SRR 5 & UM S OB IC S 5
V7 uEEHRCEIY 5 B R

lIIHI\IHIIIH\HIIHIUIII|||H||I|\ B

20106108

TR 12— 14 FESCIBH A BRI R R B4 (BARHF% B 1) FRERREE &

Frk 1 54 (20034) 34

Bk RE
AEBRERFEETRADEIE 7 L B 4T



WFZeALEIs L OWFse e

TRk 12— 14 R ESCEEF AR AR BB GERATEB 1) AIERRREE
 BREEEE M B R L O OREEAIRIC L 5~ 7 n REHIRICEET 5 A PELEAFSE

SHEERS12430008

BEFeAERR

Tl w17 4t BT BFFEEHERS S OSSR DRSS
TR IR Bh BUR BREEBUR ORIE ST

B EE Koy KF ~ 7 aRE RO EED
R FFEBUR Hr (PEHEY)

W B— ALEBRFE BEORBEXNK L £ ORE
R FF SR R RO (A A Y)

R R SLAEE R [ J UM 5 oD B8 5% BE O B B
TR BR KOS (A A )

Prigk —ifc BRI e KT v 7 2 RRE R R O FEIED
R T R Bh B r (BAEY)

B EY BEIL R R GRS T E DR R R OB
TR BER ST (REEY)

e

FRE 1 2 B 000FH

¥Rkl 34:3, 700FH

TRl 4%E: 4, 100FH

T

20106108



1T HIZ

A CEEL, RRETER OIS b — MR ONFR RIS 2 THIBKERIE TORERRE
~OMEBELN TN D, ZORTHEETEEN, 40T L LTRTMILEREME (AF
~OIIET HZ & TREMREZMR LET TEERIBRE REC RS, Sl TEEITR
P RkE & B LT T R HIBRBE O BRERIE~ OISR B ON D KD IR o2 & T, 4%
ETREORNC, HETLEEBRMEL L HRE - BRFHBEMRO 72D O+-53 R B3 6 5
EIREARVRERICH S, BRFEMRE L L HITINET 2 LEEOREMBEMRO DI
. e TEENT, REHRONEICHD L7 v ' 221 D BUF - REOKE (5
) ZWALMICL, FRTEEN L ZXEZBEMNROFAE T L UTKLERD S,

HROFREIEE (PEBLOT 27 NIES) 2. HEEHHICE T 2 TERR O A S
EIniE, WoZ ) BLWRERN FTRERELZEDOILBILSLENTNS, ZOB
ExbSbEX, AR, FRLERMOERFICESE, BREERREOVY Df"(ﬁ BRI
LD THREWREICT 52 & 2RABILOT, BFMEOHER & MERBMRK TORERE
B DEIRRAIRERE D7 O DBURL R LA Mgt 4@ LT, FRTER
WEH LOREREEED T 7o OFEFtORME L B L TE 72,

ZOWMEEIT. KES ZODEO ML R->TWS, F—E? [Economic Development :
Environment Perspective (BREFHE  REDOMHER) | 1T, F& LTI OHRICED - -/
FAEORFHRE ERERBIIDDDIMERREELDLLOTH S, T I Tk, 2000 FiC
ORI r Y s hO—BRE L THMELEEREY VAP Y A TEnvironment and Our
Sustainability in the 21st Century: Understanding and Cooperation between Developed
and Developing Countries] (ZBWTHEW WP EEZFRERERBFIE HE)
D HRB LU TRERFFHLOV a—Y b=V A HBROBLET O —F 4
JAMRb BRI ETENW:,

# _#¢ Economic Growth: Regional Perspective (F#FFE : HilkDHA) | 1% 2000
FICEARFLEE L TPEAESRERBER S VRV L] LBV THRESN-H
D9 bR DR E 0 HREFR B A DA LR A IR L T\ 5, HIRBROH L& [
REICUNER L= ooix, BREERIRE ORI ITF ORI F N F R O BURF & BRI oo i3 72 Y #2174
DOTTHLRETHD EHNE R LI b, BER EEOREERMEA R ICH
SEEA, HIRORFRE T — L OFIEICHHTAE L TR LD ATREMEAE .

BTENCL . YA IARFERIFEFEO b —U A Hp [PEENRARBEREY VBP0
Ll TSR TR AN S SE TV, ZoMmE, BERKPORERRHEN, v
HARET h=VAZROEEIN T2 PEDHEEFICET RO A L~
ATIENWTWEZEMG, 2OV YRV T LOEDIZENTLEE- LD TH S, £z,
B BRFRFGIEFISER OMBEAMERE, RRE AR OZENLEHRIL. 2o/



D A L _R—Tk o123, FRENZTHEMOBIE O D EORERRE & HilgkBE 51
BFAEDENI L TALERELTLEED L EBIIAREE~DEHER TKL
T EE oz,

AHEBORERIC)NDEECMLZ T, MEREL [PEEHRRERERERS VRV T L]
AT AHICE-TRE, ORI T a7 MR LTEDH LERDRERIRSITZO
AR NEECRESINEEHICHOWTHEHEBE A SETHES U,

HEOPEOBEABE CHS (AR & RERE OMRLED D ~IEEKRYE
TER R BRI o & —7% 2001 4 10 BICR M a3 Z &ns, SERFRIFRCTRE VX
— T (40 REEAHSRERRE) O3 BEEED O ORI W EF N D T,
ZOEHICR L, FFRSEEORSKFOR EEHREMKOL, ZORM 7o b
DERBRESPEERED [FEESRERRER Y VAV L] ICHETRETLZL
L. PEOBBEMBEA~OERER L W TEH oKL O RHREE AR TE 2470
WAL bz, HMEBHRBDEITI LR, bEb B ORIZ. IR~
LB, REEOAERRBOBRBRARFLOICHSHET D2 L TREMBICERL TH
AHRM TEEOBERECESTAILEENLELELOTHLZ b, EERFILE
WTZD LD RETHL OMEREERETIREREZONLZ LT, o2 lng
L ThoT.,

