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Abstract

In this paper we measure the distortions in the allocatiolalbur and capital across provinces
and sectors in China for the period 1985-2007. Most exigtndies have measured factor market
distortions by using some index of dispersion in individtedtor returns. However, the map
between these dispersion measures and the efficiency lede distortions is not clear, especially
when there is more than one factor. In this paper, we meakarattor market distortions as the
reduction in aggregate TFP due to distortions and decontpesaverall distortions intbetween-
province and within-province inter-sectoral distortions. For the period between 1985 and 2007,
the distortions in factor allocation reduced aggregate biRabout 30% on average, with the
within- and between-province distortions accounting farigr portion of the reduction. Despite
the large amount of labour reallocation across provindescbst of between-province distortions
was relatively constant over the period. The cost of wittiiavince distortions declined between
1985 and 1997, contributing to 0.42% TFP growth per yearther increased significantly in the
last ten years, reducing the aggregate TFP growth rate By®aryear. Almost all of the within-
province distortions can be accounted for by the misallonadf capital between the state and
the non-state sectors. We provide evidence that the rememase in capital market distortions is
related to the government policies that encourage invedsne the state sector at the expense of
investments in the non-state sector.
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1 Introduction

Some of the rapid growth that China has enjoyed the last ttieeades has likely come from
reductions in distortions that we expect to accompany tleegsses of economic transition and
development. The period up through the early to mid-199@hima is often characterized as one
of important barriers and restrictions on resource magbilih addition to restrictions through the
hukou system on the movement (both intra- and inter-praaiynof labour out of the countryside
(Chan, Henderson and Tsui, 2008), local protectionism eattktbarriers also likely impeded the
inter-regional flow of goods (Young, 2000; Poncet, 2003).e Tikely costs of these distortions
were reinforced by those on the flow of capital across reg{8ayreau-Debray and Wei 2005,
Dollar and Wei, 2007).

The general presumption is that many of these barriers hese significantly relaxed the last
decade and a half. For example, migrant labour flows are noygwards of 150 million, and there
have been significant increases in inter-regional traderapanying reduction in barriers (Holz,
2009). Things are less certain with respect to the behaVicamtal flows, however. Reform in the
banking system may be helping to allow a more efficient regjiaitocation of capital through the
inter-bank market and other channels. Possibly offsetorge of this is the fact that a significant
amount of investment resources continues to be directedhdgtiate to state-owned firms and
activities, e.g. infrastructure, or to activities in whithe local state is often a beneficiary, e.g.
real estate development through land sales. This sugdgsticant differences in the returns to
capital between the state and non-state, which have rgdesgh documented by Brandt and Zhu
(2010)). Since the late 1990s, there have also been effortajgh such policies as the Xibu Kaifa
(Develop the Great West), to eliminate perceived policysésain favour of coastal provinces by
reallocating investment resources towards the interigiores.

In this paper, we measure the impact on aggregate TFP oftilist®in factor allocation across
provinces and sectors in China and investigate the comiibef changes in these distortions to
aggregate TFP growth. How should one measure the distsriiofactor allocation? EXxisting
studies of China’s factor market distortions have usedrs¢paneasures of dispersion in the in-
dividual returns to labour and capital. Boyreau-Debray Wed (2004), Dollar and Wei (2007),
and Bai, Hsieh and Qian (2006), for example, examine thesdéspn in returns to capital. Gong
and Xie (2006) and Zhang and Tan (2007) look at the dispessioneturns to labour as well as
in returns to capital, but separately. While these disparsmeasures are informative about factor
market distortions, there is no clear link between thesesorea and the aggregate TFP. In this
study, we follow the strategy of Hsieh and Klenow (2009) bgaraining the overall factor market



distortions and linking them to aggregate TFP. More spetificwe measure the impact of factor
market distortions as the reduction in aggregate TFP duestdistortions. This approach not only
allows us to identify the sources of factor market distarsidout also to measure the impact of
these distortions on aggregate efficiency in the economyleMsieh and Klenow investigate the
misallocation of factors across manufacturing firms wittdar-digit industries, we focus on the
distortions in the allocation of factors across provinaas laetween the state and non-state sectors.
Our main results are the following:

e On average, the misallocation of factors across provinedsactors resulted in around 30%
reduction of aggregate TFP, with the within-province digtms accounting for more than
half of the total reductions.

e The cost of between-province distortions was relativelystant over the entire period.

e Despite a significant labour reallocation across provintes cost of between-province
labour market distortions remains high due to increaseasszprovince dispersion in TFP.

e The measure of within-province distortions declined shyapetween 1985 and 1997, con-
tributing to 0.42% TFP growth per year, but then increasgdicantly in the last ten years,
reducing the aggregate TFP growth rate by 0.73% a year.

e Almost all of the within-province distortions were due tetimisallocation of capital between
the state and the non-state sectors, which incrased shanmggent years.

This paper is related to a recent literature that invesigtite impact of misallocation of factors,
either across sectors, or across firms within sectors osinés, on aggregate productivity. Gollin,
Parente and Rogerson (2004), Restuccia et. al. (2008) diatkio(2009) analyze the sectoral
dimension while Bartelsman et. al (2009), Hsieh and Klen2®09), Banerjee and Duflo (2008);
Restuccia and Rogerson (2008); Alfaro et. al. (2008), andeGet. al. (2008) focus on the
misallocation across firms.

