| . | nt r oducti on

Fromits inception, the endogenous growth literature has
stressed the role of information externalities in the growh
process (Roner (1986); Lucas (1988)). Naturally, this has
stinul ated considerable interest in determ ning the economc
envi ronnments nost conducive to rapid information flows. Many
schol ars (Jacobs (1969), (1984); Bairoch (1988); Lucas (1988))
have noted that cities, which bring various econom c agents into
close proximty to one another, appear to be ideal settings for
the rapid flows of ideas and innovations envisioned by the
endogenous growh literature, and a nunber of recent studies have
sought to examine enpirically the types of cities nost conducive
to innovation and growh (d aeser et al. (1992); Henderson et al.
(1995))."

Al t hough these enpirical studies have provided a nunber of
i nportant insights, their reliance on aggregate data raises the
possibility of inconsistent estimtes due to both simultaneity
and aggregation biases. Furthernore, the dependent variable in
t hese studi es--enploynent gromh--is not a very direct neasure of
ei ther innovative input or output. Finally, as will be discussed
further below, the fact that both the dependent variables and the
regressors in these studies reflect outconmes of decisions made by
profit-maxim zing firnms poses the problemof omtted variable

bi as.

I'n related work, Ciccone and Hall (1996), Kim (1995), and
Mody and Wang (1997) exanmine the role of regional specialization
and diversity on growt h.



The present study tries to overcone each of these
shortcom ngs. Qur use of firmlevel data renoves the
sinmultaneity and aggregation bi ases nenti oned above.

Furt hernore, our dependent variable is the nunber of R&D
scientists of the firm a nuch nore direct neasure of innovative
behavi or than enpl oynent growmh. Finally, the fact that our data
is fromChina inplies that city-1level aggregates included as
regressors were largely determ ned by bureaucrats rather than by
profit-maxim zing firms, thereby reducing the Iikelihood of
omtted variabl e bias.

The literature on cities and their characteristics is vast,
but G aeser et al. (1992) provide a hel pful summary of the three
predom nant theories concerning which types of cities best foster
i nnovation, the three theories differing in their views of the
i npacts of both industrial specialization and nonopoly on
i nnovation. First, the Marshall-Arrow Ronmer (MAR) view stresses
the importance of information spillovers between firns within an
i ndustry, suggesting that cities which specialize in a particul ar
i ndustry are nost |likely to experience rapid productivity grow h.
At the sanme time, MAR stresses that it is inportant for firns to
have sone nonopoly power in order to be able to appropriate the
returns fromtheir innovative activities.

The second view of Porter (1990) is simlar to MAR in
stressing the inportance of within-industry spillovers for

stimulating innovation,? but differs in its enphasis on |ocal

*Von Hi ppel (1987) provides solid evidence of infornal
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conpetition rather than nonopoly as an inportant inducenent to

i nnovative efforts. In addition to citing the classic work of
Arrow (1962) about the advantages of conpetition in encouraging

i nnovative efforts, Porter argues that firns in conpetitive
environments are forced to innovate faster because a failure to
do so will result in their extinction. Furthernore, he argues
that local rivalry often stinulates innovative efforts sinply
because pride causes managers and workers to conpete for
recognition and "bragging rights" with their peers in other |ocal
firms.

The third predom nant theory is due to Jacobs (1969), who
argues that nost know edge spillovers to an industry emanate from
firms outside of that industry. Hence, Jacobs believes that
di versified econom c environments are the nost conducive to
i nnovati on, nore specialized cities hanpering the cross-
fertilization of ideas fromdifferent types of work. Like
Porter, Jacobs believes that conpetition is nore conducive to
i nnovati on t han nonopoly because nonopolists are often able to
prevent firns with new nethods or products fromentering the
mar ket .

G aeser et al. (1992) test these conpeting theories using
data on industrial-Ilevel, enploynent growh between 1956 and 1987
for the six largest industries in each city in 1956. Pooling the

observations across all cities and industries, d aeser et al.

trading of proprietary information anongst firnms within the U S.
m ni steel industry, a finding consistent with the views of MAR
and Porter.
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find evidence in support of the views of Jacobs: |ocal diversity

and conpetition are the nost conducive to | ong-run innovati on.
However, these authors stress that they are exam ning mature

i ndustries in well-established cities, and they postul ate that
speci al i zati on may be conducive to innovation in new or nore
technol ogi cal | y-dynam ¢ industries. In other words, they suggest
an industry life-cycle nmay exist in which specialization

stinul ates i nnovation when the industry is young while diversity
pronotes i nnovati on when the industry is nore nmature. However,

t hese authors stress that an industry life-cycle of this nature
woul d not be consistent with strict versions of the Porter and
MAR t heories in which within-industry know edge spillovers | ead
to permanent, self-sustaining growth in cities.

Using a very simlar methodol ogy, Henderson et al. (1995)
exanm ne enpl oynent growmh in five different capital goods
industries in 224 U S. cities from 1970 to 1987 and find that
specialization is conducive to growh but that diversity is
important for initially attracting new, high-tech industries.
Hence, in contrast to the views of daeser et al. (1992), these
aut hors suggest that diversity is nore inportant at early stages
in the industry life-cycle while specialization beconmes nore
i nportant as the industry matures, a result which seens to
confirmthe Porter and MAR theories that wi thin-industry
spillovers can be the |long-run source of gromh. Henderson et
al. (1995) do not exam ne the roles of nonopoly or conpetition in

the growt h process.
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W exanm ne the three hypot heses about the effects of cities

on innovation using data on the nunbers of research and
devel opnment (R&D) scientists from261 firns drawn from 27
industries in 8 Chinese cities. W believe that these data
provi de a uni que opportunity to study relatively young firnms in
very technol ogi cal | y-dynam ¢ setting. Roughly 50% of the firns
in our data are less than 10 years old, and the average age is
only 18 years. Furthernore, six of the eight cities in which our
firms are | ocated participated in China’ s "open door" policy,
whi ch provided firnms in these cities with greater access to
foreign investnment, technology and trade. It is w dely believed
that cities included in the "open door" policy were a hotbed of
new i deas for Chinese firms, and there is sone enpirical evidence
suggesting that these ideas translated into high rates of
economic growth.® Hence, in contrast to the mature industries
studied by  aeser et al. (1992), these data allow us to exam ne
i nformati on externalities and firm behavior in a very dynam c,
i nformati on-intensive setting at the start of the
i ndustrialization process.

