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hat aggregate growth in China has been high for several decades is well

known. Even the recent “Global Financial Crisis” has had relatively little
impact, with China being a central engine for world economic growth in the face
of faltering economies around the globe. What is perhaps less well known is that
the regional distribution of Chinese prosperity has been very uneven and is likely
to continue to be so for the foreseeable future. This dark underside of the Chinese
“economic miracle” has not gone unnoticed by Chinese policy makers at the
highest level and central government policy to address this issue has been a
continuing feature of macroeconomic policy.'

Policies to reduce regional disparities are clearly desirable on the basis of
equity and have also been supported on the basis of the danger of social unrest,
which might be caused by widening gaps between rich and poor regions. Yet,
there has been a noticeable caution in the vigour with which such policies are
pursued by policy makers who are reluctant to jeopardise the continuation of a
high aggregate growth rate. Thus, there is, in some quarters at least, a percep-
tion that directing policy to improve regional equality may have a cost in terms
of lower national performance; that is, there is the perception of a trade-off
between national output and the equality of its distribution across the
regions.

If there is such a trade-off, it is clearly an important constraint on the exe-
cution of policy. Yet, there has been little analysis of this issue either at a
theoretical or empirical level. This is not surprising since the resolution of the
question is not likely to be simple; after all, in any reasonable macroeconomic
model inter-regional per capita output disparities and aggregate output will both
be endogenous so that whether they move together or not will, in general,
depend on the nature of the shock driving the model. In policy terms, we would
expect the existence of a trade-off to depend on the policy being used to pursue
equality. If this is indeed the case, it is all the more important to investigate this
issue since some policies may be constrained by a serious trade-off while others
may not.

Of course, those familiar with the literature on economic development and
on regional development in particular, will realise that the consideration of such
a trade-off is not new. Indeed, it dates back at least to the work on the inverted
U curve between economic development and regional inequality; see particu-
larly Williamson (1965) and earlier work by Kuznets (1955), Myrdal (1957),
and Hirschman (1958). The idea captured by the inverted U curve is that in the
early stages of development, regional (and other) inequality rises but eventually
falls as development (usually measured in terms of income or output per capita)
proceeds. There is, thus, a relationship between inequality and development
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which has an inverted U shape. A recent discussion by Golley (2007, Chapter 2)
develops the relationship between these papers and explores possible underlying
mechanisms.

While the original literature focuses on the relationship between (per capita)
output or income and disparities, many of the empirical applications come from
growing economies. Moreover, policy applications are often to growing econo-
mies so that in more recent literature the question is often cast in terms of the
relationship between growth and inequality.” A substantial theoretical and
empirical literature has developed in this area but little consensus has been
reached. Thus theoretical analysis in papers by Galor and Zeira (1993), Alesina
and Rodrik (1994), Persson and Tabellini (1994), and Benhabib and Rustichini
(1996) present arguments that growth and inequality are negatively related while
Kaldor (1956), Benabou (1996), Edin and Topel (1997) argue the opposite
effects. Empirical work is equally inconclusive with the work reported in papers
by Alesina and Rodrik and Persson and Tabellini finding that inequality is
harmful for growth while Forbes (2000) reports the opposite finding and various
papers present ambiguous results including those by Barro (2000), Partridge
(2005), Fallah and Partridge (2007), Chambers (2007), Bjornskov (2008), and
Barro (2008).

The literature on inequality and development in China is relatively sparse. Li
and He (2006) recently predicted that China will continue to maintain rapid
economic growth during the 11th Five-Year Plan but that the income gap
between regions will be further enlarged because of three factors: continuing
structural adjustment, the deepening of administrative reforms, and the enhanc-
ing of market forces. Kuijs and Wang (2005) argue that China can have a more
balanced growth path with a sustainable reduction of income inequality if appro-
priate policies, such as reducing subsidies to industry and investment, encour-
aging the development of the services industry, and reducing the barriers to
labour mobility are implemented. Wan, Lu, and Chen (2006) explicitly tested the
growth-inequality nexus in China, focusing on rural-urban income inequality
and regional growth using a provincial-level panel data set. They found that an
increase of inequality has negative effects on growth irrespective of time hori-
zons. Finally, Qiao, Martinez-Vazquez, and Xu (2008) find that fiscal decentrali-
sation has resulted in more rapid economic growth accompanied by greater
regional inequality.

To sum up, there is a substantial literature, both theoretical and empirical, in the
broadly defined area of inequality and development but no consensus on the
direction of the relationship between them. Moreover, there is relatively little work
that deals explicitly with China.
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Our paper contributes to filling this gap. Our contribution to the literature is
fourfold. First, we revert to the original question of the relationship between
inequality and the level of (per capita) output in contrast to much of the literature
that has focused on the growth of output. Second, we extend the analysis from one
of output to include income and welfare. We are thus able to look at inter-regional
inequality and national development in three alternative dimensions: output,
income, and welfare. Third, we focus on inter-regional disparities rather than
household income or urban—rural inequality. This reflects, in part at least, an
important policy focus in China. Fourth, we recognise the joint endogeneity of the
two variables: the inter-regional gap and the national level of output (or income or
welfare). This approach is in contrast to much of the empirical literature that tends
to consider causation from inequality to growth or output and ignores the possibility
of reverse causation. Our analysis follows arguments by Lundberg and Squire
(2003) that a two-way relationship between these variables ought to be entertained.

Our approach is theoretical and we proceed by setting up a simple theoretical
economic model, which we analyse using numerical simulation based on a
linearised form of the model.* We subject the model to a variety of shocks
designed to simulate policy actions and observe the effects on both inter-regional
disparities and national variables to assess the trade-off question.

While the model is designed to capture some features of the Chinese economy
and is calibrated with Chinese data, we argue that with some exceptions (such as
a relaxation of the internal migration restrictions), many of the policies simulated
are more widely applicable than just to China.

The structure of our model is most closely related to three recent theoretical
papers on China that use numerical models, one by Hu (2002), one by Hertel and
Zhai (2006), and a third by Whalley and Zhang (2007). While all these papers use
small numerical models of (aspects of) the Chinese economy, none of them
focuses on policy measures, which might be used to reduce regional disparities,
and moreover, none addresses the trade-off question.

The general nature of our findings can be briefly summarised as follows. First,
different measures of the inter-regional gap (i.e., in per capita output, income or
welfare) do not necessarily all move in the same direction so that policy needs to
be clear as to which gap is being targeted. Second, whether a narrowing of the gap
between the interior and the coast comes at the expense of the national level of the
relevant variable depends on the policy shock, which drives the change and on
whether short- or long-run consequences are being considered. Third, whether
there is a trade-off or not depends on the variable of interest. Fourth, most policies
analysed face a trade-off in at least one of the three dimensions examined in either
the short run or the long run.
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I:I The interior provinces
:l The coastal provinces

FIGURE 1. THE TWO REGIONS OF MAINLAND CHINA.

The Model

To keep the regional structure of the model as simple as possible, we assume
that there are two regions, conventionally called the coastal and interior (or inland)
regions (denoted C and /). This two-region scheme has been widely used in policy
discussion until the mid-1980s and continues to be widely used in empirical work
on China.* The two-region disaggregation we use is illustrated in Figure 1.

The coastal region is relatively wealthy compared to the interior, and at its
broadest level, it is the disparities between the coast and the interior which have
been at the centre of Chinese concerns about regional inequalities. We assume that
each region has two sectors, agriculture and manufacturing (denoted 4 and M). We
abstract, therefore, from both the service sector and from the foreign sector. This
does not reflect a judgement that these sectors are unimportant in Chinese eco-
nomic development or even unimportant for regional disparities, but simply that
they are more than we need to say something interesting about the trade-off
between regional disparities and national development.

Each region has households, firms, and regional governments. There is also
a central government. There are assumed to be two types of labour in each
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region, skilled (S) and unskilled (U), with some households (“skilled house-
holds”) supplying skilled labour and others (“unskilled households™) supplying
unskilled labour for which they receive wage income. All households also
receive profits from firms in the region in which they live. They use income to
purchase agricultural and manufacturing output from the firms; in addition, they
receive a government-provided consumption good, which is private in the rival
sense.

