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Technica change, technicd efficiency, and multifactor productivity indices are reported for a
multiple-output, multiple-input production technology using Chinese provincid data for the
1979-95 period. Results show ggnificant variation in productivity change from year-to-year
and province-to-province. Using pand methods, we regress the three production indices on
severd factors important in explaining productivity changes. Decollectivization in the early
1980s accounts for a sgnificant expansion of the frontier, while rura industridization decreased
agricultura productivity. Productivity is also sendgtive to relative grain prices, to naturd disasters
such asflood and drought, and proximity of the provincesto coastd aress.

1. Chinese Agricultureunder Economic Reform

Almost two decades have passed since economic reform began to transform the Chinese
countryside. Under Chairman Mao Zedong, collectivization, politica upheavd, low dae purchase
prices and the state? s monopoly on trade dl led to Stagnant growth in agriculture. Initid land reforms
fallowing the establishment of the People? s Republic in 1949 that redistributed land to poorer peasants
while maintaining private property rights proved initidly promisng. However, productivity stagnated
from 1957 (the year before the widespread creation of large rurad communes) through the next two
decades. Chind sgrain production per capita grew over this period a an average rate of gpproximeately
one-twentieth of one percent per year. Rura residents fared worse than urban ones, and by 1977

internal government studies reveded tha over 70 million people in the countryside lived in abject

poverty.



Mao died in 1976, and Deng Xiaoping emerged as China’s paramount leader by the end of
1978.) Under Deng's encouragement, the Chinese Communist Party recognized that drastic changes
were necessary. The Communes were disbanded, and the household was made the primary production
unit. The household respongbility system attempted to introduce private property incentives while
leaving formd ownership of the land in date hands. Grain quotas were fixed, and agriculturd prices
were increased, particularly for above-quota production. Farmers were increasingly given greater
latitude to choose what to plant without cadre interference, and by the mid-1980s were able to el thelr
products in a growing number of free markets. Asaresult, grain production grew by an average of five

percent per year between 1978 and 1984, more than three times the rate of population growth.

However, beginning in the early 1980s, the reforms accompanying the household responsbility
system dso helped move rurd China away from the once-primary god of grain production. Since
farmers could now produce more cash crops for free markets, continued state control of grain prices
until the 1990s dampened producer enthusiasm for grain crops except as a way to meet the date's
quota, particularly for farmers near urban areas or other lucrative markets. In many cases, banks which
were required to pay farmers for grain procurement used their cash reserves for other purposes and
instead paid farmers with 1.0.U.s. Between 1984 and 1992, officid average grain prices rose by 7.8

percent per year compared to 9.3 percent for cash crops and 10.2 percent for anima husbandry.

! In December of 1978, at the Third Plenum of the Eleventh Central Committee of the Chinese
Communist Party, Deng’ s supporters assumed a number of key pogitions. Deng, however, never
assumed aforma position higher than vice-chairman of the party and chairman of the military
commission, and Mao's preferred successor was not fully removed from his chairmanship of the
party until 1981 (Lieberthal, 1995).



During the same period, grain production dowed to an average annud growth rate of only 1.0 percent,

while the officidly deflated gross vaue of dl agriculturd output rose by 4.7 percent per yedr.

To employ farmers whose unemployment was no longer disguised by the commune system, the
date began in 1979 to dlow rurd enterprises to enter markets once the monopoly of predominantly
urban state-owned enterprises (Naughton, 1995: 147). Once redtricted to making bricks and other
ample items for rurd use, many of these township and village enterprises soon attracted foreign
invesment and began producing for foreign markets. Because of these reforms, township and village
indugtries have recently overtaken socidist China's state-owned enterprises in the production of gross
indugtrid output. Development of China’s countryside since then has amost quadrupled red rurd per-
capita incomes (an annua average increase of over eight percent). Policy-makers now worry about
agriculturdl stagnation as incentives in the nonagricultura sectors distract rurd labor from traditiona

agriculturd pursuits.

In 1992, at the fird plenum of its 14th centrd committee, the Chinese Communist Party
announced its intention to trandform Chinainto a “Socidist Market Economy” (Shehuizhuyi Shichang
Jingji). While this represented primarily an ideologicd shift and an acceleration of reform in urban
aress, the sate aso began to quickly move away from the monopsony procurement system that kept
grain’'s purchase price low and rationed it out to urban consumers a even lower subsidized prices.
Farmer’s use rights to the land have been increasingly acknowledged in an effort to encourage more
invesment in land. Allowing famers to lease these userights while undermining the Sat€'s

congtitutiona ownership of land, isintended to reduce the tendency of farmersto leave their fidds falow



when other job opportunities are available. By 1995, these new policies were revolutionizing China's

rurd economy.

