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Abstract 

China's cross-regional data are used to test a spatial model in which 

some relationships among transportation costs, the number of firms, fixed 

capital investment, and institutional arrangements arise endogenously. We 

- show that the number of firms is positively related to transportation costs, 

and inversely related to firm's average fixed capital investment. Market 

mechanism generates more firms than planned mechanism does. 
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1. Introduction 

The number of firms is generally investigated by industrial 

organization economists and is widely concerned by policy makers because it 

affects the industrial structure through which consumers' welfare is 

influenced. 

Conceivably, technology and transportation costs are important 

determinants for the number of firms. The conventional wisdom for the 

number of firms is the theory of minimum efficient scale. This theory ignores 

the fact that the number of firms also depends on the location distribution of 

firms. The location distribution of firms is a function of transportation costs. 

The ability of a firm to exploit scale economies can be limited by 

transportation costs. The reorganization of the industrial structure often 

results from improving transportation facilities (Mohring and Williamson, 

1969).1 

Economic system also plays a role in determining the number of firms. 

Decentralization, transition from a planned economy to a market economy, 

and industry deregulation usually accompany an increasing number of firms. 

The decisions on decentralization taken by the Hungarian government from 

1980 to 1986 stopped the decline in the number of firms, which had lasted for 

decades (Bago and Mora, 1989). The transition from planned economies to 

market economies in China, Eastern European countries, and the republics 

from the former Soviet Union also witnessed a dramatic increase of the 

number of firms. 

Any two or three variables among transportation costs, economies of 

scale, institutions, and industrial structure have been investigated in the 

literature of industrial organization, economics of transportation and 

regional economics. A gap between theoretical studies and empirical studies 

still exists, however. The purpose of this paper is, in Section 2, to construct a 

well-specified simple model economy, and to derive some relationships 

among the number of firms, transportation costs, fixed capital investments 

and the institutional arrangements. China's cross-regional data are collected 

in Section 3. We then use the data to test the model in Section 4. Finally, in 

I Transportation is a crucial element for specialization, expansion of the market, and industrialization, 
which was emphasized by as early as Adam Smith (1937). 
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Section 5, policy implications are derived from the empirically tested 

theoretical model. 

2. The Model 

Following Salop (1979), we assume that consumers are located 

uniformly on a circle with a perimeter equal to 1. Each consumer wishes to 

buy one and only one unit of the good. There are n firms. Firms are located 

on the circle symmetrically, and produce the same homogenous product. Like 

in Salop's model, we assume that the travel cost is linear, that is the travel 

cost is tx , where t is a positive constant and x is the travel distance. Two 

interpretations to this formulation of transportation costs are available. One 

is that a consumer who lives x (miles) from the shopping center (where the 

firm is located) need to spend tx on transportation in order to buy one unit of 

the good he or she wants to consume. The other interpretation is that the 

firm needs to spend tx on transportation in order to bring the good to the 

consumers who live x (miles) away from the firm location. We adopt the 

first interpretation in this paper. Assume free entry and symmetry among the 

firms. 

Each firm faces the same technology which is given by the following 

cost function: 

TC=cy+F 

where y is each firm's output, F is the fixed capital investment, c is the 

marginal cost, TC is the total cost. 
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Figure 1 

Firms are strategic players. They choose their price to maximize their 

profits while taking other firms' prices as given. 

An individual firm's problem is 

Max 2px - 2cx- F 
p 

Each consumer will buy the product from the cheapest source. The 

total cost of each unit of the product for the consumer will be the sum of the 

product price and the travel cost. From the model assumptions, each 

consumer will choose to buy the product between his (or her) two 

neighborhood firm locations. Suppose one firm charges p, the other firm 

. charge p'. The distances between his residence location and these two firms' 

locations are x and.!. - x respectively. Therefore, the point x for the consumer 
n 

to be indifferent between buying from the two firm locations satisfies 

1 
p + tx = p' + t( - - x) 

n 

We then have, 
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, t 
P -p+-

x=------'-"-n 
2t 

Therefore, the firm's problem becomes 

t t 
p( P' + P + - ) c(p' - p + - ) 

Max n n -F 
p t t 

The first order condition for profit maximization implies that 

, t 
p-p+-

n P c ---.!..!:..--+-=O 
t t t 

The same technology for all firms and symmetry of firm locations 

imply that 

p'=p 

and also 

1 
x=-

2n 

Then the first order condition becomes 

and 

or 

t 
p-c=

n 

t 
p=c+- , 

n 
which is the mark-up pricing rule. 