Qur met hodol ogy differs fromthat of previous studies in
several inportant respects. First, while the three theories

nmentioned earlier deal primarily with the type of economc

‘Jefferson et al. (1992) find that total factor productivity
growt h accounted for 27 percent of Chinese firms’ output growh
bet ween 1980-1988. Furthernore, Mdy and Wang (1997) find that
i ndustrial growth in China s coastal provinces, the prinmary
beneficiaries of the open door policy, averaged 20 percent per
annum from 1985- 1989 as conpared with 14.4 percent for the
remai nder of the country.
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environnment that stinmulates firns to invest in innovation, due to

data limtations the dependent variable in the previous studies
is enpl oynent growmh. daeser et al. (1992) and Henderson et al.
(1995) present nodels relating hicksian technical change to

enpl oynment growt h, but our dependent variable, the nunber of R&D
scientists, is a nore direct neasure of investnents in innovation
and nore cl osely addresses the issues raised by the three
theories mentioned earlier.’

Second, our use of firmlevel data allows us to take city-
| evel characteristics as exogenous in our regressions. Previous
studi es have regressed city-1level aggregates on city-Ievel
aggregates, raising problenms of sinultaneity bias, although
Henderson et al. (1995) report attenpts to instrunent for severa
of their regressors.

Third, the fact that, given sunk costs, these city-1|evel
aggregrates are largely the result of historical decisions nmade
by bureaucrats rather than of profit-nmaxim zing firnms reduces the
probl em of omitted variable bias. For exanple, consider a case
i n which sone factor unobserved by the econonetrician but
observed by firms, say infrastructure, makes city k a
particularly profitable |ocation for industry j. If firnms are
free to choose their |ocations, then profit-maxim zing behavior
woul d naturally lead a | arge nunber of firms in industry j to

locate in city k, making city k relatively specialized in

‘As is discussed in Section IIl, the firms in our sanple
devote a very high fraction of their resources to R& activities.
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i ndustry j. Now this unobserved factor would al so be a conponent

of the error termin regressions of previous studies in which the
dependent variable is industry-level enploynent growh in each
city, thereby causing an upward bias in the coefficient on the
speci al i zati on regressor since specialization is correlated with
this unobserved factor. However, in our context this probl em of
omtted variable bias is mtigated because regressors such as
speci ali zati on take on val ues which are largely the outcone of
decades of governnent planning rather than the result of profit-
maxi m zi ng deci sions on the part of firms, such profit-naximzing
deci sions being permtted only very recently. In other words,
existing industrial |ocation patterns in China nay have little or
nothing to do with optimal industrial |ocation patterns.

O course, it is conceivable that governnent planners could
have made efficient decisions, but Henderson (1988) finds that
i ndustrial |ocation patterns in China are very different from
those in nore market-oriented econom es, and as we shall see
further bel ow, our own exam nation of the data confirnms his
findings. In short, firms in China are sinply not |ocated in the
patterns typically observed when firnms are allowed to maxim ze
profits over an extended period of tine.

Fourth, our use of firmlevel data also allows us to avoid
bi ases whi ch can occur when aggregate data are used and firns are
het er ogeneous (Dunne et al. (1989); Hanmernmesh (1989); Bresnahan
and Raff (1991); and Davis and Hal ti wanger (1992)).

Fifth, we believe our neasure of the degree of |ocal



conpetition--each firm s perceived el asticity of demand--has
advant ages over the nmeasure used by d aeser et al. (1992): the
nunber of firns per worker in a city-industry relative to the
nati onal average. d aeser et al. (1992) find that the
coefficient on this variable is positive in their regressions and
argue that this suggests that conpetition is conducive to growh
however, they admt that this result could sinply indicate that
small firms grow faster. W believe that a firnis perception of
the elasticity of demand for its products is a clearer neasure of
the |l evel of conpetition it faces.

As we shall see below, the results |end support to the views
of Porter: firms which face greater conpetition and which
operate in cities specialized in their own industry tend to
i nvest nore in innovation, conditional on each firm s expected
growh in output. W do not address the issue of how each firnis
expected growth in output may itself respond to the degrees of
speci ali zation and conpetition. Furthernore, we find evidence
that specialization increases in inportance as a firm ages.

Wiile firmage is not identical to the maturity of the industry,
these results do | end support to the concl usions of Henderson et
al. (1995) that the inportance of specialization increases as an
i ndustry matures, i.e that within-industry know edge spillovers

can act as an "engi ne" of permanent, self-sustaining grow h.

The renmai nder of the paper is as follows. Section I
outlines the nodel of firm behavior and derives the estinating

equation. Section Ill describes the data and vari abl e
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construction. Section IV describes the estimation procedure and

presents the results. Finally, Section V concludes the paper

wi th some comments.

1. Mdel
We assune that each firmi faces a downward sl opi ng denand

curve at tinet of the following form?®

Pie= Act Kic-h(Q,) (1)

where P, is the price received by firmi for selling its output;
A, is a randomintercept, representing a shock to firmi’s
demand at tine t; K, is the appropriable know edge of firmi at
time t, and h( ) is a nonotonically increasing function of
output, Q,. This specification reflects the assunption that
know edge | eads to new and i nproved products, thereby increasing
the demand for the output of the firmto the extent that the firm
is able to appropriate the returns fromthis know edge.°®

We assune that the stock of appropriable know edge, K, is

the sunmation of current and past increnents to appropriable

*Cbservers agree that by 1992, the year of our data, the
econom c reforms introduced in China in the late 1970s had
resulted in considerabl e autonony in decision-making for firm
managers and that incentives were such that profit maxim zation
I's not an unreasonabl e assunption to nmake about firm behavior
(Gordon and Li (1991); Byrd (1992); Jefferson et al. (1992);
Perkins (1994)).

