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Abstract

We employ the Lewis-Ranis-Fei theory of dualistomomic development as a
framework to investigate China’s rapid growth ou&65-2002. We find that
China’s economic growth is mainly attributable tee tdevelopment of the
non-agricultural (industrial and service) sectoiyeh by rapid labour migration
and capital accumulation. Our estimates of theosalctnarginal productivity of
labour indicate that China’s 1978 Economic Reformmcided with moving
from phase one to phase two growth, as definetddarLewis-Ranis-Fei model.
This implies that phase three growth could be agtdy the commercialisation

of the Chinese agricultural labour market. (95 vegprd
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1 Introduction

Lewis (1954) proposed a seminal theory of dualigmnomic development for
over-populated and under-developed economies witist vamounts of surplus
agricultural labour for which he was later to be awarded the 1979 N&bie in
Economics. Economic growth in such an economy aaradhieved by rapid capital
accumulation in the non-agricultural (industrialdaservice) sector, facilitated by
drawing surplus labour in the agricultural sector.the Lewis theory, an economy
transits from the first, labour-surplus “stage” ttee second, labour-scarce “stage” of
development.

Later, Ranis and Fei (1961) formalised the Lewetly and defined three “phases”
of dualistic economic development by sub-dividihg first stage in the Lewis model
into two phases. Thus, the second labour-scarge sththe Lewis model corresponds
to phase three of the Ranis-Fei model. These thheses, illustrated in Diagram 1
below, are distinguished by the marginal produttiaf agricultural labour. The entry
into each phase is marked three turning points:

» Thebreakout point leads to phase one growth with redundant agrilltabour.

» The shortage point leads to phase two growth with disguised agricaltu

unemployment.

» The commercialisation point leads to phase three of self-sustaining economic

growth with the commercialisation of the agricuétiusector.
The Lewis-Ranis-Fei theory of dualistic economivelepment therefore provides a
suitable theoretical framework for studying the wgito path of labour-surplus
developing economies such as China.

China’s 1.3 billion inhabitants account for a fifththe world’s population. Over 50

percent of the Chinese population is engaged inrdh& agricultural sector. China’s

! Throughout the paper we refer to the two secteragiicultural and non-agricultural. Various authbave used
different terms interchangeably for these two sacthewis (1954) originally named the two sectoss the
subsistence and the capitalistic sectors and ¢atén Lewis (1979) referred to them as the trad@ioand modern
sectors. Jorgenson (1967, p.291) elaborates fuotinéne distinction between the two sectors andomar this down
to the stylised fact that the two sectors do neteshhe same production technology, particularlemvit comes to
capital accumulation.
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agricultural labour productivity is very low due tbe presence of surplus labour
relative to other scarce resources. The agricultwage rate is lower than the
non-agricultural one. The 1978 Economic Reform phiegl the Chinese economy into a
path of rapid economic growth, at the rate of appnately eight percent per annum.
This remarkable economic growth, particularly ire trban non-agricultural sector,
requires a great inflow of labour (Knight, 2007helgradual relaxation of the stringent
Hukou registration system has further facilitatee temporary rural to urban migration
of over 100 million workers.

There are very few recent studies discussing Chieednomic growth and labour
reallocation within the framework of the Lewis tingoBoth Cai (2007) and Knight
(2007), focus more on examining the Lewis turnimgnpthan testing the Lewis theory.
In this paper, we are the first to systematicalgess the Lewis (1954) theory and its
formalization by Ranis and Fei (1961) for China. &delress the three core questions:
(1) Is the main source of economic growth non-adtucal capital accumulation?

(2) What is the net effect of agricultural to nagraultural labour reallocation?

(3) What phase of economic development is the Gleirseonomy in? In other words,
has China passed the commercialisation point s&ghiby the exhaustion of surplus
labour, as discussed by Cai (2007) and Knight (2907

To answer these questions we estimate Cobb-Doygladuction functions for
China’s agricultural and non-agricultural sectarsing time-series national-level data
over 1965-2002. Our results show that China’s divecmnomic growth is driven by the
rapid development of the non-agricultural sectohiclw results from the fast
accumulation of non-agricultural capital. As cap@gacumulates, employment expands
and contributes almost as much as capital to ecmengrowth in the non-agricultural
sector. This confirms the answer to our first questhat capital accumulation is the
main source of economic growth in the non-agrigaltsector.

Secondly, we evaluate the effect of labour reatiocaaway from agriculture to
non-agriculture by comparing the labour produdegtof the two sectors. In addition,
we repeat the exercise by applying the Labour Reation Effects (LRE) equation
specified by the World Bank (1996). Both approachaggest that labour reallocation



has a positive impact on China’s economic growttoanting for 1 to 2 percent per
annum of GDP growth. We find the effect of laboeallocation has declined since the
mid-1990s because of less absorption of the surphas labour in the non-agricultural

sector, particularly in industry. Our result conhes with the findings of Kuijs and Wang
(2005), Woo (1998), and World Bank (1996).

Thirdly, we identify the phase of China’s econordevelopment by examining the
evolution of labour productivities over time asicated in the Lewis-Ranis-Fei model.
We find that the Chinese economy has fully absothededundant agricultural labour,
as shown by the rising marginal productivity ofdab since the 1978 Economic Reform,
but has not yet completely reallocated the disglisgemployment, as shown by the
marginal labour productivity being still lower théme institutional wage defined by the
initial low average productivity of labour. All thiindicates that, following the 1978
Economic Reform, China entered phase two of econam®velopment defined in the
Lewis-Ranis-Fei model. However, it has not reaclhpddse three marked by the
exhaustion of the disguised agricultural unemplayme&urthermore, we find that the
gap of labour productivities between the two sextswidening, which is at odds with
the theoretical expectation. This reflects the @ffeof market imperfections and
government intervention. A “critical minimum effors required for China to release
the remaining disguised agricultural unemployment anter phase three of economic
development.

The paper proceeds as follows. Section 2 reviewsLgwis theory, the Ranis-Fei
model and the related literature. Section 3 disEsigShina’s dual-sector economic
development and rural-urban labour migration. ®aectid presents the model
specifications for estimating the production fuon8, decomposing dual-sectoral
economic growth rates, and evaluating the effectabbur reallocation away from
agriculture toward non-agriculture. Section 5 ekathe data in relation to China’s
employment, capital stock, labour migration andhitedogical progress. Section 6
presents our estimation results. Section 7 prouid¢siled analyses regarding the three
crucial questions regarding the Lewis-Ranis-Fei ehdd the Chinese case. A final

section concludes and makes tentative policy recenaations.



2 Literature survey

2.1 The Lewis-Ranis-Fei model

The Lewis (1954) theory of dualistic economic depehent provides the seminal
contribution to theories of economic developmentipalarly for labour-surplus and
resource-poor developing countries. In the Lewmotls, the economy is assumed to
comprise the agricultural and non-agricultural sext The agricultural sector is
assumed to have vast amounts of surplus labourdhalt in an extremely low, close to
zero, marginal productivity of labour. The agricuéil wage rate is presumed to follow
the sharing rule and be equal to average produgtiwihich is also known as the
institutional wage. The non-agricultural sector hasabundance capital and resources
relative to labour. It pursues profit and emplogbdur at a wage rate higher than the
agricultural institutional wage by approximately Bércent (Lewis, 1954, p.150). The
non-agricultural sector accumulates capital by drgwsurplus labour out of the
agricultural sector. The expansion of the non-adfucal sector takes advantage of the
infinitely elastic supply of labour from the agritural sector due to its labour surplus.
When the surplus labour is exhausted, the labopplglwcurve in the non-agricultural
sector becomes upward-sloping.

