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Abstract

This paper carries out an empirical investigation tiee contribution of rural
transformation, which can produce efficiency gaoer and above those associated
with technical progress, to total factor produdyivin China during 1970-2008. For
the first time for China, the roles of rural tramshation and technical progress are
examined whilst structural breaks are taken inttbant. We employ Bai and Perron
(1998, 2003a, b) methods which allow for multipieistural breaks at unknown dates
and can be applied for both pure and partial stratichanges. We also evaluate the
robustness of our results by employing alternapveduction functions and two
capital series. A structural break near the entth®@fre-reform period is identified for
both capital series and another one near the TimearSquare incident in 1989 for
the extended Chow and Li (2002) capital series.fovmd the contribution of rural
transformation to total factor productivity to bigrsficant and positive across all
regimes. In contrast, the effect of technical pesgrwas negative in the pre-reform
period but positive in the post-reform period.
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1. Introduction

A few studies have highlighted the efficiency gamshe post-reform period resulted
from the reallocation of labor across sectors inn@hFor instance, World Bank
(1996) finds that during 1985-1994, the movementlatfor from agriculture to
industry and to a lesser extent services contribatsout one percentage point to
aggregate GDP growth. More recently, Brandt, Hgied Zhu (2008) employ data
during 1978-2004 and also find the contributionadior reallocation from agriculture
to non-agriculture is about one percentage poinbutput growth. Bosworth and
Collins (2008) divide the post reform period int@ot sub-periods 1978-1993 and
1994-2004 and find labor reallocation out of adgtial sector accounts for 1.7 and
1.2 percentage points of aggregate GDP growth. Agied by Woo (1998),
intersectoral shift of labor (away from agricultdceother sectors) increases aggregate
output when the marginal product of labor in the@dtural sector is lower than that
in the industrial and services sectors.

However, these studies are based on growth acoguraiher than on an econometric
investigation. More crucially, none of the above@as or other studies on China’s
productivity take structural breaks into accourtiefie have been dramatic economic
and political changes in China in the past few desa(e.g. the implementation of
reform and opening up policy in 1978, Tiananmen gguncident in 1989, Deng
Xiaoping Southern Tour in 1992). Ignoring structuyeeaks could lead to inaccurate
inferences on China’s productivity growth. Thistige not only for studies covering
both pre- and post-reform periods, but also fos¢hthat cover only the post-reform
period. In order to investigate the possibility miultiple structural changes, we
employ the Bai and Perron (1998, 2003a, b) stochamstltiple structural break model

which tests for the presence of multiple structimalaks occurring at unknown dates



and provides an estimate of the breakpoints. & his the flexibility of allowing for
partial structural breaks, where only some of tbefficients are allowed to change
over time, as well as pure structural breaks, wladrecoefficients are allowed to
change over time.

Furthermore, most studies that investigate Chipatgluctivity growth employ only
the Cobb-Douglas production function, which assuomety elasticity of substitution
and constant returns to scal@/e also examine the role of rural transformatioder
two alternative production functions, i.e. Const&tasticity of Substitution (CES)
and Variable Elasticity of Substitution (VES) fuioets, which allow these two
restrictions to be relaxed in order to investigatdether the role of rural
transformation remains robust.

We employ two alternative capital series to evauahether the results are sensitive
to the choice of capital measurenfeifhe two capital series are extended from Chow
and Li (2002) and Baet al (2006a). To our knowledge, it is the first tinme tcapital
series of Bai et al (2006a) is used to estimatdymtion functions for China.

The paper is organised as follows: Section 2 sjgscthe Cobb-Douglas production
function that incorporates rural transformationct®m 3 explains the structural break
test. Section 4 discusses measurement of variabtbslata sources. Section 5 reports
the estimates of break dates and estimates of abbé-Oouglas production function.
Section 6 applies the break dates to CES and VB8uption functions. Section 7
presents the estimates of total and net factor ymtodty and discusses the
contribution of rural transformation to total facteroductivity. Section 8 compares

our findings with previous studies. Section 9 cadels.

! To our knowledge, existing studies examining ative forms of production functions for China are
not at aggregate level (e.g. Jia, 1991; Bairam919@, 1999) or include China in a large panel (e.g
Duffy and Papaggeorgiou, 2000; Karagiaretisl 2004).

2|t is interesting to note that all previous stsdimve used only one capital series.



2. The Production Function
Following Chow and Li (2002), the Cobb-Douglas praiibn function can be written
as

y = Ak? =e?k“; (1)
where y and k denote real output per labor and real capital kstper labor
respectively,A measures total factor productivity (TFFJ, measures the effect of

technical progress, anais the capital share of income.

China’s transformation from central-planned to nes&driented economy is
characterized by “rural transformation”. It refdos both rural-urban migration and
rural industrialization. The former refers to theternal labor migration from
countryside to cities (Zhao, 1999a, b; Zhang andgSA003). The latter refers to the
establishment of rural enterprises (e.g. Town anlgé Enterprises) which attracts
farmers out of the field (Wang 1999; Zhu, 2000)tBresult in shifts of labor from
low productivity agricultural sector to more protive industrial and services sectors.
Therefore, even if the levels of technology in eliéint sectors remain unchanged,
labor flows from sectors with lower marginal protivity of labor to sectors with
higher marginal productivity of labor will increaske TFP. In other words, for a
country like China with enormous labor surplusisitnot only the total number of
effective labor that matters for output growth; thstribution of effective labor also
matters.