°Several studies have docunented that the focus of R&D in
Chinese firms is on produci ng new and i nproved products. See
Jefferson and Rawski (1994) for a brief review
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know edge, |

it"

Kit= i(l'd)jht-j (2)

with |, defined by:
4= ¢ Zit Re (3)

where @ is an nxl vector of paraneters; Z,6 is an nxl vector

of firm industry, and city characteristics, including the degree
to which the city is specialized, diversified, and conpetitive
fromthe point of view of the individual firm and R, is the

firms RGD at time t.’ The variables in Z,  and the associ ated
paraneters in @ determ ne how effective the firmis R&D is in

i ncreasing its appropriable know edge base and thus its price.
For exanple, if it is nore difficult for a firmto appropriate
the benefits of its R&D in a conpetitive environnent, then the

el enent of @ which multiples the conpetition variable would be
negative. Simlarly, if R& is nore productive in an environment
in which there are large, within-industry spillovers resulting
froma high I evel of industrial specialization, then the el enent
of @ which multiplies the specialization variable would be
positive. O course, it is possible that spillovers could

increase the firms technol ogical capability and price directly

‘As we shall see further below, the firms in our sanple
devote a very high fraction of their resources to the performance
of R&D.
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apart fromtheir interaction with the firms ow-R&D. However,

this nodification would not effect the formof our final
estimati ng equati on and woul d contradi ct the considerable
evidence that given their limted technol ogi cal capabilities,
firms in |less devel oped countries nust invest in R& before they
can benefit fromthe spillovers of others (for exanple, see
Mowery (1983); Basant and Fi kkert (1996); Fikkert (1997)).°

The firms problemat tinme O is to choose the optinmal anount
of R&D to naxim ze the expected, present discounted val ue of

profits:

maxrl:EOZ,BtPitQit-pRRit_C(Rit)-Vvl'tXit (4)
=

where p, is the price per unit of R&D, X, is a gxl vector of

traditional inputs, and w

it

I's the associated gx1 vector of input
prices. C(R,) is a quadratically increasing function of R&D,

representing costs of adjustnment or increasing costs of financing

*On their own, the specifications in equations (1)-(3) inply
constant returns to scale to R& at the firmlevel. Furthernore,
I f aggregate R&D enters Z through spillover effects, this would
inmply increasing returns to R&D at the aggregate |evel,
consistent with the specification of Roner (1986). W do not
have data on aggregate R&D to include in the vector Z.  However,
If the spillover variables we use in our estimations are
functions of aggregate R&D, as we woul d expect, then the evidence
we find of spillovers appears to inply increasing returns to
scale to R&D in the aggregate. However, as we shall see in
equation (5), our specification actually inposes decreasing
returns to R&D each period at the level of the firmdue to our
assunption of adjustnment costs to R&D. Whether the spillovers we
find in our estimations are sufficiently strong to provide
nondecreasing returns to R&D in the aggregate is a question we
cannot answer with the present data.
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R&D i nvest nent s:

C(Ru)=aiRit OR: (5)

The coefficient on the linear termof the adjustnment costs, «,,

Is random allowng firns to differ in their costs of doing R&D.
We assune that firnms expect their output to grow according

to the foll ow ng process:

Et[Qit+j]:[ygi]jQit (6)

where y is a paraneter and g, is a variable expressing firmi’s

expectati ons about the rate of growth of output for its industry
as a whole. We would expect that firnms which anticipate rapid
growm h for their industry would expect higher gromh for their
own output as well, and this is confirnmed in |ater estimates

which find that y is positive. Note that we are not assum ng

that output is exogenous. |In fact, as will be discussed further
bel ow, we instrunment for output in the estimtes which follow
We are only assum ng that output, which is assunmed to be
endogenous, follows the process indicated in equation (6).
Taki ng the derivative of the present discounted val ue of
profits in equation (4) wth respect to R, and setting equal to

zero gives us the follow ng estimting equation:
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Ro=-P+W' ZicQ,/(1-A0,)+ & (7)

where p = p./(20), v =@ /(20), A =p(1 - 9y, and ¢, = o,/ (20),
as long as |Ag,|] < 1. As will be discussed further bel ow,
equation (7) is estimated using wei ghted, nonlinear, two-stage
| east squares.

The intuition for equation (7) is clear. The termy Z, =

¢ Z,/(20), and we see fromequation (3) that ¢ Z, represents the

mar gi nal increase in appropriable know edge due to R&D at tine O.
Furthernore, we see fromequation (1) that a marginal increase in
appropri abl e knowl edge corresponds to a margi nal increase in the
price per unit. Cearly, the marginal benefit at time 0 of the
R&D conducted at tinme O will then be the marginal increase in the
price induced by the R& tines the nunber of units sold at tine
0, i.e. ¢Z,Q, The fact that this marginal increase in
appropri abl e know edge--and hence in the price--decays over tine,
that the output over which the price applies grows over tinme, and
t hat producers have a discount rate, give us an infinite,

geonetric series of discounted marginal benefits whose sumis
represented by ¢ Z Q/(1 - 2g,). Dividing this figure by 20, a
termrepresenting the size of the adjustnent costs, gives us

v Z.QJ(1 - Ag)), the termin equation (7). Hence, the termin
equation (7) can be viewed as the ratio of the present discounted

val ue of the marginal benefits of R& perfornmed at tinme O to the
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adj ustnment costs. Cearly, as this ratio rises, R& expenditures

wll rise.

I1l. Data and Variable Construction

The firmlevel data conme froma 1992 Wrld Bank survey of
480 Chinese firns evenly divided anongst 8 cities. The original
sanpl e was chosen by ranking the firns in each city from hi ghest
to lowest in ternms of their output. Afirmfromcity ¢ was then
included in the sanple if its rank inits city was one of the
integers in the set {s, 2s, ...60s} where s_is found by
dividing the total nunber of firns in city ¢ by 60 and then
rounding to the nearest integer. |In this manner, the firns
chosen from each city spanned the entire range of output in that
city at intervals of 1/60. Qut of this sanple of 480 firnms,
conpl ete data on all the regressors were available for only 261
observati ons.

Three of the cities--Fuzhou, X anen, and Quanzhou--are
| ocated in the coastal province of Fujian near the island of
Taiwan. Simlarly, three cities--Shenzhen, Guangzhou, and
Dongguan--are located in the coastal province of Guangdong near
the city of Hong Kong. 1In contrast, two of the cities--Chengdu
and Chonggi ng--are located in the interior province of Sichuan.
Unli ke the coastal cities, these interior cities were not
i ncluded in the "open door" policy, the result being that firmns
in these cities have had much | ess exposure to foreign investnent

and technology than firns in the coastal cities.