Interest in China’s agriculturd sector has spurred numerous authors to consder changes in
productivity under changing indtitutional structures governing production and marketing. In a study
updated by Wen (1993), Tang (1984) used a discrete gpproximation to a Divisaindex to estimate the
effect of rurd reforms on multifactor productivity (MFP). This MFP index exhibited a net decline of
over 25 percent from 1952 to 1977, but by 1985 it had risen back by 74 percent. Initidly higher
output prices may have simulated supplies, but McMillan, Whalley, and Zhu (1989) cdculated that
decollectivization done improved productivity by 32 percent in the initid sx years of reform. Lin
(1992) applied a Cobb-Douglas production function to provincid-level data from 1970-1987, and
esimated that MFP improved by only 20 percent during the initid reform period, il as great a
contribution as the sum of additions to capitd, labor, and fertilizer inputs. However, these estimates of
MFP growth imposed dructure on productivity improvements that may not be warranted by the
evidence. Productivity was assumed to be Hicks-neutrd and primarily a function of time, and regiond
variaion was not conddered. Further, these studies did not distinguish between movements of the
technologicd frontier and improvements in average efficency due to improved incentives and

marketization.

In an effort to account for regiond variances, Fan (1991) used a stochagtic frontier production
function for selected years of provincid data, and his findings showed not only that the sources of MFP

growth were shifting from traditiona towards modern inputs, but that regiond variation in MFP growth



differed dramaticdly. Using smilar methods, Kdirgan, Obwana, and Zhao (1996) found that MFP
growth was negative in virtudly dl provinces prior to reform, and podtive in dmos dl provinces during
reform, but from 1984 to 1987 their estimates showed that MFP growth was again negéative for a
mgority of provinces. Even these efforts, however, fal to distinguish between the different types of
outputs or dlow for subgtitution between outputs. Using the deflated officia output values requires that
we accept the officid prices as the appropriate output weights. Even if we use officia prices to deflate

outputs, this does not mean these prices reflect scarcity vaues.

In this paper, we agpply the Mamquist-based productivity measures developed in Hire et d.
(1994) to Chinese provincia agricultura data for the years 1978 to 1995. The advantages of this
approach are several. The method is nonparametric, and so does not impose excessive structure on the
nature of technology. Productivity can be estimated with multiple outputs as well as inputs, SO we do
not have to rely on price data to determine appropriate weights, as is necessary with either econometric
or index number gpproaches. Constant shares are not imposed on inputs or outputs, S0 Fare et d.’s
approach may be more appropriate when multiple outputs are used, and weights are unavailable or

officid prices diverge from scarcity vaues.

The Mamquist indices can be decomposed into technologicd change and technica efficiency.
Cdculated vaues of the Madmquigt indices are then regressed agangt severd possible explanatory
factors in a second dep.  Factors affecting productivity and efficiency include  an index of the
implementation of the household responghbility system, the share of land affected by severe naturd

disagters, the development of rurd industry, and grain prices reative to the genera provincid price levd.



The Mamaquist index has become increesingly popular in anayzing changes in MFP when pand
data are available. Hireet d. (1994) measured gross domestic output for 17 OECD countries resulting
from two factors, capitd stock and employment. Bureau, Fire and Grosskopf (1995) used a Smilar
Mamquist index in measuring differences in MFP for the agriculturd sectors of nine European Union
countries and the United States. Price and WeymanJones (1996) examined efficiency and totd
productivity gains in the United Kingdomi s gas industry before and after its 1986 privetization. Findly,
Mao and Koo (1997) estimated MFP in Chinese provinces usng an approach smilar to the one
reported in this paper. However, ther modd includes a much more limited sample, and they fail to

disaggregate outputs.

2. A Distance Function Measure of Productivity Change

Characterizing Chinese Agricultural Production

Condder the production possibilities set Savailable a timet:

S ={ (x,y): x can producey a timet} (1)

where xI A" is a vector of inputs and yl A™ is a corresponding vector of outputs. S is conditiona
upon the technology available a time t. We assume set S satisfies the standard properties (Chambers,

1988; 252).



Output distance functions have been shown to completely characterize technology (Fare et d.

1994). The output distance function is defined at timet as.
DY (x, y) =inf{q:(x, y/a)T S} @

=(sup{q:(x, g y)T s}t

The output distance function is the reciproca of the maximum proportiona expangon in output y given X
and S. Vauesof D! (3 lessthan 1 will lie within the boundary of S, implying that a proportiona
increase in outputs could occur for the observed level of inputs. A distance function value equd to 1
indicates the observed netput vector (X, y) lies on the frontier of S. No increase in the observed levels
of y is possble given x and the technology available at t. Vauesof D' (3 greater than 1 indicate that y
cannot be produced given x and S. g would indicate the minimal shrinkage of y to be on the boundary

of S.