Ranis and Fei (1961) formalised Lewis’s theory lmynbining it with Rostow’s
(1956) three “linear-stages-of-growth” theory. Thégassembled Lewis’s two-stage
economic development into three phases, definedhkymarginal productivity of
agricultural labour. They assume the economy tcstgnant in its pre-conditioning
stage. The breakout point marks the creation ohfamt non-agricultural sector and the
entry into phase one. Agricultural labour startb¢oreallocated to the non-agricultural
sector. Due to the abundance of surplus agricultab@ur, its marginal productivity is
extremely low and average labour productivity deginthe agricultural institutional
wage. When the redundant agricultural labour fotwes been reallocated, the
agricultural marginal productivity of labour staris rise but is still lower than the

institutional wage. This marks the shortage pointvhich the economy enters phase



two of development. During phase two the remairaggicultural unemployment is
gradually absorbed. At the end of this process #mnomy reaches the
commercialisation point and enters phase three evtier agricultural labour market is
fully commercialised. Diagram 1 below illustratée three phases defined by Ranis-Fei
(1961, diagram 1.3):

Diagram 1. Agricultural output (QA), labour inpwtA) and

Lewis-Rains-Fei phases of economic development

Commercialisation Shortage Br egl::zut
0 (Lewis turning) point P
A point
Phase three Phase two Phase one
= Qa=f(La,...)
-~ Institutional wage
Marginal T
productivity = _.--~
of labour .-~
Disguised agricultural unemployment
Commercialised Redundant La
agricultural labour agricultural labou

2.2 Relevant empirical studies

Empirical studies of the Lewis theory have met witlrying degrees of success.
Minami (1967b) and Ohkawa (1965) studied the eftéagricultural labour migration

on Japanese economic growth. They found that Jaysactoral labour migration made
a significant contribution to its economic growth 1921-1962. Fei and Ranis (1973)
analysed the economic development of Taiwan in 4955 and Korea in 1966-1980
by comparing descriptive statistics and their rissalso supported the Lewis theory.
However, Ho (1972) tested the Lewis theory on Taiia@ the period 1951-1965 and
found that technological progress played a far nimogortant role on economic growth

than sectoral labour migration.



Minami (1967a) compared several approaches to ifgeng the agricultural
commercialisation of the Japanese economy. He guiotit that a necessary condition
for the existence of surplus labour is that the gmal productivity of agricultural
labour is, albeit rising, lower than the institutad (subsistence) wage. Nevertheless, a
sustained increase in the marginal productivity niagicate that the agricultural
commercialisation has been reached. Minami alsayestgd other approaches for
detecting the coming of commercialisation. For eglamna rising agricultural real wage
rate, a higher correlation between the agricultoeal wage and marginal productivity
of labour, an infinity-to-zero elasticity of non+agultural labour supply with respect to
the subsistence wage, and large sustained decreases agricultural labour force.
However, he points out that these approaches uBm@gricultural real wage face the
same problem:

“... when there is a rising trend in the real wages wan not ascertain

straightforwardly whether that increase comes fimhange in the marginal

productivity of labour or from an increase in thebsistence level itself.”

(Minami, 1967, p.384).

Hence, changes in real wages often lead to errenétentification of agricultural
commercialisation. Nonetheless, falls in the adtiral labour force can not help
differentiate the exhaustion of the redundant lakfoom that of the entire disguised
unemployment. They can only be taken as a comptangmpproach. In sum, changes
in the agricultural marginal productivity of labouelative to the subsistence level
appear to be the most appropriate approach toifgené turning points. In this paper,
we thereby adopt this approach to identify the ingnpoints in the process of the
Chinese economic development.

There have been few studies of the Lewis theori wespect to China. Recently
Cai (2007) has argued that the demographic transitharked by a substantial decline
in population growth rates, has accelerated thetanfsagricultural commercialisation.
The noticeable increase in rural migrants’ wage &so indicates the exhaustion of

China’s surplus agricultural labour. The forthcoglabour-scarcity has been warned by



the phenomenon of “migrant rural labour-scarditgccurred in the Zhujiang triangle
coastal area in 2003. Soon after that, the entm&Se economy will confront with
labour scarcity. However, Knight (2007) casts donbtCai’s claim. He argues that the
rapid growth of real wages may not necessarilyhieerésult of growing labour scarcity.
Moreover, there is still much surplus labour in tueal areas, particularly in inland
provinces. Knight thereby contends that the Chireesgmomy has not yet progressed to
the second, labour-scarce stage of the Lewis mbdelis moving towards it. For
continuing the remarkable economic growth, Chinausth gradually absorb its
remaining labour surplus in agriculture. Howeventhb studies focus more on
examining the Lewis turning point than testing thewis theory in the Chinese
economy.

In summary, the empirical evidence of the Lewisotlges mixed and varies from
country to country. Moreover, it is rare to see apgtematic empirical test of the Lewis
theory on the Chinese economy. In this paper, Weess this shortcoming by testing the
Lewis (1954) theory and its formalisation by Raaisd Fei (1961) on the Chinese
economy, investigating the sources of dual-sectecahomic growth, quantifying the
contribution of sectoral labour reallocation to eamic growth, and identifying the

phases of economic development.

2 According to some newspapers (e.g., China Net, May007), in 2003, many enterprises in the Zhgjiiangle
coastal area had difficulty in employing rural naigts. On the one hand, there are fewer rural migranemploy
than before; while on the other hand, migrants tarask for higher wage payment for working.
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3 The Chinese experience

3.1 China’s dualistic economic development

China has had a long history of dualistic econom@&velopment. According to

Putterman (1992), prior to the 1978 Economic Refdira rural agricultural sector was
run using collective farms and wages were set &/ government. In the urban
industrial sector, the pursuit of profit was allavdhe 1978 Economic Reform has not
brought this dualistic structure to an end. Instéakas allowed the urban sector to
develop further by creating an expanding servictoseind a new class of town-village

enterprises.

Figure 1: Development of the Chinese two-sector economy
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Source: World Development Indicators (World Bank, 2005).

Thus, the dualistic structure involves the agrioat sector in rural areas and the
non-agricultural sector mainly concentrated in uarbareas. Specifically, the
agriculturaf sector includes farming, animal husbandry, foyesind fishery. The

non-agricultural sector includes construction, stdy (i.e. manufacturing, mining and

guarrying, electricity, gas and water supply), $f@ort, post and telecommunication

% In the China Statistical Yearbooks, published MBS, the agricultural sector is referred to thengry sector,
while the non-agricultural sector is composed efshcondary and tertiary sectors.
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services, wholesale and retail trade and cateramgices. The output of town-village
owned enterprisésis included in the non-agricultural sector, thoutjfey are in
semi-urban locations. As shown in Figure 1, ecoragnowth in China is largely driven

by the non-agricultural sector and less so byadh#te agricultural sector.