16
Data on the output of 27 manufacturing industries in each

city were obtained fromChina Uban Statistics 1992. Table 1

reports the conbi ned, aggregate output by industry for all eight
cities along with the nunber of firnms fromeach industry in the
present sanpl e.

It appears that China' s history of econom c planning has
resulted in industrial location patterns quite different from
those found in nmarket economies. As discussed in Section |, this
reduces the problemof omtted variable bias since we do not have
a situation where city k is heavily specialized in industry |
sinply because there is sone unobserved (to the econonetrician)
factor which makes profit-maximzing firnms in industry j choose
to locate in city k. Using data fromseveral market-oriented
economies in both the first and third world, Henderson (1988)
finds that small- to nediumsized cities tend to be specialized,
the industries in such cities being characterized by wthin-

i ndustry externalities (textile, apparel, transport equi pnent,
primary metals, food processing, pulp and paper). Although
cities specializing in such industries are |arge enough to
provide for within-industry spillovers, their relatively smal

si ze reduces congestion and comruti ng costs. |In contrast, sone

i ndustries (high fashion apparel, upper-end publishing, and

busi ness services) benefit fromoverall urban scale and diversity
and will seek to locate in larger, nore diversified cities (see
al so Henderson et al. (1995)).

In contrast, as Table 2 indicates, there is no correl ati on
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between city size and industrial specialization for the eight

cities exam ned here. For exanple, Shenzhen, the largest city,
has the snallest four-industry concentration ratio of 35 percent,
whi | e Dongguan, the second snallest city, has the second snall est
four-industry concentration ratio of 37 percent.
Simlarly, again in contrast to the patterns noted above for

mar ket econonmies, there is no obvious correlation between

i ndustrial |ocation patterns and city sizes. W conpute the
percentage of each city’ s total manufacturing output which is
accounted for by each industry in that city. W then conpute the
correlations in these percentages across cities, the results
being reported in Table 3. There appear to be two clusters of
cities with simlar industrial conpositions. First, Fuzhou,
Xi anen, Guangzhou, and to a | esser extent Dongguan have highly
correlated industrial structures, the largest industry in al
four cities being radio, television, and conmuni cati on equi prent;

however, in spite of their simlar industrial structures, these
cities are of very different sizes. Guangzhou, the second

| argest of the eight cities, is 2-3 tinmes |arger than Fuzhou,
Xi anen, and Dongguan. The second cluster of cities consists of
Chonggi ng, Chengdu, and to a | esser extent Shenzhen, the major

i ndustries in these cities being transport equi pnent, industrial
equi pnent, and iron and steel; however, these cities are again of
very different sizes. Shenzhen, the largest city in the sanple,
is roughly twi ce the size of Chengdu and Chongqgi ng. Quanzhou,

the city with the snmallest anobunt of manufacturing output, has
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t he nost unique industrial conposition of the eight cities, its

| argest industries being textiles and food.

These findings are consistent with those of Henderson (1988)
who also finds that China s cities do not correspond to the
patterns observed in market-oriented econonmies. Thus, taken
toget her, the evidence suggests that existing industrial |ocation
patterns in China are not those which one woul d expect if profit-
maxi m zing firms had been able to choose their |ocations
optimally over an extended period of tinme, thereby reducing the
i kel i hood of omtted variabl es biasing the coefficients on
measures of cities’ industrial specialization and diversity.’

Turning to equation (7), data is needed for Z, the vector
of variables which determ ne the effectiveness of firmi’'s R&D.
Foll owi ng G aeser et al. (1992), the first elenment of Z is

SPECI ALl ZATI ON, which is defined as:*

SPECI ALI ZATI ON =

output of i’s industry ini’'s city/total output
'S t I

S City
out put of i i ndustry in 8 cities/total outpu cit

in i
in 8 i es

As indicated earlier, both the Porter and MAR theories state that
as SPECI ALI ZATION rises spillovers rise which nakes the R&D of
firmi nore productive; hence, if Porter and MAR are correct, the

coefficient on SPECI ALI ZATI ON, v,, should be positive.

Again follow ng G aeser et al. (1992), the second variable

°See the discussion in Section |

“d aeser et al. (1992) use enployment rather than output in
t hi s expression.
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of Z is D VERSITY, which is defined to be the fraction of the

city’s output accounted for by the largest 5 industries in the
city other than the industry to which firmi belongs. The higher
the value of this variable, the less diversified is the city. As
di scussed earlier, Jacobs believes that nore diversified cities
are conducive to innovation, so if Jacobs is correct the

coefficient on D VERSITY, vy, should be negative.

In order to exam ne whether the effects of SPECI ALI ZATI ON
and DIVERSITY differ as the firmnatures, we also interact these
two variables with AGE, the age of the firmin 1992, and we

include AGE on its own as well (wvy,-v,). As nentioned earlier,

there is considerable interest in determining if the effects of
SPECI ALI ZATI ON and DI VERSI TY change as an industry natures

(d aeser et al. (1992), Henderson et al. (1995))." A though firm
age and industry maturity are not exactly the sanme thing, we
woul d certainly expect that the average firmin a nore mature

i ndustry woul d be ol der than the average firmin a |l ess mature

i ndustry.

Bot h SPECI ALI ZATI ON and DI VERSI TY are vari abl es capturing
the relative concentrations of industrial activity, but it is
concei vabl e that what matters for firmi is the absolute
magni tude of firmi’s industry in the city in which the firmis
operating. To take an extrene exanple, if only within-industry

spillovers matter, then if firmi is the only firminits

“'See the discussion in Section |
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village there would be no spillovers to that firm In contrast,

another firmj in the sane industry as firmi but located in a
large city with many other firnms in its industry would receive
sonme spillovers fromthose firnms. However, since firmi is the
only firmin its village, the variable SPECI ALI ZATI ON woul d t ake
on a value greater than 1 for this firm while it would take on a
value of less than 1 for firmj. 1In this scenario, the
coefficient on SPECI ALI ZATI ON woul d take on a negative val ue even
t hough spillovers are within-industry in nature. Hence, we
think it is worthwhile to examine the effects of absolute

i ndustry size on R&D as well. Toward that end, the variable
INDOUT is the total output of firmi’s industry in firmi’s city
measured in 10 mllion yuan. |If the absolute size of the

i ndustry raises spillovers, the coefficient on this variable, vy,

shoul d be positive.