Given a st of K obsarvations in time period t, the output distance function for each decison
making unit, be it firm, province, or nation, for example, can be computed by solution of the following

linear programming problem:
(DE(x*.y¥))* = Max q €)

subject to qy“E éiK:lI Yy
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Pacing no redtrictions on the intengity variables, | |, defines a congtant returns to scale technology. The
distance function is the reciprocd of Fardl’s (1957) measure of output technica efficiency. The
solutions to (3) will thus indicate which provinces define the frontiers of the aggregate Chinese

production function and which provinces are inefficient.

Fare et d. (1994) developed techniques to determine improvements in technica efficiency over

time. Changesin technicd efficiency for an individua province from periodt to t+ 1 is

Dt+l(xt+1’yt+l)
D! (xt ,y‘)

Efficiency change = 4)

where the notation for province k is suppressed for notational convenience. If the province is on the
frontier of the production frontier in both periods, the efficiency change messure will equa 1.

Movements towards (away from) the frontier will be measured by values grester (Iess) than 1.

Technical change presumes the frontier of the production posshilities set shifts over time
(Solow, 1957). The frontier in each period is determined by solution of problem (3). Changes in the
frontier between period t and t+ 1 is determined by comparing the observed period t production bundle
for province k with the frontier in period t+1. Changes in the caculated distance function that are not
explained by changes in technicd efficiency are dtributed to shifts in the production frontier. Rather

than sdecting an arbitrary reference technology, such as t or t+1, Fare et d. (1994) recommend



comparing period t observations with the t+ 1 frontier and period t+1's netput bundle with the period t

frontier. Technica change can then be calculated as.

¢00%y) Dl y)

Technicdl change = éDt+1( t+1 yt+1) Dt+1(x Wy )E

Q)

The output distance function associated with province k’s production bundle in period t with the t+1

frontier is obtained by solution of the following linear programming modd:

(Dgﬂ(x‘,yI ))1 = Max ¢ (6)
subject to qy £a o
aiK:1|. PULE X
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Output distance function (D‘( iyttt )) "1 isfound by reversing theroles of t and t+ 1 in problem (6).

Consderable use has been made of the Mamquist productivity index since Caves et d.’s
(1982) derivation of the theoretical properties of the index and Fare et d.’s (1994) empiricd
goplications. The Madmaquigt index is a primd index based solely on observed input and output
quantities. Cost and revenue shares need not be caculated for the Mamquist index, yet the index does

yield multifactor productivity changes in a multiple-output setting (Fare et d., 1994). The Mamquist



index can be decomposed into changes from period to period resulting from changes in a province' s
technicd efficiency (4) times movements in the production frontier resulting from technica change (5).

Consequently, the Mamaquist output-based index for an individua province can be expressed:

D(t)+1(xt+l ’yt+l) ] gD(t)(Xtﬂ’ytﬂ) ) Df) (Xt ’yt) %
D(t) (Xt ,yt) éDgﬂ (Xt+1 1yt+1) Dt+1(Xt 1yt) g

o]

MO(XI+1’yt+l,Xt’yt) —

)

The component distance functions of the Mamaquist index will be caculated for each of 27
Chinese provinces over the period 1979-1995. Changesin MFP can be attributed to either changesin
the technicd efficiency of the individua provinces (expresson 4) or shifts in the production frontier
indicating technica change in Chinese agriculture (expresson 5). We now turn to the data compiled to

represent Chinese provincia agriculture.

3. Data

The data used in this paper was compiled by the China State Statistical Bureau and published in
annud Chinese Statidticd Yearbooks (Zhongguo Tongji Nianjian), Rura Statistica Y earbooks
(Zhongguo Nongcun Tongji Nianjian), and the Historical Statisticd Data Compilation (Lishi Tongji
Ziliao Huibian), for every year from 1970 to 1995, for al 30 provinces, municipdities, and
autonomous regions in the People’ s Republic of China. The data for Hainan 1dand was subtracted from
Guangdong province, from which it split to become a separate province in the late 1980s. Missng data

and inconsstent definitions make some of the provincial data before 1979 suspect, so only years from
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1979 to 1995 are used for the distance function caculations. Furthermore, the municipdities of Bejing,
Tianjin, and Shangha are excluded from the sample snce agriculture in these urban aress is didtinctly
different from that in China’srurd areas. The resulting sample is a panel data set of 27 provinces and

17 years.

