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ABSTRACT

This paper develops a method for decomposing the contributions of various types
of public investment on regiona inequality and gpplies the method to rurd China. Public
investments are found to have contributed to production growth in both the agriculturd
and rura non-agricultura sectors, but their contributions to regiond inequadity have
differed by type of investment and the region in which they are made. All types of
investment in the least- devel oped western region reduce regiond inequdity, whereas
additiond investmentsin the coasta and centrd regions worsen regiond inequdity.
Investmentsin rura education and agriculturd R&D in the western region have the

largest and most favorable impacts on reducing regiond inequdity.
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Public Investment and Regional Inequality in Rural China

Xiaobo Zhang and Shenggen Fan’

1. INTRODUCTION

There has been along debate on the role of public investment in economic growth
(Aschauer, 1989; Barro, 1990; Munnell, 1992; Tatom, 1993; Gramlich, 1994; Holtz-
Eakin, 1994; Evans and Karras, 1994; Garcia-Milaet al., 1996). Public investments can
be dlocated to various public goods, such as research and development (R&D),
infrastructure, and educeation. Different public goods have different characterigtics and
externdities and may, therefore, have different impacts on growth and equity. However,
most theoretical and empirica studies focus on ether just one type of public investment
or on tota public investment, and ignore differences among dternative types of public
investments. Using just one type of public investment often leads to overestimation of its
returns (Antle, 1988; Griliches, 1988), while usng aggregate government investment
measks important policy information about which public investments deserve highest
priority.

Apat from their role in growth, different types of public invesments are dso key

insruments for governments to use in reducing regiona inequdity (World Bank, 1994).

" Xiaobo Zhang and Shenggen Fan are Post-Doctoral Fellow and Senior Research Fellow, respectively,
Environment and Production Technology Division, International Food Policy Research Institute,
Washington, D.C. The authorswould like to acknowledge the helpful comments from Peter Hazell and
seminar participants at IFPRI.



But gpart from Martin (1999) and Jacoby (2000), there have been few studies that attempt
to invedtigate both the regiond equity and growth impacts of public investments. Jacoby
(2000) found that investmentsin rura roads have a positive impact on growth but an
ambiguous effect on regiond inequdity in rurd Nepd. Usng atwo-region endogenous
growth mode, Martin (1999) explored the link between road infrastructure and regiond
inequdity. Since both studies do not consider other public investments besides roads,
they have limited relevance for policy makers who must choose between different types
of investments aswell asinvesment levels

In this sudy, we develop a framework to assess the impact of various forms of
public investment on growth and regiond inequaity usng Chinaas an example. The key
hypothesis we want to test is that different types of public investment have different
impacts on regiond inequality. We will congder sx mgor types of public investment in
thisstudy --- roads, education, eectrification, telephones, irrigation, and agriculturd
R&D.

There are two reasons to choose China as an example. Firgt, the Chinese
economy has grown rapidly over the past two decades at an average annual rate of about
10 percent while regiond inequality has increased sgnificantly (SSB, 1998). Second,
because of huge regiond differences in geography and resource endowments, China has
meade sgnificant public investmentsin some regionsin an atempt to overcome natura
congraints and reduce regiond inequaity. The dramatic increasein regiond inequdity
despite rgpid growth and an active public investment strategy in China provide a good
test for our hypothess. Since the rurd population still accounts for over 60 percent of the

total population in China, and since most of the poor are concentrated in rura aress, we



focus our study on the rurd sector.  Although there are numerous studies that attempt to
describe and explain China s regiona inequdity (Lyons, 1991; Tsui, 1991; Yang, 1999;
and Kanbur and Zhang, 1999), previous studies have not systematicaly examined the
role of public investment in changing regiond inequdity.

One condraint to ng the distributional impact of public invesment isthe
lack of asuitable analytica framework to decompose the contributions of production
factors and public invesment on regiond inequdity. In the literature, inequdity is
decomposed based on either exogenous population groups or income sources (Shorrocks,
1982, 1984). The digtributional effect of production factors and public investment cannot
be directly andyzed with these frameworks, hence we develop a new approach based on
Shorrocks decomposition methods.