Agricultural firms produce output using three factors—unskilled labour, a
fixed amount of land, and a government-provided public good (which we call
infrastructure). Manufacturing firms employ four factors—unskilled and skilled
labour, a fixed amount of capital, and infrastructure.” We assume that only labour
is inter-sectorally and inter-regionally mobile and that only in the long run; in the
short tun, no factors are mobile.® In the long run, unskilled labour can migrate
between manufacturing and agriculture as well as between regions and skilled
labour can migrate between regions. We assume that labour migrates in response
to wage differences between sectors or regions although there are also costs of
migration, some of which we relate to implicit costs imposed by the Aukou system
and to the higher cost of housing in the cities.

We distinguish between central and regional governments, with the latter
including all sub-national government levels although we recognise that, in prac-
tice, the latter level includes several layers (provincial, prefecture, county, and
township). This distinction between two levels of government is an important part
of our model since both regional and central governments can be expected to
implement policies, which have regional objectives and effects.

In our model, both levels of government provide households with a consump-
tion good. From the households’ perspective, the government-provided consump-
tion good is homogeneous. In addition to supplying the consumption good, the
regional governments are assumed to provide infrastructure, which is an input into
the production process for both agriculture and manufacturing.

On the taxation side, we incorporate three taxes into the model in a way, which
broadly reflects the stylised facts of the Chinese taxation system: 1) a national
value-added tax (VAT), the rate for which is set by the central government at the
same level for both regions and the proceeds from which are shared between the
central government and the regions with the same shares for each region, 2) a
business tax levied by regional governments on the value of manufacturing output,
and 3) an agricultural tax that we assume to be levied by regional governments on
the value of agricultural output.’

We assume that skilled households supply skilled labour inelastically to manu-
facturing firms in their own region (each household supplying one unit) and that
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each unskilled household supplies one unit of unskilled labour to either agricul-
ture or manufacturing firms also in its own region. Both types of household
choose consumption to maximise utility and all firms choose employment to
maximise profits, taking real wages as parametric. Governments are assumed to
behave exogenously although they need to satisfy their budget constraints.

We consider the behaviour of households, firms, and governments in turn.®

Households. Households derive utility from the consumption of the two
privately produced goods as well as from a good supplied by governments. There
are two types of households (skilled and unskilled) in each region. We assume a
representative household of each type in each region with potentially different
preferences modelled by a constant-elasticity-of-substitution (CES) utility func-
tion of the form:

-1

Vi = BulY sCall +YuuCitl +yeuGH Py i=1,Ck=U,s (D

where V}; = utility of the representative household of type £, region i,

C.i; = real private consumption of agricultural output per household of type £,
region i,

Cyi = real private consumption of the manufactured good per household of
type k, region i,

GH; = real government-provided consumption per household, region i,

B = the scale parameter for household of type k, region i,

Y, = the share parameters, good j, household type £, region 7,

pr = the substitution elasticity parameter, household type £, region i (the elas-
ticity of substitution is 1/(1 + px)),
with

B.>0,k=U,S;i=1,C
0<ywu<l j=4,M,Gk=U,S,i=1,C
Yai *Yuwi T Yo =L k=U,S;i=1,C

pu>—-Lk=U,S;i=1,C

Households maximise utility subject to a budget constraint. To formulate the
household budget constraint, we need to combine quantities of the two goods in a
single measure since both household types consume some of each good and the
unskilled households receive wage income in terms of both goods. While we
could use one of the goods as a numeraire and write the whole model in terms of
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relative prices, we find it more convenient to do this using the price of a composite
good which has a price index:

Pe=(P)M(Py)™

where P; is the price of good j (j = 4,M) and A is the share of agricultural output
in total output. We will also use this good to value national income and output.

We assume that households “pay” the VAT, which the central government
collects at a given rate 7. Since there are no intermediate goods in the model, the
VAT is equivalent to a tax on the value of final consumption and, since households
spend all their income, it is also equivalent to an income tax. Using the price index
for the composite good, the household budget constraint for region i can be written
as

(I+ T ) PCoui + PuConi)/ Pe =Jy, k=U,S;i=1,C

or using the definition of Pc and letting P denote the relative price, P = P4/Py, we
can write:

(1+TV)(P17/1CAki+P71CMki)=Jki, k=U,S,l=1,C
where Ji; = household income in terms of the composite good for household type
k, region i.

Utility maximisation subject to the household budget constraint gives the
demand functions:

JkiPA_l/(l'{_Tv)
I

Ci = k=U,S;i=1,C
P71 (P ’yMki )pl"H +1 (Za)
Y axi
2
s = —2F /(”fv) k=U,S;i=1,C
P( s )p R (2b)
Y axi

Households may migrate between sectors and between regions. In China,
internal migration is subject to restrictions (based on the household registration
system, or hukou) which we model as part of the cost of migration.” We assume
that intra-regional migration is dominated by inter-sectoral migration from agri-
culture to manufacturing (roughly rural-urban migration) and inter-regional flows
are dominated by those from the poor to the rich region. These assumptions avoid
the discontinuities, which result from two-way costly migration; see Mansoorian
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and Myers (1993) for an analysis of a model with such discontinuities and
Woodland and Yoshida (2006) for an approach similar to ours but applied to
immigration from poor to rich countries.!

Only unskilled households supply labour to both sectors so intra-regional
migration applies only to unskilled labour. On the other hand, both types of
household may migrate between regions although, to reduce complications, we
assume that if unskilled households wish to migrate from agriculture in one region
to manufacturing in the other, they first migrate to agriculture in the other region
before “subsequently” moving to manufacturing.

We model migration as occurring in response to wage differentials adjusted for
costs of migration. Given our migration assumptions, we have four migration
equilibrium conditions. For intra-regional migration, there is an equilibrium con-
dition for each region of the form:

P Wi = P™*"W,i + MCyi=1,C

and for inter-regional migration there are two conditions, one for each type of
worker:

PI_AWAUC = PI_ZWAUI +MC,y

P "Wyse = P~*Wyyg + MCy,

where the MC terms are migration costs (measured in terms of the composite
good) and the ¥ terms are real wages, measured in terms of units of output of the
sector in which they are paid. In the migration conditions, wages are converted
into units of the composite good to make them commensurate with each other and
with the migration costs. In the data based used for calibration (Table 1 below),
there is a substantial wedge between interior and coastal wages for similar
workers; on average, coastal wages are about 50 percent higher than their interior
counterparts, suggesting substantial barriers to migration.

Given our assumptions about possible migration flows, intra-regional migra-
tion is likely to be more costly for Chinese workers."" In the first place, the
hukou restrictions are more focussed on preventing free migration from the
countryside to the cities, and secondly, the high cost of urban housing is also
likely to be a significant barrier to the movement to the cities. Both of these can
be considered as sources of congestion costs since both will increase with popu-
lation density of the cities.'*> While both of these will impose costs on intra-
regional migration, for the sake of exposition, we focus on the housing cost
component.
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We assume that the excess demand for urban housing depends on a relative
price and a measure of the tightness of the rental market. The relative price is the
rental rate, R, relative to the unskilled wage in manufacturing (which is the
aspiring migrants’ destination) both measured in terms of the composite com-
modity. The measure of the state of the rental market we use is the level of
employment of unskilled labour already in manufacturing (Ljwu;)—the more
unskilled already in manufacturing, the greater will be the demand for rental
housing relative to supply. We assume the excess demand function has the simple
linear form:

HY = _ARi(Ri/(P%WMUi)) + ALy

where the As are positive parameters and R; represents rental costs facing rural
households contemplating moving to the city in region i. Setting excess demand to
zero and solving for R; gives:

R = AiLMUiP%WMUi

where A;=A;/Ar. Thus, rental payments are proportional to manufacturing
unskilled employment (and therefore urban population), generating standard con-
gestions costs. We argue that this variable may also be used to capture the costs of
hukou restrictions since the larger is the number of unskilled workers already in
the cities, the greater will be the resistance to the arrival of additional workers and
the higher the wage, ceteris paribus, the more vigorously will incumbent workers
defend their position by urging authorities to enforce the migration restrictions.
Thus hukou effects will reinforce the congestion effects of rising housing costs.
We, therefore, set MCy; in the intra-regional migration condition above equal to R;,
so that

PW,ui = (A= ALy Wy i =1,C (3a)

In the case of the inter-regional migration conditions, we assume that the MC
terms represent moving costs which are constant so that the conditions are