3.2 China’s sectoral labour reallocation

China is a labour-surplus economy and most of gugplus is engaged in the
agricultural sector. Before the 1978 Economic Refdiabour mobility was controlled
by the government through the “Hukou system”. Adaag to Zhao (2000), the average
annual rural-urban migration rate was only 0.24&eet in 1949-1985, much lower than
the world average rate of 1.84 percent in 1950-19%idce the early 1980s, the
restrictions on labour mobility have been relax@dd¢commodate labour demand in the
non-agricultural sector. However, the one-childigolntroduced in the 1970s has been
imposed more stringently, particularly in urbanaasteThis has substantially slowed
down the growth of the urban-born labour force agdravated the labour shortage in
the non-agricultural sector (Knight, 2007). Gratiuttie restrictions on labour mobility
have been relaxed and increasing numbers of ralbalrers have migrated to the towns
and cities. As a result, relative employment inafgecultural sector illustrated in Figure
2 dropped from 70.1 percent in 1978 to less thapesBent after 1994. Correspondingly,
employment in the non-agricultural sector rosedigpand reached 50 percent of total
employment. Note that even with the relaxationesitrictions on labour mobility, most
of the migrants are only allowed into the citiessotemporary basis.

The data for China’s labour migration are only &l@de in a few population
censuses at eight to ten-year intervals, or inesig\covering a few provinces. Many
studies (e.g. Wu, 1994; Zhang and Song, 2003) apelyesidual method suggested by
the United Nations (1970) to derive a consistemtetseries for China’s rural-urban
labour migration. This method assumes that withioigrnational labour migration, the

increase in urban population is attributable torthtiral growth of the urban population

4 Town-village owned enterprises were first insétliin the early 1980s and their output was formadigounted in
the Statistical Yearbooks starting in 1984.
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and net rural-to-urban migration. Thus, net labonigration can be derived by
deducting the natural population growth from thegragate population increase in
urban areas. Zhang and S®r(@003, Table 1, p.388) apply this method and campu
the series for rural-urban labour migration in 19B®9, illustrated in Figure 3. The
abrupt drop in labour migration during 1989-1991yrba due to events following the
Tiananmen Square incident. Similar patterns of rim@l-urban labour migration are

observed in the data generated by Wu (1994, Figupe694).

Figure 2: Employment in the two-sectors
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Source: China Statistical Yearbook (NBS, 2004).

® Zhang and Song (2003) compute the natural grofvtizan population as the product of the total nrpapulation
and the natural urban population growth rate, wiggbroxied by the official “natural city growthtes”. The data for
the natural city growth rates in 1978-1982 and 12889 are sourced from the NBS Statistical Yearti@K0). For
the missing data in 1982-1988, they use a comloinaif correlations with city growth and projectiofiem the
available years.
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Figure 3: China's net rural-urban labour migration
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4  Model specification

In this section we introduce the specification flee production functions of the two
sectors, equations for growth decomposition, andhggns for computing the effect of

labour reallocation away from agriculture.

4.1 The production functions and growth decompositions

We assume a dualistic economic framework with tipecaltural and non-agricultural
sectors representing the traditional and modenosem the Lewis theory. Accordingly,
agricultural output@,) is a function of cultivated hectardda), labour input () and
agricultural capital Ka). Output of the non-agricultural sectoQ\) depends on
employed labourl(y) and capital stockK(). Both production functions feature Hicks
neutral technological progredsi((), fn (T)) whereT denotes time; the exact functional
form of these contains trends that reflect socimremic events and possibly dummies
for structural shifts. The resulting Cobb-Douglasoduction functions for the

agricultural and non-agricultural sectors are:

QA — f (LA, KA, HA,TA) - aoefA(T)LAOL HAG'H KAGK (1)

Qu =9(Ly, Ky, Ty) =5, OL A K ()

By taking logarithms, we derive the log-linear farrm equations (3) and (4). The

parameters with a hat™are those to be estimated:

InQ, =Inag,+ f,(T)+a, InL,+d,InH, +a, InK, +e, (3)
INQy =InA,+ f,(T)+B_InLy + 5, InK,, +e, @)
We test for, but do not impose, constant returrscede in each sector by the conditions
a ta, ta, =1 and S + B =1. We differentiate functions (3) and (4) with

respect to time and obtain the following equatitorsdecomposing sectoral economic

growth rates:
— (M) 4 A ~ ~
gQA_ %t ta, gLA+aH gHA+aK gKA (5)

Oo, =22 +5, 9, + [ O, (6)
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where the exponential growth rates for each faéfors calculated by either the

instantaneous percentage growth rate in continuoustime,

L= dlog X n00= (log X 500, =109 X 1965)
dt (2002-1965

(100, or the true annual (compounded)

percentage growth rate in discrete tiA&R = (expg, —1) (100 . In empirical studies,

AGR is normally used for representing the exporaérgrowth rate; however, growth
theory is usually expressed in continuous time asebgx. When growth rates are low,
these are close to each other. The time-derivativiés respect to the Hicks-neutral
technological chancefa(T), fn(T)) are the appropriate time-trend and time-dummy

parameters in the estimated models.

4.2 The labour reallocation effect

We apply two approaches to account for the efféttmour reallocation away from the
agricultural sector. The first approach is intwtivand closely related to the
Lewis-Ranis-Fei model. Theoretically, a net impaicthe sectoral labour reallocation is
expected due to the relatively low productivitytire agricultural sector and the high
productivity in the non-agricultural sector. Thisdicates that the labour reallocation
effect (LRE) may be represented by the produchefdifference of labour productivity
of the two sectors and the number of migrating labrs. To see its contribution to total
output, we divide it by real GDP. Using the averageductivities of labour (APL) to

proxy for labour productivity, we derive the effaftlabour reallocation as:

LRE,,, = % (APL, — APL,) 7)
where M represents the net number of migratinguadrs and Y denotes real GDP at
1990 prices.

Within the first approach we can, alternatively,mpute the effect of labour

migration using the marginal productivity of labo@PL), which is defined as
derivative of output to labour input, iMPL =fj—f. Hence the MPL in the agricultural

and non-agricultural sectors are:
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MpL, =29 -5 Qas apL, (8)
dL, L,
dQN p QN p
MPL, = = = APL 9
VL, BL L, BL N 9)

where c?L and ﬁ’L are the estimated parameters in Equations (3)(@ndlhus, the
effect of labour reallocation is derived as:
LRE,, :% (MPL,, —MPL,) (20)

Note that theeRE may be slightly underestimated by usi&L which represents the
slope of production function with respect to labairthe margin, while it may be
overestimated usind\PL. Thus, theLRE estimates usinglPL and APL provide a
reasonable range for the true value of the net @tnpidabour reallocation.