OB T Y/ T, 2002 4R ICTERT, AR, PR, 2003 SEEICITEES
T, BFOBEEE L CEXoMSICET AEMERAEL ER L., ZoRAE TR, BEFER
BRBRFOE EHFRER LR KERERZMHATOR HEZROIER ) % B
WL, BBRAEDKERAZ TN TNORERERICIKE L TH LW, TOBRENHMTO
FEEOBEAIT) LW TRERELEDD Z LN TE R, 3 ADIHKRFOFAEN
BhE LT, BERFTOYURI T AMIBRAENRIOIBORFEFRAEZES T
HLTER, WD LI ORAERBN, EOETF—4E L EICART L TT TIC
OBREMEICET AN AHBOTEY, FOMREEZ VAV T ATREL TN, BE
KZEOEHEAL, BSEE TOEMEREDT -4 %L LICZOMEEDOH 7 HITWNERLZ
e E LTV,

Hix, ZoBEMET, PEICBVWT, IEEALNRT—FERVEZRELLICLTHD
MNIBEEECE & CEORRICET 29 21TV E ORERREETS L2 ic3s Lid
5 DOBEEIADIMNB L EZ TV, 2oz, TAFERER - RESLER] ORANE
B AT, PEOBREAT—~ T AT a Ve s MEEDTL, & T HH, HITERE
DOAFHZEWTY, EERFOERERIEAZBEEINTLE) L) SR LWERENELT,
Fx OWRF—LOBRELEET [TPEHNHRABRBEEY VR T L] TO®REGRITL.
dEEICEIR S (PEESRFRBEG L EER) & LT R ERF ML,
5 AR E .

iii



HRDEHBEE S, ZORF T a2 NI L THERNIEZ L TLTEE272%< D
Fix . EHIEZ OB O AR HE LD, —EOMRR R A FERE LT
mEL TELWEOBERHEN TV, R, PEOMIZEIZ, ZOELDE)H -T2,
ZOEFHITIEA D~ EleFia OEDOW - £ 5 OEB AL LD Bivx i, Z

DEE li%unfﬁ}%’j‘é Lllpolo, AWEEN, RELAMEBEXLRE, KFRE R
STZ DT Z OFE|

ZOXHBFEREREMNE [BEMEMBS HB L0 REDREMKICLL~
HEREDRICET S BRI 22 510hn, ZoTava s MIFLEES
i%?f%ﬁ%<téokﬁ&_ﬁbf\ﬁn%—A%ﬁ§L£%%$LLﬁkwobﬁ
TH, HHERFAZHRBEARLEA, TEERRERERFFIRE OHK, 04

REBBFFHAEHIRZ Y a—T - b—UAIK, ﬁli*wﬁwﬁﬁﬁ%%%ﬁé$ﬁﬂ&
TESEEHESB R R BEK LI CHRAFNEERIDHELELO
ﬁﬁ%i?ko;®fb®_§%ﬁbuﬁy@ﬁn7DVi7F@”OLT&ML@#O
oW THIEE TlhEZeu,

wEIL, AHBREREFMERELERBOHENIZL THOLOZ G 5 RS R — b
R LTREHOBEER LV, FEROGALZIER (JIRE) . AidBESKK, BE#HE
OPLEER, [EHHROIKEFR (TRE) | Wk HIRK, SFHBEEOFE K,
KEHRFEEBE RS K, F/MRKRAKIZNKBOF 2 ORI LS L B0,

HRF— L2 RELT
G E BRFRFEGREF E R B EIR  FRILRIT



va—v-. h=VUA

VAR ol PRV N

WAZIAR (ZTRE)
IR

Al 5 (TEE)
PilLER s
IWEFR (TEE)
o tiA

e W

& AR

AT

riE

IIMEREA

K 3
PRI R %
BREFF

NFSEF

LR
e R SR WY

AEBRE

gt RERG KR+

T IV AU

IR FHIR - A BREA EHIR
PEEFRERERRBBOR - IHRER

#[E = L X —RFERTATR

o TR AR AR

TEEEE ERERRERE

LR RER B SR SURT #i%
AARKAHTBE B F R R - PEEEFREDOE
P EEFRFERERRRE S RE BRI S O8I E
ALKy BARRRETR - #i%

ALK BABIREIT#ER
AP EEF 7RO EE
AERREEE B R B

S BB R B

HERENEEHGME

HE KRR D OEE

HEE KR EE AR

HIERER SRS AT 70RR A

A i (T AR A I R FITIE R A H R D R BT A AR AR R A
BRELT HIERIRBT IR IR 2R AR

TR R

EIBRER BEE IR SRR JE b o & — AT
EEMIEBA R ¥ — EEHER

HBERPE 330 LR FERT HUER BR R BT

b3y ABEERAHLREREE

A B KRFRR R - BFFITRER R
A B REFIEE P R

%t B K FEBRBARE TP R

4l BRERRE AT R

4t BRI O SR R

4ot BRI AT TR R

4 BRFRF AR B8R

(LA EATE B HEE BT SRR R R IR (RITRR TSR RHEER)
TR SRR R R R
UNCYNES 72 S 6y

A ERBKRERFEN AN EE R

A HBIERFER R EFE R

% BREERFFO AR ER A

&R RERF I RREB R

A EBRERF AR R R

A EBRERF AN AR SR

4 i B R TR B R

A BRERF AR RER R

& B RERF FI SRR B T

4 B RS TR R

A BRI F RS
HEBRERF LIRS FEE

A HBRERF A ARES R FEER

A B R RRE TR R B

F i BRI EOT SRR

7O BORRED B SGR O EREF NiERE

AN & RIR FBRT HAER AHKHE



Chapter 13

Can Economic Policy Reverse Regional Inequality?
Convergence across Provinces in China, 1978 to 2000