P"W e = P Wy + MC gy (3b)

P%WMSC =P 'Wys + MCy (30)

where MC,, and MCys are treated as exogenous variables. '

Households receive income from wages and profits, both of which are received
in terms of the firm’s own output. Skilled households receive wages only from
manufacturing while unskilled households receive wages from both agriculture
and manufacturing. Firms distribute profits in equal per capita amounts to all
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households in the region in which they are located. In addition to these income
flows, we need to account for housing rental payments by unskilled households
working in manufacturing. Since we are not interested in the housing market as
such but only in the effects of housing costs on the migration decision, we do not
include a complete model of the housing market. Rather, we make the simple
assumption that the urban housing stock is exogenous and owned by skilled
worker households. Unskilled households working in manufacturing (roughly
unskilled urban households) rent housing from the skilled households and pay a
rental payment of R as derived above. This is therefore modelled simply as a
transfer from unskilled to skilled households in manufacturing. Recalling that
income is measured in terms of the composite good, we can write the budget
constraint for skilled households as:'

Js =P MIH 4+ P"TIH 1y + PWys + (Lagvi/ Lusi) R i = 1, C (4a)
and for unskilled as
Jui = P (TH 4 + [ L / Ly Wawi) + P~ (TH y; + [ Logvi / Lo Wasii)
- (LMUi/LUi)Ri: i=I,C

where the rental payment, R;, from unskilled to skilled households in manufac-
turing in region i is as derived above:

(4b)

Ri = AiLMui})ill/VMUia i= 15 C (40)

and I1H; = profit distribution per household by sector j, in region i,

Wi = real wage income per household, sector j, type &, region i measured in
terms of sector j’s output, and

L = employment (= number of households), sector j, type k, region i.

Firms. There are both agricultural and manufacturing firms in each
region. We assume that the number of firms in each industry and in each region
is fixed, and without loss of generality, we set this number equal to 1 in each
case.

In agriculture, the firm produces output using land (in fixed supply), unskilled
labour hired from within the region in which it is located and the public infra-
structure provided by the regional government. The manufacturing firm uses both
skilled and unskilled labour as well as capital (in fixed supply) and the infrastruc-
ture provided by the government in its region."” Both sectors use Cobb-Douglas
constant-returns-to-scale production technology:

Yy = Byi(LAND) " 4um 46 (L, )Y (GRF )™,
0 < 0 yus Wi, (1= 0y — Cygi) <1
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Yy = Bus(CAPITALY ==ssmne) LG [548 (GRE, ),
0 < Oy Cussis g (1= Oy — Opgsi — Otyyi) <1

where B,; is total factor productivity (TFP), L. is total (unskilled) employment in
agriculture and GRF; represents regional government expenditure on infrastruc-
ture, which benefits firms in agriculture, all in region i. Similarly, By, is TFP in
manufacturing, Lyy: and Lys are employment of unskilled and skilled workers
in manufacturing, and GRF); is infrastructure provided by region i’s government
to manufacturing firms in the region. Since we assume both land and capital to be
immobile factors in fixed supply, we can simplify and write

D,; = B;(LAND)!"-*4vi=®46:)
and
Dy = By (CAPITAL) - emui-oussi=eivei)
so that the production functions can be written as

Yy = DL (GRF )™, 0 < Qups Qugir (1= O gy — Cyi) <L, i=1,C (52)

Y = Do L5 Lt (GREy; )™, 0 < Oyzsiy Caguis Crgin

(= otysi — =0l ) <1,i=1,C (59)

Hence, shocks to D;; can be interpreted as changes in available amounts of the
fixed factor (land in agriculture or capital in manufacturing) or changes in TFP.

Consider now firms’ behaviour. Profits (in terms of the firm’s own output) are
defined as

Ir, = (1_TAi)YAi Wil i=1,C (63)

I1F,, = (1 - TMi)YMi ~WywiLani = Wusibusis i =1, C (6b)

where 7; is the tax on agricultural output and 7y is the tax levied on the value of
manufacturing output, in each case in region i. We assume that each firm takes the
wage, the tax rate, and the quantity of infrastructure as given. Hence, the only
choice variable in each case is the level of employment—unskilled only in agri-
culture and both skilled and unskilled in manufacturing—and this choice will also
determine output via the production function. We follow convention and assume
that all firms choose employment to maximise profits.

The profit-maximising condition for manufacturing firms will result in the
usual marginal productivity conditions:
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Oysi(1=Tyi )Yy = WysiLygsin i = 1, C (7a)

i (1= Ty )Y = Wi Lo 1 = 1, C (7b)
and in agriculture, the corresponding condition is
Qyui(1=T4)Y i =Wyuilguini=1,C (7c)

On the labour supply side, each household type in each region is assumed to
provide one unit of labour inelastically to the firms in its own region so that labour
force, labour supply, employment, and the number of households are all equal.

Governments. There are three sources of government revenue. The central
government levies a VAT at a uniform rate across the country and shares the
revenue with the regional governments. In addition, each regional government
levies a tax on agriculture and one on manufacturing. Each government (central
and regional in the coast and the interior) receives tax revenue in the form of
output and transforms this output into a homogeneous government good. It would
seem natural to include a government production function by which the govern-
ment combines some of the agricultural good and some of the manufacturing
good that it receives as tax revenue into the government consumption good. But
since we are not interested in this in particular, but merely wish to define a
government expenditure variable that we can shock to simulate the effects of fiscal
policy, we opt for the simplest structure in which governments can convert either
of the private goods into the government good at the constant rate of one unit of
the government good for one unit of the composite good equivalent of each of the
two private goods. This is equivalent to a production function that is linear in the
tax revenues (expressed in terms of the composite commodity).

The central government provides this homogeneous government good to
households as a consumption good in both regions, in per capita amounts, which
are the same for all households within the region but may differ across regions.
Each regional government provides some output to households as a consumption
good (in equal per capita amounts) within its own region as well as providing
some to firms as agricultural and manufacturing infrastructure.

There is no asset accumulation in the model so that neither households nor
firms nor governments can lend or borrow. Governments therefore must balance
their budgets. Consider the central government first. It raises VAT of
TV(L51J51 +Lu1Ju1) in region I and TV(Lscjsc +Lucjyc) in region C. Of thiS, a
proportion (1 — ) is transferred to the regional governments and the remainder is
transformed into the government consumption good, which is provided to house-
holds in both regions. Its budget constraint is therefore
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L,GC; + LcGCo = 0T, (LsyJ 5 + Ly Jyr + Lsed sc + LucJuc) ®)

where GC; (i =1, C) is government good per household provided to residents of
region i by the central government.

The regional governments receive some revenue from the VAT, which is mea-
sured in terms of the composite good but also some from local firms, which is
measured in terms of the firm’s own output and is therefore re-valued in terms of
the composite good before being transformed into the government good. The
regional governments’ budget constraints have the form

LGRH, +GRF,;+GRF,; =T ,P™*Y,; + T}, P~ *Yy;

F (=0T, (LyJy + Lydu)i=1.C )

where GRH; is the amount per capita of the government good provided by region
i’s government to households in its region; GRF); is the amount of the infrastruc-
ture good (non-rival in use) provided to the firms in sector j, region i and the
components on the right-hand side are agricultural tax revenue, manufacturing tax
revenue, and the regional government’s share of the VAT, all measured in terms of
the composite good.

Closure and definitions. 1t remains to define a number of important aggre-
gate variables and set out market-clearing conditions to complete the specification
of the model.

First, the aggregate counterparts to the regional disparity variables are defined.
We begin with output and define both regional output and national output.'®
Converting each sector’s output to the composite good before adding them, we
have

Y, =P, + P, i=1,C (10a)

Y=Y, +Y (10b)
Similarly, for income (per capita) at the regional and national levels:

Ji =L/ L)Jui +(Lsi [ L) i, i = 1, C (11a)

J=(L;/L)J, +(Le/ L) (11b)

The appropriate procedure for welfare is less straightforward because of
the problem of interpersonal comparison of utilities. We decide to treat all
individuals equally and simply measure regional and national welfare as the
population-weighted average of the utilities of the different households in each
case:
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Vi = Lo/ LWy +(Lsi [ LV, i = 1, C (12a)

V=(L/LWV; +(Lc /L) (12b)

Next, we introduce a number of definitions. First, the relationship between GH,,
the amount of the government good per capita received by households in region i
from both sources (regional and national governments), and its components is
given by

GH,=GRH,+GC,, i=1,C (13)

Market-clearing conditions are imposed on goods and labour markets. Goods
markets clearing in each sector implies

Yy+Y, =(1+T)(LyCiu + Ly Cisi + LycCiuc + LscCisc)+ Ty + TicY ;e (14)

J
j=AM

where the left-hand side is national output of good ;j and the right-hand side is the
sum of consumption (two types of households, two regions) and the amount of
each good surrendered to governments as tax revenue. All variables are measured
in terms of units of good j itself.

