" T 1) (o0
N (n+ )7 t == '

The first part is the change in the winner's value and the second part is
the change in total spending, both are shown to be negative. After
some algebra, we see that G°(s™) <G® if

N 2n(1—e” + 1)—(n + 1)(1-6)(1—6")
T 2m=1)(1=0" F ) —2(n + 1)(0—0") "

(35)

It is easy to check that the right hand side is greater than one for all

n<20and 0.3<60<1. Given le, this implies that G°(s™) <G® as long as
there are less than twentﬂlr competing jurisdictions and the budget
constraint s™ is not stringent enough to push 6 below 0.3, both of
which are fairly reasonable assumptions.?® Therefore, although a
budget constraint tends to reduce the total spending on infrastruc-
ture, it may also lead to a lower net gain for the domestic economy.
The key idea here is that with the budget constraint, some
jurisdictions with lower values are induced to bid the maximum
allowed. Consequently, the winner is not necessarily the jurisdiction
with the highest value. Under rather unrestrictive conditions, the loss in
the expected winner's value due to the constraint dominates the gain
from the decreased total spending, making this policy undesirable.

4.3.3. Variable FDI under incomplete information

If better infrastructure implies lower production cost and higher profit
for foreign investors, it is likely that they would invest more when they see
better infrastructure. Therefore, we now allow the size of the FDI (and thus
its value) to vary with the winning jurisdiction's spending on infrastruc-
ture. In particular, we assume that if jurisdiction i wins the competition, it
will be awarded (Av;)(1+ fs;), where v; is the value of the FDI if the
jurisdiction spends nothing on infrastructure to accommodate the FDI and
>0 is the parameter indicating the positive relationship between the
value of the FDI and the spending on infrastructure.

Proposition 6. When n>2 jurisdictions compete for a variable FDI
through the all-pay auction with incomplete information described
above, there exists a symmetric equilibrium in which each jurisdiction
chooses its level of spending based on its value. (1) In equilibrium,
jurisdiction i's spending s; is determined by

n—1

e Mo L )

28 To have §=0.3, the spending cap needs to be so low that it induces any
jurisdiction to spend the maximum allowed amount with a 70% probability. Consider
the example with A=0.5 and 7=1.2, as assumed in Fig. 3; 6=0.3 implies that
s™=0.0625 for two competing jurisdictions or s™=0.0223 for eight competing
jurisdictions. Given that each jurisdiction randomly draws a value from [0,1] and will
keep half of the value, such spending constraints seem extremely tight.
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Fig. 4. Equilibrium strategy with A=0.5, 7=1.2, and 3=0.1.

(2) Each jurisdiction's spending increases with A and decreases with 7.

The proof of this proposition is given in the Appendix. We plot the
equilibrium strategy in Fig. 4. This is almost identical to Fig. 2. Indeed,
the change in the equilibrium spending after introducing 3 (and
assuming 3=0.1) is very small; it is almost indiscernible if we
combine Figs. 2 and 4 into one. And again, this equilibrium outcome
corresponds to a situation of development zone fever.

In principle, the net gain for the domestic economy can be
expressed as a function of A, 7, and n. Therefore, the first best policy
involves maximizing the net gain by choosing proper values for A, 7,
and n. However, this is not practical because in reality, this game is
played in different groups of competing jurisdictions and over
different times. It is impossible to adjust these parameters case by
case.

We want to emphasize that as with the previous cases, an
individual jurisdiction will still spend less on infrastructure and use
less land if its share of the value is smaller and/or if the tax on the
infrastructure spending is higher, holding 3 and n constant. The
advantage of using these policies to control infrastructure spending
and land use in development zones is that they do not affect which
jurisdiction wins the competition. The jurisdiction with the highest
value will still get the FDL

We again want to examine how reducing the number of competing
jurisdictions would affect the net gain for the domestic economy, holding
B, A, and 7 constant. Notice that Eq. (36) does not have an elementary
integral when n>2. So we use a discrete version of the uniform

Table 1

Expected net gain varies with the number of competing jurisdictions.
n 2 4 6 8 10 12
Expected spending: £ (si) 0.071 0.064 0.051 0.042 0.035 0.030
Total spending: nE(s;) 0.142 0.256 0.305 0.332 0350 0.362
Winner's value: 0.667 0.800 0.857 0.889 0.909 0.923

E(max{vq, ..,vn}) = 25

Net gain: 11[1“{5((“11)}_"5@;) 0531 0555 0564 0.570 0573 0575

Note: These calculations are based on 3=0.1, A=0.5, and 7=1.2. The expected

n
n+1

spending is calculated according to Eq. (37). s,-( ) represents jurisdiction i's

spending level in equilibrium if v; = % given by Eq. (36).

distribution of v;, Pr {v,- = where j=0,1,2,.,1000, and

- 1
1000/ — 1001’
then approximate the expectation of s; as

where the parameters are chosen as 3=0.1, A=0.5, and T=1.2. We
calculate the net gain at different n and present the results in Table 1.
While the expected spending of a single jurisdiction decreases with n,
the total spending of the n jurisdictions increases with n. However, as
n increases, the expected winner's value also increases. Consequently,
the net gain for the domestic economy increases with n. Therefore,
same as before, reducing the number of competing jurisdictions could
lower the net gain for the domestic economy.