Therefore, in our study we decompose TFP into aetof productivity (NFP) and
rural transformation (RT). NFP captures the puchnéal progress and RT captures
the effeciency gains resulted from rural transfdrama Hence the production function

takes the following form:

y = TFPK" = (NFP)(RT")k” = (e*)(RT")k" 2



where y measures the effect of RT on TFP.
Taking logarithms of equation (2) yields the foliogy equation which is used in the
econometric estimations in Section 5:

Iny, =c+alnk + A& + yIn(RT), +u, 3)

3. Structural Break Test — Bai and Perron (1998, 2Ba, b)
As emphasised earlier, China’s economy had beejected to major political and
economic policy changes in the past few decadestder to identify these structural
changes, we use the multiple structural break mofiBlai and Perron (1998, 2003a,
b) (BP thereafter). They consider the following tiplé linear regression witn
breaks:

Y =XB+20; +4, t=T,,+1...T, 4)
for j=1...,.m+1. In this model,y, is the dependent variablg,(px andz(gx 1)
are vectors of covariates atl and J; are corresponding vectors of coefficients;is
the error term. The breaks pointsTg...,T,, ) are treated as unknown and
conventionallyT, = OandT,_,, =T . As S is not subject to structural change whilst
0, is, this model is a pure structural break modelnwhpe= 0 and a partial structural

break model when otherwise.

Regarding the method of estimation, the followitgeative function is employed

(T Ty =argming o S (T,,....T,) (5)

.....

where the sum of the squared residuals

m+l T,

ST(Tl""’Tm)ZZZ(yt_)(I’:B_Zt’éj)z' (6)

i=1 T +1



The breakpoints estimator?l(...,fm) are obtained such that the objective function is
minimized. As the minimization is taken over allrgggons (T,,...,T.,) (note that

T.-T_2q), the break-point estimators are global minimizefsthe objective

function and the coefficients estimatofis and 51 are ones associated with the
m — partition {fj }

In order to choose the number of breaks, BP fosister the F-statisticsSSupk (k)
test) to test the null of no structural breaks=0) against the alternative that there
are breaksfi=k). Then they consider the double maximudD(  m@uadtWD max)

tests, both testing the null of no structural brag&inst an unknown number of breaks

given some upper bouni . UDmax=max.,., Supk (m) and WD maxattaches

different weights to the individual F tests so tlia¢ marginal p-values are equal
across values afn. BP also provide a third set of tests, epF (I +1|1) test, which
rejects in favour of 4l +1) breaks model if the overall minimal value of themsof
squared residuals is sufficiently smaller thangbe of squared residuals from the
break model.

The BP method has some flexible features. Firstaft consider autocorrelation and
heteroscedasticity in the residuals. Second,otnaIfor different moment matrices for
the repressors in different regimes. To allow fibtleese features, we adopt the most
general BP specificatidn

Regarding the procedure of identifying the numhbwat kbocation of breakpoints, BP

suggest to first look at thdD mabt WD max tests to see if at least one break is

% To be more specific, following notation of Bai aRérron (2003a), we consider the most general BP
specification, i.e. cor_u=1, het_z=1. Trimming & st& = 020, higher than the conventional 0.15
used by most structural break studies employing Bfi®e methods as Bai and Perron (2003a)
recommend a higher value of trimming when theselile features are allowed. Correspondingly, we
havem=3, i.e. a maximum of 3 breaks is allowed. GAUSS paog used in BP is available from
Pierre Perron’'s home page at http://econ.bu.eduper



present. If there is, then the number of breaks bandecided based on the
Supk (I +1]I) statistics, selectingm such that the testsSupk(l+1|1) are

insignificant forl =m. Critical values for all tests are provided by Baid Perron

(1998, 2003b, c)

4. Variable Measurement and Data Source

All data used in our study are collected from 18%2008. However, Chow (1993)
and Chow and Li (2002) consider the period 19589186 being abnormal due to
great upheavals of the Great Leap Forward movemettthe Cultural Revolution.
Hence we estimated the Cobb-Douglas productiontimmdéor the period 1970-2008.
To evaluate the robustness of the results to tbeelof the capital series, we employ
two real capital stock series. The first capitaiiese K1, is the extended series of
Chow and Li (2002). The second capital series,i&#e extended series of Bial
(2006a). The other series include real GDP (Y)piath) and rural transformation
(RT). All data are described in detail in the ApgerB. K1, K2 and Y are divided by

labor and denoted by k1, k2 and y.

5. Empirical Results

We use the partial structural break model to es@neguation (3). Specifically, the
constant and the coefficient for capital labor aatire fixed for the whole sample
period and coefficients for the time trend and Irtnansformation are allowed to vary

across different regimésThe results are presented in Table 1.

* Initially we allowed for a pure structural breale( all parameters were allowed to change) in the
production function. The statistics suggested thveme no structural break. Then we tested the partia
structural break model. First we kept the consfamd and all other coefficients were allowed to
change. When k1 was employed, one break at 197 7deasfied, but the coefficient of time trend was
insignificant in the second regime. When k2 was leggd, one break at 1977 was identified, but the
coefficient of capital share was close to unity98).in the first regime, which is rather unreatisti



When Kkl is used, two significant breaks are identified 877 and 1989, dividing the
whole sample period into three regimes (1970-19/78-1989, 1990-2008). The
first break occurred at the end of pre-reform briand the second break happened
on the year of the Tiananmen Square incident. Tdpmtal share & ), 0.3883, is
highly significant but much lower than reported @now and Li (2002), 0.5577,
where the same capital series is used for 1952-1898ludes 1958-1969). This
implies that the inclusion of RT in the productimction reduces capital share since
rural transformation captures the originally igrdbpart of change of TFP.