Chi ANt

1. Introduction

A major debate concerning the existence of convergence among countries or between
regions within a country over time has been going on since Solow(1956) and
Swan(1956) developed the neoclassical growth model. Empirical tests of convergence
fall into two categories. The first set, basically consisting in the performing
cross-section regressions, rejects the no convergence null using the subsequent growth
rates for a group of economies during a particular period as a dependent variable and
the initial per capita output levels in each of them as an independent variable.
Barro(1991), Barro and Sala-I-Martin(1995) and Sala-I-Martin (1996a, 96b) do not
indicate that there is convergence in income levels across the whole sample of 118
countries within the period 1960 to 1985, but illustrates the existence of convergence
within high-income countries belonging to OCED area. Baumol, Nelson and
Wolff(1994) indicates that differences in conditional levels of productivity are
decreasing across the same whole sample, after eliminating African countries.

The second set, consisting in time series tests, shows that there is little
observable tendency for poorer economies to catch up to richer ones, as well as the

failure of per capita output to equalize across developed countries and less developed

t Chi AN, Graduate School of Environment Studies, Nagoya University.
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countries. According to Quah’s critique (1993, 1996), the existence of beta convergence
is compatible with the existence of international inequality that remains constant or
even grows especially between developed countries and developing countries. And it is
meaning the in-existence of a catching of poorer economies up to richer ones.

Results often have been contradictory when different tests have been applied
to output series and this has led to a wide literature which has formally tested the
convergence hypothesis and interpreted convergence. Bernard and Durlauf(1996)
propose two definitions of convergence which capture some of the implications of the
neoclassical growth model related to the difference between the levels of per capita
income of different economies. They are 1)Convergence as catching up and
2) Convergence as equality of the long-term forecast at a fixed time. These definitions
characterize convergence between a pair of economies or members of a set of economies
in which every pair exhibits convergence. The definition 1) implies that the differences
between the economies under analysis tend to decrease, and the definition 2) implies
that the long term forecast for these differences tends to zero as the horizon grows
larger, which means that there are not any shocks with indefinitely long effects.

Given implications of these definitions, Utrera and Koroch(1998) develop the
model for the case of Argentina, following the procedure proposed by Zivot and
Andrews(1992), a unit-root testing procedure concerning the dynamic properties of
macroeconomic time series, by which the non-convergence hypothesis is rejected if null
hypothesis of the existence of unit-root can be rejected, or if the hypothesis of the
existence of a deterministic trend can be rejected.

The regions within China show marked disparities in regional income and
have registered quite differing growth performances over the past 20 years!. Some
backward regions realized rapid catching-up to advanced regions, while others
stagnated in per capita outputs2. This paper is to explore the characteristics of regional
disparity and structural change in the process of economic. The analysis contributes to
the regional growth literature in three respects. First, a way is developed to
distinguish the China’s regions(30 provinces) into three different groups with respect
to different initial income level and mixed growth performance. Second, the paper
applies “Classical” test of convergence hypothesis to show disagreements about the

empirical evidence in favor of or against the existence of convergence of regional

1 It also seems clear that growth is much more different after the transition to a
market economy in 1978 than it was in the “Command Economy” period from 1949 to
1978.

2 See Arayama (1991) who proposed the dichotomy between “advanced” regions and
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output. Third, considering the two definitions of convergence proposed by Bernard and
Durlauf(1996) for the unit-root test in time series model, the analysis is to show that
the empirical evidence for or against the existence of regional structural changes
constitutes evidence for or against the hypothesis of regional convergence. The purpose
of this paper is to awaken an interest of those who consider it possible to reverse
economic inequalities, through the implementation of different economic policies.

The investigated panel consists of real per capita GPP (gross provincial
product) across 30 provinces in mainland of China for the period 1978 to 2000. Section
2 measures the extent of real-income disparities between regions to present how these
have changed since 1978. In the third section, the estimation to test “classical’
convergence hypothesis is effected through a non-linear Least Squares procedure. In
section 4, a unit-root test of time series model is applied to speculate on structural
changes in regional growth trends in order to give a possible rationalization for the
observed convergence in regional growth. Section 5 contains concluding remarks and

hints at some further problems to be investigated.
2. Establishing the Basic Facts about Regional Growth and Its Dispersion

The estimates of Table 1 merge three kinds of information relative to
30-province sample from 1978 to 2000, that is, for the period of “economic reform” in
China3. These are 1) real GPP p.c (per capita Gross Provincial Product in 2000 prices),
2) the average annual growth rate of GPP p.c., and 3) Regional Disparity Index (RDI),
that is, the ratio of real per capita gross product of each province (real GPP p.c.) to that
of the whole nation(real GDP p.c.)4.

In order to facilitate the analysis, 30 provinces within China are here
distinguished into three groups. 4 provinces with the highest income level in 1978 and
decreasing trend of RDI from 1978 to 2000 are placed in the Traditional Advanced
Regions (TARs) group. The rest is grouped by the regional pattern of RDI change, with
5 Increasing pattern and 21 decreasing or roughly constant pattern. This produces
New Advanced Regions (NARs) group and Less Developed Regions (LDRs) group.
Figure 1 gives a representative picture of comparative growth performance ‘among

these three regional groups in the term of RDI.

“poor” regions within China.