The rest of the paper is organized as follows. In Section Zymesent the theoretical framework
for measuring factor market distortions and in Section 8cul$s data used for empirical analysis.
We present the empirical results in Section 4 and providaudsions on the main results in Section
5. Finally we extend our analysis by incorporating infrasture capital in Section 6 and concludes.
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2 A Framework for Measuring Factor Market Distortions

Consider an economy witm provinces, indexed by=1,....m, and two sectors, state and
non-state, indexed by = n,s, respectively. We assume Cobb-Douglas production teolyies
with constant factor income shares in all provinces andosgct

= AjLAKT® 0<a<l. (1)

We also assume that provincial GDP is a CES aggregate of gwodsced in the two sectors and
the aggregate GDP is a CES aggregate of provincial GDPs., Thus

1
1- 1-¢\ -9
Y= (Ym O+ )" ®)

and

= (é\ﬁ”) - (3)

Heregp~! ando—! are the elasticities of substitution among sectors andipces, respectively. To
avoid the result that, without distortions, all factors gliobe allocated to the province and sector
with the highest TFP level, we will assume that the goodssacsectors and regions are imperfect
substitutes, i.e., positivg ando’.!
Let
Li = Lin+Lis, Ki = Kin+Kis

be the employment and capital stock in provinead let

Lij Kij

i =1k =
Li Ki
I':— P = —
| L7k| K

be the shares of employment and capital. Then, the proviasthaggregate TFP can be written
as follows:

A= [Yl (p+Y1 (p}ll/U_aK {(A'SI Iksh) (p ( n||kn\|> ‘p}l"’

LAlternatively, we could have assumed these goods are peribstitutes but there are diminishing returns.
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So, for a given set of sector-province specific TERs,i = 1,...,m, j = n,s, and given aggregate
employment and capital stock,andK, the provincial and aggregate TFPs are determined by the
allocation of labour and capital across sectors and preginc

2.1 Efficient Allocation

)< 3 ()]

As a benchmark, we first examine the efficient allocation ofdes when there are no distor-
tions in the economy. To do so, we consider the followingaqaianner’s problem:

maxyY
Lij,Kij
subject to (1), (2), (3) and
SLj = L (@)
]
Y Kij = K %)
N

Then, we have

Proposition 1. For any given L and K, the allocation of labour and capital that maximizesthe
aggregate GDP is given by:

Lij Ky _
L Ki ifi-
Li_Ki_

L_K_TE’

where
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Proof: Available from authors upon request.

Proposition 1 says that to maximize output, the share otalsgmd labour allocated to a sector
and province should equal the TFP share in the sector andnpegvas defined byr; and r3.
Under the efficient allocation, it can be shown thAats the provincial TFP and the aggregate TFP

IS
m 1-o
ZI(A'%)WM]
i=

For any given allocation of capital and labour, we can theasuee the overall distortion and
distortion in a province as the proportional loss in TFPs:

A=

D = —In(A/A")
Di = —In(A/A)

If we simply want to know how distorted the actual allocatismelative to the efficient alloca-
tion, we could use the measures above and stop here. To tanttetke sources of the distortions,
however, we need a model to help us to first identify and themsome the impacts of these distor-
tions.

2.2 Factor Allocation in a Competitive Market with Distorti ons

An inefficient allocation of factors could be a direct resnfltfactor market distortions or an
indirect result of product market distortions. For examplen without factor market distortions,
the factors could be inefficiently allocated to a provincesector with low TFP if protection in
the product market artificially raises the province or sestprofits and therefore factor returns.
We consider three distortions: province-specific outpudges and sector-province specific capital
and labour wedges.



2.2.1 Firms’ Problem

The profit maximization problem for producing the aggredai@P,Y, is

m o m
max {P ZiYila - ZrinIYi
Yi,i=1,....m i= =

which implies the following first order conditions:

Y 70-
1 .
TE’P.:P(V) Ji=1,...m (6)
Here Tiy is the “tax” on output produced in provinée Note that even though we call it a tax, it
should not be interpreted literally as an output tax. Indtétashould be thought of as a wedge
between marginal cost and marginal revenue of u¥jnig aggregate production. The capital and
labour taxes below should be interpreted in a similar way.
The profit maximization problem of producingis

1
\r(nex{Pl <Yiii(p+Yi:rL17(p) - I:)ISYiS_ I:)lnYin}

and the corresponding first-order conditions are
Yi\ ? .
|

Note that we have assumed that there is no sector-specifpataiaix. \We make this assumption
because we do not have data to separately identify the t&kesever, the allocation of factors
across sectors may still be distorted because wedges or faerkets.
Using the definition off; andY, it can be shown that
o1
¢

Hr ) ?
R= (F’ii +Ri ) ®

P=<hﬁ%>o ©

and



Here,
P =R (10)

The stand-in firm’s profit maximization problem in provincand sectoy is

1- | k
IEiT]?ﬁEj({F’uinj'—iajKij % — 1w _Tierii}
Here,w is the wage and is the rental price of capital, antiij and rikj are taxes on labour and
capital, respectively. The standard first-order condgiofithe problem are:
A @ 1pl-a I
aP”A”Lij KI] = TijW (11)

(L-a)RjALIK® = Tir (12)

Definition. For any given set of taxes {17, Tilj,Tikj}i:]_w?m;j:ms, the competitive equilibrium
is a set of prices {P,R,Rj}i=1...mj=ns output {Y,Yi,Yij}i—1 _ mj=ns employments and capital
stocks{Lij,Kij}i=1,...mj=ns Such that equations (1) to (12) hold. The corresponding set of shares
of employment and capital stock {li, ki, l}ji,Kjji }i=1,...mj=ns IS called the competitive allocation
implemented by the set of taxes {17, ri'j, Tikj}i:]_r“’m;j:n?s.

Proposition 2. (1) For any set of positivetaxes{rﬁ’, ri'j , rikj }i=1,...mj=n,s the competitive alloca-
tion implemented by the set of taxesexistsand isunique. (2) For any allocation {l;, k;, Lijis k”i}izlwm;j:ms,
there exists a set of taxes such that the allocation is the competitive all ocation implemented by the
set of taxes. (3) Two sets of taxes {17, ri'j,rikj}i:l _____ mj=ns and {6, e}j,eh-}i:l _____ mj=ns imple-
ment the same allocation if and only if there exists some positive constants, o, 3 and y such that
6’ = at), 6], = Bt}; and 6}; = yoF.

Proof: Available from authors upon request.