The intuition behind this result is the same as in the case with a
fixed-amount FDI. When there is a larger number of competing
jurisdictions, each expects to win with a lower probability given any
bid, so each will spend less on infrastructure and use less land for
development zones. In spite of this, the total spending may become
higher as the number of competing jurisdictions rises. However, the
increase in spending is induced by Av, only a share of the value; the
increase in the expected winner's value is directly related to v itself.
Therefore, there is always a critical value of A, below which the
increase in total spending (from an increase in n) is smaller than the
increase in the expected winner's value, making it a bad policy to
reduce the number of competing jurisdictions.

4.4. Other possible extensions

Our analysis has focused on simple cases for tractability and the
ease of exposition. Here we discuss some complications and possible
extensions of the model.

4.4.1. Revision of the bid

We have always assumed that the competition for FDI by
investing in infrastructure is a one-shot game. If jurisdictions are
allowed to revise their bids after observing their competitors' moves,
this game's outcome can be very different. In particular, the
competition can become heated over time and we would expect
an escalation of the bidding war. In such cases, active participants
tend to overbid and the winning jurisdiction's spending on
infrastructure may even exceed its value of the FDI. An outcome
like that would be similar to the “race to the bottom” analyzed in the
tax competition literature. These situations with bid revisions may
be treated as a “dollar auction,” a type of all-pay auction formally
analyzed by O'Neill (1986). However, given that the locational
decision of an FDI is usually made in a short period of time relative to
the planning and budgeting cycles of local jurisdictions, it is
probably more appropriate to model the competition as a one-shot
game as we have done. Moreover, “races to the bottom” do not seem
to be commonly observed during the development zone fever in
China. In fact, many local jurisdictions did very well economically by
investing in infrastructure to attract FDI, which is perhaps more
consistent with the “winner-takes-all” equilibrium outcome in a
one-shot game.

4.4.2. More than one prize

We have always assumed that there is only one indivisible FDI
project to compete for. At least for the complete information case, we
can easily extend this analysis to the case with n FDI projects. The
most basic result of our simple model is still valid in the n-prize case in
that we will still see more than n jurisdictions actively participate in
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the bidding. That is, there will still be unused development zones.
Indeed, this is true whether the n FDI projects arrive simultaneously
or sequentially, similar to the outcome of a game analyzed by Clark
and Riis (1998) in the context of job promotion.

4.4.3. Design of competition procedure

Our analysis has always treated the competition procedure as
given. However, in reality the rules of the game can be manipulated.
Given that foreign investors themselves have a strong profit incentive,
they may design a procedure to induce competing jurisdictions to
submit the most favorable incentive packages. The design of such a
procedure can be sophisticated. For example, they may consider
dividing a large group of competing jurisdictions into subgroups,
select a front runner from each group through a primary contest, and
then choose a winner in a run-off among the group leaders
(Moldovanu and Sela, 2006). Whereas this type of contest procedure
design is not the focus of our study here, it is important to point out
that the foreign investor's objective is to maximize the highest bid yet
the domestic policy often aims to minimize the total bids, two goals
that are not directly opposing each other.

5. Conclusion

The development zone fever has been a recurring phenomenon in
China during the past two decades. It is one of the defining features of
China's steady march toward urbanization. We propose a simple
model to explain this phenomenon. Using analytical tools developed
in other fields, we analyze interjurisdictional competition for FDI in
China's context as an all-pay auction in which local governments
choose to build infrastructure in development zones to attract
investment. In equilibrium, the number of jurisdictions actively
participating in the competition exceeds the number of FDI projects,
resulting in seemingly excessive spending on infrastructure and
underused development zones, an outcome that appears to be a
“fever.”

The model provides a framework for analyzing the effects of
different policies. We have considered several alternative policies and
showed that the total local spending on development zones can be
reduced by either increasing the central government's share of the
benefit created by the FDI or making it more costly for local
governments to build infrastructure in development zones. Both can
be achieved through properly-designed tax policies. Other policies,
such as those directly restricting local governments' spending in
development zones or excluding some jurisdictions from competing
for FDI, either cannot achieve the goal or will have some undesirable
consequences.