Outputs are separated into four categories. grain production, other farming, anima husbandry,
and other agriculture® Fisheries comprise 70 percent of the other agriculture category, and forestry 30
percent. Fisheries are split evenly between freshwater and ocean fisheries. Approximately 85 percent
of the freshwater and a third of the ocean fishery is defined as cultured. Grain output is reported in tons
of grain. In case of other outputs, red output indices are caculated by dividing nomind output vaues by
implicit price deflators. These deflators are based on officid reports for both rea and nomind
production of grain, dl farming, anima husbandry, and dl agriculture; cash crops are caculated as the
difference between dl faming and grain production, while other agriculture is cadculated as the
difference between dl agriculture and the sum of dl farming and anima husbandry. Since these deflators
represent average prices, even if these prices are distorted, we expect that this deflation yields

reasonably accurate measures of the different categories of red outputs.

Input categories are land, labor, draft animals, fertilizer, and machinery inputs. Land is measured
in sown hectares, which adjugts cultivated land for the prevaence of multiple crops per year in many of

the agricultural production areas. In addition, sown land is differentiated between irrigated and dryland

2 Aggregate input use for dl agriculture, including fisheries and forestry, is reported in the Chinese
Statistical yearbooks. Consequently, inability to separate input categories necesstates the use of the
forestry and fishery production measures.
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hectares. Cultivated land area is adjusted for underreporting following Crook’s estimation (1993).
Labor is measured as the number of provincid agriculturd workers a year-end. Draft animds are
reported in number of head. Fertilizer is measured in tons of effective content for nitrogenous,

phosphate, potash, and complex fertilizers. The machinery input is measured in kilowatts of engine

power capacity.

The data for the study is summarized in Table 1. Average gross output per hectare and output
ghares for 1979-1995 are presented. Percent of sown acres that is irrigated is listed in column 7.

Findly, average input usage per hectare over the period is presented.

Table 2 shows the resulting average growth rates of China’s agriculturd inputs and outputs
during severd periods. 1970-1978, before reform began; 1979-1984, during the implementation of the
household responghbility system; 1985-1989, as reforms shifted towards the urban economy; 1990
1992, during the post- Tiananmen stagnation of reform; and 1993-1995, when reforms accelerated on
al fronts under the banner of the Socidist Market Economy. Severd patterns appear to emerge from
these growth rates. Grain production rose repidly after legdization of the household responsbility
system in 1979, but dowed by the mid-1980s as farmers subgtituted toward other agricultura outputs.
Cultivated land has declined dowly, as risng incomes and the expanson of rurd industry have increased
the demand for building space. The agriculturd workforce has grown dowly since reform began, and
by 1992 it began to decline as farmers left for nonagriculturd opportunities. Findly, modern inputs such
as fertilizer and machinery have increased relaively rapidly, though growth rates have declined since the

pre-reform period.
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Using weights based on the averages given by Wen (1993) for inputs, and cdculaing an
average share for outputs, a rough Divisaindex can be caculated to illustrate aggregate MFP growth.’
This is ds0 shown in Table 2. Though merdly a rough goproximation since the share weights are
necessarily arbitrary, MFP gppears to have grown most rapidly in the period immediately after
agricultura reform began, and again more recently under the acceleration of market reform. These

results are cong stent with the literature discussed in section 1 above.

4. Digtance Function Estimates of Productivity | mprovement

Using the distance function gpproach described in section 2 to caculate year-by-year and
province-by-province Mamquist indices for both technologica progress and technicd efficiency, we are
able to caculate a measure of MFP that is less subject to arbitrary structura assumptions or arbitrary
weights on outputs and inputs than ether production function approaches or a Divisaindex. Mamaquist
productivity indexes were caculated for the 27 Chinese provinces in our data s&t, for each year from
1979 through 1995. The results show outward shifts in the production possibilities set over the period.
The average annud rates of change in these indices are shown by province in Table 3. The overdl

Mamquig index of MFP in the firg column is the combined effect of technologicd progress and

® The Divisiaindex of MFP can be written as O‘=1%n ,, Wherey and x are outputs and
X
i=1"i
inputs, and a and b are the respective weights. The output weights used are 0.45 for grain, 0.20
for cash crops, 0.22 for animal husbandry, and 0.13 for other agriculture. The input weights used

are 0.30 for land, 0.35 for labor, 0.20 for capital (0.10 for machine power and 0.10 for draft
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improvements in technica efficiency, shown respectively in the second and third columns. The last
column presents the crude Divisa index for the 1979-1995 period for comparison with the Malmquist
messures. This Divisaindex is premised upon known, constant input and output shares, so it will differ
from the Mamquist values. However, the correlation coefficient between the two measures was 0.33,

indicating a moderate amount of agreement.