The coefficient for the time trend is negativg, € -0.0257) and significant in the

first regime, suggesting negative technical progte=fore the reform and opening up
policy in 1978. This finding contrasts to Chow drid2002) and Chow (1993), who
find zero technical progress growth before 1978t #ee next two post-reform

regimes, we find positive g, =0.0278 and B, = 0. 0372 and highly significant

coefficients for the time trend. The highest growdte (3.72%) for technical progress
is in the last nineteen years (1990-2008) after Thananmen Square incident.
Compared with Chow and Li (2002), who find a teclhiprogress growth rate of
3.03% for 1978-1998, we observe a lower growth odtéechnical progress during
1978-1989 but a higher one during 1990-2008 whensthuctural break in 1989 is
accounted for.

Across all regimes, RT is positive and highly sfgaint. It confirms our expectation
that rural transformation is an important contrdyuio China’s economic growth. In
addition, we found that the coefficients of RT d#sp a declining pattern

(¥, =0.9062, y, =0.7436, y, = 0.6593. This implies that despite the importance of

Second we kept the coefficient of capital fixed aficbther coefficients were allowed to change. Whe

k1l was employed, one break at 1978 was identifird, again the coefficient of time trend was

insignificant in the second regime. When k2 was leggxd, no structural break was found. Overall the
estimates were not satisfactory.



rural transformation, the share of its contributi@s been descending as the technical
progress has taken off after 1978. It indicates tha Chinese economy is moving
towards a more sustainable pattern of growth, mglynore and more on technological
development.

For capital seriek2, only one structural break was identified at 19@€éljcating two
regimes 1969-1979 and 1980-2008. It seems thahuhgber of structural breaks is
sensitive to the choice of capital. Neverthelesfreak date close the reform and
opening up year of 1978 is found for both capitaties. The capital sharex(),
0.5198, is much higher than that for k1 but sbtiver than Chow (1993) and Chow
and Li (2002). We find negative and positive caméfints (both highly significant) for
technical progress for the regimes 1969-1979 ar@D-P®O8 respectively, but both
are lower than when capital series k2 is employettrestingly, we observe highly
significant but declining coefficients of rural msformation for k2

(y, =0.7434, y, = 0.5835), a pattern similar to that obtained with cap#aties ki.

6. Alternative Production Functions

The Cobb-Douglas production function assumes ualigticity of substitution and
constant returns to scale. In this section we &urrthvestigate the contribution of rural
transformation within the framework of CES and VEjecifications, where these

restrictions can be relaxed. The sample perio@712008. We apply the same break

® Following World Bank (1996) and Brandt et al (2p08e also investigated the contribution of
another form of labor reallocation, namely owneusiénsformation, in the Cobb-Douglas production
function. Ownership transformation refers to labeallocation out of State Owned Enterprises (SOES)
to non-SOEs and is measured as the ratio of SOHogegs to urban employees. However, BP
methods suggested no breaks for both k1 and k2 wherrship transformation is included, which
was rather counter-intuitive, and more importanthg OLS estimates for the whole sample period
(without structural breaks) showed that ownershimdformation was insignificant and when it was
included, time trend also became insignificant.r€f@e, in contrast to World Bank (1996) and Brandt
et al (2008), we did not find that ownership transforimatcontributed to China’s productivity growth.
For an explanation for why ownership transformaticety not contribute to productivity growth, please
refer to Baiet al(2006b).

10



dates identified in Section’5i.e. 1977 and 1989 for K1 and 1979 for K2, to CES
(equation 7) and VES (equations 8) production fiomst.
INY =c+A+yInRT-(4/p)In(K * +{1-o)L7) (7)

InY =c+ B +yInRT+¢8InK +¢(1-8)In(L +76K) (8)
and results are reported in Table 2 and Table E&$ and VES production function
respectively. In all equations, the coefficients ®T are highly significant and
positive in all regimes for both K1 and K2. Thegmay a decreasing trend, namely
higher in the pre-reform period and lower in therenecent regimes. The coefficients
for time trend are negative in all pre-reform reggrand positive afterwards; but, in

contrast to that for RT, they are insignificantilhcases excep8, for K1 and g3, for

K2 in the CES function.

Wald tests for the returns to scale paramegershow that constant return to scale, i.e.
@ =1, cannot be rejected in all cases. Wald tests stigipat unity elasticity of
substitution, i.en = Oor the CES specification and= f0or VES specification

cannot be rejected in all cases except for K2 irS\dpecification. However, as the
coefficients for time trend are counter-intuitivegignificant in both regimes in VES
specification when K2 is employed, we conclude thatrall, no evidence in favour
of CES or VES over Cobb-Douglas production funcifound.