2.3 ldentification of Distortion Taxes

Proposition 2 shows that we can identify the distortion saftg to a proportional constant)
from the actual allocation of labour and capital in the ecopo
More specifically, from equation (11) and (12), we have

(13)



o npiati (14)

From Proposition 2 we know that factor allocation is not eiféel by any proportional change in
taxes that is common across all province and sectors. Sonvsitwgly set the labour and capital
taxes as average value products of labour and capital,atdgglg. These labour and capital taxes
ensure that the model implied within-province allocatidhatvour and capital matches that in the
data.

Given the labour and capital taxes, we then identify the wiiigixes by choosingy such that
the model implied employment share of proviriceatches that in the dafa.

3 Data

In order to generate measures for the Chinese economy oftibsis in factor allocation de-
rived above, data at the province-level for both the statereon-state non-agricultural sector are
required. Unfortunately, the NBS (National Bureau of Stats) does not provide information for
all the key variables we need, and for others there are a host@asurement issues. Consequently,
we construct our own unique panel data set that spans thedpeetween 1985 and 2007 and
covers 27 province$This section highlights key procedures and soufces.

3.1 Employment

The NBS reports employment totals at the province levelhwiteakdowns provided between
agriculture (primary) and non-agriculture (non-primaay)d state and non-stateThere are sev-
eral important shortcomings with the official data. Firkg provincial employment estimates do
not aggregate to reported national employment. Secondjnmial employment estimates often
include migrants in their province of residence (or hukather than in the province in which they
work. By 2005, the migrant population exceeded 150 millidhird, employed persons include
those unemployed. Fourth, employment in the primary (nemgry) sector is likely overstated
(under-stated). And fifth, employment in the state sectapigeportedly consistently.

2]t can be shown that under the chosen output taxes, the rsadgdlied share of capital stock of province i also
matches that in the data.

3Chongging is merged with Sichuan; Tibet, Hainan, and Huneexcluded for missing data; 1978-1984 contains
certain missing observations for certain provinces (Tieanid Inner Mongolia, mainly) and so results will be disgdy
only for the 1983-2007 period.

4Tables of raw data are provided in an appendix to this pagenttil be made available upon request.

S“Employed persons” is distinct from “staff and workers,” ish only cover urban workers.
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We use census micro-data records from 1982, 1990, 1995, 266@005 to deal with the first
three problem$.Differences between total provincial employment and reggbnational employ-
ment are distributed amongst provinces in a manner consistth the distribution of employment
found in the census. Next, we utilize alternative estimafabe share of the labour force in the
primary sector made by Brandt and Zhu (2010) to adjust offiavincial primary employment.
Finally, from 1993 onwards, we include employment in shalging corporations in the state
sector.

Note that all adjustments to provincial employment datahwhie exception of that to provin-
cial state sector employment, are effectively adjustmenésnployment in the non-state sector. In
other words, we take state sector (and shareholding) emmaoias officially reported, and calcu-
late non-state sector employment as the residual from eige® estimates of employment in the
non-primary sector after subtracting off the broadly defisgate employment. It is widely agreed
that the NBS does a much better job of collecting data in thie stector than it does outside.

3.2 Capital Stocks

We construct capital stock estimates with a perpetual torgnmethod using annual fixed invest-
ment data reported by the NBS. These data are reported bypepand with breakdowns between
primary and non-primary, and state and non-state. AfteB1f%ed investment by shareholding
companies is reported separately, and added to that byatessictof. Investment data are de-
flated using official province-level price indexes of invesnht goods for the period 1993-2007.
Prior to 1993, however, such provincial data are not avkilainstead, we construct an out-of-
sample forecast of principal asset deflators based on assegneof provincial asset price deflators
on GDP deflators, the national asset price index, and yeaprawthce fixed effects.
Assuming a depreciation rate of 7%, investment growth rates the life of a province are

used to generate initial capital values for 1§78hese totals are rescaled proportionately across

6Data are interpolated between census years. Rates of giam#tB82 to 1990 are used to project estimates back
to 1978, while data between 2000 and 2005 are used to foretalstfor 2006 and 2007.

"Specifically, the correction factor applied to each proeiig based on the ratio of reported national reported
primary sector employment share relative to the share imd&rand Zhu (2010) arrived at through household-level
surveys. Province-specific adjustment factors would balidet we lack appropriate data.

8Minor adjustments are made, such as including shareholtbngoration investment (post-1993) and limited
liability investment (post-2005). These subcategorieswdstment are found in the Fixed Asset Investment Yearbook
of China.

9All provinces have an initial year of 1978, except for TibetlaChongging, which begin in 1992 and 1996,
respectively.



provinces so that the total state and non-state capitadstgual the total national levels as deter-
mined by Brandt and Zhu (2010). Our estimates of annual neadl finvestment are then used to
calculate capital stock in subsequent years.

3.3 GDP

Province-level GDP statistics by ownership prove the mbatlenging. We begin with total non-
primary GDP as reported by the NBS — deflated using officialipiae-specific GDP deflators.
Within non-agriculture however, the NBS does not provideomplete breakdown for GDP be-
tween the state and non-state sectors. Following the melibhgyl of Brandt and Zhu (2010), we
assume that relative output-per-worker is identical tatre¢ wages. This implies that each sector’s
share of non-primary GDP is identical to their share of thaltwage bill. Detailed wage data for
state and non-state sectors, including township and el&agerprises, are used to construct esti-
mates for relative wagée¥. For those sub-components of non-agriculture GDP for wHiehNBS
provides a breakdown between the state and non-state semtiormethod tracks the behaviour of
sector GDP reasonably well.

4 Empirical Analysis

4.1 Parameter Choices

There are three parameters in the model: output elasticénd the inverse of elasticity of substi-
tution of output across provinces and between sectoes)d ¢.

Brandt and Zhu (2010) report that the labour share in Chirsadand 0.5. Due to the factor
market distortions, however, labour share is in generaltm®tsame as the output elasticity of
labour. We follow Hsieh and Klenow (2009) by assuming that thchnology parameter is the
same as that in the US and set the output elasticity of labtmb.67.

