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Abstract: Public infrastructure investments are seen as one of key drivers for China’s
economic growth. Yet there is little quantitative evidence on the growth and
distributive effects of public infrastructure investments (PII) in China. This paper
applies a macro-micro simulation method to assess the effects of PII on national
economy using an inter-temporal dynamic CGE model and its distributive effects on
individual households using micro-simulation. The results showed that the increased
PII substantially improved the productivity of all sectors and households’ income in
the economy. The increased PII also helped reduce poverty and had modest impact on
enhancing equality. These results suggested that not only increasing PII is key driver
for China’s economic growth but also is useful strategy for promoting inclusive
growth. In particular, China could consider investing more in rural infrastructure to
reduce inequality between rural and urban households in the future.
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Growth and Distributive Effects of Public Infrastructure Investments in China

1. INTRODUCTION

China has recently spent more than 10 percent of the total government expenditure on
public infrastructure each year. In the late 2008, when the global financial crisis
occurred, 4 trillion yuan stimulated packages were implemented to stimulate domestic
economic growth. Public infrastructure investment increased 60 percent in 2009 and
80 percent in 2010, respectively, over that of 2008. China managed to sustain the
rapid economic growth in the past few years. However, at the same time, the
disparities between rich and poor were amplified, and China has become one of the
highest disparity countries in the world. Despite high overall economic growth rates,
the Chinese government becomes increasingly concerned with the high and rising
levels of income inequality. Reducing poverty and inequality through inclusive
growth has become a major mandate of development policy. President Hu Jintao
formally endorsed inclusive growth as a national development strategy at the
Asia-Pacific Economic Cooperation (APEC) in November, 2009.

Adequate infrastructure is critical for ensuring the effective functioning of the
economy. Well-developed infrastructure can reduce the effect of distance between
regions, integrate the national market, and connect it to the markets in other countries
and regions at a low cost. The China's 12th Five-Year Plan (2011-2015) emphasizes
“establish the sustainable basic public service system, and improve the ability to
safeguard and promote equal access to basic public services”, “strengthen rural
infrastructure and public service” and “improve the quality and efficiency of
investment”. Premier Wen Jiabao from China (01/2012) also indicated the importance
of “continuously improve the basic infrastructure in rural areas” in his latest speech
“the path of Chinese agriculture and rural development” and claimed the role of
public finance on the construction of public infrastructure to improve the people’s
social welfare. The quality and extensiveness of infrastructure networks are believed
to not only impact economic growth but also help reduce income inequalities and
poverty in a variety of ways (WEF, 2011). In other words, public infrastructure
investment (PII) can be viewed as an inclusive growth strategy.

Most of existing studies on PII focused on its impacts on economic growth (i.e. Ma et
al, 2001; Liu 2003; Demurger, 2001). Only handful academic studies looked at the
distributive effect of PII. Fan et al (2003) and Gao and Li (2006) analyzed the poverty
reduction effects of infrastructure in rural China. Zhang and Fan (2004) identified the
specific role of rural infrastructure, and shed new lights on how to allocate limited
public resources for both growth and regional equity purposes. The main methods
used in analyzing the impact of public infrastructure are econometric approach and
computable general equilibrium (CGE) model. It is interesting to note that integrated
the CGE and micro-simulation model has yet to be applied in the case of China.



This paper assesses both growth and distributive effects of PII in China by using
integrated inter-temporal dynamic model and micro simulation model. Inter-temporal
general equilibrium dynamic model with public infrastructure capital and
heterogeneous consumers and firms (constrained and non-constrained) originated by
Dissou and Didic (2011) is employed. China inter-temporal CGE model is used to
analyze the macro effects of increase in PII. The micro-simulation model, following
the work by Cockburn et al. (2011), is applied to simulate the transferred impacts
from the macro to households. The macro effects are placed into the micro-simulation
model using household survey data to explore the distributive effects. Two policy
scenarios are constructed to compare the effects of different PII financing
mechanisms.

The rest of the paper is organized as follows: section 2 introduces the country context
and PII in China, section 3 presents the theory of macro-micro simulation model.
Section 4 is data and parameters, followed with the description of simulation
scenarios in section 5. The results are discussed in section 6, and conclusions and
policy implications are summarized in the final section.

2. COUNTRY CONTEXT AND INFRASTRUCTURE STATUS

2.1 China Context

China has experienced an unprecedented economic growth with an average annual
growth rate of 10 percent since 1978 (Figure 1). In 2010, the GDP of China was about
40.12 trillion yuan (about $5.9 trillion), which ranked China the 2nd largest economy
in the world, followed the United States (WEF 2011). At the same time, China has
become the second largest trading country in the world, with a total value of imports
and exports of $2.97 trillion, which was 143 times bigger than that in 1978 with an
annual growth rate of 16.8 percent.'
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Figure 1: The GDP and Real GDP Growth Rate in China 1978-2010

Source: China Statistical Yearbook (2011)

! http://www.gov.cn/zwgk/2011-12/07/content_2013475.htm
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With the rapid economic growth, the household income increased rapidly and the
people’s living standard improved significantly. For example, per capita income of
urban and rural households was 19,109 yuan and 5,919 yuan, respectively, in 2010,
near 10 times of those in 1978. The annual average real growth rate of per capita
income for both urban and rural households was more than 7 percent. The budget
share on food consumption of urban household decreased from 57.5 percent in 1978
to 35.7 percent in 2010, while the budget share on food consumption of rural
household decreased from 67.7 percent in 1978 to 41.1 percent in 2010. Meanwhile,
China achieved tremendous success in reducing poverty in the past three decades.
According to the Chinese official poverty lines, the incidence of poverty declined
from 33 percent in 1978 to 2.8 percent in 2010. However, with the largest population
in the world (1.34 billion population in 2010), per capita Gross National Income (GNI)
for China still ranked at 121 in a total of 215 countries (NBS, 2011). China still has
the second largest numbers of poor people in the world, with about 128 million
malnourished people in 2004-2006 following India (FAO, 2009). What’s more
disturbing is that the growth of China’s economy is also accompanied by the rising
inequality. The gaps between rural and urban and between the west and eastern
regions of China have enlarged with the rapid economic growth. For instance, the
ratio of per capita net income between urban and rural households increased from 2.6
times in 1978 to 3.2 times in 2010. The Gini coefficient of China reached to 0.47 in
2009 (World Bank, 2009), which exceeded the “international alerting line” at 0.4.
China has become one of the highest disparity countries in the world.

2.2 Infrastructure Status

China’s infrastructure was improved significantly in the past three decades.
Significant progress has been made in increasing public spending on infrastructure to
a level more in line with China’s development needs (OECD, 2006). In the 2011-2012
Global Competitiveness Report, China is ranked in the 26™ place among 142
economies in term of overall competitiveness index. Yet, its global competitiveness
index of infrastructure ranked 44" (WEF 2011).

2.2.1 Transportation

With the increased investment for transportation infrastructure, China’s transportation
system has been improved greatly. In 2010, the total railways in operation were 91.2
thousand kilometers, which is 1.76 times than that in 1978. The highway is the fastest
growing transportation lines, with a length of 4 million kilometers in 2010, more than
4.5 times to that of 1978. The civil aviation route also shows a great improvement
these years and the total length of it is 18.6 times in 2010 than 1978. The fast increase
of railways, highways as well as civil aviation may result in the smaller role of the
navigable inland waterways, which has little change in the past thirty years.



Table 1. Length of Transport Routes (10 000 km)

Year Railways in Highways Navigable Inland Tot'al 'Civil Petrolgum and
Operation Waterways Aviation Routes  Gas Pipelines
1978 5.17 89.02 13.60 14.89 0.83
1990 5.79 102.83 10.92 50.68 1.59
2000 6.87 140.27 11.93 150.29 2.47
2010 9.12 400.82 12.42 276.51 7.85

Source: China Statistical Yearbook (2011)

2.2.2 Electricity

In 2010, the total electricity output is about 3,703 billion kwh in the country. To
improve the living standard of rural households, the Chinese government now pays an
increasing attention to the public infrastructure in rural area. In 2010, the irrigation
area is 60.35 million hectares, an increase by 34.2 percent compared to that of 1978.
The number of hydropower station in rural area is 44,815 in 2010 with generating
capacity of 59.24 million kw, which is 26 times than that in 1978. The total amount of
electric power generation in rural area is 204.4 billion kwh in 2010.