The market for each type of labour in each region clears so that employment is
equal to the number of households of each type in each region.

Lyvi + Ly = Ly 1 =1,C (15a)

LMSi =LSi,i=I,C (15b)

Moreover, the number of households of each type in the country as a whole is
given (we do not, e.g., model education and training by which unskilled workers
might become skilled).

Lkl +LkC:Lk,k:U,S (15C)

We also define regional populations and national population.
Ly+L;=L,i=1,C (15d)
Li+Lc=L (15¢)

Firms are assumed to distribute all their profits to households in their own
region in equal per capita amounts:
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NF, =LIH,,i=1,C (162)
MF,, = LIIH,,i=1,C (16b)

This completes the specification of the model. To summarise, the model con-
sists of the 65 equations (1-16) in 85 variables: Vi, Cw, GH,, T,, P Ju, [1H;;, L,
Ly Ly, L, Y, Dy, Liviy Lusi, GRE;i, ILE;, Ty, Wivi, Wusi, GC, GRH,, 6, Y, Y, J, J,
V' Vi Ri, Ay MCyy, and MCys. Of these 21 are exogenous: Dj;, GRFj;, T;;, GC,, 6,
A, MCyy, MCys, Ly where we have assumed that 7, and the GRH, variables
adjust to satisfy the government budget constraints (although these closure
assumptions will be changed for some of the simulations). Hence, there are 64
endogenous variables, one less than the number of equations. One of the equa-
tions is redundant; however, since the household and government budget con-
straints, definitions and one of the product market-clearing conditions imply the
other; we drop one of the product market-clearing conditions in the simulations
that follow.

Short-run and long-run versions of the model. In the simulations to be
reported below, we distinguish between short-run and long-run versions of the
model. Since the model is static rather than dynamic, the distinction is based on
differences in closure assumptions. In particular, we follow Krugman (1991) and
define the short run as the length of time before inter-regional migration begins to
respond to the changes in the wage differential. The distinction is based on the
idea that migration is slow to respond fully to changes in economic incentives.
Thus, for example, Pissarides and McMaster (1990) estimate that it takes as long
as 20 years for reasonably complete adjustment of migration to labour market
shocks.

In terms of the model, the distinction between short and long runs simply
involves suspending equation (3), the migration equilibrium equations and
making labour supplies of each type, in each sector of each region exogenous; i.e.,
Ljui and Lys become exogenous variables. However, given equation (15c), this
means that L, cannot also be exogenous and we delete these equations (or equiva-
lently, make the L, endogenous). The long run is used to refer to the simulation
results using the model as set out above.

Linearising the model. The model as it stands is too complicated to solve
analytically so that we linearise it in terms of proportional changes for which we
use a process of log differentiation. This converts the model from one which is
non-linear in the levels to one that is linear in the proportional rates of change of
the variables. The resulting linearised versions of equations (1-16) are given in
Appendix 2.
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The numerical version of the linearised model. Having linearised the model
in terms of proportional changes, we can solve the model for any one of the
(changes in the) endogenous variables in terms of (the changes in) the exogenous
variables. However, given the number of endogenous variables, this is unlikely to
lead to any interpretable results and we proceed to solve the model numerically,
using data for China’s regions (reported in Table 1) to calibrate the key parameters
of the model, detailed discussion of which we relegate to Appendix 3.

The Simulations

There are various policies by which governments might attempt to influence
the regional distribution of output, income, or welfare. We simulate four policies
that either the interior government or the central government might undertake to
reduce regional disparities. For each policy, we assess the effects on the disparities
themselves and examine whether there is a trade-off between the reduction of
disparities and national development. We examine three alternative disparity
measures (output, income, and welfare) and their corresponding aggregate levels
to assess the nature of the trade-off.

The policies are

1. A regional government fiscal policy aimed at increasing economic activity
(and hence welfare) in the poor region. The model structure provides various
possible balanced-budget fiscal policy combinations. We choose an increase in
interior government-provided consumption aimed at increasing output via the
usual multiplier effects in the region. We assume that the interior government’s
budget is balanced by changing the provision of infrastructure to agriculture
although we could have assumed that that the provision of infrastructure to
manufacturing or the two tax instruments, which the regional government has
available, are adjusted instead. Results for alternative closures are reported in
Appendix 5.

2. Measures that either the regional or the central government might undertake to
increase productive capacity in the agriculture sector in the interior, such as
releasing more land for agriculture or improving agricultural technology. It
might be argued that there is little additional land available for release to
agriculture in China. However, the shock here may also be thought of as the
implementation of policy, which halts or slows down the alienation of farm
land for non-agricultural purposes. If the shock is interpreted as a productivity
improvement in agriculture, it should be pointed out that, in general, govern-
ments need to spend resources on activities such as research and development
(R&D) to generate productivity increases. Since we ignore these costs, the
comparison to balanced-budget policy shocks such as policy 1 is not strictly
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“fair” and will exaggerate the effectiveness of the productivity policy relative
to standard fiscal policy. However, since we focus on signs of the multipliers
rather than their magnitude, this is a small price to pay for the considerable
simplification effected by not having to explicitly model the process that
converts tax revenue into R&D and then into productivity improvements.'’

3. A reduction in inter-regional migration costs. Either the regional or central
government might undertake this policy, depending on the precise nature of the
migration costs.

4. A reduction in the costs of intra-regional migration. Recall that intra-regional
migration is inter-sectoral migration within the region; i.e., migration from
(rural) agriculture to (urban) manufacturing within a particular region and that
we have modelled the costs of such migration as being driven either by urban
housing costs faced by rural migrants or by the costs of obtaining urban Aukou
or both. Housing costs might be reduced by either central or regional govern-
ments.'® As to a reduction in hukou costs, we think of this as being driven by
a reduction in the seriousness with which the Aukou restrictions are enforced
for those aspiring to migrate from agriculture to manufacturing. We note that
originally the hukou system was instituted and administered by the central
government but that since reforms began in the late 1970s, it has increasingly
been the wealthier coastal provinces (particularly the large cities), which have
maintained the force of the hukou restrictions, presumably to keep out low-
wage workers from agriculture. Coastal provinces are, therefore, hardly likely
to undertake reform or allow relaxation of the migration restrictions in order to
reduce disparities and it must be assumed that only the central government is
likely to apply pressure to reduce restrictions.

Results

Base case results. A summary of the results of the four simulations defined
above are reported in Table 2. Detailed results for these four simulations for all
variables in the model are provided in Appendix 4.'° We discuss the four policies
in turn.

Policy 1: An interior government fiscal policy. Recall that the policy we focus
on here is an increase in the government consumption good provided by the
interior government and that the variable, which adjusts to maintain a balanced
budget, is infrastructure expenditure for agriculture.

Consider the short-run effects first. Table 2 shows that policy 1 has the desired
effect of reducing the welfare gap but, in contrast, the inter-regional gap in terms
of income and output per capita widen. Moreover, the improvement in the welfare
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gap comes at the expense of the national level of welfare that falls. National
income and per capita output also fall as a result of policy 1. Thus, in the short run,
the policy seems largely counter-productive: while welfare in the interior
improves and the welfare gap relative to the coast narrows, income and output per
capita in the interior both fall and the corresponding gaps widen. The national
levels of all three variables fall.

In the long run, all gaps are reduced by the policy and national income and per
capita output both rise relative to the short run but not by enough to offset the
adverse short-run movements so that they are both lower relative to the initial
equilibrium.

The implications for the trade-off question depend on the dimension in which
it is being assessed and on whether a short- or a long-run view is taken: in the short
run, there is a trade-off in the welfare dimension but not for income and output per
capita while in the long run, these results are reversed, there being a trade-off in
the income and output dimensions but none when welfare is used as the relevant
measure.