There is no available estimate @ando in the literature. We choose@¥ as the value for both
parameters. This implies that the elasticity of subsbiutcross provinces and between sectors
are both 15, which is the value commonly used in the international beeliness cycle literature

Ojabour Statistics Yearbook of China and the Statisticalriveak of China, for the period 1993-onwards. Total
and state-sector employment and wages, by province, fos ye#r to 1995 are found in China Regional Economy
Statistics.
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and is much lower than the values that are used in the tragfatlire. (See, e.g., Ruhl, 2008.)
We choose this low value of elasticity to be on the consergatide in our estimate of distortions.
With higher values for these elasticities (and thereforeelovalues forg and o), the estimated
distortion in China would be larger.

We will also report results when we use alternative values @f ando. As it turns out, our
main results are robust to the choices of parameter values.

4.2 Measuring TFP by Province and Sector

To measure distortions, we need to have measures of preseuter specific TF®;; for all
provinces and sectors. To measure this directly, we neecuye province and sector specific
deflators. However, we only have deflators by province. Funtiore, the provincial deflators
are all normalized to one in 1978, which means that the realipcial GDPs may also reflect
differences in prices in 1978. So, we need to adjust for Hoghrtitial provincial price differences
and the sectoral price differences in each year. \g_‘r-@tasure‘{t) andYjj (t) be the measured and
actual real GDP for provinceand sectoij in yeart. Then, we have

Rj ()Y (©)
R(t)/R(1978)

Yirjneasure({t) _ (

So,
Yirjneasurec{w

(Ri(®)/R(D)R(1978

Using a method similar to Hsieh and Klenow (2009), we inferphice information from nominal
GDP shares. With the CES aggregate production functionanitoe shown that the prices satisfy
the following equations:

Yij(t) =

Yi?ominal(t> 7%1’
PIJ(U/PI(t) = Yigominal(t>+yi20minal(t)

and

'nominal %5
9(1978)”3(197& - <$nominal((:;;;2))

Here,P(1978 andY"™ina(1978) are the national price index and nominal GDP, respectivsy.
normalize the national price index in 1978 to one. Then, we aaculate the real GDP in the
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following way*:

L
1-

(Ynomlnal(]_g?& )

Ynomlnal(]_g?g)

|
Ylj Ymeasure({t < Ynomlna (t) >

Ynomlnal( ) + Yiﬂominal(w

Figure 1 shows non-agricultural TFP of the state and thestate sectors for each of the 27
provinces. As can be seen, the TFP levels in the non-statier see generally higher than those
in the state sector and the gaps have increased over timee @reealso significant differences in
TFP across provinces. Given these differences, it is chesrthe allocation of capital and labour
across provinces and sectors has important impacts on gnegege TFP.

4.3 The Evolution of Factor Market Distortions Over Time

We now examine the impact of misallocation of factors on aggte TFP. Figure 2 plots the
actual and efficient aggregate TFPand A*, respectively. Throughout the period between 1985
and 2007, there is a persistent and significant gap betweeacthal and efficient TFP, suggesting
that there has been persistent misallocation of factordinaC Using our measure of distortions,
D = In(A*/A), the average level of factor market distortions for therengeriod is 0.28. In
other words, on average the actual TFP is around 30% lower ttina efficient TFP. The gap
between the actual and efficient TFP narrowed in the firstakeoa so, but widened afterwards.
Correspondingly, the measured level of factor market distos was 0.31 in 1985, 0.26 in 1997
and 0.33in 2007. Table 1 shows the growth rates of the eftiaighactual TFP for the entire period
and two sub-periods, 1985-1997 and 1997-2007. Between 883997, the actual annual TFP
growth rate was 0.42% higher than the growth rate of the efficlT FP. In other words, there were
improvements in factor allocation in the first sub-period &meir contribution to aggregate TFP
growth was nearly half a percent a year. In the last decadeever, the average annual growth
rate of the actual TFP was 0.73% lower than that of the effici&®, implying that overall factor
market distortions increased during the last decade, niane offsetting all the efficiency gains
from reduced distortions in the first sub-period.

To see if the results above are robust to choices of parameiges, Table 2 reports both the
average level of distortions and the impact of the changesitodions on the difference between

INote that whenp = o = 0, the case of perfect substitution, the actual GDP is sirtipdymeasured GDP and
therefore, the measured TFP is also the actual TFP. For #es cd imperfect substitution, however, the two are not
the same.
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the efficient and actual TFP growth rates for the benchmask caported above (i.eg~! =
1.5, ¢~ 1 = 1.5 anda = 0.67) and three other cases: @' =3, (2) ¢ 1 =3, and (3)a= 0.5,
respectively. In all cases, the growth rate of actual TFRgkdr than that of efficient TFP for the
period between 1985 and 1997, but lower than that of efficiéi for the period between 1997
and 2007. So, the trend in our measure of distortions is tdbubke alternative parameter values.

4.4 Evaluating the Impacts of Within- and Between-ProvinceDistortions

Next, we investigate the impacts of different types of disbms on the aggregate TFP by con-
ducting a series of counterfactual experiments in the mpredented in Section 3. To evaluate
the impact of within-province distortions in capital al&don, for example, we conduct a counter-
factual experiment in the model by setting the capital taofdsoth the state and non-state to the
average tax of the two sectors within each province. We tbempare the resulting measure of the
aggregate distortion to the original measure. The diffeeezan be interpreted as the contribution
of the within-province misallocation of capital on aggregaFP.

The counterfactual experiments that we conduct are listémib

e Within-province:

— No within-province distortion in capital allocation: Elimating the within-province

difference in capital returns by equalizing the taxes betwihe state and the non-state
sector for capital only.

— No within-province distortion in labour allocation: Elimating the within-province

difference in labour returns by equalizing the taxes behibe state and the non-state
sector for labour only.

— No within-province distortion: The combination of the twave.

e Between-province:
— No between-province product market distortion: Elimingtihe cross-province differ-
ences in output taxes.

— No between-province distortion in capital allocation: rilating the cross-province
differences in capital taxes.