Interestingly, despite many attempts of using administrative
measures to cool the development zone fever, China never tried any
specifically-designed tax incentives to solve this problem. In January
2007, coinciding with the end of the last campaign against the
expansion of development zones, China's central government
amended a regulation to increase the taxes on urban land uses by
twenty times. However, whether this tax applies to land uses in
development zones is left for the discretion of local jurisdictions and
this tax revenue is all allocated to local governments. According to our
model, such a policy is unlikely to help prevent a recurrence of the
development zone fever.

Appendix
Derivation of the equilibrium in Proposition 4

Let jurisdiction i's strategy, its bidding function, be s;=b(v;), so
vi=b"!(s;). Note that because of symmetry, the bidding function is

not indexed by i. In equilibrium, given all other jurisdictions'
strategies, jurisdiction i's strategy maximizes its expected payoff.

That is, b(v;) can be solved for by maximizing

m(s;) = j;]lil’r[b (vj><b(vi)] (NV;)—Ts;.
This all-pay auction satisfies the single-crossing condition and thus
has a pure-strategy equilibrium that consists of monotonically increas-
ing bidding functions (Athey, 2001). Assuming the bidding function is
strictly increasing, we have Pr{b(v;)<b(v;)] =Prlv;<b™ '(s;)]=b" (sy).
The last step follows because v; is uniformly distributed over [0,1].
Therefore, by symmetry among all jurisdictions, i's expected payoff is

n—1
(N\v;)—Ts;.

m(s;) = [b_l(si)]
Maximizing this payoff requires the first-order condition

—_ 71 .
mls) = (=1 b )] L

A\v;))—T7 = 0.

Substituting v; = b~ !(s;), we rewrite this equation as

n-1db”'(s))

(n—1) {b*l(si)] T ON-T =0,

This is a differential equation in terms of [b="(s;)]":

d[b™"(s)] nr

ds; (n—1)N"

Solve the differential equation and use the boundary condition
b~1(0)=0 to obtain

Substituting v;=b~!(s;) into this equation we have

(n—T1)\V!
nT ’

S =

Note that this function is indeed strictly increasing in v; as
assumed.

Proof of parts (1) and (2) of Proposition 5
® Proof of part (1)

Define jurisdiction i's bidding function as s;=b(v;). In equilibrium,
each jurisdiction i's bidding function maximizes its expected payoft:

mis) = 1 Prb(v)<bev] w7,

We need to show that the bidding function

_ n
M v,€[0,6]
s = nt
s™ viE0,1]
. NO—0")
where 6 is given by ni=0r S

is jurisdiction i's best response to the same strategy used by all other
jurisdictions.

From the proof of Proposition 4, we already know that when
(n—1)\v!

v;i<6,s; = L satisfies the first order condition of function
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m;(s;) and thus maximizes this expected payoff. Therefore, this
strategy is indeed the best response to other players who are
using the same strategy.

If vi>6 and given that this strategy says nobody will choose a

— n
bid in %.,s’”), i too will never choose a bid in
— n
%75’” because it is always dominated by a bid that is

just a little lower. A slightly lower bid does not change the
probability of winning but reduces the cost and thus increases the
expected payoff.
. . (n—1)NO"7 . .

Now we will show that a bid in O’n—T is dominated by
bidding s™ when v;>6.

To accomplish this, we shalllﬁ{%E show that if v;=6, i is
indifferent between bidding % and s™ If i bids s™ its
expected payoff is

N —c" ‘{Pr[ (vj)<b(e)

j=1

_xez

j=1

] }”*J{] —Pr [b (Vj) <b(9)] }jil —7s"

G0 (1—0) =7,

where Ci represents the number of size-k combinations in a group of n
members. Note that each item in the sum corresponds to i's chance of
winning when j —1 other jurisdictions also have a value equal to or
higher than 6 and each of them bids s™. The sum of the probabilities
can be simplified as follows:

n . .

> l.cjf:]e”*f(l —y!
j=1 1]
1-0"

1 n
Zce -0y = TRk

n(1—8)=;

The last step uses the fact that the sum of probability masses of a

binomial distribution is identically equal to 1, Z cror i
(1—6)7 = 1 for any arbitrary 0 (0,1). Therefore, i's expected payoff
—Qn ul

from bidding s™ i M—'rs”". If i bids m its expected

) n(1—0) n
payoff is

(n—1)NO" (n—1)\O"
NO [ Pr b(vj)< o T
_ n n
=M)n_(n DA &
n n
. . N(O—6")