3 The sources of data used are presented in the Statistics Resources

4 Tt measures the multiple of any provincial average income to national level in the
logarithmic scale. See Ohtomo(1992), pp66.
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Figure 2 presents the trend of the standard deviation distribution of GPP p.c.

for various regions within the whole of the country and within every-two groups from

1978 to 2000. Three kinds of distribution can be observed. First, a decreasing trend of

“sigma’ from 1978 to 1989, turning to increasing trend in 1990, is shown within the

national scale. Almost the same trend pattern is found for regions within “TARs +

LDRSs” scale. Second, a positive trend of “sigma” is observed at the beginning of 1980,

turning stronger after 1991, within the “NARs + LDRs" scale. Last, a strong reduction
of “sigma” within “TARs + NARs” scale from 1978 to 2000 indicates that NARs are

“catching-up” with TARs by closing the gap.

The following facts emerge from the evidence of Table 1, Figure 1 and Figure

1) There was a substantial increase in real income in all regions during the period

2)

3

4)

1978 to 2000, by which a high rate of growth in China has been maintained.

The 30 provinces can be divided into three groups by some degree of homogeneity
sepoct toizitial ingeme level and growth performance pattern. TARs have had
the highest income but lower :;mnual growth rate comparing with the national
level over time5. NARs have taken the fastest growth and achieved the
second-highest level of income at the end of our study period. LDRs still kept the
lowest income level at the end of study period, which are not very different from
that of TARs 20 years ago.

The pace of regional growth over 20 years has not been steady. The annual
growth rates in these regions varied considerably, so that the disparity between
the highest- and lowest-rate of growth from 1978 to 2000 is above twofold. The
acceleration was most marked in NARs and least so in TARs. This growth
pattern has tightened in all regional groups in 1990’s.

There was a good deal of “catch-up” among some regions, within a national
framework of “divergence”. A weak reduction of the inter-region income spread at
the national scale from 1978 to 1987 was observed, but it turned to a “divergence”
trend since 1990. The widening in the spread was seemingly due to the
disappointing performance of LLDRs. The gap between TARs and NARs was
significantly reduced over 1978 to 2000.

5) The within-group homogeneity of the performance suggests that the regions in

5 Shanghai, Beijing, Tianjin and Liaoning, in real GPP p.c. term, are ranked 1st, 2nd,
3rd, and 4thin 1978 and 1st, 2nd, 3rd and 8th in 2000 respectively. But the annual
growth rates of GPP p.c. between 1978 and 2000 are the 19th, 20th, 21st and 23rd in
30-province sample respectively. See Table 1.
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each group had common institutional and/or policy characteristics that

distinguished them from the members of the other groups.
3. “Classic Approach” to Regional Pattern of Convergence

Two measures of convergence are used in this section, and both are members
of “Classical’” convergence approach(Sala-I-Martin,1996b). The first measure is a
simple regression of average growth rate of real gross per capita product in any region
of China overtime. A negative coefficient associated with the initial income levels of
region indicates that poorer region with lower initial income is “catching up” by higher
growth rate with rich region which started by higher initial income. It can be
measured in absolute or conditional terms, defined as follows in this paper.

For the fundamental differential equation of the neoclassic model in the
neighborhood of the steady state (see Barro and Sala-I-Martin(1995)), Eq.(1) is
modified to examine the regional absolute “beta convergence”,

Ui —Yio) t=a-[(1-e ") /1]y, +u, )
where yit and yio are denoted as in terms of logarithm of real gross per capita product of
province i in years t and O respectively as the empirical literature has generally
focused on, uit 1s a stochastic error with the usual characteristics, and 8 is the speed of
convergence®. The regional “beta convergence” is equated with a positive value of 8,
treating 8 =0 as the no convergence null hypothesis.

An equation of the form,

O =yio) t=a-[(1—e ")/ tly,, + X, +u, 2
is modified to include a set of control variables X; for province i. A positive B means
regional economies can converge to different long-run equilibria depending on
conditions, that holds conditional on two sets of exogenous factors in this paper. When
Xi includes regional level of secondary schooling and industrial structure in the initial
year, regional dummy variables. that is, to examine the regional “conditional beta
convergence” Obeying a version of the Solow growth model where economies can
converge to different The other, a set of proxy variables stand for the steady state of
province i, includes regional Non-Stated Ownership Enterprises(INSOE) output,
foreign direct investment(FDI), export, local fiscal expenditure and inter-regional

transfer.

6 B=(1-a)(d +n+ x) with « being the exponent of capital in a Cobb-Douglas function,
0 the capital depreciation rate, n the population growth and x the rate of
technological change.
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The second measure is based on the trend of standard deviation distribution
of inter-regional output over time named “sigma convergence’. The existence of
equality is possible as regions have reached their steady states, and “sigma
convergence’ is indicated when the coefficient declines over time.

o(t)y=a+ T, + pu, (3
T is noted respect to time trend. The existence of sigma convergence is shown as vy
<07.

The test to “beta convergence” (1) and (2), is effected with non-linear least
square estimation procedure and the test to “sigma convergence’ (3) with GLS
procedure8,

In Table 2, it can be observed that beta is significant in Reg.1 without
conditioning. But the coefficient of determination is too low (R2 =0.077) for the
regression model to fit the data. In this case, because deviations of yio from its mean
almost do not translate into different estimated values for the average annual growth
rate (left side of regression equation (1)), yio has lower explanatory power in support of
the absolute beta convergence hypothesis®.

When including the regional dummies(R1 and R2), used to distinguish 30
provinces into three regional groups mentioned in section, a positive and significant
beta is obtained, as with for coefficients corresponding to dummy variables in Reg.2.
Besides, the quality of the regression improves considerably, with R2 growing from
0.077 to 0.356; the t statistic corresponding to the initial per capita product also
increases.