The second approach is proposed by the World Ba986) specifically accounting for
the labour reallocation effect. As well as beingjd/éor calculating the effect of labour
reallocation away from the agricultural to non-aghiural sector, this approach is also
valid for computing the effect of labour reallocatifrom the state to non-state sector.
According to the World Bank, the agricultural laboeallocation effect is defined as

following:
LRE, =$ (MPL, =MPL,)g, Iy, wherel, ==t (11)

This equation shows that a reallocation of labouay from agriculture will have a
positive net effect on growth so long as the valfithe marginal productivity of labour
in the non-agricultural sector exceeds that in dgdcultural sector. The size of this
effect depends on how much more productive theawieultural sector is and on how
large the share of labouly) in the non-agricultural sector is (World Bank,969
pp.67-68).

In summary, the first approach provides a reasenbahd for the true value of the
labour reallocation effect. The second approactiependent of the actual number of
migrants, is able to give a relatively accurateocact for the contribution of sectoral
labour reallocation to growth. Both approachesemsentially based on the differences

in the labour productivities of the two sectors.
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5 The data

Our data are mainly from the World Bank’s World Bwpment Indicators (WDI). Data
on China’s sectoral employment are from China §iatl Yearbooks (2001, 2003, 2004)
by China’s National Bureau of Statistics (NBS) ahé Labour Statistical Yearbook
1998 by China’s Ministry of Labour and Social Seéigu(MOLSS). The data span
1965-2002. We cannot start the sample before 1868use earlier WDI data on fixed
gross capital formation are not available. We carmdend the data beyond 2002
because, even at the time of writing, more rece@LBS data for “sum of sectoral
employment” are not available. Output and capitakcls values are in real RMB
deflated to 1990 prices. Appendix 1 provides sunymafatistics and variable
descriptions.

Agricultural and non-agricultural outputs are dedvrom the multiplication of the
relative sectoral shares value added in GDP byehé values of GDP. The data for
China’s employment create a spurious jump in 199€ w statistical adjustments. To
avoid this spurious jump, we source the data ftal temployment during 1978-2002
from the column entitled the “sum of sectoral engplent” in the NBS statistical
Yearbook (2001, 2004). The total employment dat@reel978 is sourced from the
MOLSS Labour Statistical Yearbook (1998). Thus,t@&d employment series are
derived by multiplying the total employment datathg sectoral employment shares.
Agricultural capital is represented by the numbértractors, which is consistently
available for a long time period. Capital stocklie non-agricultural sector is obtained
by applying the conventional Perpetual Inventorytivde (PIM). Detailed explanation
about the data for sectoral employment and cagliitek are in Appendix 2.

The data for rural-urban labour migration is takesm Zhang and Song (2003,
Table 1, p.388). Note that due to the absence taf fda “natural city growth rates” in
the NBS Statistical Yearbook after 2000, we canaxténd this measure beyond 1999.
The unavailability of continuous authoritative dalgao hampers the forecast that we
could make on rural-urban labour migration in China

Following the work of Ash (1988) we model technotad progress in the
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agricultural sector by two segmented deterministite trends. The first trend covers
1979 to 1984 and captures the decentralizationrawhihg. The second trend covers
1985 onwards and indicates the introduction ofntiaeket system to the rural economy.
No technological trend is included before 1979sitvell established that agricultural
technological progress was negligible due to ddsaiy socio-economic events, see
Chow (1993). Technological progress in the noneadfiiral sector is modelled by a
shift dummy for 1965-6 and a time trend from 198RBwards. Political events
surrounding the Cultural Revolution and the Tianann$quare incident would justify
several year dummies for the non-agricultural seatd967-1969, 1976 and 1990-1991.
However, this would remove almost all dynamics friibie model and would necessitate
a substantial number of dummies. We therefore opttlie far more parsimonious
application of just one structural shift dummy thequals one in 1965-6. In the
non-agricultural sector, experimental reform oniestavned enterprises began in August

1980 and this translated into general technologefalrms starting in January 1982.
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6 Estimates of the production functions

6.1 Stationarity tests

Before estimating the production functions, we tbst stationarity of variables using
ADF (Dickey and Fuller 1979, 1981) and KPSS (Kwaatiski et al. 1992) tests. The
Augmented Dickey-Fuller (ADF) tests are for thelrwpothesis that the series are
non-stationary, the KPSS tests are for the nullobiygsis that the series are stationary.
The results of these tests are reported in Tabdedl they suggest, at the 5 percent
significance level, that all the variables are stationary and integrated of order one
I(1). The one exception is the log of agricultucapital that is borderline integrated of
order one or two, IKa ~ 1(1/2), but it seems that this ambiguity maydoe more to the
long cycle in the data rather than it being [(2Quate of the non-stationarity in the data
we take steps to address it in the estimationehtbdels.

Table 1: Stationarity tests on variables

Vas ADF  ADFon  ADF KPSS | ;';:ir?: la  KPSS
on level difference result on level o result
InQ, 0433  -4877 (1) 0734 5 0160 O I(1)
InL, -2377  -3.015 (1) 0622 5 0367 4 1)
Ink, -1352 -2.471 1(2) 0622 5 0655 4 1(1)/(2)
InH, -1219  -4.397 (1) 0538 4 0239 1 11)
InQy, 0721  -4.357 (1) 0740 5 0321 6 11)
InLy, -1.758  -3.214 (1) 0727 5 0376 4 1(1)
InkK, -0.033 -4.009 1(1) 0.751 5 0326 4 1(2)
Notes:

ADF(n): Augmented Dickey-Fuller test with n autoregsive lags. Reported value is t-statistic on ldgigeels
variable. Null hypothesis is that the variable eim a unit root (is non-stationary). Critical vaume: -3.67 at 1%,
-2.969 at 5%, -2.617 at 10%.

KPSS: Kwiatkowski et. al. test. Null hypothesighiat the variable does not contain a unit roostggsionary). Optimal
lag-length is chosen by the Newey-West (1994) aatmntbandwidth selector applied by Hobijn et aB9&). Critical
values are 0.347 at 10%, 0.463 at 5%, 0.739 at 1%.
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6.2 Results estimates of the production functions

We run regressions on the data described abovstimage the log-linear production
functions in equations (3) and (4). We estimatesg¢hproduction functiofisby OLS,
GLS and Maximum Likelihood (ML) with robust t-testsased White (1984)
heteroscedasticity-consistent standard errors. [8éeestimate the production functions
by the Johansen method to address the issue oftatianarity. Regression results are
reported in Tables 2 and 3.

The OLS production function estimates are repairtezblumns (1) in Tables 2 and
3, and they represent our initial base-cases. Bhieated elasticity parameters seem
reasonable as do the technological trend paramelées parameter on agricultural
labour, is borderline statistically different framero. This is exactly as predicted by the
Lewis-Ranis-Fei theory insofar as the marginal paiigkity of labour is close to zero if
its elasticity of supply is low, see equation (B)tests suggest the both sectors exhibit
constant returns to scale. The diagnostics ondhigluals highlight two problems not
uncommon to time-series regressions. The firshés large degree of residual serial
correlation in both sectors and the second is tleterbscedasticity in the
non-agricultural production function. The heteratasticity has already been accounted
for by using the White (1984) heteroscedasticitgsistent standard errors for the t-tests
and F-tests. The autocorrelation is accounted riothe GLS and ML estimates that
follow.