Results in Tables 2 and 3 confirm the importarg mhyed by rural transformation in

total factor productivity growth in China throughdhe pre- and post-reform periods,

® To our knowledge, structural break test for nozdin models is rather limited and may not be
applicable to the specific cases of CES and VES8uartion functions. For instance, Kapetanios (2002)
proposes testing for structural breaks in nonlindgmamic models using artificial neural network
approximations. But the methods do not allow fortiphstructural change and the neural network is
specified using the radial basis function and légiinction. In addition, we expect that breakedato

be the same irrespective of econometric methods usdetect them. Therefore, we applied the break
dates obtained using the BP methods in the predeciton to CES and VES specifications.

" Please refer to Appendix A for a brief introduatid CES and VES specifications and the derivations
of equations (7) and (8). Both production functisrese estimated by non-linear least squares.

11



irrespective of the production function and capgaties employed. Also empirical
evidence reported in Tables 1, 2 and 3 supportd@muglas production function

compared with CES and VES specifications.

7. Productivity

The levels of productivity contributed by rural nefiormation (CRT), technical
progress (NFP) and total factor productivity (TFB)e calculated based on
coefficients in Table 1 and are reported in Tahl&dowth rates of these variables
(GCRT, GNFP and GTFP) are reported in TaBleThe levels and growth rates are
further depicted in Figure 1 and Figures 2-3 respely.

Table 4 and Figure 1 show that for both capitalesekl and k2, the levels of both
NFP and TFP are higher in more recent regimess kvorth noticing there are
decreasing levels of NFP1 and NFP2 before the tstaicbreak in 1977 and 1979
respectively. A considerable proportion of the THKERel is attributed to rural
transformation (CRT). For instance, when we used&T accounts for (on average)
79%, 68% and 56% of the TFP level for the threeesponding regimes (1970-1977,
1978-1989 and 1990-2008). When k2 is employed, @Bdounts for (on average)
77% and 63% of the TFP level for 1970-1979 and 12808 respectively. Despite
being very large, these proportions are gettinglemia more recent periods.

Looking at the growth rates, Figures 2-4 show cxirst pattern between series
obtained using k1 and series obtained using k2leTahllustrates that the average
growth rates of CRT are 3.65%, 2.06% and 1.52%ndutP70-1977, 1978-1989 and

1990-2008 respectively when using k1; 3.73% and%.3luring 1970-1979 and

®Levels are calculated @$FPL, = Iny, - &Ink, — 7, In(RT),: TFPL, =Iny, —&Inkl, ; CRTL, = TFPL, - NFPL,;
where j =1,... m+1, and m is the number of breaks. Note levels arataral logarithms. Growth rates
are calculated as the first difference of the ratlagarithms. Same applies when k2 is used.

12



1980-2008 respectively when using k2. On the otierd, for the corresponding
regimes, the average growth rates of NFP are -2.2588% and 3.91% respectively
when using k1; -3.30% and 1.64% respectively whenguk2. Therefore, there is an
interesting contrast between the average growds @it CRT and NFP that the former
are positive across all regimes but show a deditnend whilst the latter are negative
during the pre-reform period but turn to positivedadisplay a strong increasing
tendency after that. This contrast is further destrated in Figures 2 and 3.

When positive growth rates of CRT are taking intoaunt, we observe positive TFP
growth in the pre-reform regime (0.90% during 19807 when employing k1 and
0.43% during 1970-1979 when employing k2) desphte negative impact of NFP.

This results show that negative or zero produgtigiowth rates reported by previous
studies for the pre-reform period are due to thet that rural transformation was
ignored. In the post-reform periods, NFP becomeanhin drive behind TFP growth.
Rural transformation continues to make significhat much smaller contribution to

TFP growth. When capital series k1 is used, ruatsformation only accounts for
about 45% of TFP growth during 1978-1999 and thie farther decreases to 28%
during 1990-2008. When capital series k2 is udeslratio is about 46% during 1980-
2008. Nevertheless, with the positive contributbdmural transformation and stronger
growth rates of NFP, the growth rates of TFP1 m plst-reform period increase to
4.58% and 5.43% during 1978-1989 and 1990-2008&otisely, and the growth rate

of TFP2 is increased to 3.01% during 1980-2008.

In Table 5 and Figures 2-4, we observe negative/ljroates in all series around the
1989 Tiananmen Square incident (GCRT1, GNFP1 andRdTin 1989 and GCRT2,

GNFP2 and GTFP2 in 1990). We also observe sigmifistowdown in all growth

13



rates near 1998 due to the Asian financial crisid & 2008 due to the global

financial crisis.

8. Comparative Analysis

We compare our findings with previous literatureTiables 6 and 7. Most previous
studies calculate productivity growth using preesfped capital shares (e.g. World
Bank, 1996; Hu and Khan, 1997; Maddison, 1998; WI®®8; Bosworth and Collins,
2008; Brandtet al, 2008Y. In our study, all parameters are estimated, dioly the
one for capital share. Capital series K1 is extdrfdem Chow and Li (2002), but our
estimations report a much lower capital share tGdow and Li (2002) when
contribution made by rural transformation to TFRailken into account. Capital share
when we use K2 is higher than that of K1 but &er than Chow (1993) and Chow
and Li (2002).

For the pre-reform period, most studies find zermegative productivity growth in
pre-reform period (e.g. Chow, 1993; Chow and LQ20Borensztein and Ostry, 1996;
Maddison, 1998) except Hu and Khan (1997). We fiadative technical progress in
the first regime for both capital series (1970-19@7 K1 and 1970-1979 for K2).
However, when the positive contribution of rurarsformation to TFP is accounted
for, productivity growth turns to positive for botiapital series, which contrasts with
all previous studies (except Hu and Khan, 1997)..