When the rates of enrollment in secondary education to regional
population(ER) in 1982 are taken in Reg.3, the R2 grows to 0.363, the t statistics
corresponding to these variables are significant. In order to detect random shocks

which may be correlated with the initial income levels, thus biasing the beta estimator,

7 Sala-I-Martin(1996a, 96b) proves the beta convergence is a necessary but not
sufficient condition for the variance of regional income distribution to show a
negative trend. For this reason, sigma convergence is used together with beta
convergence in “classical approach”. Sigma convergence exists when ¢ (t+1)<o (t),
o (t) being the standard deviation of a per capita GPP (Gross Provincial Products)
between regions at moment t.

8 The derivatives of the regression equation (1) or (2) with respect to the parameters
depend upon parameters, that is, the model of (1) and (2) is nonlinear in parameters.
See Green(1997), pp451

9 It is also necessary to pay attention to the speed of convergence. It is estimated at
about 1% per year that means the gap is closed in 70 years if per capita income of
richer region is twice as much as that of poorer region.
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the fraction of products originating from agricultural and industry in the initial year
every region (NY1 and NY2) is added!® in Reg.4. Just as in most of the “Classical”
convergence literature, the estimated beta in Reg. 2 to Reg.4 is around 0.02, which 1s
consistent with the neoclassical “uniformity” (Barro and Sala-I-Martin, 1991,1992,
Sala-I-Martin, 1996a,b).

Further more, the influence on speed of conditional convergence, which can
related to Non-State Ownership Enterprises(NSOE) output, foreign direct
investment, export, local government expenditure and interregional transfer, is
estimated by Reg. 5 to Reg. 10. GPP per capita shows tendency for convergence with
high level of significance. The shares of NSOE output in GPP, the rate of FDI to GPP,
the level of regional export p.c. and interregional transfer(i.e., difference between labor
productivity and real wages) are contributing to raise GPP per capita. It is also
observed that the rate of local government expenditure to GPP has been playing
different roles in the process of regional growth. »

The estimation procedure(3) has been tested through with linear least
squares regressions, to find whether sigma convergence is existent within and between
regional groups or not, focusing directly on the transience or permanence change of
regional output differences. As shown in table 3, the existence of sigma convergence is
only observed between TARs and NARs with a higher significant level over sub-period
of 1978-89 and 1989-97, and the whole period of 1978-97. It is showing a divergence
tendency for regions as a whole in the country, due to the performance of LDRs during
1989 to 1997. The null hypothesis of in-existence of sigma convergence can not be
rejected for the whole of country during our study period.

Thus, empirical evidence obtained from estimation is in favor of the
conditional beta convergence hypothesis and against the absolute beta convergence
hypothesis and the sigma convergence hypothesis. Different from the prediction of the
neoclassical growth model, by which Barro(1991), Barro and Sala-I-Martin(1991,1992),
Sala-I-Martin(1996a, 1996b) hold that relatively homogeneous economies as regions
within a country tend to show all three types of convergence, the evidence shows that
regional economies do not present absolute beta convergence nor sigma convergence
but present convergence with different structural features considered in this paper.
The policies with respect to Non-state Ownership Enterprises, Foreign Direct

Investment, Export, local government expenditure and inter-regional transfer, which

10 It can be observed that Adjusted R2 rises by adding variables to the model, that
means, the contribution of the new variables adds more to the fit of the regression
than it is offsetting the correction for the loss of additional degrees of freedom.
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are provided with regionally heterogeneous characteristics, are seemly powerful
enough to influence economic structure in regions, so as to influence their growth
patterns!!,

In order to give a possible explanation about conditional convergence in
regional disparity related to the differential structural features among regions, two
definitions of convergence proposed by Bernard and Durlauf (1996, ppl65) are

employed in the next section.

4. The Time Series Test for the Convergence Hypothesis in Regional Development

The first definition is Convergence as catching up 2. The existence of

convergence implies that the differences between the levels of per capita output of
different economies are expected to decrease in value. The second definition is

Convergence as equality of the long-term forecast at a fixed time'3. The long term

forecast for these differences tends to zero, as the horizon grows larger. Continuing
their analysis, Bernard and Durlauf hold firstly that the existence of convergence
according to the later implies the existence of convergence in the sense of the former,
but not the reverse, and secondly that the existence of beta convergence, although it is
consistent with the former, is compatible with models which violate the later.

Besides, if any shock with indefinitely long effects occurred in some
region/regions in the process of development, the differential of per capita output
between this region/these regions and any other regions become to contain either a
deterministic or unit-root component. In this case, the second definition of convergence
is violated. Hence a test consistent with two definitions appears. The non-convergence
hypothesis can be evaluated by the existence of unit-root in the series of the
differential between the per capita output of related regions and that of the nation. In
particular, applying the Augmented Dickey-Fuller test (ADF) to the differences, the

non-convergence hypothesis is rejected if the null hypothesis of the existence of unit

11 It is observed that interregional transfer, FDI and export are contributing to raise
the per capita output in manufacturer sector, and per capita product in service sector
in regions of China over 1978 to 1997(see Arayama and An(2000)).

12 Economies i and j converge between dates t and t+T if the per capita product
disparity at t is expected to decrease in value as following: If yit > yj;, then
E(yit+17yjt+7 | X< yie-yjt, where X¢ denotes all the information available at moment t.
See Bernard and Durlauf (1996), pp165.

13 As limk_, . E(yit+k-yj e+k | Xt)=0, economies i and j converge if the long-term forecasts of
per capita product for both economies are equal at a fixed time t. Bernard and
Durlauf(1996), pp165.
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root can be rejected!4,
It is supposed there is an equilibrium differential for each region between its
per capita product and that of the nation (in logs). In this way:

B =Y ) =07 =y ) +u, @
where left-side is the differential of per capita product between region i and that of the
nation in moment t, right-side is the equilibrium differential with deviations which are
formed by a deterministic linear trend and a stochastic process as following.