Table 2. Irrigation, Electric Hydropower Station and Power Generation in Rural Area

Irrigated Area Hydropower Station Amount of Electric

Year (1,000 hectares) ~ Number Generating Capacity Power Generation
(10,000 kw) (10, 000 kwh)

1978 44965.0 82387 228.4
1990 47403.1 52387 428.8 4181100
2000 53820.3 29962 698.5 8755014
2005 55029.3 26726 1099.2 13571702
2006 55750.5 27493 1243.0 14835889
2007 56518.3 27664 1366.6 16346041
2008 58471.7 44433 5127.4 16275902
2009 59261.4 44804 5512.1 15672471
2010 60347.7 44815 5924.0 20444256

Source: China Statistical Yearbook (2011)
2.2.3 Postal and Telecommunication Service

In 2010, an average number of people served by every postal office is about 18
thousand persons, nearly 98.96 percent of administrative village with posts, and
popularization rate of telephone (include mobile telephone) is about 86.41 sets per
100 persons. 80.11 percent of administrative village has an internet access by
broadband (China Statistical Yearbook, 2011). All the data shows the great
improvement of the postal and telecommunication services in China (Table 3).



Table 3. Level of Postal and Telecommunication Services (2005-2010)

Item 2005 2006 2007 2008 2009 2010
Number of Postal Offices  (unit) 65917 62799 70655 69146 65672 75739
Length of Postal Routes and Rural Delivery Routes  697.15  693.64 717.05 735.00 770.4 832.6
(10 000 km)

Percentage of Administrative Village with Posts (%) 98.96 9940 9840 98.50 98.80 98.96
Popularization Rate of Telephone (Include Mobile 5722 6340 6945 7429 79.89 86.41

Telephone,sets/100 persons)

Data sources: China Statistical Yearbook (2011)
2.3 Public Infrastructure Investment

As data on PII is not readily available, researchers have to rely on the data that are
derived from different sources. OECD (2006) used total fixed asset investment to
analyze the major components of government capital spending including the transport,
agriculture, and education. Liu (2009) adopted the state budget of the investment in
fixed assets as the public infrastructure investment. Son (2011) chose infrastructure
investments on two sectors only: 1) transport, storage, post and telecommunication
services; and (2) production and supply of electricity, gas and water. In this study, we
adopted the state budget investment in fixed assets as a measure of PII. Sources of
funds for investment in fixed assets are categorized as funds from the state budget,
domestic loans, foreign investment, self-raised funds, and others.

In China, the public infrastructure investment increased very fast, especially after the
year of 1997 which Asian financial crisis in 1997, the government increased the fiscal
expenditure on public infrastructure in order to stimulate domestic demand and to
promote economic growth. PII increased from 69.7 billion yuan in 1997 to 1467.8
billion yuan in 2010, and the annual real growth rate of PII was higher than 20 percent,
and reached to 24.55 percent during 1997-2010. The same reason for increasing
public investment during the global financial crisis in 2008 was also observed.
Chinese government formulated a stimulus package that injected 4 trillion yuan to
stimulate economy. Compared to that in 2008, the public infrastructure investment
had an increase of 60 percent in 2009. The ratio of PII to total government
expenditure also increased from 7.5 percent in 1997 to 16.6 in 2009. And the ratio of
PII to GDP is also up to 3.7 percent in 2009 and 2010 (Table 4).

Table 4. Public Expenditure on Infrastructure in China, 1997-2010

Year Public Infrastr.uc.ture Expenditure The Ratio of PII to The Ratio of PII to
(P11, billion yuan) Total Government
. ) . GDP (%)
Current price 2005 Constant Price Expenditure (%)
1997 69.7 73.2 7.5 0.9
1998 119.7 126.7 11.1 1.4




1999 185.2 198.8 14 2.1
2000 211.0 225.5 13.3 2.1
2005 415.4 415.4 12.2 2.2
2006 467.2 460.3 11.6 2.2
2007 585.7 550.6 11.8 22
2008 795.5 706.1 12.7 2.5
2009 1268.6 1134.1 16.6 3.7
2010 1467.8 1270.3 16.3 3.7

Data sources: “China Statistical Yearbook (2011)”.

3. THEORETICAL MODELS

This paper applies the macro-micro simulation methodology. A computable general
equilibrium (CGE) is used at the macro level to analyze the impacts of the increase of
public infrastructure investment. CGE model can capture the complex direct and
indirect interactions between public infrastructure investment and factor markets,
commodity markets, households, government, private firms and the foreign markets.
However, CGE models cannot distinguish the impacts on individual households. The
micro economic approach simulates individual and household behavior by using
household level survey data. The effects of the increased public infrastructure
investment on households’ welfare are captured through changes in wage and
non-wage revenues, commodity prices and savings. A combination of the macro and
micro analysis is essential to capture the impacts of the public infrastructure
investment on households and identify whether the increased public infrastructure
investment affects all households across the country in the same manner. The links of
the CGE model and micro-econometric behavioral model is a “top-down” fashion to
assess the various impacts of the public infrastructure on households. We summarize
the theoretical models and elaborate on some specific issues in the case of China.

3.1 China CGE Model

An inter-temporal dynamic general equilibrium model with heterogeneous agents and
public capita developed by Dissou and Didic (2011) is employed to trace the channels
through which the increased public infrastructure in China affect the economy. It is
important to note that all variables are expressed in per efficiency unit of labor. Total
labor supply is adjusted for technological progress, and sector employment is the
share of total labor used in each industry. The complete specification of the model can
be found in Dissou and Didic (2011).

The framework of China CGE model is presented in Figure 2. One of the important
features is that PII is introduced as a public capital stock variable in the production
function. In all sectors, firms combine labor, private and public capital, and
intermediate inputs to produce a composite output. A series of nested production
functions are used to determine the gross output. At the top level, the technology of
gross output is specified as a constant elasticity of substitution (CES) function of
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value-added & public capital and aggregated intermediate input. At the second level,
Cobb-Douglas (CD) production function is used for the value added and public capital.
Public capital generates an externality in production through improving the
productivity of factors. At the third level, the value added is specified as a CES
function composite of labor and private capital. Intermediate inputs are combined
using Leontief function to produce an aggregate intermediate input.

[ production | (aggregate Commodity Output]

. l

CES t
C-D Function (Intermediate Input)

Pubilc Leontlef

Capital
......
/ [ Domestic Aggregate Output ] \\

JE - A
exports | [ Domestic sales ] | Imports

| CES
¥

Composite commodiity ‘
in Domestic

| commodities ]

institutions ] Restof World

2N

) Wages & Dividends

Figure 2. The Framework of China CGE Model

Similar to other single country CGE models, China is assumed to be a small open
economy that has accesses to the world good and capital markets. The output can be
sold in the domestic and international commodity markets. On the supply side, gross
output in each industry is a constant elasticity of transformation (CET) composite of
domestic sales and aggregate exports. On the demand side, total domestic demand for
each commodity is a CES composite of the locally produced good and imports.

The economy consists of households, firms, government and the rest of world. The
households provide labor and capital and receive income from wages and dividends,
transfers from the government and the rest of the world. In this model, the households
do not value leisure and have an inelastic labor supply. Labor is mobile across
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industries. Specially, capital income is not only from the private capital, but also from
the rent generated by public capital. Households maximize utility subject to the
constraint that total expenditures must equal to the available resources for goods
consumption. They have CES preferences over the consumption goods. Government
collects indirect taxes levied on production activities, on domestic and international
transactions, and on direct taxes from the remuneration of primary factors.
Government also spends its revenue on consumption, investment and transfers to both
types of households, firms and rest of world.

The distinguishing characters of the model with heterogeneity agents are that both
households and firms are divided into constrained and non-constrained
household/firm according to their liquidity-constraints. In the China model, we use the
definition of whether the household can borrow or lend. The non-constrained
households can borrow in or lend out, so they can smooth their consumption over time
by increasing or decreasing their saving. They have looking forward behavior and
determine the optimal time path of aggregate consumption by maximizing an
intertemporal utility function subject to a sequence of budget constraints. On the
contrary, the constrained households cannot borrow or lend, so their behaviors are
myopic, and their consumption are based on their current income. While different
with other models where the saving of constrained households are assumed to be zero,
the constrained households are assumed to have Keynesian-type saving behavior (i.e.
a constant and strictly positive fraction of their disposable income).

The non-constrained firms have the ability to access their investment from formal
credit market, while the constrained firms cannot access the formal credit market.
Therefore it is straightforward to assume that the constrained firms will have static
behavior, while the non-constrained firms have looking forward behavior. Constrained
firms are owned by constrained households and non-constrained firms are owned by
non-constrained households. Constrained households’ savings are used to fund
investment in physical capital made available to constrained firms. Moreover, the
model assumes that there is only one representative firm in each industry. Firms
combine labor, public and private capital and intermediate inputs to produce a
composite output. Firms choose the optimal levels of variable inputs and investment
to maximize the discounted sum of net dividends. Through the optimization problem,
the firms determine the optimum paths for investment, labor and intermediate inputs.
Firms use the input factors up to the point where their marginal products are equal to
their price. It should be noted that investment is the only factor that is for
inter-temporal decision. The non-constrained firms decide on private investment in
the presence of capital installation costs and the capital is immobile in the short run
cross industries; while constrained firms decide on the optimal level of their desired
level capital given the total level of total capital stock made available which is provide
by constrained households, and capital can be mobile across industries with
constrained firms and its rental rate adjusts to clear its market. Non-constrained
firms determine the optimal level of private investment to equalize its marginal cost to
the shadow price of capital, which is the marginal benefit of a change in the capital
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stock by one unit. Marginal cost of investment includes the purchase price of the
capital good, as well as the additional capital installation costs. Constrained firms’
optimization problems are static, and the capital demand of constrained firms is at the
point where the marginal product is equal to the rental rate.