The GLS and ML estimates reported in columns (2) @) respectively of Tables 2
and 3 are for models that accommodate first ordéoragression, AR(1), in the
structural residuals. Equations (12) and (13) belstrate how AR(1) in the structural

residuals is accommodated by adding a second equatthe production function:

INQ =@ InL +@ INK, +...+u, (12)

® Note that we did estimate the production functiothe agricultural sector by involving fertilizeonsumption and
irrigation but the results suffered from severe tiredllinearity problems. We therefore settled de parsimonious
parameterisation reported in Table 2. Note alsbahihough it has been suggested that the parigiaget could have
been carried out using provincial-level data, tatador some variables, for example, agriculturathinery, are not
available before 1978 across provinces. In thag,c®e sample period would not be long enough gbttee Lewis
theory, nor would it be long enough to identify 8tages of economic development in China.
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U = ou,+e (13)
where u; are the structural residuals and et are the noctstral residuals. These
equations are valid for both the agricultural and-agricultural production functions in
equations (3) and (4). The GLS estimator is basedhe Cochraine-Orcutt (1949)
iterative procedure with the Prais-Winstern (1954)hsformation to retain the first
observation. The ML estimator is based on a unifieglikelihood equation that
incorporates equations (12) and (13) into one. Jdr@meter estimates in the GLS and
ML estimates are very similar to one another. Timicates that the estimates are robust
to the estimation method. We expect that the GL& llh parameter estimates are
slightly better defined than the OLS ones. The auilgstantial change is an increase in
the statistical significance of the dummy for 196%P;965.9. The structural residuals
have significant autoregressive parameters of niagmi0.492 and 0.482 in agriculture,
and 0.467 and 0.455 in non-agriculture. The diaticmsow pass the Breusch-Godfrey
AR(1) test suggesting the non-structural residaatés apart for the heteroscedasticity,
white noise. There is evidence of non-normalityha residuals of the non-agricultural
production function but this is due to large negatsocio-economic shocks associated
with 1968, 1976 and 1990.

The presence of non-stationary variables also leadw test for the presence of
cointegration in the estimated production functioimsthe spirit of the Engle-Granger
(1987) two-step procedure we test, and confirm,stiationarity of the residuals using
the ADF test. This therefore confirms that boths s&t estimated parameters represent
cointegrating vectors. In the second Engle-Grarsjep we estimate error correction
models by using the lagged residuals as error ciore terms. The estimated
parameters in the error correction terms are -0&882-0.877, these indicate relatively
fast adjustment speeds in any one year to any wig@gqum in both sectors. For
completeness we also run the error correction nsod®y OLS, on the structural
residuals of these equations. The speeds of adgastare -0.921 and -0.917 in the
agricultural sector and -0.877 in the non-agriaqaltisector, again, suggesting very fast

annual speeds of adjustment.
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Furthermore, we also estimate the production fonstiusing the Johansen (1991,
1995) cointegration methodology. We normalise tlaeameters on the logarithm of
output (IQ) to equal onk so that we can compare the cointegration estimatésose
in OLS, GLS and ML. We also restrict the adjustmapefficients on the technological
trends to zerd so that these trends are not interpreted as depemdriables in the
error correction equations. Note that the sampls@en the non-agricultural sector has
been restricted to 1969-2002 in order to avoididinge structural shift in 1965-6, this is
why the sample size in column (4) in Table 3 isyo®4 years. In both sectors two
cointegrating vectors are identified at the fivegeat significance level but we restrict
the estimates to one cointegrating vector in easle to maintain comparability with the
previous estimates. From columns (4) in Table 2 Eadule 3 we see that the parameter
estimates are similar to those under OLS, GLS ahd Bbth tests strongly reject the
null hypotheses of constant returns to scale,nggttiem apart from the tests under OLS,
GLS and ML. The diagnostics on the non-structuegiduals for the error correction
equation with respect to changes in the log of wuf{inQ) in both sectors seem to
suggest no autocorrelation, homoscedasticity amchality. The one exception is the
presence of further autocorrelation in the agrigalt sector with a LM test statistic of
54.03. The estimated annual speeds of adjustmembtin sectors are still quite fast at
-0.967 and -0.912 in the agricultural and non-agtical sectors respectively.

All these results are consistent with each otheéhiwieach sector. All estimates
seem reasonable with most diagnostic tests beirggsegda The only potentially
problematic case is the test for residual autotation in the Johansen estimates for the
agricultural sector. Given all the structural paesen estimates are so similar, within
each sector, the growth decomposition analysisoéimer analyses could equally well be
carried out with any set of parameter estimates. tidgefore opt to use the ML
estimates for the analyses that follow, as thesemates represent the most

parsimonious model estimates that satisfy all iagribstic tests.

" Technically, this restriction is defined q@ (1,1) = 1 in the standard Johansen notation.

8 Technically, these restrictions are defined &5(5,1)=0 and¥ (6,1)=0 in the agricultural estimates and
asa (4,1)=0 in the non-agricultural estimates.
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Table 2: Agricultural production function estimates

Dependent variable: @n (2) (2) 3) 4)
Estimation method: OoLS GLS ML Johansen
Variables: AR(1) AR(1) (lags 1)
InLa 0.191 0.188 0.189 0.133
(1.35) (0.91) (0.90) (2.09)
INKA 0.078** 0.080** 0.080** 0.096**
(5.10) (3.55) (3.65) (9.91)
INnHA 0.661** 0.551** 0.554** 0.455**
(5.18) (4.30) (2.78) (2.88)
T1979-84 0.064** 0.064** 0.064** 0.086**
(15.93) (9.19) (9.47) (18.79)
T1os5 0.043** 0.043** 0.043** 0.041**
(39.30) (24.54) (25.59) (46.46)
Constant 9.384** 11.410** 11.340* 13.972
(2.78) (2.75) (2.33) n.a.
AR(1) 0.492** 0.482**
(3.34) (3.22)
Observations 38 38 38 36
R 0.9960 0.9997
Constant returns to scale test F=0.17F=0.73 %2=0.49 ¢2=48.60

[0.69] [0.40] [0.48] [0.00]

Non-structural residual  (et)

diagnostics:

Breusch-Godfrey LM2 test 8.77 1.45 1.583 54.03
[0.00] [0.23] [0.22] [0.03]

White heteroscedasticif? test 13.82 8.16 8.44 16.96
[0.18] [0.61] [0.59] [0.15]

Jarque-Bera normality? test 1.14 3.79 3.46 1.93
[0.57] [0.15] [0.18] [0.38]

Ramsey Reset F test 0.50 0.28 0.28
[0.49] [0.60] [0.60]

Structural residual (ut)

diagnostics:

ADF [5% critical value is -3.17] -4.026 -3.887 -938

Error Correction Term (ut-1) -0.832**  -0.921**  -AP** -0.967**
(-3.74) (-4.08) (-4.07) (-6.50)

Notes:

(Parentheses) around t statistics, * significaiat ** significant at 1%. OLS, GLS and ML estimatef t statistics
are based on the White (1984) robust covariante&tstr.