The mechanism underlying the short-run results is that the increase in
government-provided consumption expenditure in the interior region makes all
interior households better-off, ceteris paribus. This is typically the effects that
proponents of such a policy focus on. But “there is no such thing as a free lunch”
and the government’s budget constraint requires that revenue is increased or that
other expenditure is reduced. Here, we assume that the variable, which the
government adjusts to maintain budget balance, is expenditure on government-
provided infrastructure for agriculture, which must be reduced and it is this which
largely drives the counter-intuitive results. The decrease in agricultural infrastruc-
ture in the interior reduces both output and per capita output in interior agriculture
through a direct production-function effect. The interior agricultural wage is also
reduced (since labour becomes less productive as a result of the reduction in the
provision of infrastructure) and the (national) relative price moves in favour of
agriculture because of the reduction in supply. The reduction in the interior
unskilled wage reduces unskilled households’ income in the interior and the
relative price change reduces skilled households’ income in both regions since
they are paid in terms of manufacturing output. Overall, income falls in both
regions and, as a result, falls nationally.

On the output front, there is a fall in output in both regions; in the interior
because of the direct effect of the reduction in infrastructure expenditure and in
the coastal region because of a valuation effect driven by the relative price change.
The result is a fall in national output. Welfare is improved in the interior, given the
beneficial effects of the increase in the government consumption good, but falls in
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the coast in response to the relative price effect, which hits this manufacturing-
intensive region and welfare falls nationally because of the higher weight of the
coast in the national social welfare function.

In the long run, the reduction in the agricultural wage in the interior causes
both inter- and intra-regional migration. In particular, there is a substantial migra-
tion of unskilled workers from the interior to the coast and a smaller movement of
unskilled workers from agriculture to manufacturing in the interior. Overall, there
is a net shift of population from the interior to the coast, which further reduces
output in the interior and increases it in the coast although, given the decreasing
marginal product of labour in both sectors, output per capita moves in the opposite
direction in each case. This results in a reduction in the disparity between coastal
and interior per capita output, but ironically, this occurs not because the regional
government has improved the productive environment in the interior but because
the resulting reduction in agricultural wages has driven its citizens to migrate to
the coast, raising the interior average product.

The income gap is also narrowed in the long run, as interior agricultural
wages recover partially and coastal wages in agriculture are depressed by the
influx of migrants. The welfare gap narrows further in the long run and national
welfare improves as a result of the migration. All trade-offs reverse in the long
run—now there is a trade-off in the output and income dimensions but none for
welfare.

As mentioned in the previous section, alternative forms of regional government
fiscal policy are possible. Thus, for example, the budgetary implications of the
increase in government consumption expenditure can be offset by other means—a
fall in spending on manufacturing infrastructure or an increase in either of the
regional government’s tax instruments (on agriculture and manufacturing) or
some combination of the above. The results of these alternative assumptions are
reported in Appendix 5 and are briefly discussed in the next subsection.

Policy 2: An increase in agricultural productive capacity. A summary of the
effects of this policy are also reported in Table 2 with full results given in
Appendix 4. In the short run, the increase in agricultural productivity in the
interior improves agricultural output and so the total regional output, for given
levels of other factors (which are fixed in the short run). The increase in agricul-
tural output results in a change in the relative price in favour of manufacturing,
which results in an increase in output in the coast; this is a pure valuation effect,
though, since regional output is measured in terms of the composite good. The
increase in output in the interior is larger than that in the coast so that the output
gap decreases and national output increases so that there is no trade-off in terms
of output per capita.
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The improvement in agricultural productivity directly affects the labour market
since it increases the marginal product of labour® and so increases the firms’
demand for (unskilled) labour that drives up the wage of unskilled labour in the
interior, which contributes to an increase of income in the interior. Skilled workers
are also made better off but this happens not because the demand for skilled labour
increases (since there is no skilled labour employed in agriculture) but because of
the relative price change in favour of manufacturing output in terms of which
skilled wages are paid. This, in turn, helps improve the income in the coast, which
is relatively manufacturing-intensive. Thus, income increases in both the interior
and in the coast; however, the increase in income in the interior is larger than that
in the coast so that the income gap narrows and national income increases so there
is also no trade-off in the income dimension.

The income effect results in a similar change in welfare in which both regions’
welfare increases but that in the interior is larger so that the regional welfare gap
falls while the national level of welfare rises.

In the short run, therefore, this policy seems to be uniformly successful—all
three gaps are narrowed while, nationally, output per capita, welfare, and income
all rise.

In the long run, though, some of these effects are reversed and trade-offs arise.
The increase in agricultural wages in the interior induces migration mainly by
agricultural workers from the coast to the interior, which leads to an increase in the
interior’s agricultural output and a fall in that in the coast but with per capita
outputs moving in the opposite direction, under the influence of decreasing mar-
ginal product of labour. The per capita output gap therefore widens in the long run
even though national output rises as a result of this labour re-allocation.

The movement of labour from the coast to the interior reduces wages in interior
agriculture and increases them for coastal agricultural workers. This flows through
to incomes and welfare so that in the long run, the welfare and income gaps widen
and there is a fall in the national levels of these variables although this fall is not
enough to offset the short-run gains.

In summary, in the short run, an improvement in agricultural productivity in the
interior increases output per capita, income, and welfare in both regions as well as
narrowing the gaps for all three variables. In the long run, as labour migrates to the
interior, many of these gains are reversed so that interior output per capita,
income, and welfare all fall (relative to both the short-run solution and the initial
equilibrium) while they all increase for the coast so that all three gaps widen.
Paradoxically, therefore, in the long run, the coast seems to be the main benefi-
ciary of this policy designed to help the interior. National levels of all three
measures still rise in the long run but not by as much as in the short run.
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Policy 3: A reduction in inter-regional migration costs. Table 2 shows that
policy 3 has no effects in the short run, which is not surprising since the inter-
regional migration channel through which it operates is closed in the short run.
Thus, trivially, there are no trade-offs in the short run.

However, in the long run, the migration relaxation induces substantial
migration from the interior to the coastal region for both unskilled (in agricul-
ture and manufacturing) and skilled workers, with the largest effects being for
unskilled agricultural workers although there are also substantial movements of
skilled workers in manufacturing. The first effect is to increase output in the
coast in both manufacturing and agriculture but reduce it in the interior. With
decreasing marginal productivity, output per capita rises in the interior and falls
in the coast so that the per capita output gap narrows; the rise in output in
the coast more than offsets the fall in the interior so that national output
increases. There is, therefore, no long-run trade-off in the per capita output
dimension.

The shift of workers from the interior to the coast generally pushes interior
wages up and coastal wages down. Incomes follow suit so that the income gap
between the two regions narrows. At the same time, national income goes up
marginally so that here, too, there is no trade-off between a reduction in the gap
and the national level of the variable.

Finally, the changes in welfare follow those in wages and income: the migra-
tion of workers from the interior to the coastal region means that the welfare of
both types of household improves in the interior and deteriorates in the coast so
that the welfare disparity improves. Moreover, this is not at the expense of national
welfare, which also increases so that the reduction in the welfare gap is not
achieved at the cost of national welfare.

Thus, in summary, the policy of reducing the costs of inter-regional migration
has no effects in the short run (by assumption) but is completely successful in the
long run: the inter-regional gaps in income, welfare, and per capita output are all
reduced, none of them at the expense of the national level of the corresponding
variable. Nevertheless, as expected, the policy does have a cost (in all three
dimensions) to the coastal provinces, the governments of which can, therefore, be
expected to continue to resist such action.

Policy 4: A reduction in intra-regional migration costs. The final set of results
in Table 2 shows the effects of a fall in intra-regional migration costs. Recall that
intra-regional migration is that by unskilled workers from agriculture to manu-
facturing within the same region; in equilibrium, the allocation of workers
between these two sectors is determined by the relative wages adjusted for con-
gestion costs, which are largely composed of housing and Aukou costs. In the
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modelling, we focus on the housing costs. Recall also that urban housing is
assumed to be owned by skilled workers so that a fall in housing costs represents
a fall in the transfer of purchasing power from unskilled to skilled workers.
Therefore, in contrast to the inter-regional case just discussed, there are short-run
effects in the present case since there is a fall in the rent paid by migrants to the
owners of urban housing, which translates into a fall in the incomes of the skilled
and a rise in the incomes of the unskilled in both regions. This in turn flows
through into consumption and into welfare effects and results in disparities in both
income and welfare being slightly reduced. There is also a reduction in the
inter-regional disparity in per capita output but this is just a relative price effect
driven by changes in consumption. The effects on output are also small so that, on
the whole, the short-run effects on the disparities are favourable but small.