Public capital increases the marginal products of all private inputs. The increase in
public capital provides incentives to the non-constrained firms to increase private
capital through the increase of the shadow price of capital. In our model, government
spends on public infrastructure investment; the ratio of the value of spending on
public infrastructure to current GDP is assumed to be an exogenous policy variable,
which is used to increase the level of public infrastructure in the economy. The macro
closure set the government saving is constant in each period. The spending on
commodities and transfer to both type of households are exogenous and grow at the
same rate as the population growth rate augmented by the rate of technological
progress. Government revenue is from taxes and fixed income transfers from the rest
of world. The adjustment variable is either a uniform proportional increase in the
sector tax rates on production, or an increase in foreign transfers to the government
through increased foreign borrowing.

3.2 Micro Simulation

Following Cockburn et al. (2011), we adopt the layered macro-micro behavioral
methodology with “top-down” fashion in this study. In the micro simulation model,
per capita consumption is used to estimate poverty and inequality. We first aggregated
all purchases, self-consumption and gift values identified in the household survey into
the 17 consumption categories identified in the macro model. We then summed up
these categories and divided by the household size in order to get per capita
consumption. Per capita consumption under the different simulations is affected by
changes in wage and non-wage revenues, prices commodities and savings. Hereafter
we summarize the main steps we followed to estimate the consumption in the
simulation scenarios.

Firstly, all households are divided into constrained and non-constrained households. If
the household can borrow money in or lend money out, then the household is defined
as non-constrained and, on the contrary, the household would be constrained. A probit
model is used to estimate the probability of being a constrained and non-constrained
household. Secondly, we estimate the household’s revenues coming from the wage
and self-employment. Revenues from self-employment activities were aggregated in
accordance with the 17 sectors identified in the CGE model. We also included
own-production of food items as a source of (imputed) income. Changes in wage and
non-wage incomes are borrowed from the CGE simulations and plugged into the
micro-simulation module. It is noteworthy that changes in self-employment revenues
are calculated as the changes in the value of the sectoral value-added, while changes
in food own-production are calculated by applying variations in food consumer prices.
Thirdly, we estimate the change in per capita revenues weighted by the probabilities
of being a constrained and non-constrained household. Of this (negative or positive)
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change in revenues, we estimated the share going to savings (which is fixed over time
for constrained households, while it changes for non-constrained ones) and then add it
to the consumption as estimated for the base year. Lastly, per capita consumption for
each simulation scenario is deflated by a price index, which takes into account
changes in consumer prices. The price deflator is estimated by using a Cobb-Douglas
utility function, where, as well-known, consumption shares across the different
categories are assumed constant over time.

Per capita consumption is used to estimate poverty and inequality changes across the
different scenarios. The Foster-Greer-Thorbecke (FGT) poverty indices are used to
measure the poverty effects of the increase in public investments. As well-known, for
the poverty aversion parameter (o) equal to 0, the FGT index measures the poverty
headcount index, i.e. the proportion of the population whose expenditure levels fall
below the poverty line. In addition to national, rural, migrant and urban poverty
figures, the poverty impacts are also broken down by sources of impacts. Gini
coefficient is used to measure the inequality effects. The value for the Gini coefficient
ranges between 0 and 1. The larger the value of Gini coefficient, the more severe the
inequality is.

Finally, before estimating poverty headcount index, it is critical to choose the poverty
line. Chinese official poverty line for rural households is 1,196 per year in 2009.
According to this definition, there were about 35.97 million poor people, which give a
poverty incidence of around 3.6 percent in Chinese rural areas. Chinese official
poverty line is too low and the poverty is grossly under estimated. For comparison, for
rural areas we also chose the World Bank poverty line of $1.25 per day, which is
about 2,085 yuan per year according to the PPP exchange rate of 2009.

Since the poverty lines for urban and migrant households are not published by the
Chinese Government, the different living cost between rural and urban area is used to
set the poverty line for urban and migrant households. According to the World Bank
(2009), the living cost in urban area was estimated about 1.5 times that of rural area.
The poverty line for urban and migrant households is then set at 1.5 times that used
for rural areas.

As said, when the Chinese official poverty line is used, the national poverty headcount
index is about 3 percent and most of the poor is located in the rural area. When the
international poverty line is used, the poverty headcount index rises to 28.51 percent
for rural households, 2.36 percent for migrant households and 6.60 percent for urban
households. However, despite the large poverty differences associated to the two
poverty lines, we found fairly robust results in terms of the trends followed by the
poverty changes under the two poverty lines. Considering the fact that China
increased its poverty line significantly to 2,300 yuan per year in 2011, in this study we
opted to show the poverty estimates and impacts under international poverty line.

12



4. DATA AND PARAMETERS

4.1 CGE Database - SAM and Parameters

The dataset used to calibrate the dynamic CGE model to the benchmark equilibrium is
the Social Accounting Matrix (SAM). The SAM is built based on the Input-Output
(I0) table of 2007 from China National Bureau of Statistics. To solve the model
conveniently, we aggregate the 42 sectors in IO table into 17 sectors. The data in the
SAM are mainly obtained from China Statistical Yearbook (2010), China Financial
Year book (2010), and Fixed Assets Investment of China (2010).

The sectoral structure of Chinese economy based on 2007 China SAM is presented in
Table 5. The sectors such as other services, agriculture, machinery and equipment
have the largest value added. The share of household consumption by the sectors such
as agriculture, food processing, trade and catering, and other services are large relative
to other sectors. Construction is the largest sector in total investment as more than half
(55.81 percent) of total investments are allocated to construction. Machinery and
equipment is the second largest one with about 33.67 percent of the total investment.
Machinery and equipment is the largest export and import sector. The textile sector is
export-oriented with export share at 14.54 percent. The mining sector is
import-dependent with its import share as high as13.97 percent.

Table 5. Sectoral Structure of Chinese Economy Based on 2007 China SAM (%)

Househol  Governme

Value d nt Total

Sectors added  Consumpt  consumpti investtmen Exports  Imports
won on

Agriculture 10.77 11.55 0.97 1.01 0.70 3.15
Mining 5.19 0.15 0.00 0.00 0.67 13.97
Food processing 3.83 17.28 0.00 0.00 2.00 2.14
Textile 3.36 6.33 0.00 0.00 14.54 1.93
Other Manufacture 4.23 2.40 0.00 1.86 6.31 3.69
frllflc;c;:tgower, Heat Power 352 577 0.00 0.00 0.07 0.00
Coking, Gas and Petroleum 1.49 1.11 0.00 0.00 0.80 1.96
Chemical Industry 4.73 2.43 0.00 0.00 7.58 12.30
I;r‘:)r(‘irﬂ:f:lhc Mineral 235 0.29 0.00 0.00 1.55 0.51
Metals and Metal Products 5.87 0.43 0.00 0.90 9.12 6.63
Machinery and Equipment 10.53 6.80 0.00 33.67 42.35 45.54
Construction 5.46 0.97 0.00 55.81 0.43 0.30
Transport 7.89 5.58 4.61 1.42 4.69 2.03
STer:j‘Vdii:Snd catering 8.61 13.98 0.00 1.79 4.97 0.71
Real Estate 6.06 9.10 1.62 3.23 3.36 3.26
Finance 5.05 4.29 0.77 0.00 0.09 0.17

Other Services 11.06 14.53 92.03 0.30 0.78 1.70
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Data sources: calculated from Input-Output Tables of China (2007).

Most of the parameters can be calculated from the SAM directly, while the remaining
elasticity parameters are obtained from the literatures. The elasticity of substitution of
CES production, Armington function and CET functions are from Zhai and Hertel
(2004). All the parameters for CGE model are presented in table Al of Appendix.
As in most studies, the adjustment cost parameter in the installation cost function is
set to 2. The long-run population growth rate is adjusted to be 2.5 percent according to
the growth rate of population (0.5 percent) and labor productivity (2.0 percent).

The model applies a capital stock approach in production function, but the capital
stock values for many sectors are not observed directly. Growth rate approach is
hence used to derive the sector level capita stock through the investment data from
China Statistical Yearbook. We then adjusted the data based on the capital stock study
from Wu (2009), who estimated the capita stock value for agriculture, manufacture
and service.