U, =V, t+ pit+v, (6)
where vio is the original deviation of region i with respect to its equilibrium differential.
Biis the speed of convergence and it is possible that the differential economies present
different rates of convergence. vi. are the deviations with respect to its deterministic
trend at moment t. Replacing in:

Vi =y )= =y )+ v+ Bt +v, ©
The hypothesis of the existence of beta convergence in the cross-section test implies
that if vio >0, then <0, and vice versa, which means that if a region is initially above
its equilibrium differential it must later grow less than the nation to return to it, while
the opposite must happen if it is initially below its equilibrium differential.
In order for the existence of convergence, these deviations must constitute a
stationary stochastic process. Modeling vit as an ARMA(1,0) process:
(I-p L)y, =e, )
where L is the lag operator, pi is the coefficient of the lagged vi,, and eit is a random

shock without autocorrelation. Substituting (7) in (6), and rearranging terms,

k
dy,=a,+bt+pdy, +> d, Ady,  +e, ®

m=1
with  dy,=y,-y, dy] =yl -y’
Ady, =dy,—dy,
a,=(1-p)dy; +v,)+p,p, ©)
b, =(1-p,)p, (10)

where ai, b, pi and dim are parameters. The k extra regressors are added in the

14 Including the presumption that, if there is a structural change, its date is not known
a priori but rather is gleaned from the data, Zivot and Andrews(1992) developed a
unit-root testing procedure concerning the dynamic properties of macroeconomic
time series. Accordingly, Utrera and Koroch(1998) develops the model that combines
the definition of beta convergence in the cross-section test with the elements of time

series. The same analytical methods are applied in this paper to develop the empirical
model.
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preceding regressions to eliminate possible nuisance-parameter dependencies in the
limit distributions of the test statistics caused by temporal dependence in the
disturbance. The number k of extra regressors is determined by test of the significance
of the estimated coefficients dim. Contemplating ARMA(p, q) processes with p and q
values larger than 1 and O respectively, equation (8) can be used to real per capita
gross product for regions in China.

The existence of convergence as equality of the long-term forecast at a fixed

timeimplies that dyi is a stationary series with o i<1. Otherwise, if 0i=1, the variance
of dyi increases steadily with time and goes to infinity by which the existence of
convergence is rejected, and if p:>1, the series is. Therefore, the hypothesis of
convergence (in the sense of definition 2) can be evaluated by testing whether the
absolute value of pi is strictly less than one. The ADF test takes the unit root as the
null hypothesis: p i=1. Since explosive series do not make much economic sense, this
null hypothesis is tested against the one-sided alternative: o i<1. The test is carried out
by estimating an equation with dyii-1 subtracted from both sides of the equation(8):
k
Ady,=a,+bt+cdy,,  + z d,Ady,, . +e,
ol (11)
with ¢, =—(1-p,) (12

where the null and alternative hypotheses are ¢i=0 and ¢i<0. If alternative hypothesis
is accepted, {dyit} is illustrated as a stationary series, the existence of convergence can
not be rejected. If null hypothesis is accepted, {dyit} is a nonstationary series. In other
words, if the process is started at some point, the variance of {dyi} increases steadily
with time and goes to infinity.

In table 4, it presenfs that the unit-root hypothesis can be rejected in ten
cases at a significance level of 5% or less, and two cases at 10%. They are Beijing(5%),
Tianjin(10%) and Snanghai(1%) belonging to TARs group, Zhejiang(5%), Fujian(5%),
Shandong(10%) and Guangdong(1%) belonging to NARs group, and Heilongjiang(5%),
Anhui(5%), Guangxi(5%), Sichuan(5%) and Shanxi(1%) belonging to LDRs group.
Hence, the non-convergence hypothesis can be rejected for regions mentioned above.

These findings are consistent with the previous results on existence of
convergence, including regional dummy variables in which the members of TARs
group and NARs group are distinguished from the members of LDRs group in former
section. Actually, the existence of unit root in the most regions of TARs and NARs (that
is, 3 of 4 regions in TARs, 4 of 5 regions in NARs) is rejected by the Augment
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Dickey-Fuller test.

These findings provide one possible explanation for the reason why only the
conditional convergence of regional disparity can be observed in China, after her
introducing the open-market policies. Although a convergence trend among some
regions (most of them belong to TARs and NARs) is observed, for national framework
non-convergence can not be rejected, with our unit root in the series of output
differences in other 18 regions (in which 16 regions belong to LDRs). It is clear that
these regions have contributed to the “divergence” of the regional disparity in economic

growth.

5. Conclusions

In this paper, I develop a way to divide 30 sample-provinces into three groups,
named Traditional Developed Regions group (TARs), New Developed Regions group
(NARs), and Less Developed Regions group (LDRs). This partition is motivated by the
fact that regions in each group have some degree of homogeneity, i.e., initial income
level, the pace of growth, the regional pattern of convergence, over 1978 to 1997. The
TARs group with the highest income levels has shown a lower annual growth rate
comparing with the national level over time. The NARs group has registered the
fastest growth and achieved the second-highest level of income at the end of study
period. LDRs have the lowest income level, which is not very different from that of
TARs 20 years ago.

The results of “classical” test to convergence hypothesis across 30 provinces of
China show that regions do not present neither absolute beta convergence nor sigma
convergence but do present conditional convergence. The empirical evidence
illustrated the impact of policies, with respect to Non-state Ownership Enterprises,
Foreign Direct Investment, Export, local government expenditure and inter-regional
transfer as factors influencing economic performance of regions with regionally
heterogeneous characteristics.