[Square] brackets represent densities in the tahoh distribution for rejection of the respectiudl hypotheses.
Johansen estimates are restricted to one coinitegragctor although rank tests suggest two coisattagy vectors

are present: for maximum rank 2, parameters ar& & statistic is 39.06, 5% critical value is247.
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Table 3: Non-agricultural production function estiies

Dependent variable: @y (2) (2) 3) 4)
Estimation method: OoLS GLS ML Johansen
Variables: AR(1) AR(1) (lags 1)
InLy 0.679** 0.704** 0.703** 0.766**
(11.79) (9.32) (20.07) (10.78)
INKy 0.324** 0.314** 0.314** 0.231**
(5.32) (4.91) (5.87) (5.11)
T1os2 0.048** 0.048** 0.048** 0.053**
(10.78) (10.03) (10.74) (21.06)
D196s-6 0.112 0.131* 0.131*
(2.92) (2.58) (2.40)
Constant 5.200** 5.018** 5.025** 6.142
(5.62) (4.80) (4.69) n.a.
AR(1) 0.467** 0.455**
(3.13) (2.11)
Observations 38 38 38 34
R 0.9985 0.9991
Constant Returns to Scale test F=0.01F=0.16 %2=0.12 %2=13.64
[0.92] [0.69] [0.73] [0.00]
Non-structural  residual
diagnostics:
Breusch-Godfrey LM;2 test 7.51 0.75 0.94 16.51
[0.01] [0.38] [0.33] [0.42]
White heteroscedasticif? test 15.43 16.09 16.41 91.11
[0.03] [0.02] [0.02] [0.45]
Jarque-Bera normality? test 17.27 12.93 14.35 7.01
[0.00] [0.00] [0.00] [0.63]
Ramsey Reset F test 0.04 0.04 0.04
[0.85] [0.85] [0.85]
Structural residual (ut)
diagnostics:
ADF [5% critical value is -3.17] -4.178 -3.827 -3(8
Error Correction Term (ut-1) -0.877*  -0.877** -0/  -0.912**
(-4.56) (-4.55) (-4.55) (-5.34)

Notes are the same as for Table 2.
Johansen estimates are restricted to one coinitegragctor although rank tests suggest two coisattagy vectors

are present: for maximum rank 2, parameters ar&&& statistic is 12.22, 5% critical value is415.
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7 Empirical analysis on sectoral growth

7.1 Sources of China’s dual-sector economic growth

We apply equations (5) and {6)o decompose China’s sectoral economic growth and
display the results in Table 4. We find that th@64percent exponential annual growth
rate of labour in the non-agricultural sector iscminigher than the 0.84 percent rate of
the agricultural labour. Capital inputs in bothteeg rise rapidly, 10.81 percent in the
non-agricultural sector and 8.12 percent in thacatiural sector. Agricultural land,
however, remains relatively constant, shrinkingamyannual mean of just 0.31 percent
during 1965-2002. Additionally, the 6.859 or 7.]3&cent annual economic growth in
the non-agricultural sector is over nine timesdaitpan that of the agricultural sector at
0.744 when measured by instantaneous growth rate,770 percent when measured
by annually compounded growth rates. This impligast teconomic growth is mainly
driven by the expansion of the non-agriculturakee@s suggested by the Lewis theory.
Moreover, we find that growth in the non-agricustusector is predominated by capital
accumulation at 49.49 to 50.26 percent, while labmntributes nearly as much as
capital does. In both sectors, technological pregjredespite being statistically
significant in the estimation, only accounts foredatively small share of economic
growth. This finding is in contrast with that by Hb972), who finds that agricultural
growth in Taiwan depended mainly on fast technidange during 1951-1965. In
summary, consistent with the Lewis-Ranis-Fei the®@hina’s economic growth is
driven by the rapid expansion of the non-agricaltsector, which is mainly affected by
capital accumulation as well as employment growtielléd by sectoral labour

reallocation.

® In the literature, growth accounting is often agplto decompose economic growth. However, it i @stablished
that growth accounting has many drawbacks. For pignt treats the contribution other than thatfégtor input as
the total factor productivity. It thereby can nastahguish the pure effect of technological progres growth. In
addition, the result is subject to the input shassigned. In this paper, we carefully estimateiripat elasticity and
decompose economic growth by factor contributi@tsow and Li (2002) and Ho (1972) have used thisagagr to
decompose economic growth in their studies.
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Table 4: Dual-sector growth decomposition (1965200

Parameter Instantaneous Product of Contribution to
estimates annual growth parameter and sectoral growth

rate* growth
[or AGR**]
(1) (2) 3 4)
Agricultural sector:
Labour 0.189 0.84% 0.159 21.35%
' [0.84%)] [0.159] [20.65%)]
Capital 0.080 8.12% 0.650 87.36%
' [8.45%)] [0.676] [87.79%)]
Land 0.554 -0.31% -0.172 -23.10%
' [-0.31%)] [-0.172] [-22.34%)]
T1979-1084 8.61%
0.064 0.064 (8.31%6]
T1985 5.78%
0.043 0.043 (5.58%6]
Total 0.744
0,
[0.770] 100%
Non-Agricultural
sector:
Labour 0.703 4.86% 3.417 49.81%
' [4.98%)] [3.500] [49.07%)]
Capital 0314 10.81% 3.394 49.49%
' [11.42%)] [3.584] [50.26%]
T1982 0.70%
0.048 0.048 [0.70%)]
Total 6.859
0,
[7.132] 100%

Column notes: (1) The coefficients are from theneated results by the ML method for both sectorsaedaken from
column (3) in Tables 2 and 3.

(2):*Instantaneous annual growth rates in columre(2 derived by gX = [(InXozINX1965/(2002-1965)]*100.
*AGR, annual compound growth rate, derived by AG&<p ¢ -1)*100, values given in square brackets.

(3) The value is simply the product of the value@aumns (1) and (2).

(4) The contribution to sectoral growth calculatedthe corresponding value in column (3) dividedHgyrespective

Total for column (3) in each sector.

7.2 The contribution of sectoral labour reallocation

To calculate the contribution of agricultural tonragricultural labour reallocation we
firstly apply equations (7) and (10) to calculdte effect. As illustrated in Figure 4, the
estimates by the APL (LREAPL) and MPL (LREMPL) madils comprise a range of the
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labour reallocation effect. By taking averages,find that sectoral labour reallocation
has accounted for 1.78-2.03 percent of economiwttocamounting to approximately
30-35 billion RMB Yuan to China’s real GDP in 197899.

We then apply equation (11) to account for the @attiabour reallocation effect
(LREWB) suggested by the World Bank (1996) approddtis approach is independent
of the data for migrant labourers and able to shimsvcontribution of sectoral labour
reallocation over a longer time period. As showrkrigure 5, the reallocation of labour
away from agriculture has positively affected Chan@conomic growth during
1965-2002, except for a few years like 1967-1968 E989-1990 due to the disturbance
of some social-economic events. The computed etiedectoral labour reallocation
contributes to economic growth by 1.23 percent werage in the period 1965-2002.
This finding is consistent with many studies. Feample, the World Bank (1996) found
that the effect of labour reallocation away frontiagture accounted for 1 percent of
China’s rapid economic growth during 1985-1994. @ad Wang (1999) reported the
1.62 percent contribution of sectoral labour rezton to growth in 1982-1997, while
Woo (1998) suggested the 1.3 percent contribubagrawth in 1985-1993.