The elasticities of public capital to output are estimated in a range between 0.06 and
0.59 across countries (Ratner, 1983; Munnell, 1990; Argimon et al, 1994; Otto and
Voss, 1994; Ramirez, 2002). We choose the output elasticity of capital investment
from Son (2011), which uses a three-step non-stationary panel analytical procedure
and gets a moderate output public capital elasticity of 0.15 for China. We further
assume the output elasticity of public capital to be the same across all the 17 sectors
due to lack of the elasticity at sector level. Sensitivity analysis was performed for the
choice of the elasticity in order to assess the robustness of the results.

4.2 Household data

The household survey data was done by the Chinese Household Income Project
(CHIP) of Inter-University Consortium for Political and Social Research. Though
2007 survey was also completed, only 2002 dataset was made publicly available. The
2002 CHIP data was collected through a series of questionnaire-based interviews
conducted in rural and urban areas in the end of 2002, and covered three types of
households: urban, rural and rural-urban migrant. There are a total of 6,835 urban
households, 9,200 rural households, and 2,000 migrant households. The total
individual sample size is up to 37,969. The micro simulations were done on each of
these different groups. Sampling weights for the samples are calculated according to
the relative share of the urban, rural and migrant population to total population.

Understandably the data for 2002 is less desirable for estimating the current situation
of poverty and inequality in China. In order to capture the recent situation, we updated
the household consumption expenditures to the year 2009 using aggregate national
household survey data available from China Statistical Yearbooks. The mean growth
rates between 2002 and 2009 for each consumption expenditure category of rural and
urban households are calculated by income quintile. The same growth rates are then
assumed for the same consumption expenditure item and the same quintile of rural
and urban households. The itemized consumption expenditures of migrant households
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are updated using the same information as urban households.

As discussed above, we divide households into constrained and non-constrained
according to their behavior of borrowing in or lending out. If the household can
borrowing in or lending out, then the household is assumed to have the ability to
smooth his consumption and it is considered as non-constrained, otherwise the
household is constrained. We estimate the probability of being the constrained and
non-constrained households using household survey data conducted by CHIP. The
results show that about 75 percent households are constrained, and about 25 percent
are non-constrained. The results are largely in line with Zhang and Wan (2004), who
estimated 70 percent constrained households using 1984-98 CHIP data.

5. SIMULATION SCENARIOS

We first constructed scenarios to simulate the impacts of increased public
infrastructure investment on the macro economy under different financing
mechanisms, and then to simulate the impacts on households’ consumption, poverty
and inequality.

As the public infrastructure investment in China increased rapidly, we considered 20
percent increase in the ratio of public infrastructure investment to GDP. The fixed
government saving is set for the macro closure. The increased investment is financed
by foreign borrowing (the first scenario) and production tax (the second scenario),
respectively. A uniform percentage increase in production tax was imposed
proportionally on all constrained and non-constrained firms. That means that the
increased public infrastructure investment is totally financed from production tax or
foreign borrowing at the beginning.

In the micro simulation, the macro impacts of two simulations are generated from
CGE model. The changes of poverty headcount index and Gini coefficient are
calculated under both simulations within different time periods.

We will show results up to the 100™ year. Only since then the model attains a steady
state. We quantify the dynamic aggregate and sector effects of variables as percentage
changes from their base run values and report these effects for three different periods -
the first period (the first year following the shock), short-run period (the 5" year),
intermediate period (the 20™ year), and long run period (the 100™ year).

6. DISCUSSION OF RESULTS

6.1 Macro Effects

Simulation 1: Increase in public infrastructure investment under foreign borrowing
financing

Aggregate Effects: The macro-economic results are shown in Table 6. In the first
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period, government investment increases by 19.8 percent with a 20 percent increase in
the ratio of public infrastructure to GDP. The ratio of foreign borrowing to base GDP
increases by 0.69 percent to balance the government’s account. Public investment
increases to the level of public capital stock in the next period and further enhances
the productivity of labor and capital.

The increased public infrastructure investment drives up the demand for labor and
capital, which raises the wage rate and the price of capital goods, by 0.41 percent and
0.51 percent, respectively. Both the constrained and non-constrained households
increase their consumption. The non-constrained households also acknowledge the
enhanced future productivity and higher capital return and thus increase their
investment by about 2 percent in the first period.

Firms face higher labor and capital costs due to the rising wage rates and prices for
capital goods, and the increased costs will be passed on to consumers and hence drive
up domestic prices. In the international markets, imported commodities become
cheaper as the real exchange rate appreciates by 0.40 percent. Imports increase by 1
percent, not only due to the appreciated real exchange rate, but also due to the
increased demand induced by the higher public investment. At the same time, exports
drop by 2 percent due to higher domestic prices and real exchange rate appreciation.
There are some weak Dutch disease effects. The real GDP falls by 0.01 percent in the
first period.

In the short- and long-run, increased public investment accumulates the public capital
stock and enhances the productivity of labor and private capital continuously. Public
capital stock increases by 5.29 percent and 24.81 percent in the short- and long-run,
respectively. Private capital stock also increases by 0.32 percent in the short- run and
4.58 percent in the long-run. Wage rate rises by 1.18 percent and 4.80 percent in the
short- and long-run, respectively, due to the improved productivity.

The disposable income of the constrained households rises with the rising wage rate
by 0.86 percent and 3.70 percent, respectively. Due to higher income levels, their
consumption increases by 0.86 percent and 3.70 percent in the short- and long-run,
respectively. The consumption of non-constrained households steadily increases by
about 2 percent over the duration because they are able to smooth their consumption.
Their total consumption increases by 0.99 percent and 3.25 percent in the short- and
long-run, respectively.

Public investment also stimulates private investment via improved productivity. Both
the constrained and non-constrained firms increase their investments in the short- and
long-run. The investment of constrained firms rises by 0.48 percent in the short-run
and 3.80 percent in long-run, while that of non-constrained firms rises by much more,
3.39 percent in the short-run and 5.63 percent in the long-run. Total private investment
rises by 1.92 percent in the short-run and 4.70 percent in the long-run.

In the international market, there are Dutch disease effects as the exports decline and
the imports increase in the short-run. The Dutch disease effects decline gradually and
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are eliminated in the long-run. The main reason is that the international
competitiveness of domestic products is strengthened gradually due to the larger
output and lower cost of production for firms. At the same time, real exchange rate
appreciation slows until it transforms into depreciation, in the long run (by 0.03
percent). It’s interesting to note that both exports and imports increase by 4.59 percent
and 4.38 percent, respectively, in the long-run.

Although there are small Dutch disease effects in the first period and short-run due to
the continuous inflow of foreign borrowing, public infrastructure investments play a
critical role in enhancing productivity, and stimulating consumption and investment
over time. Real GDP growth rates reach 0.57 percent and 3.86 percent in the short-
and long-run, respectively (see Figure 4). In the long run, the effects of increased
public investment are substantial. The increased public investment improves
productivity and enhances the private investment of constrained and non-constrained
firms by 3.81 percent and 5.56 percent, respectively. Both the constrained households
and non-constrained households increase their consumption by 3.72 percent and 2.47
percent, respectively. The international competitiveness of domestic products is
strengthened due to the larger output and lower production cost. The strong domestic
demand also stimulates the demand for imports. It’s interesting to note that exports
and imports increase by 4.59 percent and 4.38 percent, respectively. The growth rate
of GDP reaches 3.82 percent under scenario 1.

Table 6. Macro-simulation Results under Scenario 1 and 2
(% deviations from baseline)

Varia oriods Foreign Borrowing Financing Production Tax Financing
Scenarios ’ p : First Short Long First Short Long
Period run Run Period run Run
Real GDP -0.01 0.57 3.86 -0.06 0.03 432
Consumption price index 0.39 0.40 0.14 0.08 0.10 0.27
Wage rate 0.41 1.18 4.81 -0.51 0.07 5.74
Rental rate of capita of constrained 0.18 0.80 0.07 -0.47 0.08 0.13
household/firm
Price of capital good 0.51 0.38 -0.09 0.20 0.17 -0.03
Real exchange rate -0.40 -0.36 0.03 -0.12 -0.12 -0.06
Government revenue 232 2.45 2.84 1.98 2.07 3.08
Total aggregate consumption 0.61 0.99 3.25 0.46 0.69 3.78
Total consumption of non-constrained 222 2.21 2.47 2.84 2.82 2.65
consumption
Total consumption of constrained 0.31 0.86 3.72 -0.47 -0.12 4.54
household
Total investment 1.92 2.86 5.68 0.67 1.64 6.71
Investment government 19.84 20.70 24.89 19.79 20.38 25.56
Total private investment 0.97 1.92 4.67 -0.34 0.65 5.72
non-constrained firms 2.17 3.39 5.56 0.01 1.61 6.90
constrained firms -0.21 0.48 3.81 -0.68 -0.29 4.56
Total aggregate capital stock 0.00 0.57 5.59 0.00 0.27 6.43
Public capital 0.00 5.29 24.81 0.00 5.25 25.31
Total private capital stock 0.00 0.32 4.57 0.00 0.01 543
non-constrained firms 0.00 0.64 5.41 0.00 0.17 6.47
constrained firms 0.00 0.02 3.75 0.00 -0.14 4.44
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Total exports -1.91 -1.13 4.59 -1.13 -0.72 4.95
Total imports 1.16 1.81 438 0.37 0.95 5.18
Disposable income constrained households 0.31 0.86 3.72 -0.47 -0.12 4.54
Labor income of constrained households 0.41 1.18 4.81 -0.51 0.07 5.74
Capital income of constrained households 0.18 0.82 3.82 -0.47 -0.07 4.57
Saving of constrained households 0.31 0.86 3.72 -0.47 -0.12 4.54
Additional foreign borrowing (% of GDP) 0.69 0.63 _0.28
Increase in production tax rate (%) 3.67 4.01 -2.25

Source: Model results.
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Figure 4. GDP: Demand side effects (International financing)
Source: Model results.