The provincid average annud change in MFP was 1.8 percent over the entire sample.
Average vaues ranged from a high of +7.3 percent for Fujian province to -3.6 percent per year for
Inner Mongolia  Although cross-country andyses are inexact, these provincid level results can be
compared with the results reported in Bureau et d. (1995) in which Smilar procedures were used to
derive productivity measures for ten OECD countries between 1973 and 1989. The values ranged
from around 7 percent annua growth in MFP (in Denmark) to lows of 2 percent (in Belgium and
Luxembourg). Thetop 12 performing provincesin Chinafdl within thisrange. However, the remaining
15 provinces do not compare favorably with the OECD countries in terms of average changesin MFP.

Chinese provinces show agreat ded of variation in performance.

Mogt of the recorded changes in MFP for the most progressive provinces are attributable to
shiftsin the production possibilities frontier, as shown in the second column of Table 3. Fujian exhibited
the grestest rate of technica progress, while Inner Mongolia again showed the highest rate of technical
regress. In fact, the average rate of technologica progress for the 27 provinces was 1.9 percent,

greater than the average increase in the overdl Mamaquist index. Consequently, the average rate of

animals), and 0.15 for current inputs (fertilizers).
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change in technicd efficiency was lower than the rate of technical change. Twelve provinces remained
on the frontier over the 17 year period, underlying ther efficiency change rates of 1.000. With the
exception of Jangxi, these provinces tended to be the leaders in agriculturd productivity increases over
the period. A few provinces did exhibit improvementsin technica efficiency over the period. Shandong
and Gansu both moved towards the frontier by an average of over one percent per year, and sx other
provinces exhibited posgtive rates of improvement in technical efficency. Shandong's growth was
asssted by improvements in technicd efficiency of 9.6 percent in 1981, 8.8 percent in 1982, and 10.2
percent in 1988. Seven provinces moved away from the frontier over time, while Shaanxi province

displayed the worst average annud change in technica efficiency, about -1.6 percent per year.

In Table 4, the overal Mamquist index is shown for each province for four periods. The
highest rates of improvement in MFP ae found in the 1979-84 period, as the process of
decollectivization picked up speed, and in the three years after reform accelerated in 1992, under the
god of creating the Socialist Market Economy. Results, however, are not unambiguous. In the years
from 1979 to 1984, 16 provinces experienced improvement in MFP while 11 experienced declines. In
the years from 1985 to 1989, 19 provinces experienced declines in MFP; from 1990 to 1992, MFP
improved in 19 provinces, and in 1993 and afterwards, MFP improved in al but four provinces. The
most dramatic rates of improvement, over 20 percent per year for Tibet and Fujian, were found in the

most recent period.

5. FactorsInfluencing Productivity Change in Chinese Agriculture
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The Mdmquist indices described above provide a pand data set for examining factors
asociated with the differences observed among the provinces over time.  The results indicate a wide
disparity in MFP changes, as well as the technica change and efficiency components comprising the
Mamaquigt index. In this section we posit arelationship between productivity improvements and severd
exogenous variables These exogenous vaiables include:  the adoption rates of the household
respongbility sysem for each province, which should explan an improvement in productivity as
explaned by Lin (1992), McMillan, et d. (1989), and others, the proportion of industry in the
combined sum of provincid gross rurd indudrid and agriculturd output, which should explan an
goparent decrease in productivity if rurd industry is atracting higher-qudity inputs, the proportion of
provincid agricultura land affected by naturd disaster, primarily flood and drought, which may explain
large declines in output reative to agiven set of inputs, and findly the price of grain relaive to the overdl

retail price index, which should have a positive supply effect if farmers are price-responsive.

Pand regressons are estimated in order to understand the differentid effects of these factors on
provincid-level MFP. Due to the presence of unit rootsin the time series, variables measuring disaster-
affected areg, the rurd indudtrid share, and reative grain prices are firg-differenced, and these are
regressed on the change indices. The adoption rate of the household responghbility system was left
undifferenced to serve as a gradud shifter in the regressions; in essence, this specification implies that
reform should not lead to just a one-time increase in productivity, but should instead lead to an increase
in the growth rate as improved incentives encourages farmers to innovate in production methods.

Finaly, a dummy variable was introduced, assuming the vaue of one for the coasta provinces and zero
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otherwise* The coastd provinces have generally experienced the greatest economic growth over the
last 15 years, and we presume that their economic strength, as well as their access to both domestic and
foreign markets due to improved infrastructure, would postively affect agricultural productivity. Results

aeseenin Tables.

F-tests for the Mdmquig, technicd change, and full efficiency change modds rgect the
hypothesis of common intercepts for al of the full modes. Consequently, either a fixed effects or
random effects mode may be gppropriate for the data. The introduction of the single dummy varigble,
COAST, resulted in singularity of the coefficient matrix usng the leest squares dummy varigble mode
employed in the pand estimation procedures of TSP (Hal, 1994). Therefore, the first three columns of
parameters in Table 5 result from random effects models. The null of common dopes and intercepts
could not be rgected for the technica efficiency change modd in which only the effects of change in
disaster acres was conddered. Consequently, pooled OLS estimates are reported for the last column

of Tableb.