Additionally, in Figures 4 and 5, we also find thtae contribution of sectoral
labour reallocation achieved its highest valueuad2.01 percent, during 1978-1984.
This is closely associated with the boom of thenawllage enterprises which has
effectively absorbed large amounts of rural surphurers (Knight, 2007). However,
since 1993, the effect of labour reallocation haslided significantly to approximately
0.82 percent. This implies that the absorption whlr labour in the non-agriculture
sector has fallen. This finding is supported by jKuand Wang (2005), who also
detected the slow-down of the sectoral labour oeation in the mid-1990s. They argue
that the growth of urban employment has decline?. $ogpercent in 1993-2004 from 5.2
percent in 1978-1993. This is attributable to tkentse of town-village enterprises and
the fairly stable share of industry employmenthattperiod. As a result, the slow-down
of labour reallocation away from agriculture hasgéy hampered improvement in
agricultural productivity. To conclude, we find ttithe reallocation of labour away from

agriculture has made a great contribution to Ckieaonomic growth. This finding too



accords with the core of the Lewis-Ranis-Fei theory

Figure 4: The labour reallocation effect by APL and MPL approaches
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Figure 5: The labour reallocation effect by the World Bank (1996) approach
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7.3 Phases in China’s economic development and the tung points

Based on the estimated elasticities of output tmua we compute the marginal
productivities of labour (MPL) in the agriculturadnd non-agricultural sectors
respectively using equations (8) and (9). The sédoe MPL and APL are illustrated in
Figure 6. Figure 7 shows the values for MPL in AiBL the agricultural sector on its
own. It is obvious that in both sectors, both thargmal and average productivities of
labour are stagnant before the 1978 Economic Reémanthen rise rapidly, particularly

in the non-agricultural sector.

Figure 6: APLs and MPLs
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Note: the dashed line shows the initial low agricultural average productivity of labour.
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Figure 7: Agricultural MPL and APL
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We identify the phases in China’s economic develpmusing the marginal
productivity of labour in the agricultural sectas suggested by Minami (1967a). In the
Ranis-Fei model, an economy is regarded as entepimgse two of economic
development if the agricultural MPL starts to irege but is still lower than the
institutional wage represented by the initial logviaultural APL. As revealed in Figure
7, the agricultural MPL is very low before 1978 Ibains to rise rapidly after the 1978
Economic Reform. The rising trend in agriculturaPMindicates that the redundant
labour has been reallocated away from agricult@a. the other hand, the rising
agricultural MPL is found to be still lower thanetimitial low agricultural APL before
the Reform, denoted by the dashed line in Figur@tés implies that the disguised
agricultural unemployment has not been completegllocated. Neither has the
agricultural labour market been commercialised.slWwe conclude that, since the 1978
Economic Reform, the Chinese economy has passeshtiveage point (see Diagram 1)
and progressed into phase two of economic growtbnetheless, China has not

completed its take-off yet because the surplusuabbll exists.
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Figure 8: The MPL gap
12 132

—a— MPL gap (left scale) 131
10

—*— Growth of MPL gap (right scale)

1 29

1 28%

127

1 2.6

Thousands RMB Yuan at 1990 prices

1 25

o J S T T Y ST N R N B 9}

Furthermore, we find that the productivity gap betw the agricultural and
non-agricultural sectors, for example in terms d?Mlisplayed in Figure 8, is high and
increasing since the mid-1990s. This finding isfoared by Kuijs and Wang (2005),
who argue that the increasing productivity gapttabatable to two possible reasons.
Firstly, the growth of agricultural productivity lindered by the slower reallocation of
labour away from agriculture in the mid-1990s. Settp during 1993-2004, industry
productivity grew very rapidly. This rapid growth driven by the substantial increase in

capital investment rather than employment growth.



32

8 Conclusion and policy recommendations

Having tested the Lewis-Ranis-Fei theory for then€ke economy over 1965-2002 we
have found that China’s economic growth is mairtyilautable to the development of
the non-agricultural sector. This is driven by thmiapital accumulation as well as
employment growth. The reallocation of labour aweym agriculture has made a
positive net contribution to China’s rapid economiowth by around 1.23 percent. The
rise in the marginal productivity of agriculturablour indicates the absorption of
redundant agricultural labour since the 1978 Ecdod®eform. However, the marginal
productivity of agricultural labour is still lowehan the initial low average productivity
of agricultural labour. This implies the continueglistence of disguised agricultural
unemployment. This suggests that the Chinese ecpndras entered the
Lewis-Ranis-Fei phase two of development but hasyabachieved phase three. The
continuing widening productivity gap between the tgectors calls for the removal of
market restrictions and government interventions aso to allow the continued
absorption of surplus labour.

Several policy recommendations are tentatively satggl. First and foremost, more
effort should be made in promoting employment tieatively absorb the remaining
labour surplus and promote China’s economic devety. This can be achieved by
further relaxing the Hukou restrictions on migratiincreasing labour market flexibility
and improving the allocative efficiency of labout. can also be achieved by
encouraging the development of private enterprisecteate more employment
opportunities. Second, China’s government shoutdicoe implementing the Sunshine
Policy, initiated in 2003, designed to provide radntary job training, recruitment
information and information about conditions in thestination cities to rural migrants.
This will not only help facilitate employment of ral migrants but also satisfy the
increasing demand for skilled labour in the growimgn-agricultural sector. Third,
agriculture could be promoted by tax breaks, disedisidies and most importantly, by
removing price controls on agricultural products.gridulture could thus be

commercialised and the economy would enter phase tif economic development.
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Appendix 1: Summary statistics

Variables  Mean Min Max  Description:

Qa 4.14x10% 1.93x10" 7.76x10" Agricultural output: in RMB Yuan at
constant 1990 prices.

La 3.02x10° 2.34x10® 3.48<10° Agricultural labour: total workers.

Ka 586648 45929 926031 Agricultural capital: total number of
tractors.

Ha 9.24x10" 8.18x10° 9.86x10" Agricultural land: hectares under cereal
production.

T1979-84 3.39 0 6 Agricultural technological trend: trend starts

in 1979 and stops increasing in 1984, equals
zero before 1979.

T1o85 4.5 0 18 Agricultural technological trend: trend starts
in 1985, equals zero before 1985

Qn 1.35x10% 1.58x10" 4.91x10*? Non-agricultural output: in RMB Yuan at
constant 1990 prices.

Ln 1.77x1¢8  5.28x10° 3.19x10® Non-agricultural labour: total workers.

Kn 2.71x10* 1.91x10" 1.04x10** Non-agricultural capital: calculated by the
perpetual inventory method, 1990 prices.

D19ges-6 0.05 0 1 Pre-Cultural Revolution dummy: equals one
in 1965 and 1966, zero otherwise.

T1os2 6.08 0 21 Non-agricultural technological trend: trend

starts in 1982, equals zero before 1982.