— No between-province distortion in labour allocation: Ehiating the cross-province
differences in labour taxes.

— No between-province distortion: The combination of alethabove.
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Let Anw and Ay be the aggregate TFP when there is no within- and no betwesnpe
distortion, respectively. We can define our measure of betweovince distortions and within-
province distortions, respectively, as

Dp =In(A*/Anw) and Dy =In(A"/Amp).

The former measures the aggregate distortion when allnvgthovince distortions are eliminated
and the later measures the aggregate distortion when thecelietween-province distortion. Fig-
ure 3 plotsDy (no within) andD,y, (no between) over time. Eliminating within-province digtons
or between province distortions results in a significanuotidn in the measure of distortions.
However, eliminating the between province distortionssdnet change the time pattern of the
aggregate distortion. In contrast, eliminating withiroyince distortions leaves the aggregate dis-
tortion relatively stable over time, suggesting that tharges in overall distortion over time were
mainly due to changes in within-province distortions. Asaparison, we use the same method
to measure the between-state distortions in the US andh@oteasures over time in Figure 4.
While the average between-province distortion in Chinabi% between 1985-2007, the measure
of the between-state distortions in the US has been closertofar all years since around 1970.
To quantify the contribution of between- and within-prasendistortions to aggregate distor-
tion, we use the following two measures:

dp =In(App/A) and dy=In(Anw/A).

Figure 5 displays the contributions of between and withiovmce distortions over time. The
former is roughly constant, and the later exhibits a V-shape

4.4.1 Within-Province Distortions

Distortions within a province take the form of labour or dapmarket distortions between the state
and nonstate sectors. LAy andAnw be the aggregate TFP when there is no within-province
labour and capital market distortion, respectively. We use

dw = In(Anw /A), and dwk = IN(Ank/A)

as measures of the contribution to aggregate distortiontbfrwprovince labour and capital mar-
ket distortions, respectively. Figure 6 display these messsalong with the measudg over time.
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Clearly, most of the contribution of within-province digions comes from the misallocation of
capital between the state and the non-state sector. Fowdhey the time variation in the contribu-
tion of within-province distortions to aggregate distortialso comes from the time variation in the
contribution of the within-province capital market digions. The contribution of within-province
labour market distortions has been modest and relativablesover time.

4.4.2 Between-Province Distortions

We can also decompose the between-province distortioagahbour, capital and product market
distortions. LetAny, Ank, andAn,, be the aggregate TFP when there is no between-province
labour, capital and product market distortion, respebtivé/e use

Aol = IN(Anpi /A), Aok = IN(Anpk/A), Aoy = IN(Anpy/A)

as measures of the contribution to aggregate distortioretfiden-province labour, capital and
product market distortions, respectively. Figure 7 plbese measures over time along with the
measural,. In contrast to the within-province results, the contribntof between-province capital
market distortions has been very small and declining ovee tiBetween-province labour market
distortions is the most important source of between-pratistortions, followed by the between-
province product market distortions.

4.5 Summary of Empirical Results

For the period 1985-2007, we find that factor market distogireduced the aggregate TFP by
about 30%. The cost of the distortions declined until mi®d9 then rose afterward. Contri-
butions of between-province and within-province distmr are of comparable magnitude. The
cost of between-province distortions is roughly constanttiie entire period and mostly comes
from wedges in labour markets. In contrast, the cost of wifriovince distortions varies over
time, declining between 1985 and 1997, then rising sharfpdy 4997. Nearly all within-province
distortions are due to wedges in capital markets.

Perhaps the most important result from our empirical amalgisove is regarding the misal-
location of capital between the state and non-state secldrs distortion accounts for most of
the within-province distortions and, more important, aftnall the time variation in the impact of
distortions. Also noteworthy is that, despite a large antaficross-province labour reallocation
over the years (as evidenced by more than 150 million accateaiimigrant workers), the cost
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of between-province labour market distortions has renthneenarkably stable over time. Why
has the cost of labour market distortions not declined? Whees the changes in capital market
distortions? We turn to addressing these questions in tkieseetion.

5 Discussions

5.1 Why No Decline in Between-province Labour Market Distotions?

As we discussed above, in recent years there have been odenilllon workers reallocated
across provinces, most of them going from low TFP (middleaedtern) provinces to high TFP
(coastal) provinces. One expects such reallocation woaNe neduced the differences in returns
to labour across provinces and therefore the between+prevabour market distortions. Yet,
the cost of between-province labour market distortionsnwdsleclined. One explanation for this
resultis the rising dispersion in TFP across provinces h&glifferences in TFP between provinces
increase, more labour should be reallocated to the moreuptivé provinces in order to reduce
the differences in labour returns. Figure 8 plots the cppssince standard deviation of In(TFP)
over time. In recent years, as the cross-province laboliooagion increased, the cross-province
dispersion in TFP has also increased. Whether the diffeseimcreturns to labour would increase
or decrease depends on the relative speed of the two cha@gegmpirical result suggests that
the reallocation of labour was not fast enough to offsetigiag dispersion in TFP. Consequently,
the cost of labour market distortions remained high despédarge amount of labour reallocation.

5.2 What Drives the Changes in Capital Market Distortions?

Figure 7 shows that the between-province capital distastiave declined over time. This suggests
that it has been much easier to move capital than move lalmwossprovinces. Moving capital
between the state and non-state sectors within provincegeg\rer, has become harder in recent
years. Why? Here we provide some evidence showing that itlmeag product of the Chinese
government’s regional policies.

Figure 9 shows the average output per worker for China’s gmagraphical regions: East,
Middle, Northeast and West. In 1997, among the four regithesEastern region, which includes
all the coastal provinces, had the highest labour proditetwnd the Western region’s labour pro-
ductivity was the lowest. Around that time, many economastd policy makers argued that this
disparity in performance was mainly due to the central govemt’s preferential policies towards
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the Eastern provinces that allowed these provinces taattrare investment. To reduce the dispar-
ity, it was argued, the central government should adoptdithat would direct more investments
to the Western provinces, which had the lowest labour priddtycamong the four regions. Thus,
a policy initiative called Develop the Great West was introeld by the central government in the
late 1990s.