The paper is organized asfollows. Section 2 describes recent trendsin growth
and regiona inequdity in China. Section 3 develops our conceptua framework. Section
4 provides our estimates of the agricultural and non-agriculturd production functions
needed to decompaose the sources of regiond inequdity. A smulation is conducted in
section 5 to evauate the margind impacts of public invesments on inequaity amongst

three regions. Section 6 highlights our conclusions and policy implications.

2. GROWTH AND REGIONAL INEQUALITY IN CHINA
During the past two decades, Chinese agriculture has experienced phenomend
economic growth. This rapid growth followed the policy reforms of the early 1980s has
dimulated numerous studies andyzing the sources of this growth (eg. McMillian et al.,

1989; Fan, 1991, Lin, 1992; and Fan and Pardey, 1997). Following the traditiona growth



accounting approach (Solow, 1957; Denison, 1962), most of these studies attempted to
andyze the impact of inditutiona changesin addition to increases in the use of inputs on
production growth during the reform period (from the end of the 1970s to the beginning
of the 1990s).

Fan and Pardey (1997) were thefirst to point out that omitted variables such as
agriculturd R&D investment would bias the estimates of the sources of production
growth. To address this concern, they included a research stock variablein the
production function to account for the contribution of R& D investment to rapid
production growth, in addition to inputs and inditutiond changes. They found that
ignoring the R& D variable in the production function leads to a sgnificant
overestimation of the impact of ingtitutiona change.

In addition to R& D investment, government investmentsin roads, dectrification,
education, and other public goods and services in rurd areas may have aso contributed to
the rgpid growth in agriculturd production. Omitting these variables will dso likely bias
the estimates of the production function for Chinese agriculture.

Despite the phenomena development of the rurd non-farm sector in China, very
few researchers have analyzed the sources of growth of thisincreasingly important
sector. The only exception is Fan, Zhang, and Robinson (1999), in which they
decomposed the sources of growth into growth in capital and labor. But they falled to
include public investment directly as a source of growth. One of the motivations of this
Sudy isto include these public investment variables when estimating the production
functions for agriculture and non-agriculture, and to calculate the differential impact of

these investments on regiond inequdity.



Another feature of the Chinese economy isthat the gains from the policy reforms
have not been evenly didtributed acrossregions. The difference in the growth rates
between the coastal and inland regions has been as high as 3 percentage points during the
past two decades and regiond inequality for China as awhole has increased significantly
(Kanbur and Zhang, 1999). China has implemented a coast- biased devel opment policy
with alarge portion of public investment concentrated in the coadtd region. Itis
legitimate to speculate that the skewed distribution of public investment might be an
important factor behind the increase in regiond inequdity.

In order to better analyze these issues, we divide Chinainto three zones: the east
or coagtd zone which includes Hebel, Liaoning, Shandong, Jangsu, Zhgiang, Fujian,
Guangdong, and Guangxi provinces, the central zone comprising Shanxi, Inner
Mongolia, Anhui, Jangxi, Henan, Hube, and Hunan provinces, and the west zone
comprising al remaining provinces. Tibet is excluded dueto lack of data. Hainanis
included in Guangdong Province. Beijing, Shanghai, and Tianjin are excluded because
of ther smdl share of rurd areas and population.

Table 1 compares key characteristics of the three zonesin 1978 and 1995, using
the western region as a base. Labor productivitiesin the agricultural and non-agricultura
sectors were higher in the coastal and central regions than in the western region in 1978.
In addition, the productivity gaps between the western and other regions increased
sgnificantly between 1978 and 1995. For instance, the difference in agricultura labor

productivity between the coastal and western zones rose from 1.03 to 1.76.