Appendix 2: China’s sectoral employment and capitastock

A. China’s sectoral employment

There are no direct data for China’s sectoral egypnt in the WDI as it only provides
percentages for China’s sectoral employment in 128 1987-2000. Though data for
sectoral and total employment are available inStagistical Yearbooks of the NBS and
MOLSS, we notice an unrealistic jump in 1990 assiitated in Figure 6. This jump is
also observed in the WDI, whose data are basedthenlLO. When investigating this
jump, we found the following paragraph in the Papoh paper of the 2003 NBS
Statistical Yearbook Instructions: “Data before 29@ere taken from the annual reports
of the Ministry of Public Security. Data in 19828®were adjusted on the basis of the
1990 national population censuses. Data in 199@ 2@¢ye adjusted on the basis of the

estimated on the basis of the 2000 national pojpulatnsuses. Data in 2001 and 2002
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have been estimated on the basis of the annuanaatsample surveys on population

changes.”
Figure Al: Total employment, various sources
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We therefore suspect that the data for total enrmpéayt in 1990-2000 are adjusted on
the basis of population statistics. This is conéchby Chow (2006) who attributes the
jump to possible revisions in data collection methoespecially the change in the
component of primary industry in China. This adpent in total employment is also
reflected in the sectoral employment and it woulelate the occurrence of a spurious
structural break in estimated models. Holz (2008aplved this spurious jump in total
employment by comparing various datasets for 19032 These include total
employment data in the Statistical Yearbooks (2(@4), four population censuses,
three surveys and “sum sector employment” dataz ldoimputed a new data set known
as the “final mid-year series” on the basis of ghesmparisons. Holz’'s new data, also
illustrated in Figure Al, is smoother but displagsich higher values than other data
sets. We therefore build on Holz’s approach bubigdo derive our own data.

We derive China’s sectoral employment data by mplyitig the “sum of sectoral
employment” by the percentages of sectoral employmehe data for the “sum of
sectoral employment” during 1978-2002 displayedHnyz (2005a, Table 7) are taken
from the paper version of the NBS Statistical Yeatb (2001, 2004) without the
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presence of the spurious jump in 1990. The dataredf978 are taken from the MOLSS
Labour Statistical Yearbook (1998). The percentagfesectoral employment are from
the NBS Statistical Yearbook (2003). Figure A2 sthates the data we compute for
sectoral employment. Despite the restriction ontone span due to this derivation, the

spurious jump in 1990 does not occur using this@agh.

Figure A2: China's dual-sector employment
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Source: Author's calculations based on the data from China Statistical Yearbooks
(NBS, 2001, 2003, 2004); Labour Statistical Yearbook (MOLSS, 1998).

B. China’s capital stock

To generate China’s agricultural capital stock esenve use data on the number of
tractors. These values are taken from the WorldkBawDI and are illustrated in
Figure B1. The original data has two abrupt jumps bccur in 1970 and 2000 when
the measure is re-defined. We create a smoothéss qaurely by removing these two
artificial jumps and not by smoothing the other etations in order not to induce
additional serial correlation. Agricultural capitabuld also have been represented by
fixed investment in monetary values. However, traadfor fixed investment in
agricultural sector is only available since 198%he NBS Statistical Yearbook 1996.
An additional problem with this measure is thainitludes the value of inventories in

the agricultural sector. We therefore opt to use tlumber of tractors to proxy
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agricultural capital; this allows us to trace catant data for a relatively long time

period starting in 1965.
Figure B1: Capital stock
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Source: Agricultural capital is from World Development Indicators (World Bank, 2005).
Non-agricultural capital is author's calculation, based on World Development
Indicators (World Bank, 2005), Holz (2006), and Penn World Tables 6.1
(Heston et al., 2002).

To generate China’s non-agricultural capital steeies we use data on the
investment share of GDP from the Penn World Ta{f%T) 6.1 (Heston et al., 2002).
There are no authoritative capital stock data fom& and many economists generate
their own series. For example, Chow (1993) estim#te series of capital stock for five
sectors in 1952-1985 by accumulating “net capifafixed and circulating assets in
three types of enterprises” recorded in China Ste#il Yearbooks. Despite the long
time span, the capital stock calculated by thisiamdation method has been criticized
for the inclusion of inventories and depreciate@ited Chow and Li (2002) estimate
the capital stock for 1952-1998 by aggregatingimetstment to an initial capital stock
of 221,300 million in 1952, which is derived in Giie (1993) paper. They calculate the
capital stock to be 1,411,200 million RMB Yuan @78. They then apply the Perpetual
Inventory Method (PIM) to calculate capital stockea 1978 with an assumed
depreciation rate of 5.4 percent. The capital ssmkes in Chow and Li (2002) has also
been criticized for the inclusion of inventoriesolEs (2005b) series for China’s capital

stock has been criticized for using scrap rateseaus of capital depreciation rates.



37

Felipe and Fan (2008) construct a capital stoclesdor 1978-2003 by applying the
PIM method with a 5 percent depreciation rate. un\dew this 5 percent depreciation
rate is probably too low for China, especially cargul to the 7 percent world average
depreciation rate. Our supposition is confirmedHnjz (2006, Table 2) who finds that
China’s depreciation rates were very high and dabetween 9.6 and 15.9 percent
during 1978-2003.

We borrow ideas from all of the above and constouttcapital stock series by the
PIM method but with a specifically computed valdeirotial capital stock using the
method of King and Levine (1994). This method islely cited and applied by many
economists like Liman and Miller (2004). The copesding formulae for calculating

initial capital stock are as follows:

KO:/(YO (Bl)

Kzl—,wherei=|— (B2)
i

yj:/‘yj+(l_A)yw (B3)

wherek is the capital-output ratio assumed to be congiaet time,i is the investment

share of output /i is the weighted average growth rate of a country,jis the world
growth rate over the last thirty years which is rapgpmately 4 percent according to

King and Levine (1994),y; is the growth rate of country jdis a weight parameter

which equals 0.25 according to Easterly et al. 819€onsidering the aforementioned

high depreciation ratios of the capital stock inr@hfound by Holz (2006), we assign

10 percent to the depreciation rateChina’s growth ratey; in the 1960s is taken

from the WDI and averaged t¥; =13253%  The value of investment share in 1965 is
unavailable from the WDI but available from the P\afTi =1022% By substituting
the corresponding values into equations (B2) arit),(Be compute the capital-output

ratio for China to beX = 0.639, Multiplying the capital-output ratio by the GDRlue

of China in 1965 obtained from the WDI, we set ithidal value of the capital stock in
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1965 to be 19,0916,213,235.342 RMB Yuan at 199€epriaccounting for 63.9 percent

of GDP. Given the computed initial value of capg#ick, it is easy to generate a series

of capital stock in 1965-2004 by the PIM formitK: =l +@=9) Ky  In this

formula, investment It is represented by grossdikapital formation available in the
WDI, which excludes the values of inventories. Bfere our series of capital stock
addresses previous criticisms on the depreciatadio,rinitial capital stock and the
computation method. Figure B1 provides an illusbratof the resulting capital stock

series.
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