Sectoral Effects: Public infrastructure investment generates an externality on firm
technology and all sectors benefit equally from the increase in public infrastructure
investment. There are also some different effects on individual sectors for the specific
characteristics, especially in the first period and short-run.

In the first period, on the demand side, the household income increases as wage rate
and rental rate of capital goods rise. With the rising income, their consumption across
all sectors increases as well. Because there are Dutch disease effects due to the
increased inflow of foreign money, the real exchange rate appreciates, imports
increase across all sectors, while exports decline across all sectors. The
export-oriented sectors lose their competitiveness in the international market. For
example, textile exports decline by 4.06 percent immediately. There are also some
shocks to the machinery and equipment sector, which is the largest sector for both
import and export. Its import rise by 1.49 percent, while at the same time, its exports
decline by 1.76 percent.

On the supply side, both constrained and non-constrained firms increase their
investment in the first period. Non-constrained firms would reallocate their
investments among sectors according their rates of return. The nonmetallic mineral
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products sector attracts more private investment, which rises by 5.74 percent, while
private investment in the chemical industry sector falls by 0.42 percent. The same is
observed for labor demand, which sees, due to the rising wage rate, a small amount of
labor move from some sectors to others. For example, the textile sector’s labor
demand shrinks by 2.49 percent because of the decline in its international
competitiveness. The construction sector’s labor demand increases by 3.08 percent.
There are also changes in the demand for intermediate goods such as textiles and
nonmetallic minerals. There are different sectoral effects on the use of these
intermediate goods. For example, the intermediate demand for nonmetallic mineral
products rises by 1.23 percent, while the intermediate use of textiles declines by 1.71
percent.

As a result, a number of sectors gain from the increase in public investment under the
foreign borrowing financing mechanism, while other sectors lose in the first period.
The sectoral output of construction increases by 1.81 percent, which is the largest
winner of all sectors, and the sector of nonmetallic mineral products is the second
largest winner with 1.05 percent increase in sectoral output. While the textile,
chemical industry, and machinery and equipment sectors lose in the first period, and
their sectoral outputs decline by 2.22 percent, 0.55 percent and 0.49 percent,
respectively. The output changes for other sectors are smaller than those sectors
mentioned above in the first period.

In the short- and long-run, the sectoral productivity would be improved by increases
in public investment and public capital. The negative effects on certain sectors would
gradually reduce, and positive effects would become larger and larger over time. As a
result, all sectors would gain from increased public investment in the long-run. In the
long-run, sectors such as metal and metal product manufacture, nonmetallic mineral
product manufacture, machinery and equipment manufacture, real estate would
benefit the most and their sectoral output increase would increase by more than 5
percent (5.71 percent, 5.46 percent, 5.22 percent and 5.15 percent, respectively). The
textile sector also gains from increased public investment in the long-run with a 0.39
percent increase in its sectoral output, which is much less than other sectors achieved.

19



Table 7. Sectoral Effects under Scenario 1 Foreign Borrowing Financing (% deviations from baseline)

Variabl  Period Agricult Mini  Food Texti  Other Electri Coking, Chemi Nonmeta Metals Machine Cons Trans Trade Real Fina  Other
es ure ng process le Manuf ¢ Gasand  cal llic and ry and tructi  port and Estat nce Servic
ing acture Power Petroleu Industr Mineral Metal Equipme on catering e es
m y Products  Products  nt services
First -0.06 -0.33 0.13 222 -0.22 -0.03 -0.04 -0.57 1.05 -0.17 -0.49 1.81 0.13 0.18 0.09 0.07 020
Gross Short 0.04 0.52 0.34 -2.43 0.49 0.71 0.72 0.02 2.01 0.84 0.44 273 0.90 0.79 098 072 0.29
output Long 1.50 4.83 2.18 0.39 4.96 4.70 4.60 3.93 5.46 5.71 5.22 552 4.58 4.35 515 413 1.52
First 0 1.46 0 0 0 0.47 1.85 -0.42 5.74 2.11 1.21 0 0 0 0 0 0
fvestm Short 0 3.46 0 0 0 1.54 3.37 1.74 5.94 3.99 3.49 0 0 0 0 0 0
ent Long 0 7.2 0 0 0 3.31 6.57 5.58 7.75 7.54 7.53 0 0 0 0 0 0
First -0.08 -0.53 -0.01 249 -043 -0.28 -0.09 -1.04 1.71 -0.33 -0.80 3.08 037 0.01 030 025 0.11
Labor Short -0.05 -0.18 -032  -3.16 -0.33 -0.39 0.03 -0.94 1.73 0.10 -0.31 278 0.09 0.00 0.08 -0.18 -0.12
demand Long 0.92 1.16 -2.58  -385 -0.80 -2.49 0.58 -0.36 1.68 1.47 1.47 1.87  -1.31 -1.46 -1.17  -198  -1.55
Interme  First -0.25 -0.03 -0.04 -1.71  -0.07 -0.09 0.00 -0.36 1.23 0.05 -0.23 0.63 0.24 0.01 -0.07 -0.03  0.04
diate Short -0.03 0.80 0.28 -1.73 0.61 0.64 0.73 0.20 2.12 0.98 0.61 1.18  0.92 0.64 052 063 0.62
use Long 2.30 4.93 2.73 1.32 4.44 4.54 4.51 3.75 5.35 5.42 4.95 372 435 4.06 393 418  3.78
First 1.04 0.73 0.96 0.61 1.20 0.71 0.55 0.46 3.37 1.28 1.49 3.11 1.33 1.05 139 1.10 0.83
Imports  Short 2.53 1.49 1.63 1.16 1.73 0.94 1.20 0.89 3.66 1.96 2.21 3.66 1.36 1.42 1.28  0.92 1.26
Long 9.57 5.13 4.58 3.91 2.67 1.09 4.56 3.16 5.02 4.62 4.64 553 212 2.38 142 114 2.69
First -1.32 -1.57 143 -4.06 -135 -1.02 -1.00 -1.54 -1.34 -1.54 -1.76 -0.70  -1.24 -0.80 -1.32 -141  -0.77
Exports  short -2.79 -0.61 -2.06  -477  -0.50 0.41 -0.07 -0.79 0.29 -0.22 -0.71 093 038 0.08 0.64 044 -1.02
Long -7.18 4.47 224 -190 6.84 9.78 4.67 4.66 5.93 6.75 5.60 550 743 6.60 938 8.64 -0.14
First 0.64 0.75 0.64 0.52 0.65 0.71 0.72 0.75 0.48 0.67 0.68 039  0.50 0.61 0.50 049  0.64
C(.)nsum short 0.68 1.16 0.88 0.80 1.07 1.24 1.14 1.17 0.99 1.11 1.09 093 1.14 1.08 120 122 093
prion Long 1.39 3.31 2.56 2.86 3.78 4.39 3.37 3.48 3.44 3.54 3.42 335 422 4.06 457 4.6l 2.88

*Constrained industries- Investment by sector of destination for constrained firms follow the baseline path
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Simulation 2: Increase in public infrastructure investment under production tax
financing

We assume that the increase in public infrastructure investment is financed by a
production tax imposed on all firms in simulation 2, instead of foreign borrowing. The
overall effects of increased public investment in infrastructure depend on the trade-off
between the positive productivity effects of public infrastructure and the distortion
effects of the increased tax burden. The aggregate effects are presented in the last
three columns of Table 7. Certain similar results are obtained as those under
simulation 1, which financed by foreign borrowing, especially in the long-run.
However, there are particularly notable differences in the early periods between the
two simulations.

Aggregate effects: In the first period, public investment increases by 19.79 percent
and production tax rate increases by 3.67 percent to balance government payment.
The higher tax imposes additional burden on firms and exerts negative shocks to the
economy. Contrary to simulation 1, the wage rate and rental rate of capital of
constrained households decline by 0.51 percent and 0.47 percent in the first period,
respectively. As a result, the disposable income of constrained households is reduced
by 0.47 percent. Due to the income shortfall, the constrained households decrease
their consumption by 0.47 percent too. But the non-constrained households still
increase their consumption by 2.84 percent because they have ability to smooth their
consumption. The total consumption rises by 0.46, which is lower than that of
Simulation 1 (0.61 percent).