For the post-reform period, the contribution ofalutransformation using K1 is the
highest (2.06% in 1977-2008 and 1.52% in 1990-20&@8ypared with previous

studies that use data of similar periods (e.g. WBdnk, 1996; Woo, 1998; Bosworth

° Different capital series has been used in previiugies. For instance, capital stock data of Woo
(1998), Maddison (1998) and Borensztein and O4t®96) is based on Li (1992), World Bank (1996)
is based on Nehur and Dhareshwar (1993) and Bodswod Collins (2007) is based on Hsueh and Li
(1999), all with updating for recent years; whist and Khan (1997) and Branelt al (2008) construct
their own capital stock series.

14



and Collins, 2008; Branddt al, 2008). The same is true when using K2, exceist it
lower than Bosworth and Collins (2068)TFP growth rates using K1 is higher than
all previous studies that ignore the role of rurahsformation (e.g. Chow and Li,
2002; Borensztein and Ostry, 1996; Hu and Khany 188addison, 1998). Same can
be said about TFP growth rates using K2, except &éne lower than Borensztein and
Ostry (1996) and Hu and Khan (1997) because ofivelg lower NFP growth rates.
Compared with studies that account for the roleucdl transformation, TFP growth
rates using K1 is higher than World Bank (1996) &do (1998) but lower than
Bosworth and Collins (2008) and Brarettal (2008); whilst that using K2 is higher
than Woo (1998) but lower than all others.

All studies are based on given capital shares amdth accounting methods (except
Chow (1993) and Chow and Li (2002)), and none efrtthave examined the role of
rural transformation when structural breaks areenakito account. We therefore

believe our results are more reliable.

9. Conclusions

This paper carries out an empirical investigation tiee contribution of rural
transformation, which can produce efficiency gamer and above those associated
with technical progress, to total factor produdyivin China during 1970-2008. For
the first time for China, the roles of rural tramshation and technical progress in
productivity growth are examined whilst structuba¢aks are taken into account. We
employ Bai and Perron (1998, 2003a, b) methodstwailow us to test for multiple

structural breaks at unknown dates and can be eappiir both pure and partial

19 Bosworth and Collins (2008) study productivity gth of China and India. The sample period 1978-
2004 was divided into 1978-1993 and 1994-2008 t&s 4093 is India’s post-reform era. They then
apply growth accounting to both sub-periods to iobpaoductivity growth rates.

15



structural changes. We also evaluate the robustoessir results by employing
alternative production functions and two capitalese

The structural break test identified a significimeak near the end of pre-reform
period for both capital series and another one tleaifiananmen Square incident in
1989 for the extended Chow and Li (2002) capitalese We found the contribution
of rural transformation to total factor productyis positive and significant across all
regimes and in contrast, technical progress isthnega the pre-reform period but
positive and significant in the post-reform periodle further investigate the
contribution of rural transformation by applyingethreak dates within the framework
of VES and CES production functions. The empirieaidence supports the Cobb
Douglas production function over the VES and CE$cHjgations for modeling
China’s aggregate production. More importantly, fivel that rural transformation
remains a significant contributor to total factaoguctivity and output growth in
China irrespective of the production function aagital series employed, even when

we allow for different regimes.
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Appendix A. CES and VES Production Functions with Riral Transformation
The CES production function assumes varied rettwnscale and an elasticity of
substitution different from unity. Following Browand De Cani (1963), CES
production function takes the form:

Y= AK " +@-)L ], (AL)
wherep is the substitution parameter that determineslasticity of substitutioro .
O is the distribution parameter; for any given vabdfeo (or p), d determines the
functional distribution of incomep is the returns to scale parameter. The elastdity
substitution (@) equals too :]/(l+ ,0). When ¢ =1 and p = 0, equation (Al)
collapses to the Cobb-Douglas production function.
In contrast to CES production function, the VESduction function assumes that the

elasticity of substitution is a linear function océpital over labor ratio (Revankar,

1971). We consider the following VES productiondtian:

Y = AK?[L +neK]*9?; 702
where ¢ is the returns to scale parameter. Btands, determine the capital share
and the labor share of income. The elasticity obssitution is derived as
J:1+/7(K/L). Henceo varies linearly with the capital-labor ratio arduanity. If
¢ =1 andn = 0, equation (A2) collapses to the Cobb-Douglas pectdn function.

Similar to equation (2), we decompose total fagbooductivity into net factor
productivity and rural transformation for equatiqAd) and (A2), and then by taking

natural logarithms we obtain equations (7) and€8pectively:
INY =c+A+yInRT-(4/p)In(K * +{1-o)L7) (7)

InY =c+ /A& +yInRT+¢8In K +@(1-8)In(L +76K) (8)
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Appendix B. Data Sources and Variable Measurement

The main data sources inclu8@ Years of New ChingbOYNQ, various issues of
China Statistical YearboolCSY including CSY 200%f China National Statistical
Bureau. Data are collected for 1952-2008 but ordyigal 1970-2008 is used in
estimations in Sections 5 and 6. Data are in 19ic@p