Ovedl provincdd MFP changes were strongly influenced by initiation of the household
respongbility system in 1979. As argued in Cheung (1969), granting of additiona property rights to
farmers over the products of their labor increases farmer incentives to increase productivity.® The onset

of HRS increased overdl provincid MFP by 5.8 percent, but the main influence of the HRS was to

* Following Parker (1995), coasta provinces include Guangdong, Fujian, Zhdiang, Anhui,
Jangsu, Shandong, Hebel, Shanxi, Liaoning, Jlin, and Hellongjiang.

®> Farmers have been given rights of control and rights to residua income, but not rights of
transfer.  Ingead of ownership rights, farmers have use-rights of limited or indefinite tenure.
Progterman, Hangtad, and Li (1996) argue that significant investments into land qudity would occur if
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expand the production possibilities set, and some provinces fdl further behind asaresult. Thisisseenin
the rdatively greater sgnificance of the varidble HRS in influencing technicd change, and the negative
effect on efficiency change. Over 84 percent of the annud increase in the production frontier is

attributed to this mgjor inditutiond change.

Increasing indudtridization within the provinces was negetively correlated with al three measures
of MFP change, and this was Satistically sgnificant for the overdl index. Labor mobility across sectors
within the provinces, as wdl as more limited interprovincid movement, would appear to affect the
margina product of labor in both the agriculturd and industrid sectors. As argued by Bhattacharyya
and Paker (1997), greater opportunities for income growth through indudtrid activities or
entrepreneurid opportunities in a rapidly growing economy would tend to aitract the more motivated,
and perhgps more talented, individuals away from traditiond agriculture.  The negative relationship
between provincid indudtridization and agricultural productivity would tend to support this conjecture.
In addition, other resources whose qudlity is unmeasured, such as new capitd investment, might dso be

atracted away from agriculture in rapidly industridizing aress.

Lin (1995) emphasized the influence of gran price increases in simulating agriculturd
production. There gppears here to be evidence that increasing grain prices leads to expansion of the
production possibilities frontier over time. Lin found evidence of increasing grain prices increasing grain
production. The price effect discovered by Lin is further supported here by the positive influence of

changing relative prices on the frontier. There gppears to have been induced innovation resulting from

fully transferable rights were granted to farmers.
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price increases, though again average efficiency declined somewhat as some provinces failed to keep up

with shiftsin the production possihilities frontier, but thiswas not setigticaly sgnificant.

The primary factor explaining efficiency change, or movements redive to each year's
production possibilities surface, is the proportion of agriculturd land adversdy affected by naturd
cdamities. A one percent increase in the share of land affected by disasters resulted in about hdf a
percentage point movement away from the production frontier. Acres affected by disasters averaged
2.2 percent over the entire sample. However, vaues ranged from zero acres up to over 10 percent of
the acreage affected in Anhui in 1991. The effects of the disaster affected acres were reflected in a

technicd efficiency score of 0.80 for Anhui in 1991.

19



6. Summary

In this paper, we examine multi-factor productivity changes in Chinese agriculture. Using a
panel data set for 27 provinces and autonomous regions from 1979 to 1995, we caculate Mamaquist
indices composed of technicd and efficiency changes for a multiple-output, multiple-input production
frontier. Improvements in productivity were most rgpid in the years following the beginning of rurd
reform and in more recent years as China has accelerated its movement towards a more market-
oriented economy. However, there is great variation in productivity change from year-to-year and

province-to-province.

Using pand-data methods, we estimate the effect of various factors on productivity changes.
The household responsibility system, which decollectivized both production decisons and incentives,
accounted for a ggnificant expangon of the production posshilities frontier. The expanson of rurd
industry, however, Sgnificantly decreased agriculturd productivity, aresult suggesting that rurd township
and village enterprises offer opportunities to reaivey skilled workers, as wel as other higher-qudity
resources. Grain prices, which have been held atificidly low by the stat€' s monopsony procurement
system until recently, have a Sgnificant supply effect in boogting agriculturd productivity, while naturd
dissgters are a dgnificant explanatory factor in provincid-leve efficiency changes. Findly, provinces
aong the coast, which are typicaly more open to trade and reform, have sgnificantly higher rates of

growth.
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Tablel. Grossvalue of output per hectare, output shares, irrigated acreage as per cent of
sown land, and input usage per hectare, 1979-1995 provincial aver ages.