Free entry implies that 
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2px-2cx-F=O, 

that is, 

2x(p-c) = F (3) 

Substituting (1) and (3) into (2), we have 

n*=# (4) 

and each firm's output will be 

Proposition 1. The number of firms is positively related to the 

transportation costs, and inversely related to the fixed capital investment 

under market mechanism. 

Comparative statics at the competitive equilibrium are straightforward 
as the exogenous technological or transportation parameters F and t vary. 

As fixed capital investment rises, the number of firms falls. As transportation 

costs fall, the number of firms also falls. 

Let us turn to the social planner's problem. The total social cost is the 

sum of total fixed cost, total variable cost and the total transportation cost. 

Notice that the total variable cost is independent of the number of firms. The 

- social planner solves the following problem: 

1 

~in nF + 2n fo2n txdx , 

which is equivalent to 

t 
Min nF + -. 

n 4n 
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The first order condition for social cost minimization implies that 

F __ t_=O 
4n2 

Then the number of firms will be 

and each firm's output will be 

•• 2~ Y = -
t 

We state the above results as 

(5) 

Proposition 2. Under the planned system, the conclusion in 

proposition 1 still holds. 

Therefore, the qualitative relationships among number of firms, fixed 

capital investment, transportation costs are robust to the economic 

institutional arrangements. But comparing (4) with (5), we see 

Proposition 3. There exist too many firms under market mechanism. 

Proposition 3 also can be interpreted as follows: under the same 

transportation and technology conditions, a transition from a planned 

-economy to a market economy brings more firms to the market. This is 

confirmed by China's experience in the 1980's and the experiences from the 

republics of the former Soviet Unions and Eastern European countries. The 

other side of the story is also true. A switch to a centrally planned economic 

system would reduce the number of firms2 • 

If we drop the linear travel cost assumption, instead we assume 

quadratic travel cost like Li and Wang (1993), the above three propositions 

2 A similar result is obtained by Anderson and De Palma (1992), which is derived from a nested logit 
model. 
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still hold in a similar way. Therefore, the qualitative relationships among the 

number of firms, fixed capital investment, transportation cost and 

institutional arrangements are robust to the transportation cost formulations. 

Berliant and Wang (1993) introduced the utility cost of travel time and 

the set-up cost of marketplaces into a spatial model to develop a general 

equilibrium model to endogenously generate a linear city. Their model also 

implies that the optimal market structure is concentrated with high set-up 

costs. Flynn (1993) empirically explored the relationship among sponsorship, 

infrastructure, and new organizations to investigate the effects of public 

sponsorship, and regional infrastructure on the emergence and survival of 

new organizations. 

Taking logarithm with equation (4) and (5), we have 

1 1 
In(n) = -In(t) + -In(F) 

2 2 

111 
In(n) = In( -) + -In(t) + -In(F) 

2 2 2 

Combining the above three propositions, we see that market 

mechanism, transportation costs positively contribute to the number of firms, 

while fixed capital investments negatively contribute to the number of firms. 

Naturally, we have the following empirical specification: 

In(n;) = a) +a2 In(t;)+ a3 In(F;)+a4D; + c; 

i = 1,2, ....... , N. (6) 

where n; are the number of firms, t; are the transportation costs, F; are the 

. fixed capital investments, D; is a dummy variable which equal to one for 

market environments and zero if a planned mechanism plays a big role, c; is 

an independently and identically distributed random variable with mean 
E[c;1=O, variance E[(C;)2] = 0.2, and covariance E[(c;cj)]=O for i::tj, and N is 

the sample size. 

3. The Data 
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The transition from a planned economy to a market economy in China 

provides us rich data for our estimation. We use the Chinese data of 

township and village enterprises (TVEs) in 1991. The following reasons help 

us to pick up the data of township and village enterprises as our concerns. 

First, the development of township and village enterprises in China in 

the past 15 years is a dramatic event, which has changed the structure of the 

Chinese economy, and helped to push the Chinese economy into the second 

largest economy in the world (Feng, Gong and Li, 1994). 