CSY 2009eports most of the data from 19AEDYNCreports data from 1952-1999.
Due to the National Economics Consensus in 200¢e€iSY 20050me data series
have been updated back to 1978. Therefore, torotitaiconsistency betwe&AYNC
and CSY 2009we compare data froBOYNC with data fromCSY 2009for the
overlapping period 1978-1999. If the two data seree identical, we use “original
data” during 1952-1977 fromOYNC if not, we adjust original data during 1952-1977
from 50YNCby an adjustment factor, which is calculated &sr#tio of the 3 years’
(1978, 1979 and 1980) average of data ff08Y 20090 the same 3 years’ average of
data from50YNGC and label them “adjusted data” during 1952-198m50YNC

1. Real GDP of China (Y): it is constructed byusting nominal GDP using GDP
deflator. Data of nominal GDP for 1952-1977 is fraajusted dat®0YNCand for
1978-2008 is fromCSY2009 The GDP Deflator is calculated using the same
methodology as Jun (20033)

2. Total Number of Employed Persons (L): data durl®52-1977 is from original
data50YNCand during 1978-2008 is fro@SY2009.

3. Rural Transformation (RT) (%): it is defined thge ratio of employed persons by
non-agricultural sectors (which include industaal services sectors) to total number

of employed persons. A higher percentage implieshigher level of rural

1 World Development Indicators (WDB009 provides GDP for China (current local currencytuni
from 1960 to 2008, which is consistent with the bamaed nominal GDP data 80YNCandCSY 2009.
We also converted our GDP deflator with the base ¥©90 and compared it with GDP deflator data
from WDI 2009 For the overlapping years 1960-2008, these twiesare consistent with each other.
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transformation, i.e. proportionally fewer farmerorw in the field. Data of the
employed persons by industrial and service seclornsg 1952-1977 is from original
data from50YNCand during 1978-2008 is fro@SY 2009

4. Real Capital Stock (K1): it is obtained by extig the real capital series of Chow
and Li (2002) from 1952-1998 to 1952-2008 using eamethods. Detail of the
methods can be found at Chow and Li (2002) and dnénaiot repeated here. Data
needed for our extension include real GDP, GDPat&f| real consumption, real net
export and depreciation. Data for nominal net etgpand nominal consumption are
from CSY 200%nd are adjusted by the GDP deflator and Cons@mee Index (data
of which is fromCSY 2009respectively to obtain the real values. Totalrdejation

is the sum of provincial depreciation, data of whig from various issues &fSY.

5. Real Capital Stock (K2): it is obtained by extiny the real capital series of Bati

al (2006a) from 1952-2005 to 1952-2008 using samdoakst For detailed methods
of data construction, please refer to Bai et aDG&). Data needed for our extension
include investment in construction and installatiamvestment in equipment and
instruments, price index of investment in consiarcend installation and price index

of investment in equipment and instruments. Albdate collected fror€@SY 2009
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Table 1. Structural Break Tests and Parameter Estirates of the Cobb-Douglas

Production Function

Capital SerieK1

Capital SerieK 2

Tests Tests
UDmax®  WDmax(1%)" UDmax  WDmax(1%)
76368.38**  127309.08*** 242637.22*  404485.73***
Supk (1/0)°  Supk (21)®  SupF (3|2)° Supk (1/0)  Supk (2|1)  Supk (3]2)
34.58*** 96.73*** 0.52 11.41** 0.25 0.01
Breakpoint(s) Breakpoint(s)
1977 1989 1979
Regime 1 Regime 2 Regime 3 Regime 1 Regime 2
1970-1977 1978-1989 1990-2008 1969-1979 1980-1989
Parameter estimates with two breaks Parametenasis with one break
B B, Bs By B,
-0.0257*** 0.0278*** 0.0372*** -0.0352*** 0.0175**
(0.0057) (0.0032) (0.0058) (0.0097) (0.0070)
yl y2 y3 yl yZ
0.9062*** 0.7436*** 0.6593*** 0.7434*** 0.5835***
(0.1538) (0.1480) (0.1185) (0.1285) (0.1180)
C a o a
0.8631** 0.3883*** 0.8745 0.5198***
(0.3859) (0.0821) (0.7170) (0.0660)

Note: **** ** gnd * denote statistic significanttal%, 5% and 10% level respectively. The asymptotic
distributions for these tests in BP with trendimgl anon-trending data are fairly similar and Bai and
Perron (2003a) suggest that one can safely ussathe critical values at the presence of trendirtg. da
In brackets are hetroscedasticity and auto-coroglaonsistent standard errors.

#1%, 5% and 10% critical values are 14.92, 11rkb%66 respectively

b 1% critical value is 16.52

© 1%, 5% and 10% critical values are 14.92, 10.98%A7 respectively

d 1%, 5% and 10% critical values are 16.69, 12.551h92 respectively

€ 1%, 5% and 10% critical values are 17.41, 13.454n90 respectively

Critical values are from Bai and Perron (2003c)jcwhs available at Pierre Perron’s home page at

http://econ.bu.edu/perron/.
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Table 2. Estimates of the CES Production Function

Capital SerieK1

Capital SerieK 2

Parameter estimates with two breaks

Parametenass with one break

By B, B; B B,
-0.0252 0.0283 0.0365* -0.0358** 0.0251
(0.0188) (0.0258) (0.0209) (0.0159) (0.0199)

yl y2 y3 yl y2

0.9025*** 0.7400*** 0.6631*** 0.7191*** 0.5351***
(0.1665) (0.1520) (0.1365) (0.1313) (0.1149)
C a c a
1.3930 0.3346 5.5310 0.9992***
(13.6037) (0.6521) (8.3857) (0.0040)

@ n ¢ n
0.9858 -0.0314 0.7075** 0.7317
(0.7323) (0.2904) (0.3403) (0.5428)

Wald Test Wald Test
p=1 n=0 p=1 n=0
0.0004 0.0117 0.7833 1.8171
(0.9845) (0.9138) (0.3900) (0.1777)

Note: Nonlinear least squarin brackets are hetroscedasticity and auto-coroglattandard errors.
*xx %% and * denote statistic significant at 1%% and 10% level respectively.
Wald Test-Chi-square(1)-statistics value is used and protbalnil brackets.