Table 1-Characteristics of the Coastal and Central Regions Relativeto the Western
Region

Y ear and Characteristics Coastd Central
1978
Agricultural GDP/ Labor 1.03 112
Rura non-agricultural GDP/ Labor 1.53 1.29
Capital/Labor

for agricultura production 0.69 0.55

for non-agricultura production 1.20 1.75
Road density 2.97 1.93
Education leve 1.79 1.27
Electrification 1.46 1.45
Phone (rurd communication) 2.26 1.52
The portion of irrigated area 154 112
Agricultural R&D per capita 0.40 0.41
1995
Agricultural GDP/ Labor 1.76 1.50
Rurd non-agriculturd GDP / Labor 1.74 1.55
Capital/Labor

for agricultura production 1.13 0.98

for non-agricultura production 3.20 1.37
Road density 3.97 1.84
Education leve 124 1.24
Electrification 3.37 1.36
Phone (rurd communication) 10.43 243
The portion of irrigated area 1.46 1.02
Agriculturd R&D per capita 0.78 0.53

Sources. Authors' cdculations based on the data from SSB publications.

Notes: 1.The coastd zone includes the following provinces: Hebel, Liaoning,
Shandong, Jangsu, Zhgiang, Fujian, Guangdong, and Guangxi. The centra
zone contains Shanxi, Inner Mongolia, Anhui, Jangxi, Henan, Hubel, and
Hunan. The remaining provinces are classified as the western zone. Tibet is
excluded dueto thelack of data. Hainan isincluded in Guangdong Province.
2. All numbers are expressed as ratios of the corresponding value for the
western region.



Not only hasthe gap in labor productivity increased, but dso has the disparity in
input use. For example, the capitd labor ratio for non-agricultural production was 20
percent higher in the coastal zone than in the western zonein 1978. By 1995, this
difference has increased to 220 percent. The most notable gap is the difference in the
number of rura telephones per rura resdent among zones. 1n 1978, the coasta region
had 126% more telephones per capita than the western region, and this gap increased to
943% by 1995. Comparing public capitd stocks among different regions, only the gaps
in education and irrigation levels have narrowed between the western and coastal regions.
In comparison, the differences in public capitd stocks between the coastal and western
regions have changed rather modestly. It appears that the increased disparity in output
levels among regions might have been caused in large part by differencesin public
investment. However, we need a more forma model to quantify the contributions of

various investments on overd| inequdity.

3. CONCEPTUAL FRAMEWORK
We assume that each region has the same agricultura and non-agricultura
production functions at a given time but thet they lie at different points on the production
surfaces. Following standard procedures in the literature, we assume that the agricultural
and non-agricultura production functions are of Cobb-Douglas form, with k conventiona

inputs and m public inputs as follows.
A Ju]

Y=AQ X" QP «y
i=1 IE

where Y =tota Gross Domestic Product (GDP),



A = intercept,

Xi = conventiona inputs such as labor, capita, and land,
P; = public investments such as roads and R&D,

b = output eadticity with respect to conventiond input i,
g = output elagticity with respect to public investment j.

The logarithmic form of equation (1) is given by:

k m
y=a+ébixi+é.gjpj+ea 2
i

i=1
where lower casesindicate logarithms. An error term eis added to represent stochastic
shocks to output and is assumed to be unrelated to the other variables.

Following Shorrocks (1982), the variance of y in equation (2) can be decomposed

as.
k m

s2(y) =g oov(y, bx)+§ cov(y,g p,) +cov(y, )
i=1 j=1

k m
=a b cov(y, X)+a g, cov(y, p;)+cov(y, €)
i=1

j=1

k m
=8 b cov(y, x)+Q g, cov(y, p,) +s?(e), 3
i=1 j=1

where s%(y) isthe variance of y and cov(y, - ) represents the covariance of y with other
varigbles. Since dl the right-hand side variablesin equation (2) are not correlated with

the error term, the covariance of y and eisequd to the variance of @ Conddering that y

isdready in logarithmic form, s ?(y) isastandard inequality measure known as the
logarithmic variance (Cowell, 1995). It hasthe property of invariance to scale.

According to Shorrocks (1982), the covariance terms on the right-hand-side of (3) can be
regarded as the contributions of the factor components to total inequdlity.