Mamquis  Output Vaue/ Output Shares |
Index hectare Gran Cash Crops Animd Other Ag
Fujian 7.77 2496 0.29 0.22 0.20 0.29
Xinjiang 7.74 1580 0.32 0.38 0.22 0.08
Jangau 7.32 2624 0.41 0.23 0.24 0.12
Zhgiang 6.69 2231 0.33 0.23 0.21 0.23
Hainan 6.34 1892 0.22 0.17 0.17 0.44
Liaoning 6.18 2362 0.39 0.20 0.26 0.16
Shandong 4.97 2221 0.37 0.29 0.21 0.12
Heilongjiang 3.86 1216 0.59 0.15 0.19 0.08
Tibet 3.67 1960 0.33 0.06 0.51 0.09
Jlin 3.55 1593 0.56 0.15 0.21 0.08
Guangdong 2.93 1862 0.25 0.26 0.22 0.27
Hebei 1.99 1592 0.41 0.30 0.21 0.08
Qingha 1.01 1240 0.38 0.09 0.44 0.08
Gansu 0.86 789 0.48 0.21 0.22 0.08
Hubei 0.30 1856 0.40 0.25 0.21 0.14
Sichuan 0.30 1342 0.41 0.20 0.30 0.09
Guizhou -0.08 690 0.37 0.23 0.25 0.16
Jangxi -0.15 1684 0.39 0.19 0.23 0.19
Hunan -0.31 1484 0.39 0.21 0.27 0.13
Henan -0.70 1506 0.47 0.25 0.18 0.09
Shanxi -0.95 864 0.49 0.21 0.20 0.10
Anhui -1.00 1366 0.45 0.25 0.20 0.10
Shaanxi -1.00 1054 0.47 0.20 0.18 0.14
Guangxi -1.16 1166 0.31 0.24 0.29 0.16
Yunnan -1.70 919 0.36 0.25 0.24 0.15
Ningxia -3.16 525 0.54 0.19 0.20 0.08
Inner Mongolia -3.85 1006 0.39 0.18 0.31 0.12
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Table 1 (continued)

Inputs per hectare
Irrigated Draft

proportion Labor Animds Fertilizer  Power
Fujian 0.71 2.18 0.26 0.19 13.95
Xinjiang 0.87 0.67 0.50 0.08 11.10
Jangsu 0.79 1.77 0.07 0.19 17.66
Zhgiang 0.85 2.06 0.08 0.13 15.81
Hainan 0.35 1.04 0.43 0.07 7.99
Lisoning 0.25 1.27 0.45 0.16 18.60
Shandong 0.65 1.78 0.34 0.16 18.72
Heilongjiang 0.10 0.40 0.18 0.06 9.40
Tibet 0.57 2.30 3.08 0.03 10.97
Jlin 0.20 0.82 0.35 0.12 9.49
Guangdong 0.65 1.45 0.32 0.13 10.96
Hebel 0.56 1.72 0.36 013 2377
Qingha 0.29 1.33 0.69 0.05 12.63
Gansu 0.25 1.04 0.53 0.05 8.44
Hubel 0.64 1.54 0.27 0.13 10.84
Sichuan 0.45 1.84 0.20 0.08 5.00
Guizhou 0.28 1.29 0.45 0.04 2.62
Jangxi 0.75 1.63 0.34 0.10 8.07
Hunan 0.79 1.78 0.24 0.10 8.91
Henan 0.50 1.79 0.47 0.12 12.86
Shanxi 0.30 0.94 0.30 0.07 13.75
Anhui 0.56 1.61 0.31 0.11 9.69
Shaanxi 0.35 1.28 0.26 0.08 8.38
Guangxi 0.55 1.76 0.51 0.08 7.59
Yunnan 0.36 1.56 0.50 0.06 6.03
Ningxia 0.31 0.57 0.26 0.04 7.55

Inner Mongolia 0.24 0.71 0.36 0.04 9.39
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Table2: Annual Growth Ratesof Agricultural Outputs, Inputs, and Productivity

1970 1979 1985 1990 1993 1979
-1978 -1984 -1989 -1992 -1995 -1995

Deflated Outputs:

Gran 2.7 5.0 0.0 2.8 1.8 2.5
Other Farming 1.6 10.7 3.2 6.6 10.2 7.6
Anima Husbandry 29 9.6 8.7 8.2 14.1 9.9
Other Agriculture 4.2 10.5 11.0 8.3 13.6 10.8
Weighted Index of Outputs: 2.7 7.8 3.9 54 7.6 6.2
[nput Quantities.