Table 3. Estimates of the VES Production Function

Capital SerieK1

Capital SerieK 2

Parameter estimates with two breaks

Parametenasts with one break

By B, Bs B B,
-0.0288 0.0231 0.0322 -0.0252 0.0340
(0.0187) (0.0244) (0.0190) (0.0197) (0.0279)

yl y2 y3 yl y2

0.8986*** 0.7409*** 0.6559*** 0.7799*** 0.5998***
(0.1690) (0.1550) (0.1453) (0.1663) (0.1358)

C a C a

-1.6951 0.3549** 8.5764 0.7294***
(14.2914) (0.1560) (10.9843) (0.1920)

@ P ¢ P
1.1265 0.000011 0.6245 0.000048**
(0.7008) (0.000023) (0.4942) (0.000023)

Wald Test Wald Test
$=1 p=0 $=1 p=0
0.0326 0.2319 0.5773 4.2323
(0.8567) (0.6301) (0.4474) (0.0385)

Note: see note of Table 2 for an explanation



Table 4. Levels of NFP, TFP and CRT

Year K1 K2
NFP1 TFP1 CRT1 NFP2 TFP2 CRT2
1970 0.83 3.51 2.68 0.83 3.03 2.20
1971 0.80 3.52 2.73 0.79 3.03 2.24
1972 0.76 3.53 2.76 0.75 3.02 2.27
1973 0.79 3.56 2.77 0.77 3.04 2.27
1974 0.76 3.54 2.78 0.72 3.00 2.28
1975 0.75 3.59 2.83 0.70 3.03 2.33
1976 0.65 3.53 2.89 0.59 2.96 2.37
1977 0.64 3.57 2.93 0.59 2.99 2.41
1978 1.12 3.64 2.52 0.53 3.05 2.52
1979 1.15 3.68 2.53 0.54 3.07 2.53
1980 1.16 3.72 2.56 1.08 3.09 2.01
1981 1.16 3.74 2.57 1.07 3.09 2.02
1982 1.21 3.79 2.57 1.10 3.12 2.02
1983 1.26 3.86 2.60 1.13 3.16 2.04
1984 1.29 3.95 2.66 1.14 3.23 2.09
1985 1.32 4.02 2.70 1.17 3.29 2.12
1986 1.33 4.05 2.73 1.17 3.30 2.14
1987 1.37 411 2.74 1.19 3.34 2.15
1988 1.40 4.16 2.75 1.22 3.38 2.16
1989 1.40 4.14 2.74 1.23 3.39 2.15
1990 1.62 4.05 2.43 1.17 3.32 2.15
1991 1.66 4.10 2.44 1.21 3.37 2.16
1992 1.74 4.19 2.46 1.28 3.45 2.17
1993 1.78 4.27 2.49 1.31 3.52 2.20
1994 1.82 4.34 2.52 1.34 3.57 2.23
1995 1.84 4.39 2.55 1.35 3.61 2.26
1996 1.86 4.44 2.57 1.36 3.63 2.28
1997 1.90 4.48 2.58 1.37 3.66 2.28
1998 1.93 451 2.58 1.39 3.67 2.29
1999 1.97 4.54 2.58 1.41 3.69 2.28
2000 2.01 4.59 2.58 1.43 3.71 2.28
2001 2.05 4.63 2.58 1.45 3.73 2.28
2002 2.09 4.67 2.58 1.48 3.76 2.28
2003 2.13 4.73 2.59 1.49 3.78 2.29
2004 2.16 4.78 2.62 1.49 3.81 2.32
2005 2.19 4.83 2.64 1.49 3.83 2.34
2006 2.23 4.90 2.67 1.50 3.86 2.36
2007 2.30 4.99 2.69 1.53 3.91 2.38
2008 2.33 5.03 2.70 1.54 3.93 2.39
Mean rates in selected periods
1970-1977 0.75 3.55 2.80
1978-1989 1.27 3.91 2.64
1990-2008 1.98 4.55 2.57
1970-1979 0.68 3.02 2.34
1980-2008 1.31 3.52 2.21

Note: NFP: net factor productivity (technical pregs); TFP: total factor productivity; CRT:
contribution of rural transformation to total facforoductivity; 1 and 2 indicate they are obtainsthg
capital series 1 or 2 respectively. All seriesiargatural logarithm.
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Table 5. Growth Rates of NFP, TFP and RTC (%)