The second di nension of the three hypotheses concerning city
types is the extent to which conpetition or nonopoly power
stinmulates R&D. Qur neasure of the conpetition facing the firm
is the variable ELASTIC, a dunmmy variable taking on the val ue of
1if the firmbelieves the price elasticity of demand for its
products is greater than or equal to two and O otherw se. As
mentioned earlier, the firms elasticity of denmand appears to be
a nore precise neasure of the degree of conpetition than that
used in previous studies; however, there is a problemw th using
ELASTI C because the nodel presented in the previous section

assunmes that each firnmis elasticity of demand is a function of
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its R&D; hence, we instrunent for ELASTIC with NUMCOWP, the

nunber of conpetitors which the firmbelieves it has in its city,
a variable which is likely to be exogenous to the firmat this
early point in the industrialization process, especially since
existing location patterns are largely the result of past
bureaucrati c decisions. According to the theories of Porter and

Jacobs, conpetition increases innovation, so the coefficient on
ELASTI C, vy, should be positive if Porter and Jacobs are correct.

On the other hand, MAR predicts a negative coefficient on
ELASTI C.
Several variables which control for the ownership structure

of the firmare included in Z. The data enable us to

di stingui sh between three types of firns: 1) state-owned
enterprises, which are under the control of provinces,

muni cipalities, or counties; 2) collectives, which are al so owned
by | ocal governnments but which typically enjoy greater

deci si onmaki ng freedomthan the state-owned enterprises; and 3)
joint ventures and other privately owned firns, which enjoy the
great est deci si onmaki ng freedom™ W define JONT to be a dummy
vari abl e which takes on the value of 1 if the firmis a joint
venture or is privately owned and O otherwise. Simlarly, the
vari abl e COLLECTIVE is a dummy vari abl e which takes on the val ue
of 1 if the firmis a collective and O otherwise. The effect of
bei ng a state-owned enterprise is subsunmed in an intercept which

is common to all three ownership types; hence, the coefficients

“See Jefferson et al. (1992).



22
on JONT, vy, and on COLLECTIVE, vy, are the deviations in R&D of

such ownershi p-types as conpared to the state-owned enterprises.

We al so control for city and industry characteristics by

including city dumm es (paraneters vy,-v,) and two-digit,
i ndustry dunmm es (paraneters vy,.-v,). The seven industry dunm es

in conjunction with the intercept term v,, control for 8

different industry effects, the industries being food, textiles,
paper and printing, chemcals, non-netallic mnerals, basic
netals, metal products and machi nery, and ot her nmanufacturing
i ndustri es.

As equation (7) indicates, all the variables in Z
are multiplied by the firms output at tinme zero, Q, the latter
bei ng nmeasured by each firm s nom nal output in 1992 expressed in
t housands of yuan. Because output is an endogenous variable, we
instrument for it using two variabl es excluded from equation (7).
The first, TRANSPORT, records each firm s evaluations of the
i npacts of transportation infrastructure on its growth, the
responses taking on values from1l to 7 with higher val ues
i ndicating superior infrastructure. As a city’'s transportation
infrastructure is exogenous to a firmand is unlikely to directly
effect a firnmis R&D, it appears to be a valid instrunent for
out put .

Al t hough TRANSPORT does significantly effect firm s output,
much greater explanatory power cones froma second instrunent,

SI ZE, which is defined as:
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SI ZE = LABOR(1.035)"* *

where LABOR. i s the nunmber of enpl oyees, exclusive of R&D
scientists, which the firmhad in year F, where F takes on either
the value of 1980 or the value of the initial year of start-up
for the firm whichever is greater. Data on LABOR are avail able
for each firmfor each year from 1980-1992. If the firm began
prior to 1980, then F is equal to 1980." For a firm which began
in say, 1986, the first year of LABOR data would be for 1986, and
F woul d take on the value of 1986. Miltiplying LABOR by 1.035
to the power of (1992 - F) sinply adjusts the |abor force in year
F by the average growth in | abor force from 1980-1992 for the
firms in the data set.

Clearly, the validity of SIZE as an instrunent for out put
depends on the exogeneity of LABOR. W believe a good case can
be made for this. The nere fact that the error termin
equation (7), g, occurs in 1992 and that F predates 1992 by as

many as 13 years argues agai nst correlation between LABOR. and

g, O course, if there is strong serial correlation in g, over

time, one could still argue that LABOR and g, are correl at ed.

However, this possibility is mtigated when one notes that
China's economc refornms did not even begin until the |ate 1970s,
so observers agree that a firm manager in 1980 woul d have had

little ability to choose any of its inputs, especially its |abor

“49% of the firms in the sanple began their operations after
1980.
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force, in any sort of profit-maxim zing fashion at this point in

time.

But what about firns which began their production after 1980
when there was greater decision-naking autononmy? Can we still
treat LABOR. as independent of ¢, for such firns? There is
wi despread consensus that China s | abor markets renain the | east
reformed feature of the econony, naking it very difficult for
firms to dramatically alter the sizes of their workforces in a
profit-maxi m zing fashion (Gordon and Li (1991); Byrd (1992);
Jefferson and Rawski (1994)). Hence, even for a firm which began
after 1980, the unreforned | abor markets are still unlikely to
permt feedback frome, in 1992 to the firm s overall |abor force
size. Furthernore, it is doubtful that a firmwould know nuch
about g, in its initial year of operation, given that it would
have had no experience with R&D at that point.

Al t hough we believe that LABOR. is unlikely to be correl ated
with the error termin equation (7), we test for the existence of
correl ati on between our instrunents and the error termby using a
general i zed net hod of nonments specification test. Hansen (1982)
and Newey (1985) have shown that the cross-product of the
estimted residuals and the instrunents, a product which should
be close to zero if the instruments are valid, has a ¥
distribution with the degrees of freedomequal to the nunber of

overidentifying instrunents. Low p-values for the conputed ¥

test statistic would reject the null hypothesis of no correl ation
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between all the instrunents and the residuals.