Second, the developments of transportations and the township and 

village enterprises in China are remarkably uneven across regions. The 

mainland China has 30 provinces, autonomous regions and municipalities 

(directly under the central government). We exclude Beijing, Shanghai and 

Tianjin (which are the three municipalities directly under the central 

government), and Tibet (in which the township and village enterprises have 

not developed yet). Therefore, our sample size is 26. We divide these 26 

regions into two groups. One group consists of the 9 provinces (Fujian, 

Guangdong, Guangxi, Hainan, Hebei, Jiangsu, Liaoning, Shandong, Zhejiang) 

in the Eastern coastal area, and the other group consists of the 17 provinces 

(Anhui, Gansu, Guizhou, Heilongjiang, Henan, Hubei,Hunan, Inner 

Mongolia, Jiangxi, Jilin, Ningxia, Qinghai, Shaanxi, Shanxi, Sichuan, 

Xinjiang, Yunnan) in Middle China and Western China. This division is 

natural and is consistent with that made by the World Bank in the research 

on China's regional development. 

The most important point about this division is that the year 1991 is 

the last year that the township and village enterprises developed under 

different policies. The market economy was developed unevenly in China. 

The eastern coastal area in China is far ahead of the Middle and Western 

China in developing a market economy. In early 1992, the Chinese 

government issues a document to speed up the development of the township 

and village enterprises in Middle and Western China. A much more market

oriented policy is implemented in these areas. For testing our theory, we 

assume that the township and village enterprises in the coastal area are in a 

market economy environment, while those in Middle China and Western 

China are in a planned economy environment due to the above policy 

factors. 
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Table 1. Data for Estimation 

Region Population # of Township # of Village Fixed Capital 

(million) Enterprises Enterprises Investments 

Hebei 61.08 18561 51299 9659.05 

Shanxi 28.76 7325 40669 5722.97 

Inner Mongolia 21.46 5776 5367 1146.03 

Liaoning 39.46 12330 34058 8758.08 

Jilin 24.66 7213 12586 2104.46 

Heilongjiang 35.22 8020 16109 2506.22 

Jiangsu 67.06 33754 71477 28934.43 

Zhejiang 41.45 31900 49624 15534.20 

Anhui 56.18 22483 29733 4223.61 

Fujian 30.05 11878 42001 5037.43 

Jiangxi 37.71 17524 38407 2699.30 

Shandong 84.39 23148 130289 25043.21 

Henan 85.53 14356 57355 8797.62 

Hubei 53.97 18644 103990 6451.25 

Hunan 60.66 24113 80018 5307.47 

Guangdong 62.83 23949 90891 24858.67 

Guangxi 42.24 8833 15621 1879.47 

Hainan 65.58 1301 991 282.00 

Sichuan 107.0 44740 92916 8201.70 

Guizhou 32.39 5229 2626 985.91 

Yunnan 36.97 5801 20325 2383.83 

Shan'axi 32.88 10877 30138 2872.43 

Gansu 22.37 6242 6136 1399.88 

Qinghai 44.57 842 761 222.35 

Ningxia 46.55 1415 1196 399.88 
Xinjiang 15.16 4349 2590 980.49 

Table 1 (continued). Data for Estimation 
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Region Kilometers of Kilometers of Kilometers of Location* 

Railways Internal Highways 

Waterways 

Hebei 2977 75 45464 1 

Shanxi 2332 170 31040 0 

Inner Mogolia 5081 602 43396 0 

Liaoning 3562 508 40195 1 

Jilin 3472 1114 27110 0 

Heilongjiang 4997 0 47188 0 

Jiangsu 748 23670 24929 1 

Zhejiang 871 10617 29218 1 

Anhui 1544 5528 30448 0 

Fujian 1015 3888 41745 1 

Jiangxi 1581 4937 33222 0 

Shandong 2024 1861 41937 1 

Henan 2084 1110 44199 0 

Hubei 1690 7907 47661 0 

Hunan 2271 10110 57693 0 

Guangdong 684 10857 55307 1 

Guangxi 1665 4521 36660 1 

Hainan 219 264 12922 1 

Sichuan 2876 7804 98122 0 

Guizhou 1419 1773 31588 0 

Yunnan 1625 1130 58123 0 

Shananxi 1826 843 38193 0 

Gansu 2219 219 34776 0 

Qinghai 1094 0 16769 0 

Ningxia 428 397 8200 0 

Xinjiang 1342 0 25697 0 

Notes: *In the location column, 1 stands for coastal province, 0 stands for that the province is 

located in Middle or Western China. 