The long-run effects are more substantial, as expected, since now, migration is
possible. There is a large reduction in the number of unskilled workers in agri-
culture in the interior, some of them moving to manufacturing in the same region
but a substantial number going to both agriculture and manufacturing in the coast
so that, overall, coastal population rises but interior population falls. Both intra-
regional and inter-regional effects are therefore large and clearly factors, which
increase the cost of migration, whether via housing costs or implicit costs of
hukou restrictions, can be important barriers to internal migration, and can have
an important effect on inter-regional disparities.

In the interior, the output effects are interesting. The fall in agricultural output
occasioned by the out-migration of agricultural workers is more than offset by the
expansion of manufacturing output where some of the workers go. There is,
therefore, a small increase in interior output despite the overall loss of employ-
ment although it should be noted that part of this effect is a valuation one driven
by the change in relative prices. While there is a small increase in overall interior
output, the increase in per capita output is larger given the force of decreasing
marginal product of labour. In the coast, there is an increase in output because of
the increase in the workforce but per capita output falls. For the economy as a
whole, the re-allocation of employment raises output. Hence, in the long run, all
disparities fall, none at the expense of the corresponding aggregate value so that
there are no long-run trade-offs.

Sensitivity analysis. In the previous subsection, we have discussed in some
detail the results of the simulation of four policies that might be undertaken to
reduce inter-regional disparities. Not surprisingly, different policies have different
effects and different implications for the trade-off question. We can however, draw
the following broad conclusions. First, a trade-off between reducing disparities
and maintaining the aggregate level of a policy target variable is often present.
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Second, whether the trade-off exists depends on the particular policy shock. Third,
whether a trade-off exists depends on the variable being targeted. Fourth, whether
a trade-off exists depends on whether a short- or long-run view is taken.

In addition to the simulations discussed in the previous subsection, we have
also run a large number of additional simulations to assess the sensitivity of our
results to model closure chosen as well as to the values of the substitution
parameter in the utility function. In particular, we have experimented with four
alternative ways to finance the regional government’s budget when it increases
consumption expenditure (model closures) and we have assessed the sensitivity of
the results to two alternative values of the substitution parameter elasticity (which
is 0.44 in the base case). Detailed results for these additional simulations are
reported in Appendix 5. In the case of the alternative regional government budget
closures, the extra simulations show that while the details differ (sometimes in
important ways), our broad conclusions listed above are generally unaffected.
Similarly, for the experiments with alternative values of the substitution param-
eter, the overall conclusions are not affected.

Conclusions

The focus of this paper is the tension between reducing inter-regional dispari-
ties and maintaining the level of aggregate activity—is there a cost in the form of
national development foregone when policies to reduce inter-regional gaps are
implemented? We argued that this is an important policy issue for China where
inter-regional gaps are large and persistent and where there is a strong focus by
policy makers on aggregate economic performance.

Our starting point in the analysis of this question was that both regional- and
national-level variables are likely to be endogenous in any satisfactory regionally
disaggregated macro model so that whether an inter-regional gap and the corre-
sponding national variable move together or in opposite directions will, in general,
depend on the shock imposed on the model.

To explore this issue, we built a small two-region model capturing some of the
characteristics of the Chinese economy and subjected it to a number of shocks of
which we described four in detail. The effects of these shocks on inter-regional
gaps in per capita output, income, and welfare as well as on the corresponding
national levels of these variables were analysed using simulations of a numerical
version of the model.

Given that the signs of the effects of policy shocks are of most relevance for the
question at hand, we summarise these signs in Table 3. We consider three gaps: in
per capita output, income, and welfare as well as the aggregate counterparts to
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TABLE 3. SUMMARY OF RESULTS.

Variables Policy 1 Policy 2 Policy 3 Policy 4

SR LR SR LR SR LR SR LR

Welfare gap - - - + 0 - - -
Income gap + - - + 0 - - -
Per capita output gap + - - + 0 - - -
Aggregate welfare - + + + 0 + - +
Aggregate income - - + + 0 + + +
Aggregate output - - + + 0 + 0 +

these variables. Four broad conclusions may be drawn from the information in the
table.

First, different gaps may move in different directions so that policy makers
need to be clear as to which gap is being targeted. Of the four policies we focussed
on, this was true of the regional government fiscal policy (policy 1) for which the
income and output gaps moved together but the welfare gap moved in the opposite
direction in the short run. On the other hand, all three gaps move in the same
direction in response to other policies.

Second, whether a narrowing of the gap between the interior and the coast
comes at the expense of the national level of the relevant variable depends also on
the shock. Thus in the long run, there are trade-offs in all dimensions for policy 2,
but in no dimension for policies 3 and 4 while for policy 1 there is a trade-off in
some but not other dimensions.

Third, the trade-off may change when we move from the short to the long run.
This is particularly noticeable for policies 1 and 2 where the trade-off conclusions
are reversed in all dimensions between the short and the long runs.

Finally, only the reduction of migration costs (policy 3 and 4) narrows all three
gaps with no cost in terms of lower national levels in the long run. This is true for
both inter- and intra-regional migration cost reductions. In both cases in the long
run, however, the coastal region loses in terms of welfare, income, and output per
capita and can, on the basis of these results, be expected to continue to oppose a
relaxation of the restrictions on internal migration in China.

NOTES
1. See Groenewold, Chen, and Lee (2008), Chapters 2 and 3 for detailed information on Chinese
regional disparities and regional policy since the founding of the People’s Republic of China.
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10.

12.

. But see Chang and Ram (2000) and Easterly (2007) for recent examples of analyses of the

relationship between per capita income and inequality.

. This makes our model a (very) small computable general equilibrium (CGE) model. For an

example of a large CGE model of the Chinese economy, also with regional disaggregation, see the
discussion/applications of the SinoTERM model built at the Centre of Policy Studies at Monash
University; e.g., Horridge and Wittwer (2008, 2009, 2010). Applications of other large CGE
models to China’s economy include Peng and Mai (2008) and Mai et al. (2009).

. Recent papers using this classification are Fleisher and Chen (1997), Demurger (2001), Fujita and

Hu (2001), Bao et al. (2002), Brun, Combes, and Renard (2002), Hu (2002), Lin, Wang, and Zhao
(2004), Whalley and Zhang (2007), and He, Wei, and Xie (2008).

. We abstract from agglomeration effects, which have been central in much discussion of

regional development; see for example Hu (2002) where both agglomeration and trade play a
central role in the analysis of regional disparities and migration in a model that is “inspired” by
China.

. In principle, it would be straightforward to include inter-regional capital mobility but this would

unnecessarily complicate the analysis and distract from our focus on labour migration, which has
been at the heart of discussion of disparities in China. Besides, there is recent evidence (Li 2010)
that capital mobility between China’s provinces is much lower than is consistent with free capital
mobility.

. While our structure drastically simplifies the structure of Chinese taxes, we would argue that it

captures the salient features; see Lin and Liu (2000), Zhang and Martinez-Vazquez (2003), Jin,
Qian, and Weingast (2005), Shen, Jin, and Zou (2006), Jin and Zou (2005), Tochkov (2007),
Zhang and Zou (1998), Zhang and Zou (2001), and Zhang (2006) for recent information on
aspects of the Chinese public finances. It should also be noted that the tax on agriculture was
abolished in 2006. We nevertheless include it in our model since for much of the post-war period,
it has been an important source of revenue for provincial governments.

. A list of variables is given in Appendix 1.
. See Cheng and Selden (1994) for a general description and history of the hukou system. There

have been various analyses of the effects of the Aukou system. Apart from the analysis by Whalley
and Zhang (2007), which we mentioned in the introductory section, they include Hertel and Zhai
(2006), who analyse the hukou restrictions in the context of urban—rural inequality, Liu (2005),
who uses individual record data to investigate the effects at the individual level, and Poncet (2006),
who uses data on inter-regional migration to consider the effects of a change in hukou over time
on such flows.