Qur systemis overidentified for two reasons. First, we
have three variabl es which are excluded al together from equation
(7)--NUMCOWP, TRANSPORT, and Sl ZE--and only two endogenous
regressors included in equation (7)--ELASTIC and Q Second,
al t hough the exogenous variables in Z enter equation (7) only via
their interaction with Q we include both the exogenous vari abl es
in Z thenselves as well as their interactions with SIZE in the
list of instruments. For exanple, although the city dunm es
enter equation (7) only interactively with Q both the city
dunmmies and the interaction of these dunmes with SIZE are
i ncluded as instrunents, giving us another source of
overidentification. Thus, we have a total of 19 overidentifying

i nstrunents, giving us 19 degrees of freedomfor the y* test

statistic.

Recall from equation (6) that we assune that a firnis
expected growth in output is a function of its expectations
concerning the output growh rate for its industry as a whole.

We obtain information for this variable fromthe original survey
in which each firmreports its expectations for the annual growth
rate of markets in which the firmsells its primary products. It
is reasonable to expect there to be a positive correlation
between a firni s expectations concerning its own output growh
and the gromh of the industry as a whole. |In other words, we

woul d anticipate that A is positive in equation (7).

Finally, in the absence of data on total R&D expenditures,
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t he dependent variable is neasured as the total nunber of R&D

scientists and engi neers enployed by the firm On average, firns
in our sanple devote 3.0 percent of the their |abor force to R&D,
a surprisingly high nunber when one considers that the fraction
of manufacturing enpl oynent accounted for by R&D personnel is 4.3
percent in the United States and 3.4 percent in Japan. As
mentioned earlier, six of the eight cities used in this study are
from China's technol ogi cal |l y-dynam ¢, sout heastern coast, so the
sanpled firnms are in no way representative of the situation in
China as a whol e.

Tabl e 4 presents the neans and standard devi ations of the

vari abl es.

V. Estimation Procedures and Results

Equation (7) is estinmated using weighted, nonlinear, two-
stage |l east squares.” The instrument list is as follows: the

exogenous variables in equation (7), TRANSPORT, NUMCOWP, and the
interaction of all these variables with SIZE. Because Ag, in
equation (7) nust be less than 1 in order for equation (7) to be
a solution to the firm s optim zation problem we constrain 2g,

to be less than 1 for all observations. Table 5 provides the

estimation results.

“Comput ed using data fromILO (1995) and OECD (1995).

“The weights are the inverses of standard deviations of the
formo =B, + PB,SIZE + B,(SIZE)?, where the coefficients are
estimated fromthe error terns of a prelimnary, nonlinear, two-
stage | east squares regression.
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Colum 1 presents the results froma specification in which

| NDOUT and the interactions of AGE with SPECI ALI ZATI ON and

DI VERSI TY are suppressed. The coefficient on SPECI ALI ZATION i s
positive and significant, providing support for the MAR and
Porter theories. Furthernore, the elasticity of R&D with respect
to SPECI ALI ZATION is 2.49 when all variables are eval uated at
their neans. This high elasticity conbined with the fact that a
one standard devi ation increase in SPECI ALI ZATI ON woul d anmount to
an increase in SPECI ALI ZATI ON of 75% i ndicate that the overal
effect of industrial specialization on R& appears to be rather
strong.

The coefficient on DIVERSITY is also positive and
statistically significant. Since the industrial diversity of a
city falls as the variable DIVERSITY rises, these results
indicate that diversity is not conducive to innovation, in
contrast to the views of Jacobs. On the contrary, it appears
that having a city which is focused on a small range of
activities best pronotes innovation. Furthernore, the elasticity
of R&GD with respect to (lack of) DIVERSITY is 9.31 when al
vari abl es are evaluated at their neans. Wen one considers that
a one standard deviation increase in (lack of) DI VERSITY
constitutes a 15%rise in its value, it is clear that the
stimulus to R&D of reducing industrial diversity is quite strong.

In conjunction with the previously-nentioned, positive effects
of industrial specialization, it appears that cities which

concentrate their activities in a narrow range of endeavors are
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t he nost conducive to innovation, just as the theories of MAR and

Porter suggest.

The coefficient on ELASTIC is positive and significant,

i ndicating that conpetition is conducive to higher investnents in
R&D as suggested by Jacobs and Porter. Furthernore, the effect
appears to be rather strong, for when the val ue of ELASTIC
changes fromO to 1 R& rises by 154 units when all variables are
eval uated at their nmeans. Gven that the nmean level of R&D i s
roughly 30, conpetition appears to induce a rather substanti al
increase in investnments in innovation. It mnust be noted,

however, that only 18. 7% of the firns have a value of 1 for the
vari abl e ELASTI C.

When we consi der the performance of the theories in two
di mrensions, nanely their views of the roles of both industrial
speci ali zati on and of conpetition on innovation, the estimtion
results fromcolum 1 provide clear support for the views of
Porter. As Porter suggests, conpetition and industri al
specialization are the nbost conducive to innovation.

Not e that both collectives and joint ventures perform
significantly | ess R& than state-owned enterprises. This is
consistent with the findings of a survey conducted by Jefferson
et al. (1992) in which over 90% of firns reported that state-
owned enterprises are the principal innovators in their product
l'i nes.

Note that the coefficient on AGE is significantly negative.

We m ght expect age to have a positive effect on R&D: since
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ol der firms have nore experience in conducting R& their R&D

shoul d be nore productive, causing themto spend nore on R&D, al

el se equal. Indeed, as we shall see further belowin a nore
general specification, this negative effect of AGE will becone
statistically insignificant and we will find a positive and

significant influence of AGE on a firms ability to learn from
the spillovers of others.

Note also that, as we anticipated, when firmi expects its
i ndustry to growrapidly it also expects its own output to grow
rapidly, as indicated by the positive, significant estinate

obtained for &, the coefficient on expected narket growmh in the

denom nator of equation (7).