Using egtimates from (2) and applying the above decomposition method from (3),



we are able to quantify the contributions of various public investments on regiond
inequdity in agriculturd GDP and non-agricultural GDP. Moreover, it isaso possbleto
calculate the impact of public investments on regiond inequdlity in totd GDP. For this
purpose, we assume a Cobb-Douglas aggregation over sectors, and then regress the
logarithms of agricultural GDP and non-agricultural GDP on the logarithm of total GDP
asfollows

y=ay, +a,y, (4)

wherey, y;, and y, are GDP, agriculturd GDP, and nonagricultura GDPin
logarithms, respectively; and a; and a, are the dadticities of y; and y, with respect to .
After edimating y; and y, based on (2), we can subdtitute the estimates into the aggregate
GDP function (4) and then decompose the contributions of different inputs and

investments on inequdity in totd GDP, again usng equation (3).

4. DATA AND EMPIRICAL RESULTS

DATA

A pand data st including 25 provinces over the period 1978-1995 was
congtructed from various governmental data sources. We divided tota rurd GDP into
agriculturd GDP and rurd non-agriculturd GDP to reflect differencesin their underlying
production structures. Both nominal GDP and real GDP growth indices for various
sectors are available from The Gross Domestic Product of China (State Statistical Bureau
(SSB), 19974). The data sources and method of congtruction of nationa GDP estimates
were published by the State Statistical Bureau (SSB, 1997b). This publication indicates

that the SSB has used the U.N. standard SNA (system of nationa accounts) definitions to
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estimate GDP in Mainland Chinafor the period of 1952-95. Thisisthefirg time thet the
SSB has published historical GDP information &t the province leve for such along

period of time. We assume prices were the same for dl provincesin 1980. Under this
assumption, real GDP egtimates for the whole period can be derived from nomina GDP
datafor 1980 and the published annud growth ratesin rea GDP.

In the empirical andysis, we consder both agriculture and non-agriculture
production. Our specification of the agriculturd production function includes
conventiona inputs (land, labor, and capitd) and public investment goods such as roads,
education, irrigation, eectrification, rurd telephones and agriculturd R& D capita
generated by government investment. Additiondly, we include annud rainfal to reflect
regiond differencesin natura production conditions. Our specification of the nor
agriculturd production function includes dl the same variables except land, irrigation,
agriculturd R&D, and rainfall.

Since the data sources for the above input variables can be found in Fan, Zhang,
and Zhang (2000), we only briefly introduce the definitions of these variables. Labor is
measured in stock terms as the number of persons at the end of each year. Capital stocks
are caculated based on gross capital formation and annud fixed asset investment and
adjusted with appropriate price index and depreciation rates. Land refersto arable land
area. The average years of schooling among the rural population is used as the measure
of education. Theirrigation variable is expressed as theratio of irrigated areato tota
aableland. Roads are measured in density form, i.e. road length in kilometers per
thousand square kilometers of geographic area. Electricity and rura telephones are the

average eectricity consumption and number of rura telephones per rura resident.
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The R&D variable is measured in stock form, and is defined as a function of past
government expenditures on agriculturd R&D. For smplification, we assume that the
R&D stock follows a polynomid distributed lag (PDL) of degree 2. Based on available
data and econometric tests, the lag length isset a 17 years. This means we only need
estimate three parameters to obtain al the parameters of a 17-year lag Structure. For

additiond details on the method, see Davidson and MacKinnon (1993).

RESULTS
Agriculturd and non-agricultural GDP functions were estimated based on

equation (2). Year and region dummies were included in the equations to capture time
and region-invariant fixed effects. The estimated coefficients are reported in Table 2.
Most of the coefficients for the year and region dummy variables (which are not reported
in the table) are statistically significant. The adjusted Res for the agricultural and nor
agriculturd GDP functions are high a 0.966 and 0.949, respectively, implying good fits.
All the coefficients in the estimated agricultural GDP function are positive and,
except for roads, are dl satigticaly sgnificant at the five percent confidence level. The
summation of the coefficients for conventiona inputs— labor, capital and land, is 0.993,
suggesting congtant returnsto scale. In China, labor is abundant and land is scarce, hence
one should expect that the dadticity of land would be larger than that of labor. Thisis
confirmed in Table 2; the dadticity of land is 0.56 while the dadticity of Iabor is 0.36.
The coefficient for irrigation - aland-enhancing technology - is aso sgnificant at 0.318.
These reaults are conggtent with the induced innovation hypothesis (Hayami and Ruttan,

1985).