The existence of conditional convergence can be explained by the
non-convergence trend of the LDRs group. The empirical analysis for the existence of
unit-roots in deterministic trend constitutes evidence against the existence of
convergence in 18 provinces, of which 16 provinces belong to LDRs group. It is
indicated the growth performance of LDRs group contributed to the “divergence” with
respect to the country as a whole. In conclusion, we may say there was a good deal of

“catch-up” between TARs and NARs within a national framework of “divergence”’, due
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to the growth performance in LDRs over time.
There are some further tasks that should be done in this area of investigation
for the case of China. The power of our test in favor of the regional structural change is

probably low for the small size of the time series used in this paper.
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Table 1 Economic Growth and Regional Disparity in China from 1978 to 2000

real GPP p.c.(yuan) Growth Rate(%) Regional Disparity Index
1978 2000 1978-89 89-2000 78-2000 1978 2000
National level 1258 7063 7.9 9.2 8.2 100 100
Beijing 3564 (2) 17936 (2) 7.3 88 7.6 (22) 283 254
Tianjin 3121 (3) 16377 (3) 6.3 10.3 7.8 (19) 248 232
Liaoning = 2191 @) 11017 (8) 75 85 7.6 (23) 174 156
Shanghai 5545 (1) 27187 (1) 6.4 9.6 7.5 (24) 441 385
Jiangsu 1126 (12) 11539 (5) 105 13.1 11.2 (3) 89 163
Zhejiang 1058 (15) 12906 (4) 1.3 14.2 120 (1) 84 183
Fujian 1029 (18) 11294 (6) 10.2 142 11.5(2) 82 160
Shandong 1045 (16) 9409 (9) 9.1 13.2 10.5 (5) 83 133
Guangdong 1148 (8) 11181 (D) 11.1 11.8 10.9 (4) 91 158
Hebei 1136 (10) 7546 (11) 7.2 11.9 9.0 (10 90 107
Shanxi 1072 (14 4986 (21) 6.9 8.3 7.2 (25) 85 71
Inner Mongoliar 989 (20 5897 (16) 8.5 93 8.5 (12) 79 83
Jilin 1131 (11) 6676 (14) 84 9.3 8.4 (13) 90 95
Heilongjiang 2108 (5) 8818 (10) 58 85 6.7 (28) 168 125
Anhui 701 (29) 5076 (20) 84 115 9.4 (6) 56 72
Jiangxi 738 (28) 4838 (23) 78 11.1 8.9 (11) 59 69
Henan 778 (27 5551 (18) 8.7 11.0 9.3 (7" 62 79
Hubei 1034 (17) 7094 (12) 8.5 10.9 9.1 (9) 82 100
Hunan 1080 (13) 5733 (17) 6.6 10.2 7.9 (18) 86 81
Guangxi 883 (22) 4567 (26) 52 114 7.8 (20) 70 65
Hainan 953 (21) 6588 (15) 8.2 11.3 9.2 (8) 76 93
Sichuan 847 (24) 4904 (22) 7.6 10.0 8.3 (14) 67 69
Guizhou 560 (30) 2819 (30) 8.0 8.0 7.6 (21) 44 40
Yunnan 852 (23) 4559 (27) 8.2 8.4 79 (17 68 65
Tibet 1018 (19) 4483 (28) 58 9.0 7.0 27) 81 63
Shannxi 838 (25) 4607 (25) 8.7 8.1 8.1 (16) 67 65
Gansu 828 (26) 3838 (29) 6.9 8.3 7.2 (26) 66 54

Qinghai 1555 (6) 5089 (19 49 68 5.5 (30) 124 72

Xinjiang 1271 () 7088 (13) 91 79 81us) 101 100

Data source: Statistical Resources
Note: 1. Real GPP p.c. presents the real per capita Gross Provincial Product in 2000 prices.
2. Regional Disparity Index is the ratio of real GPP p.c. to real GDP p.c..
3. The number in high—low order of 30 provinces is provided in paretheses.
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Table 2 Results of the Cross—setion Regressions of Beta Convergence

B SNSOE SFDI LEX SFE TR R ADJ.R. S.E.

Reg. 1 0.014 s+ 0.077 0076 0022
(9.48)

Reg. 2 0.020 *x 0.356 0.352 0.018
(15.26)

Reg. 3 0.021 s« 0.363 0.359 0018
(15.89)

Reg. 4 0.019 s« 0.088 #++x —0.006 0439 0433 0017
(14.38)

Reg. 5 0.018 sx 0.002 sx 0.312 0.309 0.019
(15.52) (13.98)

Reg. 6 0.018 xxx 0.002 %% 0.188 0.186  0.02
(13.81) (8.34)

Reg. 7 0.023 %« 0.009 x4 0289 0286 0019
(19.19) (13.29)

Reg. 8 0.015 sxx —0.001 xkx 0.138 0.135 0.021
(10.59) (-6.33)

Reg. 9 0.022 #xx 0.019 =+ 0175 0.172 0.021
(15.91) (8.23)

Reg.1C 0.024 *xx 0.001 »++« 0.001 =  0.001 -0.0002 0.009 =+ 0433 0427 0017
(21.00) (5.65) (2.23) (0.88) (-1.12) (3.11)

Note:

1. The results were obtained estimating, Regression 1 for absolute 8 convergence and Regressions 2-10 for conditional 8 convergence by means of Non-linear Least Squares.
2. Rtand R2 are used for differentiating three regional groups from each other as showing as R1=1, R2=0 for TARs, R1=0, R2=1 for NARs, and R1=R2=0 for LDRs.