In reality, was the lack of development in the Western regioasult of capital scarcity? The
answer is no. Figure 10 shows that the Western region agtuadl the highest capital-output ratio
among the four regions. The Develop the Great West policykain one aspect: significant
increase in the Western region’s capital-output ratio leetw1997 and 2007. However, it failed to
accomplish its stated objective of reducing regional inealisparity: Between 1997 and 2007, the
disparity in labour productivity between the Western andt&an regions increased, not decreased.
Why the increase in disparity despite the increase in daptinsity in the West? Because most
of the increased investment was directed to the regionte stector, which had much lower TFP
than that of the non-state sector. (See Figure 11 and 12 f@rafid capital-output ratio by sector
and region.) Thus, misallocation of capital between thtestiad the non-state sector worsened as
as result of the regional development policy. Table 3 shdwesatverage impact of the increased
within-province misallocation of capital on provincial PRyrowth for the four regions during the
period of 1997-2007. It is negative for all four regions. Heer, within-province misallocation
of capital had the largest negative impact on TFP growthénilestern region, reducing potential
TFP growth rate by 0.87% a year, and the smallest impact ig#ds¢ern region, reducing potential
TFP growth rate by 0.51% a year. Itis also interesting toaedtnat prior to mid-1990s the within-
province allocation of capital was improving, with the staéctor’s capital intensity declining from
1987 to 1997 in all four region. Unfortunately, this trend was reversed in the last 10 yesus a
result of the government policies that encourage more imeasts in the state sector at the expense
of investments in the non-state sector.

12 See Brandt and Zhu (2000) for a discussion about the detieatian process that facilitated the movement of
capital form the state to non-state sector during this perio
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6 Incorporating Infrastructure Capital

In recent years, an increasing portion of the state sedtwestments have gone to infrastructure. It
is possible that these infrastructure investments hayeeddb increase the output in the non-state
sector and the total returns to these investments have patfaly captured by the output in the
state sector. If this is the case, we may have over estimafgitat market distortions, especially
in recent years. To deal with this issue, we now consider aifioation of our benchmark model
that incorporates infrastructure capital into our analysi

For each province, we break down capital in the state seaotorinfrastructure and non-
infrastructure capital and denote them Xyand K;s, respectively. We modify the production
functions for both the state and the non-state sectors ledadnfrastructure capital as an input:

Yij = AGLEKEX

We assume that the allocation of infrastructure capitadsgprovince$Xy, ..., Xy) is determined
by the government. For any given allocation of infrastroetapital, we can define the competitive
equilibrium with wedges and measures of TFP and distoriiomgays that are similar to what we
did in Section 33

Figure 6 plots the infrastructure’s share of total capitatk for each of the four regions in
China. Notice that the most productive region, East, aljtings the lowest infrastructure share.
In contrast, the least productive region, West, has thedsiginfrastructure share. While the share
was fairly stable throughout the period between 1978 and 200the Eastern region, it declined
initially and then increased in recent years in the Westegions. The timing of the increase also
coincides with the implementation of the Develop the Greas¥jolicy.

In this model, it can easily be shown that if the governmenbsles the allocation of infrastruc-
ture capital optimally to maximize aggregate output, thenibfrastructure share in each province
should be given by the following formula:

ﬁ_ l-a-b
Ki 1—-a ’

whereK; = Kis+ Kin + X is the total capital stock in province i. This equation giussa way to
choose the value for parameterWe first set the same values as in Section 4afar and ¢, and
then set b=0.25 so that the optimal fraction of capital usedrffrastructure match the average

13The details of the infrastructure model is available frorthaus upon request.
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fraction in the data.

Given these parameter choices, we can then calculate owunesaof distortions and the con-
tributions of various distortions to the aggregate digbortn the same way as we did in Section 4.
Figures 14 to 17 plot these measures over time. Becausedhkup of capital stock into infras-
tructure and non-infrastructure capital, the output @dgtof non-infrastructure capital is smaller
before. As a result, the contribution of capital marketaisdns is lower and the contribution
of labour market distortions is higher than in the case withinfrastructure capital. However,
two main results from section 4 remains to be true here: (¥) ddst of between-province labour
market distortions is significant and relatively stablerdirae; and (2) the cost of within-province
capital market distortions is also significant and incrdaseaecent years.

7 Conclusion

In this paper, we examine the impact of the misallocationesburces across provinces and
sectors (state versus non-state) on aggregate TFP. DegpitBcant increases in factor mobility,
our analysis suggests that China continues to suffer higts@ising from factor market distor-
tions. Even as late as 2007, these distortions were lowagggegate TFP by a third; alternatively,
aggregate TFP would increase by a half without these distart Within province distortions aris-
ing from the favored treatment of the state-sector vissstfve non-state are most important. After
declining during the first decade and a half of reform, thesedions have increased significantly
since 1997. There is also a marked "regional” dimensionémthwith the distortions and their
costs more severe in the central and western provinces. &aaasbe made that much of this is
related to the central government's efforts to redistelgsources to these provinces through a
highly inefficient state sector. With the opportunitiesfigiure increases in output on the extensive
margin narrowing rapidly, these costs on aggregate TFRlalg to take on added importance.
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Table 1: TFP Growth Rates, Efficient and Actual

Period 1985-2007 1985-1997 1997-2007
Efficient 6.16% 5.96% 6.41%
Actual 6.06% 6.38% 5.68%
Impact of Distortion :
Actual-Efficient -0.10% 0.42% -0.73%

Table 2: Robustness: Impact of Distortions
Average Distortion TFP Growth Differential: Actual-Effent

Period 1985-2007 1985-2007 1985-1997  1997-2007
Baseline 0.28 -0.10% 0.42% -0.73%
o1=3 0.39 -0.01% 0.56% -0.69%
p1=3 0.29 -0.03% 0.56% -0.73%
a=05 0.30 -0.04% 0.78% -1.02%