Other authors (such as Boadway and Flatters 1982; Groenewold and Hagger 2005, 2007,
Groenewold, Hagger, and Madden 2000, 2003; Myers 1990; Petchey 1993, 1995; and Petchey
and Shapiro 2000) have avoided the discontinuity by assuming migration to be costless but this
will not do in our case since we wish to model the effects of changes in migration costs.

. In practice, the migration of unskilled workers from agriculture in one region to manufacturing in

the other is likely to be the most costly but recall our assumption above that this occurs in two
stages—inter-regional and then intra-regional—and here we merely assume that the second of
these stages incurs the higher cost.

For a recent paper in which housing costs drive congestion costs in a regional setting see Stidekum
(2009).
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13. An alternative to our approach to the modelling housing costs would be to model the housing
market explicitly, with demands, supplies, and assumptions about the ownership of the housing
stock and so on. Then, housing services would be included in the composite commodity and we
could define a real wage, which would fall as the price of housing increased and the migration
condition could be specified in terms of relative real wages. Given that we have no interest in the
housing market per se, it seems that our structure achieves the same qualitative effect with the
advantage of considerable simplicity. Besides, it is not clear how to fit hukou costs into such a
framework.

14. Note that we ignore the possibility of the transfer of remittances from those members of rural
households who have migrated to the urban areas. While these are undoubtedly significant in
practice, to keep track of them in the current model would be to excessively complicate the model.

15. The assumption that each sector has a fixed region-specific factor has a respectable history in
regional modelling; see, e.g., the original “New Economic Geography” paper by Krugman (1991).
Note, though, that since we abstract from land use in manufacturing, we exclude the possibility
that rising land rentals will reinforce the congestion effects of rising housing and hukou costs
discussed above.

16. Note that in much of the development literature, national development is measured using per
capita output or income. In our model, national population will be assumed to be constant so that
per capita output will always change equi-proportionately with aggregate output and similarly for
income and welfare so that aggregate and per capita variables may be used interchangeably to
measure national development.

17. We are grateful to a referee for pointing out the “unfairness” of the comparison between a
tax-financed fiscal expansion and a “free” productivity increase.

18. Note that, if the reduction in housing costs consumes government resources, as it would, for
example, if the government increases the supply of public housing, this policy also suffers from
the “unfairness” problem of policy 2 discussed in the previous footnote.

19. Appendices 4 and 5 are available as part of a longer working paper version of the paper available
from the web site: http://www.business.uwa.edu.au/school/disciplines/economics/2009

20. Note that in contrast to the stylised facts of agricultural development, technical progress here is not
labour saving but Hicks-neutral so that all marginal products increase.
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Appendix 1 Definition of Variables

Vi = utility of the representative household of type %, region i

C.ui = real private consumption of agricultural output per household of type %,
region i

Cuw = real private consumption of manufactured good per household of type £,
region i

GH, = real government-provided consumption per household, region i

T, = value-added tax rate

P = price of agricultural good in terms of manufactured good

Jii = household income in terms of the composite good per household of type &,
region i

I1H;; = profit distribution per household by sector j, region i

L =national employment

L; = employment, region 7

L, =employment, type k

Li; = employment, type k, region i

L, = employment, sector j, type k, region i

Y = real output, sector j, region i

Y = national real output

D;; = productivity parameter, sector j, region i

GRFj; =real regional government-provided public infrastructure, sector j,
region i

T = output tax rate, sector j, region i

W = real wage, sector j, skill type k, region i

GC;=real central government-provided consumption good per household,
region i

GRH, =real regional government-provided consumption good per household,
region i

6 = central government’s share of valued-added tax

J; =real income per household, region i

J =national income per household

V; = utility of the representative household, region i

V' = national welfare

R; = housing rental payment, region i

A; = rental payment parameters, region i
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MC,y = interregional migration cost, unskilled labour
MCys = interregional migration cost, skilled labour

Appendix 2 Linearised Version of the Model

The model is linearised in terms of proportional differences by taking loga-
rithms and differentials of each equation. The linearised form of equations (1-16)
of the model are as follows, with the linearised form having the same number as
the original equation but being distinguished by a prime.

The linearised utility function is

Vii = O cakivC aki + O cmkivC Mii + O-ghkivghi& i= Is Ca k = Ua S (1’)

where lower-case letters represent the proportional changes (log differential) of
their upper-case counterparts and

o
Y aiCakl’

—Pki —Pki —Pki

Y aiCakl +YuuCott' + Yo GH "

O cakiv =

e
Yokt

Y aiCabl +VuiCottd + ¥V GH; ™

Gcmki v = and

Yo GH; ™
Y asiCab +VuiCoted + V61 GH

O-ghkiv =

The linearised consumption demand functions are
Cari = jki + 2’17 - O—cakijp - O-elaskip - O—t’vtw i= ]s C7 k = U: S (23’)
Pri

Pu+1 1 T,
Where O—cakij = : 1 s O-elaski = 7 v = -

T and o, 1+7 "
1+ Pl;ffl (YMk,' )p’ﬂ'” Pii ¥ T
Y aki

Cmki = jki + Ap - 0-cukijp - O-tvtvs i= Ia C’ k = Us S (2b’)
The linearised migration equilibrium conditions corresponding to equation (3) are

P+ Waui = Wit = O (L +6,),i=1,C (3a")

WMUi - PWAUi

where ©,,.,; =
PW 4ui

P=Ap+0ucWave = OuauiWaur = MCay (3b")
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/4 /4
where o =% __ and 6, = A7
wAUC wAUI
Wave =Waur Waive =Wau
—AD + O uscWasc = OuistWaast = MCus (3¢)
W, /4
where ¢, =—— ¢ and o A UL B—
wMSC s wMSI
Wyse =Wasi Wysc = Wsi

The linearised definitions of real household income are

Jsi = O jsima(Pp = AP+ Thy:) + O jsimr (AP + Thy ) + O s (AP + Wiys;)

. 4a’
+ 05 (1 + Ly = lysi), i =1,C (42)
P1IH , PIH,, P Wy
where o iSimhd = T s Ojsinnm = J—SiM’ O jsiv = Ta and
_ Ri(LMUi/ Lys;)
O =—— -
g
Jui = G/UinhA(p - lp +7h,)+ G/UinhM(_)Lp +7hy) + GjUiWA(p - lp + L =Ly + W) (4b')
+ O juiwm (=Ap+ Ly = Ly + W) — O v (B + i —ly), i=1,C
P™MIH PIH P "W L/ L
Where G i = ———2 . Cimit = ————2, Oy = ———2 AU
’ Jui ! Jui ’ Jui
_ P Wuilwo/ L g oo - Rl L
Oy =—— > ad Oy =———— -
JUi JUi
1 =lyy * Wy +6, = Ap,i=1,C (4¢"
where § is the change in the migration cost parameter.
The linearised production functions are
Vai = dyi + 08 4 + O gpil yuin i = 1,C (52"
Vi = Ay + O osi + Qi nvi + Opasilgsin i = 1, C (5b")
The linearised profit definitions are given by
TTf4i = OynpaiV ai = OrtiOympait ai = O pai(Wavi + L), i=1,C (6a")
1-T,)Y,; T, W uiLau:
where O-yn'fAi = ( R ) - > O = - 5 and O-wn'fAUi = M

I1F,; 1-Ty I1F,;
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T fori = O prpii Voti — OuntiOyrptitasi = Ovor i Warwi + L)

. 6b’
= OwnpusiWussi + i), 1 =1, C (65)
Where O-vnfMi = ma Mi = TMi s GW”fMU,‘ = M, and
o I1F,,; 1-Ty; I1F,,;
WsiLusi
O-wﬂ,/'MSi = #f .