The |l ast row of colum 1 reports the p-value fromthe
Hansen- Newey test for correl ation between instrunents and the
error termof equation (7). The p-value of 0.58 clearly allows
us to accept the null hypothesis that there is no correl ation
between the instrunents and residuals, |ending credence to the
validity of our instrunents.®

Colum 2 explores the possibility that the absol ute size of
an industry in a city is nore conducive to spillovers than
relative size, the latter being captured by SPECI ALI ZATION. As
mentioned earlier, to examne this question we include | NDOUT

the total output of firmi’s industry inits city, as a

"“Recal | that SIZE is used because of the need to instrunent
for firms’ output levels, Q, The results indicate that SIZE and
the other instrunents are able to explain a high proportion of
the variance in firns’ output |evels, as evidenced by the fact
that the R value fromthe first stage regression is .53 for Q,.
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regressor. As we would expect, INDOUT is positively correl ated

wi t h SPECI ALI ZATI ON and negatively correlated with DIVERSITY in
the data. It is not surprising then that the inclusion of | NDOUT
| owers the coefficient on SPECI ALI ZATI ON and raises it on

DI VERSI TY. However, the coefficients on SPECI ALI ZATI ON and

DI VERSI TY remain positive and significant, while the coefficient
on INDQUT is insignificant. 1In short, relative industrial
concentration matters nore than the absol ute size of the

i ndustry.

Colum 3 is identical to colunm 1 except that we now
interact AGE wi th SPECI ALI ZATI ON and DI VERSI TY. The coefficients
on SPECI ALI ZATI ON and (lack of) DI VERSITY remain positive and
significant, although the coefficients on these variabl es have
dropped substantially fromtheir levels in colum 1.

Al t hough the direct effect of ACGE remmi ns negative, it is
now i nsignificant. However, the interaction of AGE with
SPECI ALI ZATION is positive and statistically significant. As
menti oned previously, the experience which conmes with AGE appears
to increase the ability of a firmto benefit fromthe spillovers
of others, inplying that the inportance of specialization rises
rather than declines as the firmmtures. Since a mature
i ndustry is likely to have nore older firnms than a new industry
woul d have, these results generally support the concl usions of
Henderson et al. (1995) that the inportance of SPECI ALI ZATI ON
i ncreases as an industry matures, i.e that within-industry

know edge spillovers can act as an "engi ne" of permanent, self-
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sust ai ni ng growt h.

The coefficient on ELASTIC remains positive and significant,
confirmng that conpetition is conducive to innovation.
The coefficients on JONT and COLLECTI VE renai n negative and
significant, again suggesting that state-owned enterprises
performnore R&D, all else equal. Finally, note that the p-val ue

for the y* test statistic is still 0.58, providing support for

the validity of our instrunents.

V. Concl udi ng Renar ks

The results provided here support the views of Porter: a
speci ali zed and conpetitive environnment causes firnms to i nnovate
faster. Furthernore, it appears that the inportance of
specialization increases as a firmmatures, casting a nore
favorable light than G aeser et al. (1992) on the possibility
that within-industry know edge spillovers may be able to generate
| ong-run grow h.

These results al so provide some support for the popul ar
notion that free trade pronotes growh in total factor
productivity. To the extent that free trade causes greater
i ndustrial specialization and raises the | evel of conpetition,
these results suggest that investnents in innovation will be
hi gher in an open than in a closed trading regine.

Finally, we caution the readers that our sanple consists of
relatively young firns. Although we find that the inportance of

wi thin-industry spillovers rises with firmage, it is conceivable
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that spillovers fromoutside the industry could becone nore

i nportant at sonme future date, even for the older firns in our
sanple. Cearly, greater variation in firmage or |onger tine

series data are needed in order to address these possibilities.
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TABLE 1

| NDUSTRI AL  BREAKDOWN

(Percentage in Parentheses)
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Total Industri al
Qutput in 8 Cities
| ndustries Nunber of Firnms in Sanple in 10 mllion yuan
Food
Bever age
Tobacco
Ani mal Feeds
Textiles 20 (7.7)
Appar el 0 (0.0
Leat her/ Fur 0 (0.0
Wod 3 (1.1)
Furniture 30 (11.5) 609 (4.8)
Paper 0 (0.0) 294 (2.3)
Printing 1 (0.4) 369 (2.9
Househol d Itens 3 (1.1) 162 (1.3)
Pet r ol eum 0 (0.0 739 (5.8)
Basi ¢ Chem cal s 7 (2.7) 382 (3.0)
Dr ugs 7 (2.7) 315 (2.5)
Resi ns 46 (17.6) 106 (0.8)
Rubber Products 0 (0.0 75 (0.6)
Pl astics 14  (5.4) 242 (1.9)
Non- Metal | i cs 0 (0.0 225 (1.8)
Iron and Steel 3 (1.1) 344 (2.7)
Non- Ferrous Metal s 7 (2.7) 342 (2.7)
Met al Products 10 (3.8) 813 (6.4)
Machi nes: Non- el ect 9 (3.4) 562 (4.4)
Transport Equi prent 3 (1.1) 81 (0.6)
Machi nes: Electric 2 (0.8) 221 (1.7)
Communi cati on Equip 33 (12.6) 328 (2.6)
El ectric Appliances 16 (6.21) 340 (2.7)
11 (4.2) 814 (6. 4)
Tot al 8 (3.1) 186 (1.5)
19  (7.3) 479 (3.7)
9 (3.4 1,346 (10.5)
927 (7.2)
261 (100.0) 895 (7.0)
1,527 (11.9)
65 (0.5)



17, 787 (100. 0)

TABLE 2

Manuf act uri ng Qut put and Concentration in 1992

Per cent age of Manufacturing

Total Manufacturing Qut put Accounted for by the
Qutput in 10 MIlion Yuan Four Largest Industries
Fuzhou 939 43
Xi anen 895 45
Quanzhou 129 50
Shenzhen 4,216 35
Guangzhou 2,251 59
Dongguan 613 37
Chengdu 1, 644 48

Chongqi ng 2,099 56



TABLE 3

Correlations in GCties’ Industrial Conposition

1.00
Xi amen  Quanzhou Shenzhen GGuangzhou Dongguan Chengdu  Chongqi ng
0.78
Fuzhou 0. 13 0.78 0.13 0. 27 0. 80 0. 65 0. 32 0. 22
Xi anen 0'2 1.00 0. 29 0. 20 0.79 0. 57 0. 17 0.16
.27
0. 29 1.00 0. 06 0.14 0.53 -0.01 0. 07
Quanzhou 0. 80
Shenzhen 0. 20 0. 06 1.00 0.01 0. 32 0. 49 0. 60
0. 65
Guangzhou 0.79 0.14 0.01 1.00 0.56 0. 17 0. 07
0. 32
0. 57 0. 53 0. 32 0. 56 1.00 0. 15 0. 22
Dongguan 0. 22
Chengdu 0. 17 -0.01 0. 49 0. 17 0. 15 1.00 0.77
Chonggi ng 0.16 0. 07 0. 60 0. 07 0. 22 0.77 1.00