Table 2-Estimated Production Functionsfor Agricultural GDP and Rural Non-
agricultural GDP

Variables Agriculturd GDP Rural Non+agriculturd GDP
Labor 0.364** 0.500**
(0.042) (0.041)
Capital 0.068** 0.506* *
(0.017) (0.041)
Land 0.561**
(0.039)
Road 0.012 0.138**
(0.026) (0.037)
Education 0.340** 0.366**
(0.089) (0.172)
Electricity 0.055** 0.128**
(0.027) (0.040)
Telephone 0.110** 0.241**
(0.017) (0.033)
Irrigation 0.318**
(0.025)
Research 0.030**
(0.013)
Ranfdl 0.225**
(0.027)
Adjusted R 0.966 0.949
Note:

1. All vaidblesarein logarithms. Two regiona dummies wereincluded in the
model, but the results are not reported here.

2. * and ** indicate statistical significance at the 10% and 5%, respectively. Figures
in parentheses are standard errors.

Among the X types of public investment goods, education and irrigation have
the largest and second largest output dadticities. The eadticities for roads and
agriculturd R&D arerdativdy smdl.

Turning to the rurd non-agriculturd GDP function, dl the coefficients are
sgnificant and postive. The sum of the coefficients for the conventiona inputs (capita

and labor) is aso about one, suggesting that there are no economies or diseconomies of



13

scale. Education is the mast significant contributing public investment to rura non-
agricultural GDP. Rura telephone services and roads have the second and third largest
effects on non-agriculturd output.

Figure 1 shows the time paths of regiond inequaity in agriculturd GDP, rurd
non-agricultural GDP, and total GDP from 1978 to 1995. Regiond inequality in
agricultura GDP did not change much over this period, but inequdity in non-agriculturd
GDP doubled. Inequdlity in tota GDP doubled from 0.751 in 1978 to 1.510 in 1995, and
this was dmogt entirdly due to worsening inequaity in non-agriculturad GDP. This

confirms smilar findings by Rozelle (1994).

Figure 1 Regional Inequality from 1978 to 1995
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Given the estimated coefficients for the two GDP functions, we can now apply the

inequality decomposition method outlined in equation (3). Tables 3 through 5 report the
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contributions of each factor in share form to regiond inequdity for agricultural GDP,

non-agricultural GDP and total GDP, respectively.
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TABLE 3—-Contributions of Input Factorsto Regional Inequality in Agricultural GDP

Year Inequdity Capita Labor Land  Education Irrigation Roads  R&D Elec. Phone Public
Coefficient Investment’
1978  0.681 0.053 0370 0.371 0.049 0.069 0008 -0.012 0.002 -0.007 0.110
1979  0.697 0.052 0371 0334 0.032 0.097 0008 -0.011 0.005 -0.007 0.124
1980 0.695 0052 0369 0.324 0.027 0.104 0.007 -0.011 0.003 -0.007 0.124
1981  0.680 0.053 0367 0.340 0.027 0.097 0007 -0.010 0.007 -0.003 0.125
1982  0.702 0.052 0363 0.325 0.021 0.101 0007 -0.009 0.005 -0.002 0.124
1983  0.680 0052 0366 0.331 0.023 0.105 0.007 -0.009 0.000 0.002 0.128
1984  0.677 0.052 0362 0.338 0.025 0.104 0.007 -0.011 0.000 0.002 0.126
1985  0.661 0.052 0364 0.344 0.028 0.097 0.008 -0.012 0.001 0.004 0.127
1986  0.633 0.052 0369 0.348 0.031 0.094 0007 -0.012 0.005 0.004 0.130
1987  0.665 0.050 0353 0.340 0.034 0.093 0007 -0.012 0.002 0.005 0.129
1988  0.632 0.051 0362 0.352 0.044 0.093 0.007 -0.011 0.003 0.004 0.140
1989  0.641 0.047 0361 0.340 0.041 0.096 0.007 -0.008 0.006 0.005 0.147
1990 0.666 0.045 0358 0.348 0.043 0.091 0007 -0.004 0.006 0.003 0.147
1991  0.707 0.044 0342 0.333 0.042 0.086 0007 0.001 0.014 0.005 0.154
1992  0.635 0.046 0360 0.348 0.044 0.089 0007 0.006 0.017 0.006 0.169
1993  0.697 0.047 0339 0.332 0.036 0.087 0007 0.009 0.013 0.007 0.158
1994  0.741 0046 0322 0321 0.040 0.083 0007 0.010 0.062 0.009 0.211
1995  0.727 0.049 0322 0319 0.038 0.087 0008 0.012 0.064 0.013 0.221