Sources of data: Statistical Yearbook of China, 1992. 

Table 2. Length of Coastline for the Coastal Provinces 

(in kilometers) 
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Region Hebei Liaoning Jiangsu Zhejiang 

Length 500 2100 1000 2200 

Fujian Shandong Guangdong Guangxi Hainan 

3300 3000 2800 1500 1500 

Sources of Data: Atlas of the People's Republic of China, Beijing: Maps Press, 1984. 

4. Empirical Analysis and Results 

We test our model with the cross-regional data from China's township 

and village enterprises. To implement our model empirically, we use a proxy 

for the transportation cost, which is the population in a given region divided 

by total kilometers of railways, highways, and waterways in that region. We 

treat one kilometer of coastline as equivalent to 10 kilometers of internal 

waterways (Yearbook of China's Transportation, 1992). The denser the 

population in a region, the higher the transportation costs. The average fixed 

capital investment is the net total fixed capital investment in township and 

village enterprises divided by the total number of township and village 

enterprises. 

The regression results are as following: 

In(n;) = -1.04+ 2.00In(t;) - O. 94In(F.) + 1.42D; 
(2.40) (0.32) (0.40) I (0.37) 

R2 =0.70 (7) 

Adjusted R2 = 0.66 

where the numbers in the parentheses are standard errors. 

Equation (7) presents the regression of the logarithm of the number of 

. firms on the logarithm of the transportation cost and the logarithm of the 

fixed capital investment and the dummy variable representing different 

institutional arrangements. The overall regression results strongly support 

our model. First, the coefficients on the transportation cost, the fixed capital 

investment and the dummy variable for the institutional arrangements have 

signs that accord with the model's predictions. The coefficient on the 

transportation cost is significant at 1% level (t > 2.576). The coefficient on the 

fixed capital investment is significant at 5% level (t > 1.96). The coefficient on 
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the dummy variable is significant at 1% level (t > 2.576). Second, these three 

variables explain a large fraction of the cross-region variation in the number 

of firms in our sample, the degree of the fit of the regression is 0.70. 

In any sense, a kilometer of railways, highways, and waterways cannot 

be treated uniformly for providing transportation services. We weight 

railways, highways and waterways according to the intensity of the freight 

transport services they provide. We have the regression result which is 

shown in equation (8). We also weight railways, highways and waterways 

according to the intensity of the passenger transport services they provide 

respectively. We have the regression result which is shown in equation (9). 

In(nr ) = -3.56+ 1.97In(t)-0.84In(F)+ 0.92D; 
(2.74) (0.31) (0.40) (0.37) 

R2 =0.71 (8) 

Adjusted R2 = 0.67 

In(n) = -2.89+ 1. 97 In(t) -0.86In(F;)+0.58D; 
(2.64) (0.31) (0.40) (0.38) 

R2 =0.71 (9) 

Adjusted R2 = 0.67 

These results do not change our results qualitatively. Therefore, with a 

wide range of treating transportation costs differently, the empirical results 

support our model predictions. 

5. Conclusions and Policy Implications 

We have used China's cross-regional data of township and village 

enterprises to test a fully specified spatial model to investigate the 

relationship among the number of firms, transportation cost, fixed capital 

investment, and institutional arrangements. The model predicts that, under 

either market mechanism or planned mechanism, the number of firms is 

positively related to the transportation cost and inversely related to the firm's 

fixed capital investment. Under the same transportation and technology 

conditions, market mechanism generates more firms than the planned 

mechanism does. Our empirical specification is based on the implications of 
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the model. Our empirical results fully support our model. Based on these 

consistencies, the following policy suggestions are derived. 

First, for the economies in the process of transition, the transition from 

a planned economy to a market economy may double or triple the number of 

firms, which, the theory suggests, may not be efficient. Therefore, entry 

regulations, for example, license system, minimum capital requirement, etc., 

for the new firms, are necessary. 

Second, reducing transportation costs,' or generally, improving 

infrastructure, can strengthen firms' competitiveness, especially in the 

international market. Competitiveness in the international market requires 

certain scale. Reducing transportation costs leads to a decrease of the number 

of firms, which increases the scale of firms. This is especially important for 

developing countries, since infrastructure is almost always a "bottleneck" for 

their development. 

Third, one focus for formulating and implementing business 

regulations should be the consideration of geography and location. Total 

social costs can be reduced by properly locating firms. 
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