Cultivated Land -0.2 -0.3 -0.5 -0.1 -0.2 -0.3
Multicropping Retio 0.7 -04 0.8 0.6 0.4 0.3
Irrigated Retio 2.1 0.1 0.7 2.7 0.6 0.8
L abor 0.1 1.8 0.5 16 -1.7 0.8
Draft Animds 0.2 4.1 3.0 14 4.3 34
Fertilizer Content 108 119 6.3 7.5 7.0 8.6
Machinery Power 18.3 8.8 7.6 2.6 6.0 6.8
Weighted Index of Inputs: 4.1 35 2.4 31 1.7 2.8
DivisaMFP Index -14 4.2 1.4 2.3 5.8 3.3
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Table 3. Average annual percentage changesin the Malmquist M FP measure, technical
change, efficiency change, and the crude Divisia Index, Chinese provincial data, 1979-1995.

Province Mamaquis  Technica Effidency DivisaMFP
Index Change Change Index
Hebel 1.9 11 0.9 3.3
Shanxi -09 -0.6 0.3 2.8
Inner Mongolia -3.6 -31 -0.5 -1.6
Liaoning 5.8 5.8 0.0 4.1
Jlin 3.3 3.3 0.0 2.0
Heilongjiang 3.6 3.6 0.0 2.6
Jangsu 6.9 6.9 0.0 53
Zhgiang 6.3 6.3 0.0 3.3
Anhui -09 -0.5 -0.5 2.2
Fujian 7.3 7.3 0.0 3.3
Jangxi -0.1 -0.1 0.0 2.4
Shandong 4.7 3.8 11 4.1
Henan -0.7 11 -16 19
Hubel 0.3 0.3 0.0 2.5
Hunan -0.3 -0.5 0.3 2.6
Guangdong 2.8 4.0 -1.1 2.8
Guangxi -11 -0.8 -0.1 2.3
Hainan 6.0 6.0 0.0 51
Sichuan 0.3 0.3 0.0 2.5
Guizhou -0.1 -0.7 0.7 0.6
Yunnan -1.6 -0.9 -0.5 0.6
Tibet 35 35 0.0 14
Shaanxi -09 1.0 -16 0.3
Gansu 0.8 -0.5 15 2.1
Qinghai 1.0 1.0 0.0 -0.5
Ningxia -3.0 -2.8 0.6 1.6
Xinjiang 7.3 7.3 0.0 2.7
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Table4. Average annual growth rates (percentages) of Malmquist productivity index,
selected periods.

1979- 1985- 1990- 1993-
1984 1989 1992 1995
Hebel 52 -0.6 -0.9 39
Shanxi -0.2 -1.7 -25 0.6
Inner Mongoalia -9.1 -24 0.6 -2.0
Lisoning 8.5 2.3 4.8 10.2
Jlin 5.8 -24 8.4 4.9
Heilongjiang 4.7 -1.0 55 8.8
Jangsu 6.3 39 10.2 11.8
Zhdiang 31 52 6.6 154
Anhui -1.7 -2.0 -0.5 14
Fujian 2.6 54 58 22.2
Jangxi -2.8 -3.2 2.8 6.5
Shandong 8.6 -0.8 1.2 12.3
Henan 0.4 -24 -1.3 0.8
Hubei -1.2 -1.7 4.0 25
Hunan 2.0 -3.0 -1.2 1.3
Guangdong 1.6 16 6.4 39
Guangxi -11 -3.3 -1.2 2.6
Hanan 7.9 -0.3 3.0 18.1
Sichuan 0.3 -0.3 0.7 1.0
Guizhou 53 -4.3 1.3 -34
Y unnan -0.5 -1.8 -0.2 -4.9
Tibet -8.6 3.2 1.0 21.7
Shaanxi -4.7 -2.7 3.6 3.3
Gansu -2.0 -1.9 1.6 9.5
Qinghai -0.5 1.7 1.9 15
Ningxia 2.8 -8.1 -4.6 -34
Xinjiang 7.7 8.3 9.8 4.8
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Table5. Panel data estimation resultsfor 27 provinces over the 16 years 1980-1995 (t-
statisticsin parentheses).

Mamaquist MFP Technicd Efficiency Change
Measure Change
Coast Dummy 0.0353 0.0334 0.0008
(2.9444) (2.8429) (0.1304)
HRS 0.0583 0.0843 -0.0279
(3.3977) (5.3071) (-2.9303)
D Industry -0.3565 -0.2213 -0.1242
(-2.6762) (-1.7909) (-1.6862)
D Rdative Gran 14.4055 19.7966 -3.6920
Prices (2.9971) (2.9656) (-0.9209)
D Disaster Acres -0.9656 -0.9731
(-5.2961) (-5.2223)
Congtant 0.9572 0.9326 1.0282 1.0005
(54.6397) (56.7669) (107.893) (364.748)
R 0.0993 0.1373 0.08910 0.0597
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