It is easy to verify that when s™ = ———~ these two payoffs are

A n(1—6)7
equal:
NO(1—0") o N0 .
Ti—e) T

Consider any v;>6. If i bids s™, its expected payoff is
Avi(1=en NVi—0)(1—6") . .. (n—1)\O" .
Tn(i=0) TS =" + 7(1—6) If i bids ———=——— its

_ n
expected payoff is )\V,»G”*I—M =n" + N(v;—8)8""". Notice
that "
2 2 n—1 n

(1—")  (1-6+6-0" + 67— ...+ 6" —0")
n(1—e) n(1—6)

Avi(1—6)
n(1—0) for
generates a higher payoff than bidding

(n— men

given 6<1. It follows that —Ts™ > \y;0" 1 —

all v;>6, i.e., bidding s™
_ n
m. Finally, consider the case when i bids b< % Define 6’

(n—1)\0""
nTt

such that b = ; clearly 6’<6. The payoff from bidding b is

(n—l))\e’" (n—])xe"

the
. This completes the proof that when
nT

(n—1)\O"
v;>6 any bid smaller than ~——~-— gives a lower payoff than s™

Therefore, this bidding fuhction is the best response when all

other jurisdictions use the same bidding function. Then by definition
it is an equilibrium when every jurisdiction uses this same strategy.
@ Proof of part (2)
From Egs. (23) and (29), we know the change in the total spending
from adding the budget constraint is

, which is smaller than \v;6"~1—
(n—1)N6"

)\V e/n 1_
payoff from blddlng

E(si + o4 5als") —E(sy + .. 4 )

_ (ﬂ—l)>\9"+1 L MO0 (=N

= n+1)T T m+ T

= ﬁ {(n—l)(e” - 1—1) +(n+ 1)(9—9”)]

N ﬁ [n6" *'—n—6" "1+ 1 + no—no" + 6—0"]

T n 1\1)7 [(1+6)(1-6") —n(1-6)(1 + 6")]
(511191); {(1 + ) (1 +06+ .+ e”*‘)_n(1 + 9")}

- % {(1 +20 420" + . +20" " + 6">—n(1 + 9”)]
(1—6)\ i—1 n—i 41 N

= m{l; (07 0" ) —n(1 + 0 )}<0.

The last inequality follows because given 0<1, ' =1 40" ~I+1<1 4+
0"Vie(2,3,...,n}.

Without the budget constraint, the jurisdiction with the
highest value will win the FDI and its expected value is

Eimax(vy, ...,w)] = TET Together with Eq. (31), it implies that

E(winner’s value|s™) —E[max(vy, ...,V,)]
(1—6)(]—9") _
nt1 * 2
(9" +1 1)
n+1
)—2n(0" +
2(n +1)

nen+l n

n+1

)(1—0")

0+ 1)

—0)(
2
[1 0")(

2n—2n(8" + .. +6+1)
2(n+1)

<<1—e>{

_ —nb(1-0")
CES)

<0.

That is, the winner's value is lower with the budget constraint.
Proof of Proposition 6
The proof here follows exactly the same steps as in the derivation

of the equilibrium in Proposition 4 above, except that the expected
payoff function to be maximized is different. Let jurisdiction i's
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bidding function be s;=b(v;), so vi=b"(s;). Then b(v;) can be solved
for by maximizing

_ I
m(s) = ; ¢l.Pr[b(vj)<b(v,-)] (V)1 + Bs;)—Ts;.

Again, by assuming a strictly increasing bidding function and
invoking symmetry among all jurisdictions, we write i's expected
payoff as
— n—1
m(s) = [b71 )] (1 + Bsy—Ts;

The first order condition is then

n—2db~(s;)

m/(s) = (=17 (sp)]" =g L (1 + Bs)

n—1

+ [ s]" owgp—T =0,

Substituting v;=b"(s;) we obtain

T db~'(s))

(n=1)[b7" (s SN A+ Bsy) + [ )] =T =0,

Letting y(s;)=[b~! (si)}n we rewrite this equation as

o —np nt
Y (si) =y(si) (n—1)(1 + Ps;) + (n—=1N( + ps;)”

Here we need to use the fact that any differential equatio}l{] of the
form y’(x) =y(x)g(x) + h(x) has the solution y(x) = exp UO g(t)dt]

_fox &dt + ¢y, where c is an arbitrary constant. Plug
exp [J.O g(2) dz]
—np nt
y)=— "  pdhGs)= —
80 = 1+ psy ") = o 1 ps)
mula and use the boundary condition y(0) =0 to obtain

into the for-

Y6 = x5 {1—0 + BS)H—]]'

Substituting y(s;)=[b~"(s;)]" = v/ into this equation we have

n n—1
1 BN T
s=pi =5 T
It is obvious that % >0 and %4)-
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