In the first period, public investment appears to crowd out private investment. The
total private investment falls by 0.34 percent. This crowding-out effect stems from the
increase in the price of capital goods (increases by 0.2 percent) and a reduction in the
income of constrained households. The constrained firms reduce their investment by
0.68 percent. Due to the increase in both the production tax rate and the price of
capital goods, the non-constrained firms barely increase their investment (0.008
percent) in the first period. This is very different from the result of Simulation 1 as
there is no crowding out effect with 0.97 percent increase in the total private
investment in the first period.

At the international market, real exchange rates appreciate by 0.12 percent for the
higher public investment, which stimulates a 0.3 percent growth in import demand,
while it decreases export demand by 1.13 percent in the first period. As a whole, real
GDP falls by 0.06 percent. The magnitude is much higher than that of under Scenario
1 financed by foreign borrowing (falls by 0.01 percent) in the first period.

In the short- and long-run, the increasing public infrastructure investment improves
the productivity of private capital and labor, and thus increases the output. With
enhanced productivity, both the returns to labor and capital increase. The wage rate
increases gradually over time by 0.07 percent and 5.74 percent in the short- and
long—run, respectively. Rental rate of capital of constrained household rises by 0.07
percent and 0.132 percent in the short- and long-run, respectively.
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In the short-run, positive effects generated by improved productivity cannot offset
negative effects of the higher production tax rate, and public capital stock only
increases by 5.25 percent. The disposable income of constrained households declines
slightly by 0.12 percent. Although the crowding-out effects gradually weaken
overtime, the investment of constrained firms declines by 0.29 percent.

Continuous increases in public capital stocks exert an increasingly large enhancing
effect on productivity. The positive effects outpace the negative effects caused by the
additional burden of the production tax. Public capital increases by 25.31 percent in
the long-run. The disposable income of constrained households rises by 4.54 percent.
The negative effects on the consumption of the constrained households gradually
become smaller and eventually become positive due to the increased disposable
income.

It is interesting to note that the percentage increase in the consumption of constrained
households is less than that of non-constrained households in the short-run, while in
long-run, the percentage increases of constrained households in terms of consumption
is larger than that of the non-constrained households. In the long-run, consumption of
constrained and non-constrained households increases by 4.54 percent and 2.65
percent, respectively.

The crowding-out effects disappear. The constrained and non-constrained firms
increase their investments by 4.56 percent and 6.89 percent in the long run,
respectively (see Figure 5). Both imports and exports rise by about 5 percent in the
long run. As a result, Real GDP achieves 0.32 percent and 4.32 percent stable growth
rates in the short- and long-run.
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Figure 5. GDP: Demand side effects (Production tax financing)

Source: Model results.

Sectoral Effects: As in the scenario 1, there are also differentiated sectoral impacts in
the first time period, the sectoral effects are presented in Table 8. Infrastructure
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investment financed by the production tax increases the burden of firms, so the firms’
demand for intermediate use decreases in almost all sectors in the first period, except
the construction and nonmetallic mineral product sectors. The intermediate use for the
mining, textile, manufacture of machinery and equipment sectors drops by 0.22
percent, 0.89 percent and 0.36 percent, respectively.

There are crowding-out effects and total private investment falls in the first period.
The new investments are reallocated among sectors according to the sectoral returns
of private capital. Investments in most sectors declines, except for that in the
nonmetallic mineral product sector, which experiences a 2.08 percent increased. This
is very different from scenario 1. Under scenario 1, investment in most sectors
increases, and investment in the nonmetallic mineral product sector increases by 5.74
percent.

The same is observed for labor demand. The labor demand of most sectors shrinks
along with the reduction in the marginal product of labor. For example, the labor
demand of textile, electric power, and machinery and equipment sectors falls the most,
by 1.10 percent, 0.80 percent and 0.79 percent, respectively, while the labor demand
of the construction and nonmetallic mineral product sectors rise the most, by 1.17
percent and 0.50 percent, respectively.

There are some negative effects on consumption demand due to the decline of
constrained households’ disposable income, while non-constrained households’
consumption demand across all sectors increases slightly, by less than 1 percent, in the
first period as they have the ability to smooth their consumption. Consequently, the
total domestic demand of some sectors decreases, while that of other sectors
increases.

In the international market, the shocks to the textile sector are the largest, and its
exports decrease by 2.04 percent, while its imports increase by 0.28 percent in the first
period. The same shocks affect other sectors, such as machinery and equipment,
metals and metal products. While it is different with the agricultural and other service
sectors, whose imports decrease, and exports increase.

In the first period, agriculture, food processing, nonmetallic mineral products,
construction, transport, real estate, finance, and other services gain from the increase
in public investment, and 9 other sectors lose. The output of the construction, other
services and manufacture of nonmetallic mineral product sectors, increases, by 0.64
percent, 0.36 percent and 0.26 percent, respectively, in the first period, much more
than that of other sectors. The outputs of textile and machinery and equipment sectors
fall by 1.12 percent and 0.54 percent, respectively.

Most of the adverse impacts occur in the first period. In the short- and long-run, the

public investment accumulates into public capital, which generates positive effects to

improve the sectoral productivity. Accompanying the gradual enhancement of sectoral

productivity, all sectors will benefit from the increase in public investment. In the

long-run, each sector’s output expands. For example, the construction, manufacture,

and processing of metal and metal product sectors’ output increase substantially by
23



about 6 percent. The textile sector, which loses the most in the first period, eventually
gains from the higher public investment as its output increases by 0.27 percent in the
long run.

Sensitivity analysis

Sensitivity analysis is conducted to see whether the model results are sensitive to the
choice of the model’s elasticity. The output elasticity of public capital stock is the
most important parameter which determines the productivity of public infrastructure
investment. The elasticity used in the model (0.15) is adjusted up and down 30
percent with lower elasticity of 0.1 and higher elasticity of 0.2. Several important
sensitivity analysis results are presented in Table 8. Similar result patterns are
produced despite the use of different levels of output elasticity of public capital stock.
The main difference is the magnitude. Nonetheless, the output elasticity of public
capital is higher, and the magnitude of the results larger. For example, real GDP rises
by 2.53 to 5.22 percent under an increase of the output elasticity of public capital from
0.1 to 0.2 (See Table 9).

The elasticity of production function and trade elasticity are also tested in our study,
and the results are robust. Due to the page limitation, the sensitivity results are not
presented in full.
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Table 8. Sectoral Effects (Scenario 2: Production tax Financing, percent deviations from baseline)

Variabl  Period Agric Mini  Food Textil  Other Electri Coking, Chemi Nonmeta Metals Machin  Constr  Trans Trade Real  Finan Other
es ulture ng processi e Manuf ¢ Gasand  cal llic and eryand uction  port and Estat ce Servi
ng acture ~ Power Petroleu Industr Mineral  Metal Equipm catering e ces
m y Products Products  ent services
First 0.17  -0.33 0.1 -1.12 -0.16 -0.14 -0.16 -0.34 0.26 -0.42 -0.54 0.64 0.05 -0.04 0.03 0.01 036
Gross Short 0.2 0.25 0.2 -1.41 0.4 0.36 0.39 0.05 1.1 0.28 0.07 1.57 0.65 0.42 071 047 035
output Long 1.67 5.42 2.56 0.27 5.48 5.33 52 4.29 6.36 6.52 5.91 6.51 5.12 4.97 576  4.66  1.44
First -0.44 -1.12 -0.1 -1.28 2.08 -0.45 -0.84
fnvestm Short 1.59 0.41 1.58 0.52 3.4 1.76 1.48
ent Long 8.76 425 8.01 6.75 9.61 9.31 9.21
First 0.19  -0.48 0.17 -1.11 -0.09 -0.8 -0.18 -0.52 0.5 -0.65 -0.79 1.17 0.26 0.03 022 011 042
Labor Short 0.17  -0.29 -0.17 -1.81 -0.06 -0.32 -0.1 -0.57 0.83 -0.31 -0.49 1.54 0.11 -0.06 0.1 -0.16  0.15
demand Long 1.01 1.36 -2.79 -4.5 -1.01 -2.78 0.73 -0.47 2.16 1.82 1.73 2.4 -1.45 -1.54 -1.28  -2.16 -2.03
interme  First -0.1 -0.22 -0.02 -0.89 -0.14 -0.2 -0.13 -0.26 0.35 -0.27 -0.36 0.28 -0.02 -0.1 -0.12 -0.12  -0.04
diate Short 0.02 0.37 0.18 -1.01 0.36 0.31 0.41 0.11 1.17 0.41 0.23 0.74 0.51 0.35 029 034 036
use Long 2.59 5.59 3.1 1.3 4.96 5.12 5.07 4.15 6.22 6.17 5.59 421 4.94 4.57 4.42 4.7 4.24
First 0.11  -0.22 0.15 -0.64 -0.05 -0.14 -0.11 -0.23 0.36 -0.27 -0.05 0.64 0.08 0.07 0.15 0.01 0.13
Toeal Short 0.21 0.37 0.3 -0.7 0.46 0.36 0.44 0.14 1.19 0.44 0.6 1.58 0.58 0.49 0.65 046 0.27
demand Long 2.25 5.58 2.89 1.71 4.99 5.32 5.19 4.15 6.34 6.32 5.71 6.51 4.74 4.64 487 462 177
First -0.75  0.07 0.5 0.28 0.31 -0.63 0.26 0.1 1.39 0.46 0.59 1.1 0.19 0.66 054 012 -0.05
Imports  Short 0.34 0.69 0.99 0.66 0.64 0.1 0.8 0.41 2.12 1.18 1.31 1.96 0.25 0.89 046 -0.01 0.24
Long 11.57 6.0l 5.29 4.54 3.4 1.58 5.17 3.73 6.05 5.36 5.44 6.69 2.89 2.83 1.99 1.72 3.4
First 125  -0.81 -0.66 -2.04 -0.53 0.53 -0.84 -0.76 -0.92 -1.25 -1.28 -026  -0.11 -0.82 -0.52  -0.16 0.63
Exports  Short 0.04 -0.27 -1.27 -2.77 0.21 0.72 -0.29 -0.3 0.05 -0.56 -0.74 0.81 1.11 -0.11 0.98 1.16 0.4
long -8.78 4.2 -2.47 2.5 7.18 10.62 5.25 4.82 6.7 7.64 6.22 6.15 7.71 7.42 1003  9.09 -0.92