Fuzhou



TABLE 4

MEANS AND STANDARD DEVI ATI ONS OF VARI ABLES

VARI ABLE VEAN STANDARD DEVI ATI ON
| . ENDOGENQUS VARI ABLES
R (Nunber of R&D Personnel) 29.91 204. 04
Q (Firm Cut put) 51. 23 111. 81

ELASTI C

18. 7% have ELASTIC = 1

| NCLUDED EXOGENOUS VARI ABLES

SPECI ALI ZATI ON 1.22

DI VERSI TY 0.52

| NDOUT 67. 80

JA NT 32. 1% have

COLLECTI VE 25. 6% have

AGE 18. 07

g (Expected Market G ow h) 0.18

Gty Dunmies’

FUZHOU 16. 0% have

Xl AMVEN 18. 3% have

QUANZHOU 8. 4%

SHENZHEN 8. 0% have

GUANGZHOU 14. 1% have

DONGGUAN 6. 5% have

CHENGDU 15. 3% have

| ndustry Dunmi es®

FOCOD 8. 8% have

TEXTI LES 11. 8% have

PAPER 5. 7% have

CHEM CALS 13. 0% have

NONVETALS 3. 4% have

METALS 1. 9% have

MACHI NERY 36. 6% have
I11. EXCLUDED EXOGENQOUS VARI ABLES

SI ZE 827. 26

NUMCOWVP 111. 40

TRANSPORT 3. 96

0.91

0. 08

82.74

JONT =1
COLLECTIVE = 1

14. 79

0.13

FUZHOU
XI AMVEN

1
1

have QUANZHOU = 1

SHENZHEN = 1
GUANZHOU = 1
DONGGUAN = 1
CHENGDU = 1

FOOD =1

TEXTILES = 1
PAPER = 1
CHEM CALS
NONMETALS
METALS = 1
MACHI NERY = 1

1
1

2437.12
288. 43
1.99

'The dummy for

i ntercept.

VARI ABLE ( PARAMETER)

CHONGQ NG is omtted

and

is absorbed

into the

*The dummy for "other manufacturing” industries is omtted and is
absorbed into the intercept.

TABLE 5: ESTI MATI ON RESULTS W TH R&D AS DEPENDENT VARI ABLE
(t-statistics in parenthesis)

(1)

(2)

(3)



SPECI ALI ZATI ON*Q (y,)

. 656 . 453 . 344
(5. 25) (2.38) (2.02)
DI VERSI TY*Q () 5 75 8. 10 3 96
(3.77) (2.50) (2.04)
AGE*Q (w) -.039 -.038 -.046
(2.52) (2. 49) (0. 66)
AGE* SPECI ALI ZATI ONQ
(w.) . 016
(2. 24)
AGE* DI VERSI TY*Q ()
- .- -.016
(0.13)
ELASTI C* Y
Q (v 1.65 1. 66 1.39
(2.98) (2.98) (2.77)
*
I NDOUT*Q () . 4.88 x 10-6 L
(0.98)
JANTQ () -1.54 -1.55 -1.36
(2.92) (2.93) (2. 95)
COLLECTI VE*Q (\1/9) -1.65 -1.62 -1. 40
(3.15) (2. 95) (2.89)
FUZHOU* Q (y,,) -.187 . 403 -.700
(0. 30) (0.52) (1.06)
XI AMEN*Q () -. 275 . 135 -.863
(0. 46) (0. 20) (1.38)
NZHOU* -.377 -.151 -1.04
QA Q (v (0.53) (0.21) (1.'39)
-2.06 -2.11 -2.47
SHENZHEN* Q ( y,,) (275) (2. 63) (3. 66)
. 196 .182 -.508
GUANGZHOU*Q (y,,) (0.32) (0.31) (0.65)
1.20 1.79 -.308
DONGGUAN* Q (v,,) (0.78) (1.11) (0.21)
CHENGDU* Q () . 941 1.11 .321
(1.69) (1.96) (0.54)
FOOD* -.206 -. 406 -.339
Q (wy) (0. 94) (1.33) (1.44)
. 656 .338 . 490
TEXTI LES*Q () (1°70) (0.70) (1. 36)
3.29 3.35 2.91
PAPERQ () (2. 40) (2. 30) (2.32)
.193 -. 147 -. 065
CHEM CALS*Q (w,,) (0.63) (0. 35) (0. 20)
. 185 -.074 . 248
NONMETALS* Q () (0.21) (0.08) (0.31)
. 243 -. 146 -.143
METALS*Q (,,) (0.18) (0.10) (0.11)
. 678 . 466 . AT7
NACH NERY* Q ( v,.) (2.63) (1.32) (1. 60)
-2.30 -3.73 -.396
| NTERCEPT* Q (1, (1.87) (1.84) (0.27)
2.50 2.42 2.49
(14.74) (11.62) (17.92)

g, (N

¥* Test Statistic
(p val ue)

I NTERCEPT (- p)

Adj usted R



-16. 83
(1.38)

. 383

17.20
(0. 58)

-11.59
(0.'99)

. 372

17.90
(0.53)

-18.51
(1.52)

.421

17.17
(0.58)
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Abstract: W exam ne the theories of Jacobs, Porter, and Marshall -
Arrow Romer concerning the econom c environnents nost conducive to
i nnovation. Enploying data on relatively young firns from China' s
t echnol ogi cal | y-dynam ¢, coastal region, we find that cities which
are industrially specialized and which have strong degrees of
conpetition provide the greatest stimulus to firns’ R&D
expenditures, a set of findings consistent with the views of
Porter. Furthernore, the benefits of specialization increase as
firms mature, providing some support for the view that wthin-
I ndustry spillovers can be an "engi ne" of |ong-run grow h.
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