The manufacturing sector’s profit maximisation condition in linear form is

Yai = Opsitsr = Wgsi +lysin i =1, C (7a")

Yui = Onsitsr = Wi + i i=1,C (71")
and that for agriculture is given by
Vai = Ouitsi =Wy + i i=1,C (7¢")
The central government’s budget constraint is linearised as

O geree(I1 +8¢1) + Ogecoc(le + gec) = 0% + 1, + 0 5Ly + jist )+ 0 sy (byy + Jur)
+ 0561 (lsc + jsc )+ 0 juci(lue + juc)

(®)

where o = LGC _ LGC

clge b O- cCgce T T
BT L,GC, + LGC. T L,GC, + L.GCp

_ LyJg
Ojsjj = ’
Ly Jg + LygJyr + Lsed sc + LucJuc
_ Ly Jy
O-]U[j = )
LyJg + Ly Jyr + LseJ sc + LycJuc
_ LgcJ sc
Ojsq = ’
Ly Js + Lyt Jyr + LseJ sc + LucJuc
e = LueJue , and 6* = d6/6.

Ly J s + LyrJur + LseJ s + LucJue
The regional government’s budget constraint in linear form is given by
O-grhlgr(l[ + grhf) + O-grfAIgrg’fAl + o-grfMIgrg’fMI

= GtAlgr(tAl +tp— lp +Yar)+ GtMlgr(tMl - lp + V) (93,)
+ Ot (=060 + 1, + Oy (Lsy + jist) + O (Lus + jur)
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where o = L,GRH, o GRF,,
M GRH, +GRF, +GRE,; ™~ L,GRH, + GRF,, +GRF,; '

GRF,, o 0
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Ogrfmigr =

T,P™"Y,
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e Ty P Y e + TP Yye + (1= )T (Lse Jsc + LucJuc) ’
_ (=T (LscJ sc + LycJuc)
O-tngr -

Ty cP™Y e + Ty P Yo + (A-0)T, (LscJ sc + LycJuc) ’



666 REGIONAL EQUALITY AND NATIONAL DEVELOPMENT

LscJ s LycJue
O-ISCj - > and GlUCj =

LycJs¢ + LycJuc LscJsc + LycJuc .

The definition of national output is linearised as

Yi= O-yyAi(p —Ap+yu)+ O-yyMi(_/lp +yu),i=1,C (10a”)
Py, Py,
where ¢, = —— 2 Cppi = ——— 2.
TP+ PR, PP+ PR,
y= nyly[ + O-yyCyC: (IOb’)
where o, = —, 0,c =——— and we assume that } = M
Y, +Y. YT v+,
The definition of national income is linearised as
Jit =0 Gui + ) + Oy (Jsi + L), i =1, C (11a%)
Jtl=0,0j+1)+0,c(jc+ic) (11b")
where ¢, =——"—, ando ¢ = J—C
’ Ji+Je Ji+Je
The definition of national welfare is linearised as
Vi + 1 = O (lyi + vy ) + O (lsi +vg),i=1,C (12a")
where o, = _ LV ,and o, = _ LiVs
LV + LV LV + LV
v+l=0,,(vi+1)+0pc(ve +ic) (12b%)
where o, = L, and o0, = _ Lde
LV, +LV: LV, + LV
The definition of GH,; is linearised as
ghl = Ggrhighgrhi + o-gcighgci: i= ]) C (13,)
h GRH, d GC,;
where o-grhigh =———,an chigh = G_]‘[l

Equation (14), the goods markets clearing conditions, can be written in linear
form as
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¥ t0,6Yic = 0wty +¥i) = Onci(tic tyic) j=A, M

=0ty + O (lyy + o) + Ousii (Isy +¢sr)
+ Oc(luc + ¢juc ) + Orsc(Isc + ¢jsc)

Yy Y,
where O-ylj = ) O-)’Cf = )
Yy +Yie =TyYy =TicYje Yy +Yie=TY; =TicYic
_ TYy _ TicY)c
Oy = > O = ’
Vi +Yie =TV =TicYic Yy+Yie =TV =TicYic
G = Ly, Cjy
WUlej — s
Ly Ciyp + Ly Crg + LycCiye + LscCise
O = L Cig
ISIej — s
Ly Ciyr + Ly Cigr + LycC iy + LscCisc
_ LycCiye
Oy = , and
Ly Cipr + L Cisr + LycCiyc + LscCisc
LscCsc
Oisce = .

LyyCiyr + L Cisr + LycC iy + LscCisc .

The labour market-clearing conditions imply

Onavilavi + Ounavil g =l i =1, C

where o, = , and

LMUi

Ouui = -
Lyyi + Lyw

Lysi =I5, 1=1,C

Oilis + Opiclic =l k=U, S

where oy, = L, /L, and 0y = Lic /L.

Oilyi + Osilsi =1, i=1,C

where O = LUi/Li’ and O5i = LSi/Li :

where o, =1,/I, and o,c =1 /1.

0-1111 + O—ICIC = l
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(14

(152")

(15b)

(15¢")

(15d)

(15¢)
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The profit distribution conditions can be linearised to give

Tfy=l+mhy,i=1,C (16a")
Tfui =li+mhy,i=1,C (16b")

Appendix 3 Calibrating the Linearised Model

The linearised model contains a number of parameters, which have to be
evaluated before the model can be put to work to simulate the effects of various
shocks. These parameters fall into two groups. The first are parameters which
appear in model relationships; Y, You, and pwi appear in the utility function (1) and
0, and og; appear in the production function (5). The remainder, on the other
hand, are linearisation parameters, which are all shares of some sort.

The model parameters were evaluated as follows. For the parameters of the
utility function we broadly followed the method set out in Mansur and Whalley
(1984) in which the substitution elasticity o = 1/(1 + px) is derived from the
equation:

o, = U ?’lgiki

Oki

1- Vi
where 1 is the (uncompensated) own-price elasticity, values for which were
derived as averages from Table 4 in Mansur and Whalley, and Y& can be
derived from ratios of consumption expenditure and our assumption that
Yari + Yuwi + Yor = 1. We experimented with alternative values of the substitution
elasticity (some of which are reported in Appendix 5) but found the results to be
relatively insensitive to reasonable variations.

The manufacturing sector production parameters, Ous;, Omui, and OuGi. were
calibrated as follows. Normally we would use the firm’s first-order condition for
profit maximisation, equation (7a) and (7b) to write the parameters in terms of
costs shares:

_ WMSiLMSi
Oysi = <
Yii(1=Tys)

Wi Lyui

aMUi — MUi=MUi
Yii(1=Tys)

However, this is not strictly possible for the government infrastructure variable
since it is not one of the firm’s choice variables but is determined by the govern-
ment and taken as parametric by the firms. If we assume, nevertheless, that the
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quantity of the infrastructure is chosen to maximise profits or that the government
provides a profit-maximising amount, we can also write

_ GRE,
Yyi(1=Thy)

X yGi

We make this assumption and use data for the wage bill, government infra-
structure expenditure, and manufacturing output net of tax to compute the param-
eters. The agriculture sector production parameters oy and g are calibrated in
the same way.

The linearisation parameters can be evaluated directly from their definitions,
given values for Cy, GH;, T,, P, Ju, 11H};, L, Li, L, L, Yji, Livi, Lusi, GRF i, I1F};,
T, Wivi, Wusi, GCi, GRH,;, 6, Y, Y, J, Ji, V, Vi, Ri, Ay, MCyy, and MCys. We
normalise P at unity and set 8 at 0.75 to reflect the current division of VAT revenue
between the central and regional governments. We then use these assumed values
and the data for Yj;, Ljui, Lusi, Wivis Wusi, GCiy GRH,, GRF}i, T, Tji, together with the
model definitions to calculate the value of all other variables. The use of the model
definitions ensures that the parameter values used in the simulations are consistent
with the model constraints.

We therefore need data for two regions, the interior and the coast, for the
variables Y, Livi, Lusi, Wivi, Wusi, GC;, GRH;, GRFj;, T,, Tj. The data we use are
based on those for the Chinese provinces, which we have allocated to the two
regions as follows. The coastal region consists of Beijing, Tianjin, Hebei, Guang-
dong, Hainan, Shandong, Fujian, Zhejiang, Jiangsu, Shanghai, Liaoning , and
Guangxi with the remaining provinces being allocated to the interior region. The
interior therefore consist of Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui,
Jiangxi, Henan, Hubei, Hunan, Sichuan, Chongqing, Guizhou, Yunnan, Shaanxi,
Gansu, Qinghai, Ningxia, Tibet, Xinjiang. A map of the two regions is provided in
Figure 1.

For each region, we use data averaged over the 7-year period 2000-2006 to
avoid cyclical influences on the share parameters. All the data come from China
Statistics Year Book (State Statistical Bureau 2001-2007).