*Constrained industries- Investment by sector of destination for constrained firms follow the baseline path
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Table 9. Sensitivity of results to changes in public capital to output elasticity

Foreign Borrowing Financing Production Tax Financing

Low High Low High
Model Result Model Result
Elasticity Elasticity Elasticity Elasticity

First Long First Long First Long First Long First Long First Long

period  run  period  run year run | period  run  period run  period  run
Real GDP 0.00 2.53  -0.01 3.86 -0.01 5.22 -0.03 2.62  -0.06 4.32 -0.08 6.01
Wage rate 0.32 3.16 0.41 4.81 0.52 6.54 | -0.48 3.28 -0.51 5.74 -0.51 8.24
Total investment 1.60 4.03 1.92 5.68 2.21 7.52 0.50 4.22 0.67 6.71 0.84 9.28
Total Consumption 0.39 2.12 0.00 5.59 0.84 4.42 0.08 2.04 0.46 3.78 0.84 5.51
Total exports -1.50 279 -191 4.59 -2.31 6.55 | -0.064 2.96 -1.13 4.95 -1.61 6.98
Total imports 0.93 3.02 1.16 4.38 1.39 5.84 0.19 3.11 0.36 5.18 0.54 7.29
Real exchange rate -0.31 -0.01 -0.40 0.03 -0.51 0.06 | -0.04 -0.01 -0.12 -0.06 -0.20 -0.14

Government revenue 2.24 2.54 2.32 2.84 2.41 3.20 1.93 2.56 1.97 3.08 2.03 3.68

Note: Low elasticity scenario refers decreasing public capital to output elasticity by 30 percent to
0.1; and high elasticity refers increasing public capital to output elasticity by 30 percent to 0.2.

Source: Model results.
6.2 Micro Simulation Results

The distributive effects determined via micro simulation described in Section 3.2 are
presented below. Both the poverty and inequality effects are calculated for the two
scenarios - under the foreign borrowing financing and production tax financing.

6.2.1 Poverty Effects

The poverty effects are assessed against the base year using the international poverty
line of $1.25 per day. The results are presented in Table 10. The two financing
mechanisms lead to different results in terms of poverty changes in the first period.
For example, the poverty headcount ratio is increasing under the production tax, while
decreasing under the foreign borrowing. However, with enhanced productivity of the
increased PII, the two financing mechanisms all lead to the reduction in poverty in
both the short-run and long-run. In the long run, for example, the poverty headcount
ratio is decreased by 2.23 percentage points and 2.65 percentage points for all
households under the foreign borrowing (Scenario 1) and production tax scenarios
(Scenario 2), respectively. The poverty headcount ratio for rural households falls in
the long-run by 2.58 percentage points under Scenario 1 and 3.06 percentage points
under Scenario 2. The poverty reductions among urban and migrant households are
also quite significant. For example, under the production tax financing mechanism,
the poverty headcount ratios for migrant and urban households decline by 0.53
percentage points and 0.65 percentage points in the long-run, respectively. We also
tested whether or not the poverty reductions relative to the base year are statistically
significant using the approach in Araar and Duclos. (2009). The testing results are
reported in Table 10. All poverty reductions relative to the base year are statistically
significant at 10 percent level.
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Different poverty effects of increased PII on constrained and non-constrained
households are also observed in the first period. For example, under the foreign
financing mechanism, in the first period, some non-constrained households get out of
poverty (the poverty headcount ratio decreases by 0.07 percentage points), while some
constrained households descend into poverty (their poverty headcount ratio increases
by 0.04 percentage points). However, both changes relative to the base year are not
statistically significant. The results show that the poverty for both types of households
is reduced in the long-run, with the reduction in poverty headcount ratio of
constrained households by 2.42 percentage points and that of non-constrained
households by 1.50 percentage points. The result indicates that the increased PII has
larger poverty reduction effect for the constrained households in comparison to the
non-constrained households, which are consistent with the macro effects. This is
likely driven by different income distribution for the two types of households. For
example, more poor people of constrained households are at the edge of poverty than
that of non-constrained households. As a result, when their income grows due to the
increased PII, more constrained households at the edge of poor would get out of
poverty.

There are many factors that influence the effects of PII on poverty, both positively and
negatively (Table 10). The reducing effects of PII on poverty are largely due to the
two major sources - wage income and income from self-employment. The results
show that the national poverty headcount ratio falls by 1.51 percentage points under
scenario 1 and 1.87 percentage points under scenario 2, respectively, due to the
increased wage income in the long run. As showed in the section of macro-effects, the
wage rate rises rapidly, 4.81 percent under Scenario 1 and 5.74 percent under Scenario
2. Moreover, the wage income is the most important income source for many poor
households. Approximately 60% households earn wage income in the sample. The
rising income from self-employment is the second largest contributing source to
poverty reduction. Rising income from self-employment reduces the national
poverty headcount ratio by 1.07 percentage points under Scenario 1 and 1.34
percentage points under Scenario 2 in the long-run. The increasing effects of PII on
poverty are largely due to rising consumer prices. The results show that the national
poverty headcount ratio increases by 0.79 percentage points under scenario 1 and 1.07
percentage points under scenario 2 in the long run.

Table 10. Poverty Headcount and Poverty Effects of Increased PII
(Based on international poverty line of $1.25 per day)

National PO (base, %) 24.70

Foreign borrowing financing Tax financing

Period 1 5t 20" 100" 1t 5t 20" 100™
total change (in % points) in PO:

Total -0.04 -0.46* -1.38* -2.23* 0.21* -0.04* -1.07* -2.65%
Non-Constrained 0.04 -0.17  -0.97* -1.50* 0.19 -0.03  -0.58* -1.78*
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Constrained -0.07 -0.53* -1.49*% -242* 0.21* -0.04 -1.20% -2.87*
change (in % points) in PO due to change in:
Wage -0.13*  -0.38* -1.09* -1.51* 0.17*  -0.01 -0.74* -1.87*
Self-employment revenue -0.10*  -0.22* -0.79* -1.07*  0.06* -0.04* -0.55% -1.34*
Own-consumption -0.03  -0.10* -0.19* -0.27*  0.06* 0.00 -0.15*% -0.47*
Consumer prices 0.21*  0.36* 0.68* 0.79*% -0.04* 0.01 043* 1.07*
Rural households PO (base, %) 28.51
Foreign borrowing financing Tax financing
Period N s 20" 100" N st 20" 100"
total change (in % points) in PO:
Total -0.05 -0.51* -1.59* -2.58*  0.23* -0.05 -1.23* -3.06*
change (in % points) in PO due to change in:
Wage -0.13*  -0.42* -1.23* -1.69* 0.19*  -0.01 -0.82*% -2.07*
Self-employment revenue -0.11*  -0.26* -0.94* -1.28*  0.07* -0.05 -0.66* -1.60*
Own-consumption -0.04 -0.12* -0.23* -0.32* 0.07* 0.00 -0.18*% -0.57*
Consumer prices 0.23*  0.42*  0.79* 0.92* -0.05* 0.01  0.50* 1.23%*
Migrant households PO (base, %) 2.36
Foreign borrowing financing Tax financing
Period 1 st 20" 100" I st 20" 100"
total change (in % points) in PO:
Total 0.02 -0.26% -0.39* -0.43* 0.02 0.00  -0.3* -0.53*
Change (in % points) in PO due to change in:
Wage -0.16  -0.17 -0.27* -0.44* 0.03 0.00 -0.23* -0.46*
Self-employment -0.01 -0.05 -0.13* -0.17* 0.00 0.00 -0.11* -0.17*
Consumer prices 0.03 0.03 0.03 0.03 0.00 0.00 0.03 0.03
Urban household P0 (base, %) 6.60
Foreign borrowing financing Tax financing
Period N s 20" 100" N st 20" 100"
total change (in % points) in PO
Total -0.03 -0.20* -0.38* -0.58*  0.09*  -0.01 -0.32*% -0.65*
Change (in % points) in PO due to change in:
Wage -0.14*  -0.21* -0.42* -0.70*  0.09* 0.00 -0.32* -0.91%*
Self-employment -0.04  -0.04 -0.07* -0.07* 0.00 -0.03 -0.06*  -0.1%*
Consumer prices 0.08*  0.09* 0.18* 0.19* -0.01 0.01  0.10%  0.29*