* The public investment column is the summation of the columns for education, irrigation, road, R& D, dectricity, and telephones.
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TABLE 4—Contributions of I nput Factorsto Regional Inequality in Non-agricultural GDP

Year Inequdity Capitdl Labor Education Roads Electricity Phone  Public Investment”
Coefficient
1978 1.320 0.358  0.600 0.063 0.054 0.006 0.020 0.144
1979 1.271 0.370  0.581 0.052 0.054 0.017 0.029 0.153
1980 1.480 0.353  0.605 0.045 0.044 0.018 0.032 0.140
1981 1.534 0.351 0.592 0.044 0.043 0.028 0.041 0.155
1982 1.542 0.346  0.596 0.038 0.044 0.035 0.040 0.158
1983 1.429 0.383  0.569 0.034 0.046 0.039 0.037 0.157
1984 1.473 0.390 0.562 0.034 0.047 0.035 0.038 0.153
1985 1.556 0.381 0.563 0.033 0.048 0.039 0.038 0.158
1986 1.559 0.389  0.550 0.034 0.049 0.040 0.041 0.165
1987 1.646 0391 0.540 0.037 0.047 0.041 0.048 0.173
1988 1.743 0.385  0.527 0.044 0.046 0.040 0.061 0.191
1989 1.767 0.386  0.519 0.042 0.047 0.041 0.071 0.200
1990 1.786 0.389 0.517 0.041 0.047 0.036 0.076 0.200
1991 1.873 0.387  0.504 0.040 0.046 0.040 0.087 0.213
1992 2.006 0.389  0.489 0.039 0.045 0.044 0.099 0.227
1993 1.981 0.400 0.496 0.034 0.046 0.048 0.081 0.209
1994 2.505 0.364  0.439 0.033 0.044 0.048 0.170 0.295
1995 2.639 0.365  0.427 0.030 0.044 0.052 0.178 0.305

* The public invesment column is the summation of the columns for education, electricity, and telephones.
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TABLE 5-Contributions of Input Factorsto Regional Inequality in Total GDP

Y ear Inequaity Capital  Labor Land Educetion Irrigation Roads R&D  Elec.  Phone Public
Coefficient Investment
1978 0.751 0085 0389 0.276 0.042 0.082 0.013 -0.010 -0.010 0.004 0.121
1979 0.822 0.083 0368  0.267 0.030 0.082 0.012 -0.009 -0.008 0.008 0.115
1980 0.791 0090 0390  0.262 0.026 0.085 0.013 -0.007 -0.007 0.006 0.116
1981 0.783 0092 0384  0.268 0.027 0.085 0.013 -0.007 -0.003 0.010 0.125
1982 0.796 009 0382 0.261 0.023 0.085 0.013 -0.007 -0.001 0.009 0.122
1983 0.783 0.100 0377 0275 0.027 0.074 0.014 -0.006 0.006 0.006 0.121
1984 0.773 0.109 0381 0.268 0.028 0.077 0.015 -0.008 0.007 0.005 0.124
1985 0.779 0.131 0403 0.248 0.029 0076 0.017 -0.008 0.010 0.006 0.131
1986 0.789 0140 0401  0.238 0.033 0.069 0.018 -0.008 0.013 0.009 0.135
1987 0.842 0146 0394  0.225 0.036 0.063 0.018 -0.008 0.013 0.010 0.132
1988 0.866 0159 0401 0211 0.044 0.058 0.020 -0.006 0.016 0.018 0.150
1989 0.867 0.164 0409 0.204 0.043 0.060 0.021 -0.005 0.016 0.018 0.153
1990 0.873 0163 0405 0211 0.045 0.057 0.021 -0.002 0.013 0.024 0.158
1991 0.892 0172 0406  0.196 0.046 0.058 0.022 0.001 0.016 0.032 0.175
1992 0.999 0190 0404  0.167 0.044 0.048 0.023 0.003 0.020 0.044 0.183
1993 1.154 0216 0400 0.130 0.039 0.040 0.027 0.003 0.024 0.037 0.170
1994 1.273 0237 0.39%  0.106 0.039 0035 0029 0.003 0030 0.126 0.262
1995 1.510 0221 0380 0.105 0.036 0.032 0028 0.004 0027 0.116 0.243