Table 3: Average TFP Growth Rates by Region

Period 1997-2007
East Middle Northeast West
Actual 5.70% 6.24% 6.67% 4.37%

No Within-Province Distortion 6.21% 6.82% 7.21% 5.24%
Impact of Distortion:

Change on TFP growth -0.51% -0.58% -0.54% -0.87%
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Figure 1:

TFP, Box Plot
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Figure 3:
Aggregate Distortions, Over Time
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Figure 4:

Between-State Distortions Through Time for the United States
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Figure 6:
Contribution of Within—Province Distortions
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Figure 8:
Cross—Province Dispersion in TFP
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Figure 10:

Capital-Output Ratio, by Region
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Figure 12:
Capital Output Ratio, by Region
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Infrastructure’s Share of Capital Stock

Figure 13:

Infrastructure’s Share of Capital Stock
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Figure 14:
Aggregate Distortions, Over Time
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Contribution of Between—Province Distortions
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Not for Publication Appendix

Proof of Propositions

Since the optimal allocation in Proposition 1 is just a specase of the competitive equilibrium

when all taxes are set to one. We just prove Proposition 2 here

For any set of taxe'grI , T,J, r” }i=1,...mj=ns We now show that there is a unique allocation that
solves firm’s profit maximization problems. Remember thedta firm’s profit maximization

problem in province and sectojj is

max ¢ PjALAKE 2 — gl — T8rK;;
J J J J

K|]7L
which implies the following standard first-order conditson

aPjALY KT = Tw

i]
bRjALEK? =

k
17N hGjr

Taking the ratio of the two equations yields the following:

-1
Kij _ T||JW r,kjr
Lij 1-a

Substituting it into (15), we have

.l Twi - 1-a
a
Ta T d
Solving forRj,
L (Thw) il -
Pi=AT e ) (1a) P
Here
pij = Aijl II]a kl-a
and

(15)
(16)

(17)

(18)



Note that

K
= Ajj LlaiKI]j a—Ai (L:Jj) Lij

T w 2 ke \ 2
A.,( ) <—1!a> Lij = UijLij (19)
W e\t
U.J—A”< ) <1”a> = UjjAy (20)

is the average product of labor in provinicand sectotj,

Thus, from (17), we have

Here

Il a ka
Ui _All Ij

o= ()

Substituting (19) into (2), we have

and

L

Yi = (Uisl-is) (Ulnl—ln) } e [(Uis|s\i)1i(p+ (Uin|n|i)1i(p] ﬁ Auli = UiAyL (21)

Here )
=5

i = [ (uilsi) %+ (uinlny) "] (22)
From (7), (19) and (21), then, we have

EizEu::<wﬂu>f:(wﬂn>_¢
P p Uil Ui

m=<% +Qn) (23)

Ui pij) ¢
i=u\% )
Uij \ Pi
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By definition,
1 _1 _1
1= Is\i + In\i = Ui pi(p (uislpis(p +Up pin(p)

which implies that
_1
4
w=— P — (24)
ufs pis¢+ui;1 pin(p
and )
~1. 0
U P
liji = » _'_’ ”_1 — (25)
Uis pis(p'i'uin pin(p
From equation (6), we have
—0 —0
P B <Yl)o_ Uil _ Uil
B_B_ Y N m I Eald N m 1o
{z (UiLi)* "] {z (ul)* "] L
i=1 i=1
Let
m
u= (Ui|i>10] 1-o (26)
1=
Then, we have ~
Pi /Ui \79
P ( u l')
or .
1 1
li=utupsp ©
By definition,
m m . 1 1 m 1
1=Sli=Sutup?p °=up? Su'p °
i= 1= 1=
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m 1 -1 1
u=(Sulp°| p°
i=
and .
—1a 0
=i P pll — (27)
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Equation (25) and (27) provide the expression for the dgpinim labour allocation for the given
set of taxes. The equlibrium capital allocatiqn andk; can be solved in a similar way. From these
expressions it is clear that mutliplying taxes in all praas and sectors by a positive constant will
not change the resulting equilibrium allocation of labound @apital.

Next, we show for any allocation how we can identify the setadfes that implement the
allocation in a competitive equilbrium. First, note that

LijD|j|i|i KijDk”iki
So,
¥ DY = A (1) (kik)

and
1
1—

¥O%= (o)
From (6) and (7), then, we have
Rj =RY; *? =1ty v PO,
Thus,
RO,
From (11) and (12), we have

gty rv
TIJ il
jliti

TR

and £ O -
N Kijiki

So, if we can identifyriy , labour and capital taxes can be identified as above. Fjrialigentify
the former, we can substitute the expression for labour apdal taxes above into equation (27),
which can be used to solve for the unique valueﬁ’otﬂp to a proportional constant.

Construction of Infrastructure Capital Stock

This outlines the procedures used to adjust the staterseagpital stock data. The period 1981-
2007 is analyzed, using data from the Statistical YearbddRhina and Fixed Asset Investment
Yearbooks for various years. Different investment categaare listed by the statistical yearbooks
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for different time periods. The various categories fromhesgurce, with bold categories repre-
senting a close approximation to infrastructure, are devist

e 1981-1984, Statistical Yearbook of China (State-Sectqit@aConstruction Only)

— Industry; Construction; and resources prospecting (wititategory foresour ce prospect-
ing); Agriculture, forestry, water conservancy and meteaygl@with subcategory for
water conservancy); Transport, posts and telecommunications (with subcategory for
railways); Commerce, catering, and service trades andrimteupply and marketing;
banking and insurance; scientific researches culture atidig public health and social
welfare;civil public utilities; government agencies, public organizatons, and others.

e 1985-1992, Statistical Yearbook of China (State-Sectdy)On

— Farming, forestry, animal husbandry, fishemgter conservancy; Industry; Geolog-
ical survey and prospecting; Construction;Transportation, postal, telecommunica-
tion; Commerce, food service, material supply, marketing,agfer Real estate, pub-
lic services, residential and consultancy services; heate, sports, social welfare;
education, culture, art, radio, TV; Scientific researcHytazhnical serivce; banking,
insurancegovernment agencies, parties, social organizations; Other.