Note: the sum of the changes by source does not correspond exactly to the total change as people falling into
poverty are not necessarily the same across the different channels. The base poverty headcount indexes of the
constrained and non-constrained households are 24.67 percent and 24.84 percent, respectively.
* the difference relative to the base year is statistically significant at the 10 percent level.

6.2.2 Effects on Inequality: Gini coefficient

The Gini coefficient is used to reveal the effects of higher PII on inequality (see Table
11). The Gini coefficient at the national level is 0.3292 in the base year and 0.3021,
0.3089 and 0.2862 for rural, urban and migrant households, respectively. The real
consumption expenditure is used to estimate Gini coefficient in the study, so the

28



coefficients are smaller to those reported in other studies using the real income.

Similar to the poverty effects, there are different inequality effects under the two
scenarios in the first period. In the first period, equality is improved under the foreign
borrowing financing scenario with the Gini coefficient at national level falling to
0.3288, while the inequality is worsen under the production tax financing scenario
with the national Gini coefficient rising to 0.3293. However, the former change is
statistically significant, while the latter is not. In both the short- and long-run, the
gradual enhancement of productivity due to higher public investment translates into
positive effects on equality under the production tax financing scenario. For example,
the Gini coefficient at the national level is decreased to 0.3271 and 0.3267 under the
production tax financing scenario in the short- and long-run, respectively. The
changes are both statistically significant.

Table 11 shows that the effects of PII on the inequality within different household
groups. There are positive effects on the equality within both rural and urban
households in the short- and long-run. For example, the Gini coefficients for within
rural and urban households fall to 0.3004 and 0.3078, respectively, under the foreign
borrowing financing scenario in the long-run. Both decreases relative to the base are
statistically significant. However, we also note that the inequality reduction of the
increased PII on migrant households is not statistically significant.

Increasing rural-urban inequality is an important issue for the government. The
government attempts to narrow the gap between rural and urban households. The
national Gini coefficient is decomposed into between groups to reveal the effects of
increasing PII on rural-urban households. The results show that the Gini coefficient
between rural and urban households declines overtime (see Table 11). The decline
implies that the increased PII is helpful to reduce inequality between rural and urban
households.

Table 11. Effects of Increased Public Infrastructure Investment on Inequality

Base Foreign borrowing financing Production Tax financing

Period Gini I st 20" 100" I st 20" 100"
Group Coefficient Percent Deviations from Baseline (%)

National 0.3292 0.3288* 0.3285* 0.3277 * 0.3271* 0.3293* 0.3290* 0.3281* 0.3267*
Rural 0.3021 0.3018 * 0.3015* 0.3009* 0.3004* 0.3023 * 0.3020* 0.3012 * 0.3001*
Migrant 0.2862 0.2862 0.2864 0.2872 0.2877 0.2861 0.2862 0.2868 0.2884
Urban 0.3089 0.3086 * 0.3084* 0.3081* 0.3078* 0.3090 0.3089* 0.3083* 0.3076*
Within 0.1964 0.1959 0.1957 0.1954 0.1952 0.1961 0.1960 0.1955 0.1950
Between 0.0954 0.0948 0.0947 0.0943 0.0938 0.0950 0.0949 0.0945 0.0936
Overlap 0.0373 0.0370 0.0370 0.0370 0.0370 0.0371 0.0370 0.0370 0.0370

* The difference (relative to the base year) is statistically significant at the 10 percent level.

Source: the simulation results.
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7. CONCLUSION AND POLICY IMPLICATION

An integrated macro-micro simulation method is applied to analyze the growth and
distributive effects of PII. China inter-temporal dynamic CGE model is developed to
trace the impact channels of PII on economic development. The macro effects are
transferred to micro-simulation model to analyze the poverty and inequality effects. A
20 percent increase in the ratio of PII to GDP is simulated and two different
mechanisms are also considered to finance the increased PII, including foreign
borrowing and production tax.

Although there are some different results in the first year in response to the increase of
the PII in China, the two simulation results are consistent in both the short- and
long-runs. For instance, the increase in PII have small crowding-out effects to private
investment under the production tax financing scenario for the increased tax burden in
the first period, while there are virtually no negative effects under the foreign
borrowing mechanism. The results show that the increase in PII not only drives the
economic growth, but also has positive impacts on reducing poverty and inequality.
The real GDP was to be accelerated by approximate 4 percent points in response to
the increased PII through the productivity improvement in the long-run. Different
sectors respond differently due to different characters of sectors. For example, the
sectors of construction and nonmetallic mineral products, and manufacture of
nonmetallic mineral products gain significantly from the increased PII, while the labor
intensive sector of textiles losses its competitiveness in response to rising wage rate.

In particular, there are significantly positive effects of the increased PII on poverty
and inequality in both the short- and long-run. The national poverty headcount ratio is
decreased by more than 2 percentage points using the international poverty line ($1.25
per day) in the long-run. The rising wage rate contributes most to poverty reduction.
The results show that more rural poor people get out of poverty than that of urban and
migrant households. The equality is improved not only within rural and urban
households, but also between rural-urban households.

The conclusion that infrastructure both raises growth and lowers income inequality
implies that infrastructure development may be a key win-win ingredient for poverty
and inequality reduction. In addition to raising society's overall economic growth, it
also helps raise the income of the poor more than proportionately. This suggests that
infrastructure development should rank at the top of the poverty and inequality
reduction agenda in China. In particular, to counterpart rising inequality between
rural-urban incomes, increasing public infrastructure in rural area would be useful
strategy. In other words, public infrastructure development should be considered as key
strategy for inclusive growth.
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Appendix

Table Al  Parameters used in CGE Model

Elasticity of Elasticity Elasticity Elasticity  Elasticity Capital Capital the output

substitution  of of of of depreciation depreciation elasticity

in the first substitutio  substitutio  substitutio  substitutio  rate for rate for of public

level of n in the n in the ninthe Ist ninthe Ist non-constrained constrained capital

Parameters nested CES  second second level of level of firms (%) firms (%)
production  level of level of nested nested
functions CES nested CES Armington CET
production  production  functions functions
functions functions

Agriculture 0.1 0.45 0.4 3 3.6 1.6 5 0.15
Mining 0.1 0.65 1.2 3.7 4.6 5.2 5 0.15
Food processing 0.1 0.65 1.2 2.1 4.6 5.2 5 0.15
Textile 0.1 0.65 1.2 3.8 5.4 52 5 0.15
Other Manufacture 0.1 0.65 1.2 33 3.8 52 5 0.15
Electric Power, Heat Power and Water 0.1 0.65 1.2 2.8 3.8 52 5 0.15
Coking, Gas and Petroleum 0.1 0.65 1.2 2.1 3.8 5.2 5 0.15
Chemical Industry 0.1 0.65 1.2 3.8 4.6 5.2 5 0.15
Nonmetallic Mineral Products 0.1 0.65 1.2 3.8 4.6 5.2 5 0.15
Processing of Metals and Metal Products 0.1 0.65 1.2 3.8 4.6 5.2 5 0.15
Machinery and Equipment 0.1 0.65 1.2 3.8 4.6 52 5 0.15
Construction 0.1 0.65 1.2 1.9 3.8 52 5 0.15
Transport 0.1 0.65 1.2 1.9 2.8 4 5 0.15
Trade and Catering services 0.1 0.65 1.2 1.9 2.8 4 5 0.15
Real Estate 0.1 0.65 1.2 1.9 2.8 4 5 0.15
Finance 0.1 0.65 1.2 1.9 2.8 4 5 0.15
Other Services 0.1 0.65 1.2 1.9 2.8 4 5 0.15
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