* The public investment column is the summation of the columns for education, irrigation, road, R& D, dectricity, and telephones.
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The contributions of the three conventiona inputs (capita, labor, and land) to
regiond inequdlity in agriculturd GDP have declined, while the contributions of most
public investments, especialy R& D, dectrification, and telephones, have increased.
Public investment’ s total contribution to regiond inequdity in agriculturd GDP
increased from 0.110 in 1978 to 0.221 in 1995.

The results are Smilar for changesin regiond inequdity in non-agricultural GDP
(Table 4). Capitd and Iabor have contributed little to worsening inequality, while public
investment in eectricity, telephones and in total has worsened regiond inequality. Public
investment’ s contribution to regiond inequdity in non-agriculturd GDP increased from
0.144in 1978 to 0.305 in 1995.

Turning now to total GDP, capitd’ s contribution to worsening regiond inequdity
increased from 0.085 in 1978 to 0.221 in 1995, even though its shares in the inequdity of
agricultura GDP and non-agricultural GDP changed little (Table 5). Thisis probably
dueto agtructurd shift in cagpital from agricultura to non-agriculturd production in the
economy because rurd industry is more capitd intensive than agriculture. For the same
reason, land and land enhancing technologies, especialy irrigation, which are mainly
used in agricultura production, have accounted for a decreasing share of overdl
inequdity. The contributions of roads, agricultural R& D, dectricity, and
telecommunications have increased sgnificantly. All this suggests that public investment
has pursued aregionaly biased strategy over the past two decades. As discussed earlier,

the coagtal region has enjoyed the most favorable investment from the government.
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5.MARGINAL EFFECTSOF PUBLIC INVESTMENT ON INEQUALITY

Using the estimated coefficientsin Table 2 and 1995 vauesfor al rdevant
variables, we are able to calculate the margind impacts of different types of public
investments on regiond inequdity. Table 6 reports the percentage changes in regiona
inequdity in agriculturd GDP, nonagricultural GDP, and total GDP, asaresult of al
percent increase in each type of public investment (measured in physica units) withina
particular region. Two results are of specid interest. Firg, additiona investments of dl
types in the western areas reduce regiona inequdity. Additiond education in the western
region is much more effective in reducing regiond inequdity in agriculturd, non
agricultural and total GDP than any other investment (with eadticities of —0.221, -0.268,
and -0.277, respectively). Irrigation has the second largest impact on regiond inequality
in agriculturd GDP with an dadticity of —0.204. For non-agricultural production,
development of the rurd telephone system in the western region is another important way
of reducing regiond inegudity.

Second, if the government’s current coast- biased devel opment Strategy continues,
regiond disparitieswill worsen. The positive numbers in the second column of Table 6
indicate that additiona public investment of dl typesin the coastd areawill worsen
regiond inequality. A 1 percent increase in education, telephones and dectricity in the
coadtal areawill lead to a0.185, 0.084, and 0.041 percent increase, respectively, in
overd| regiond inequality. Compared to the western and coastd regions, the margina

effects of public investment in the centra region on inequality are less sriking.
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Table 6-Changesin Regional Inequality as a Result of Additional Public
Investmentsin Each Region

Public Investment Coastal Centrad Western
Agricultural GDP

Roads 0.004 0.003 -0.005
Education 0.137 0.086 -0.221
Electricity 0.022 0.014 -0.033
Telephones 0.043 0.027 -0.068
Irrigation 0.127 0.080 -0.204
R&D 0.018 0.011 -0.027
Rural Non-agricultural GDP