— Subindustry:Power generation, steam and hot water production and supply (1985-
1988).

e 1993-2002, Statistical Yearbook of China (94-02 All Sest®3 State)

— Agr; Mining; Mfg; Elec, Gas and Water; Construction;Geological prospecting and
water conservancy; Transportation, Storage, postal and telecommunication services,
wholesale and retail, catering; Banking and insurancel; @state; social services;
health care, sports, and social welfare; education, ayltand arts, radio, film, TV;
R&D, polytechnical servicegovernment,parties, social organizations; other.

e 2003-2006, Fixed Asset Investment Yearbook (All Secto@§62Urban); 2007 Statistical
Yearbook of China

— Agr; Mining; Mfg; Elec, Gas and Water; Construction;Transport; Information tec;
Wholesale and Retail Trade; Hotels and Catering; Finamctarmediation; Real Es-
tate; Leasing; R&DWater Mgmt, Env and Public Facilities, Hshld Services; Edu-
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cation; Health and Welfare; Culture and spoRsblic mgmt and social org; Int org;
Other.

These infrastructure categories are associated withatapieénsive activities that are mainly state
activities.

There are some important details that one must considediti@ualto the above. The previous
table outlines many categories of fixed asset investmentditidin years are missing important
breakdowns. The following adjustments are made to the o&teg data prior to beginning the
analysis.

1. For 1985-1992 water does not exist as a separate cate§ggyegate level data suggests
that such investment is approximately 10% of overall adtucal investment in the 90s.
However, 1981-1984 data, which does provide provinciadlldata on the matter, points to
a 50% rate. So, for the 1985-1992 period, water investmerssamed to equal 25% of total
agricultural (“Farming, forestry, animal husbandry, fish@vater conservancy”) investment.

2. Pre-1992 electricity and gas is also not provided for yeacept between 1985-1988 as a
subcategory of industry fixed investment. Consistent wakadrom these four available
years, we generate a power generation estimate equal t&648@ grovince-specific average
share of industry investment to power generation. Thisearigpm 68% in Tibet, 34% in
Fujian, to 9% in Beijing, Tianjin, and Shanghai. This sharé¢hen use to infer values for
81-84 and 89-92.

3. 1993-2002 transportation also appears to be far higharghrrounding years. This is likely
due to the broader definition of transportation includingelecommunications investment
during this period. The fraction of the transport categdre total investmentis 10% in the
post-2002 period while it often exceeds 20% between 19972808, and is approximately
14% between 1993 and 1997. We correct this additional invest by deflating the size of
this category to be included as state-social investment3m®its original value (a figure
that makes 2002 more consistent with 2003.

4. Only 2003-2007 and 1996 reports provincial breakdowrfsxetl asset investment by cate-
gory for all classes of investment, while other dates prewadly capital construction, tech-
nical updates, real estate, and so on. Thus, the 2003-2@D7386 data provides a full
breakdown by sector while the remaining years usually auicion 2/3 of overall investment
since 1985 and approximately 50% for the 1981-1984 period.mike no adjustment for
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this, which implies we assume the state social investmearesis identical across report-
ing categories. This is assumption is proved false in 199@&aa with all investment types
available, with a 31% social share implied when using alagaut 40% when using the
capital, real estate, and innovation categories. As a tobas check, we analyse the time
series implied by adjusting pre-2003 shares downward bytarfaf 1.2. All conclusions
are robust.

The next issue to consider is the various investment typewted in the statistical and invest-
ment yearbooks, such as Capital Construction and Reale:fbatinstance. Innovative Activities
and Technical Updates likely reflect the same activity, betaty represent a series-name change.
For years in which the total fixed investment by sector andipce are not available, we estimate
that total using a sum of the capital, innovative, real est@nd technical investment types for that
year. For 1998 we ignore the “All” type and do calculationgasistent to the entire 1997-2002 set.
Thus, 1996 and 2003-2007 have the “All” type used exclugiveable 4 provides the number of
provinces, cross tabulated by year and type, for which detsailable.

A final adjustmentis crude, but recognizes that some podidme social investment categories
is nonstate. From the 2007 data, approximately 75% of thiilgisted sectors (varying from 65%
for culture to 81% for transport) are in the state sectore@Githat sectors change through time, and
no provincial data is available for the ownership/secteakdown, we apply a uniform deflation of
the social investment data by 0.75 prior to determininghtas of overall investment. Next, given
that 1994-onwards includes all ownership types within titalf we adjust the social investment
share by the inverse of the observed state share of fixedtimeag by province, from the China
Data Online dataset (Statistical Yearbook sources).

Thus, our measure of state infrastructure investment elpens is given by the following:

Totallnfral i
Statelnfralnvestit:o.75< otallinfra nVeStlt)

Satel nvestjt
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Table 4: Provincial Data Availability, by Investment TypedaYear

Year All Capital Innovative Real Estate Technical
Construction Activities Updates

1981 0 29 0 0 0
1982 0 29 0 0 0
1983 0 29 0 0 0
1984 0 29 0 0 0
1985 0 29 0 0 29
1986 0 29 0 0 29
1987 0 29 0 0 29
1988 0 30 0 0 30
1989 0 30 0 0 30
1990 0 30 0 0 30
1991 0 30 0 0 30
1992 0 30 0 0 30
1993 0 30 0 0 30
1994 0 30 0 30 30
1995 0 30 0 30 30
1996 30 0 0 0 0
1997 0 31 31 31 0
1998 31 31 31 31 0
1999 0 31 31 31 0
2000 0 31 31 31 0
2001 0 31 31 31 0
2002 0 31 31 31 0
2003 31 0 0 0 0
2004 31 0 0 0 0
2005 31 0 0 0 0
2006 31 (urban) 0 0 0 0
2007 31 0 0 0 0
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