Year K1 K2
GNFP1 GTFP1 GRTC1 GNFP2 GTFP2 GRTC2
1970 n.a. n.a. n.a. n.a. n.a. n.a.
1971 -3.38 1.43 481 -4.36 -0.41 3.95
1972 -3.20 0.47 3.67 -4.20 -1.18 3.01
1973 2.58 3.23 0.65 1.66 2.20 0.53
1974 -2.89 -1.72 1.17 -4.27 -3.30 0.96
1975 -1.11 4.12 5.23 -2.22 2.08 4.29
1976 -10.36 -5.13 5.23 -10.67 -6.38 4.29
1977 -0.86 3.91 477 -0.83 3.09 3.91
1978 n.a. n.a. n.a. -5.15 5.64 10.80
1979 2.59 4.41 1.82 0.34 2.15 1.82
1980 1.20 3.74 2.54 n.a. n.a. n.a.
1981 0.11 1.63 1.52 -1.22 -0.03 1.19
1982 5.05 4.98 -0.07 3.09 3.04 -0.05
1983 4.38 6.78 2.40 2.90 4.79 1.88
1984 2.76 9.32 6.56 1.80 6.95 5.15
1985 3.83 7.12 3.29 2.80 5.38 2.58
1986 0.51 3.37 2.86 -0.60 1.64 2.24
1987 3.89 5.69 1.80 251 3.93 1.41
1988 3.63 4.79 1.17 2.90 3.82 0.92
1989 -0.15 -1.43 -1.29 1.39 0.38 -1.01
1990 n.a. n.a. n.a. -6.31 -6.38 -0.07
1991 4.29 4.95 0.66 4.19 4.77 0.58
1992 7.12 9.05 1.93 6.27 7.99 1.71
1993 4,51 7.76 3.25 3.79 6.67 2.88
1994 4.00 7.11 3.10 2.65 5.39 2.75
1995 2.24 5.20 2.96 0.95 3.57 2.62
1996 2.15 4.45 2.30 0.71 2.75 2.04
1997 3.48 4.28 0.80 1.83 2.54 0.70
1998 3.08 3.21 0.13 1.30 1.41 0.12
1999 3.59 3.19 -0.39 1.97 1.62 -0.35
2000 4.09 4.22 0.13 2.33 2.44 0.12
2001 3.86 3.86 0.00 2.07 2.07 0.00
2002 4.78 4.78 0.00 2.53 2.53 0.00
2003 4.09 5.26 1.18 1.41 2.45 1.04
2004 2.38 5.17 2.79 -0.24 2.23 2.47
2005 3.21 5.76 2.56 -0.03 2.23 2.26
2006 4.39 6.95 2.56 1.27 3.53 2.26
2007 6.08 8.09 2.01 3.17 4.95 1.78
2008 3.04 4.45 1.41 0.38 1.63 1.25
Mean rates in selected periods
1970-1977 -2.75 0.90 3.65
1978-1989 2.53 4,58 2.06
1990-2008 3.91 5.43 1.52
1970-1979 -3.30 0.43 3.73
1980-2008 1.64 3.01 1.37

Note: GNFP: growth rate of net factor productivitgchnical progress); GTFP: growth rate of total
factor productivity; GCRT: growth rate of contribbt of rural transformation to total factor
productivity; 1 and 2 indicate they are obtainethg€apital series 1 or 2 respectively.
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Table 6. Comparison with Previous Studies

. CapitaGhare %

Capital Share %

Sources Periods Pre-reform Post-reform
. k1:0.3883
This Study 1970-2008 k2 0.5198
Chow (1993) 1952-1988 0.6317
Chow and Li (2002) 1952-1998 0.5577
Borensztein and Ostry (1996) 1953-1994 na
World Bank (1996) 1985-1994 0.5
Hu and Khan (1997 ) 1953-1994 0.614 0.547
Maddison (1998) 1952-1995 0.3
Woo (1998) 1979-1993 0.4,0,5and 0.6
Bosworth and Collins (2008) 1978-2004 0.4
Brandt et al (2008) 1978-2004 0.5
Table 7. Comparison with Previous Studies: Productity Growth Rates (%)
Sources Periods Average Growth Rate (%)
k1l k2
Regime 1 NFP: -2.75 Regime 1 NFP: -3.30
(1970-1977) TFP:0.90 CRT1: 3.65 (1970-1979) TFP:0.43 CRT1: 3.73
This Study 1970-2008 Regime 2 NFP: 2.53 Regime 2 NFP: 1.64
(1977-1989) TFP: 4.58 CRT1: 2.06 (1980-2008)TFP' 3.01 CRT1:1.37
Regime 3 NFP: 3.91
(1990-2008) TFP:5.43 CRT1:1.52
Pre-reform (%) Post-reform (%)
Chow (1993) 1952-1988 0 n.a.
Chow and Li (2002) 1952-1998 0 3
Borensztein and
Ostry (1996) 1953-1994 -0.7 3.8
World Bank (1996) 1985-1994 GTFP: 3.6 GCRT: 1.00
Hu and Khan (1997 ) 1953-1994 1.1 3.9
Maddison (1998) 1952-1995 -0.78 2.23
GNFP: 1.1t0 1.3
Woo (1998) 1979-1993
GCRT: 1.1
GTFP: 6.4 (1978-1993 GCRT: 1.7
Bosworthand o0 500, ( )
Collins (2008) GTFP: 8.5 (1994-2004) GCRT: 1.2
Brandt et al (2008)  1978-2004 GTFP: 6.96 GCRT21.0
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Figure 1. Levels of NFP and TFP and CRT (in naturalogarithm)
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Figure 3. Growth rate of CRT
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