3. ER is the rate of enrolment in secondary education to regional population in 1982.

4. NY1 and NY2 are the fraction of products originating from Agriculture and Industry respectively in 1978.

5. SNSOE is the anuual average fraction of products originating from Non-state ownership enterprises over 1978 to 1997.
6. SFDI presents the average rate of Foreign Direct Investment to Real Gross Provincial Product annually from 1990 to 1997.
7 LEX is denoted for the annual average of regional exports p. ¢. in logs from 1992 to 1997.

8. SFE is the annual average rate of local government expenditure to GPP over 1978-1997.

9. TR is the average differential between labor productivity and wage(in logs) of 30 provinces from 78 to 90 in order to present the inter-region income tranfer.
10. Tibet is not included in regression 8 for no available data of SFDI in it.

11. t statistic is provided in parentheses under each estimated parameter. Significant level is indicated by **¥=1% ¥x=5%, and *=10%.
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Table 3 Regression of standard variance inter-region to time trend

78-97 78-89 89-97

trend t st. R® trend tst R® trend t st R’

TARs'” + NARs® -0.016 -45.0 s« 0.991 -0.016 —-24.2 ++x 0983 -0.017 -13.8 %+x 0.965
NARs + LDRs®  0.008 10.2 x++ 0.853 0.003 4.0 #x« 0611 0014 127 ++ 0959
national scale  0.001 1.6 0.124 -0.003 —4.6 =x« 0.678 0.006 8.9 s+« 0.919

Note:
1. TARs (Traditional Advanced Regions) group inculding Beijing, Tianjin, Liaoning and Shanghai.
2. NARs (New Advanced Regions) group including Jiangsu, Zhejiang, Fujian, Shandong and Guangdong.
3. LDRs (Less Developed Regions) group including Hebei and Hainan in Eastern of China,
Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui,Jiangxi, Henan, Hubei, Hunan and Guangxi in central,
Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang in western.
4. Significant level at: ¥=10%, **=5%, ***=1%



Table 4 Results of the ADF test for regional cbnvergence in China case'

Province’ k® Constant t st Trend  tst dygei-1y  tst
TARs group
Beijing 1 1303 37 -0007 3.1 -1073 =-3.73 %
Tianjin 6 1.153 3.2 -0.01 -1.8 -0988 -347 *
Liaoning 3 0.2 1.8 -0.002 -27 -0.346 -1.65
Shanghai 7 5884 514 -0.021 -3.2 —3.123  —5.25 *%x*
NARs group
Jiangsu 6 0.046 1.1 -0059 -09 2746 096
Zhejiang 7 -0.727 -4.1 0.115 43 -3.786 -4.16 **
Fujian 1 -0.006 -0.35 0.003 23 -1 -4.34 %%
Shandong 7 -104 -36 0.062 38 -3.85 -3.55 *
Guangdong 7 -0.243 -12 0.035 12.5 -0.967 —-20.57 *k*
LDRs group
Hebei 5 -0.101 -3 0.015 38 0468 2.26
Shanxi 0 -0.004 -02 -0.005 -138 -0442 -2.12
Inner Mongolia 0 -0022 -09 -0.001 -1 -0293 -1.8
Jilin 0 0.007 04 0.001 0.8 -0575 -254
Heilongjiang 1 0.288 4.1 -0015 -4.1 —0.677 —4.3 *x*
Anhui 5 -0588 -49 —-0.001 -04 -1557 -4.78 *x*
Jiangxi 7 -004 -08 0.026 58 0955 408
Henan 4 -0478 -2.6 0.003 1.3 -1.117 =248
Hubei 7 0098 -56 0.004 3 -0.856 -3.26
Hunan 6 -0.066 -038 0.005 0.8 0028 0.07
Guangxi 5 -047 -47 -0.002 -0.7 -0.761 -4.32 *x*
Hainan 1 -0.146 -2 -0.11 1.9 -0.486 -2.55
Sichuan 1 -0382 -4.2 -0.003 -24 -1.111  —4.09 *x*
Guizhou 6 -0.228 -15 -0.026 -28 -0.641 -2.78
Yunnan 1 -0297 -29 -0.001 -0.8 -0.586 -3.09
Tibet 5 0.167 0.7 -0.022 -09 -0.783 -1.32
Shaanxi 7 -1.176  -6.1 -0.007 -3 -434 —6.28 **¥*
Gansu 7 -0226 -19 -0.008 -26 -1.454 -2.76
Qinghai 2 0.041 14 -0.011 -2.1 -0374 -2.16
Ningxia 0 -0.013 -08 -0.004 -15 -0304 -1.7
Xingjiang 0 -9.1E-05 -0.004 —-0.001 -0.5 -0.169 -1.06

Note:

1. The results were obtained by completing Augmented Dickey—Fuller test. The investaged variable

is differential of real gross per capita product(in logs) between GPPp.c. and GDPp.c. over 1978-97.

2. Results of the ADF test consist of regional time series for the period 1978-97 and includes 30

provinces.

3. K, the number of lags in the ADF test, was chosen following Perron(1989,1990) and Zivot and
Andrews (1992) procedure (I set the number of it starting from a maximum of 7).
4. Mackinnon critical value for rejection of hypothesis of a unit root: *=10%, *¥=5%, ***=1%
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Figure 1 Evolution of RDI in each gourp from 1978 to 2000
RDI (national level=100)

300

L 3

250
.\M\Aﬁ . . M

200

- G8¢ ~

150

100

50

0 i L i L L . L L L . L s i It L ! " L
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Note: RD], the Regional Disparity Index, is the ratio of real per capita gross product of each group to that of nation.
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Figure 2 Evolution of the Standard Deviation Distribution of GPP p.c. in logs
within a two—group scope
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