Roads 0.033 0.002 -0.036
Education 0.251 0.018 -0.268
Electricity 0.064 0.004 -0.068
Telephones 0.129 0.009 -0.138

Total Rural GDP

Roads 0.018 0.009 -0.028
Education 0.185 0.093 -0.277
Electricity 0.041 0.021 -0.062
Telephones 0.084 0.042 -0.125
Irrigation 0.052 0.026 -0.078
Agriculturdl R&D 0.007 0.003 -0.010

Note: The table measures the percent changein regiond inequaity as aresult of a1%
increase in each type of public investment within each region. All caculaions
take 1995 as the base year.

We can regress each public investment variable againg historical government
expenditure data following the method devel oped by Fan, Zhang, and Zhang (2000) to
obtain a dynamic relationship between the stocks of public goods and past government
expenditures. Based on the above information in Table 6 and the estimated stock-
expenditure relationships, we can further caculate the margina returns of an additiona

100 Y uan (about $12) of public investment per rurd resident in each of the three regions

on changes in regiond inequdity (Table 7).
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Table 7-The Marginal Impact of Public Investments by Regon
on Regional I nequality

Public Investment Coastd Centra Western

Agricultural GDP

Roads 0.041 0.053 -0.063
Education 2.147 2.965 -9.147
Telephones 2.155 0.863 -0.862
Electricity 0.266 0.347 -0.703
Irrigation 0.725 0.660 -1.288
Agriculturdl R&D 10.995 9.351 -4.938

Rural Non-agricultural GDP

Roads 1.294 0171 -1.745
Education 13.960 2.204 -39.461
Electricity 2.778 0.401 -5.055
Telephones 23.011 1.036 -6.193

Total Rural GDP

Roads 0.432 0.408 -0.820
Education 6.231 6.899 -24.722
Telephones 9.032 2.884 -3.413
Electricity 1.092 1.126 -2.791
Irrigation 0.637 0.464 -1.058
Agriculturd R&D 6.245 3.715 -7.401

Note: The entries in the table are the percentage change in regional inequality as a result of an
additional 100Y uan investment (about $12) per capita public investment in a specific
region. Calculations are based on the most recent year for which data are available, except
for telephones that are based 1988 to 1993 averages.

A postivefigurein Table 7 implies that increasing public investment in thet
region will widen regiond inequality. If thefigure is negative, then public investment in
thet region will lead to areduction in regiond inequdity. The results show large regiona

vaiationsin theimpact of different public investments on regiond inequdity. Additiond



investments of dl typesin the western region reduce regiond inequadity, whereas
additiona investments of dl typesin the coastal and central regions worsen regiona
inequaity. Education has the largest impact of any investment, and again additional
investment in the western region reduces regiona inequality, whereas additiona
education investments in the central and coastal regions worsen regiond inequality.
These results are true for agricultura, nonagricultura and total GDP. Additiona
invesments in agriculturd R& D and rurd telephones aso have large impacts on regiond

inequdity, and follow much the same pattern as investments in educeation.

6. CONCLUSIONS

This paper provides amethod for decomposing the distributional consegquence of
varioustypes of public investment on regiond inequdity, and applies the method to rurd
China. Using aprovincid level data set for the period 1978 to 1995, amodel was
esimated that enables the impacts on regiona inequality of different types of public
investmentsin each of three regions to be quantified.

Conventiona and public inputs have positively affected the growth in both
agriculturd and non-agriculturd production, but have played different rolesin
contributing to changesin overdl inequdity. In generd, the government has pursued a
coast-biased investment strategy, and this has been an important factor contributing to the
rapid increase in regiond inequdity.

Regiond variaionsin the impact of public investments on regiond inequdity are
large. Increasing public investment in the less-developed western region will lead to a

declinein regiond disparity. In contrad, if the government continues to favor the coastal
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region in its investiment srategy, then regiond disparities will widen further. The
meagnitude of the impact of different types of public investment differsaswell. Among
the 9x types of public investment congdered in this paper, additiond investmentsin
education and agricultura R& D in the western region are the two most powerful ways of

reducing regiond inegudity.
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