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1 | INTRODUCTION

China's grain output has grown rapidly, with an average annual rate of 1.94%, since the eco-
nomic reforms of the late 1970s. Nevertheless, the grain output has not grown linearly on an
annual basis and has been affected by considerable fluctuations. Grain output rose substan-
tially and continuously from 1978 to 1984; hovered in a low level from 1985 to 1988; recovered
from low levels and grew during 1989-1993; increased gradually from 1994 to 1998; fell contin-
uously from 1999 to 2003; rose continuously year by year during 2004-2015; and continued to
grow, although slowly, during 2016-2018. Over the past 40years, during the periods of grain
shortage and low beginning stocks, the government of China instituted a series of price sup-
port policies and measures to stimulate growth in the grain production system. Alternatively,
during periods of oversupply and excess stocks, in order to restrain the growth in output,
the government adopted contractionary policies and/or implemented market-oriented reforms
(such as the reduction or elimination of producers' subsidies) with the goal of decreasing the
comparative profitability in grain production. The policy reforms have not only affected the
rate of growth in grain output but also had a profound impact on the pattern of growth in
grain production (Gong, 2018; Wang et al., 2013).

This study analyses total factor productivity (TFP) change in China's grain production sec-
tor (hereafter grain sector) over the past 40years. We focus on grains as an aggregate com-
modity and its major crops—rice, wheat and corn. Specific objectives of this study include: (1)
estimating the growth rates of TFP and its components—technical change (TC) and technical
efficiency (TE); and (2) determining the impact of policy reforms on TFP growth rates during
selected time periods.

Exploring the sources of growth in agricultural output of China has been an important
topic since the late 1980s. Studies in the late 1980s and 1990s have measured agricultural TFP
growth rates and the contribution of rural institution innovation to agricultural TFP growth
in the early 1980s (e.g. Huang & Rozelle, 1996; Lin, 1992; McMillan et al., 1989; Wen, 1993;
Zhang & Carter, 1997). Studies undertaken since the late 1990s have estimated agricultural
growth rates and the contributions to agricultural TFP growth of policy reforms within the
existing rural institution environment (e.g. Brummer et al., 2006; Chen et al., 2008; Colby
et al., 2000; Gautam & Yu, 2015; Gong, 2018; Jin et al., 2010; Wang et al., 2013). Except for
a limited number of studies focussing on the grain sector, however, almost all of the above-
mentioned studies concentrate on agricultural TFP growth. Moreover, except for Zhang and
Carter (1997) focussing solely on grains as an aggregate commodity, the focus of most of the
studies on TFP growth in the grain sector has been on the analysis of TFP growth of specific
grain crops during a certain period of time.

With the rapid economic growth and the improvement in living standards of households
over the past 40 years, the structure of food consumption in China has changed towards more
animal-sourced protein, fruits and vegetables and less cereal foods, resulting in demand-driven
changes in agricultural structure. More specifically, the shares of forestry, animal husbandry
and fishery in gross value of agricultural output have more than doubled, rising from 20% in
1978 to 41% in 2018, whereas the shares of crop production in total agricultural output de-
creased from 80% to 54% during that period. Besides, during the 1978-2018 period, the shares
of fruits and vegetables as a percentage of acreage and gross value of output grew rapidly,
while the shares of grains decreased. Given the changes in agricultural structure, the results
regarding the growth of agricultural TFP from published studies since the late 1980s could
not accurately reflect TFP growth in the grain sector, albeit an accurate presentation of TFP
changes in the agricultural sector. While the results about the TFP growth of individual grain
crops during a certain period of time are helpful in understanding the sustainable growth of a
specific grain crop for that period of time, they might not accurately reveal the whole picture
of TFP changes in the grain sector over the past 40 years.
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We make two contributions to the literature. First, we analyse TFP growth in the grain sec-
tor over the past 40years. To achieve this, we construct a unique provincial time-series input—
output data set that contains information on outputs (gross value) and inputs (land, labour and
capital) of grains as an aggregate commodity. In particular, data on yields, labour days and
capital (nonlabour inputs) of grain crops are from the National Agricultural Production Cost
and Revenue Information Summary. Data on acreage under the production of grain crops are
sourced from the China Agricultural Yearbook. We aggregate grain crops as this strategy not
only facilitates a broadscale analysis of productivity growth in the grain sector but also reflects
the importance of grains as an aggregate commodity in China. Grain in China has always
been regarded as the most important commodity as China is the world's most populous coun-
try with limited land and water resources. Due to data limitation, however, only a few studies
focus on the productivity growth of grains as an aggregate commodity. Thus, the unique and
comprehensive data analysis of this study extends the scope of past studies and generates more
valuable insights in this field.

Second, we examine the relationship between various policies and the rates of TFP growth
in the grain sector. Previous studies have been confined to comparing the differences in pro-
ductivity growth among selected periods. They did not explore the association between rele-
vant policies and the productivity growth in the grain sectors. The policy reforms implemented
over the past decades provide an experiment, in which the differential impacts of policies on
the rates of TFP growth in the grain sector can be determined. Over the past 40years, the
policies governing grain production can be classified as incentive-led policy, intervention-led
policy and market-oriented policy. We estimate the relative impacts of the three types of policy
reform on the rates of TFP growth in the grain sector. This study can improve our understand-
ing of the inherent relationship between the policy reforms and the TFP changes in China's
grain sector, which helps policymakers identify effective ways to foster productivity growth.

The remainder of this study is organised as follows. Section 2 is an overview of policy re-
forms. Section 3 describes data. Empirical models are presented in Section 4. Section 5 de-
scribes the estimation of production functions as well as presents and discusses the results.
Section 6 presents the concluding remarks and policy implications.

2 | OVERVIEW OF THE POLICY REFORMS

The reforms on the agricultural policy governing grain production have been proven to be
highly associated with the grain output changes over the past 40 years (Cai et al., 2008; Chen
et al., 2018). Following Chen et al. (2018) and Gong (2018) regarding the various phases of
policy reform in China's grain production system, this study divides the development stages of
the grain sector in China over the past 40 years into seven phases: 1978-1984, 1985-1988, 1989—
1993, 1994-1998, 1999-2003, 2004-2015 and 2016-2018. The features of policy reform during
the selected periods are summarised in Table 1.

The first period (1978-1984) is the period of rural institutional transition from the collective
system to the individual household-based farming system, the so-called ‘household responsi-
bility system (hereafter HRS)’. By the end of 1983, about 98% of grain producing households
all over the China had adopted HRS (Lin, 1992). Effective in 1979, state-planned prices for
grain quota deliveries, which were sold in fulfilment of procurement obligations, were raised
by more than 20%, and percentage price bonus for above-quota deliveries increased from 30%
to 50% for grain and oil-bearing crops. Moreover, the national grain quota and tax were re-
duced 20%, with the reduction to some extent targeted regionally to benefit low-income and
disadvantaged areas (Sicular, 1988). Finally, local and regional market exchanges were allowed
and even encouraged to develop. During this period, the average annual growth rate of grain
output was 4.9%.
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TABLE 1 Features of grain production policy reforms in China during selected periods, 1980-2018

Period Contents of the policy reform Profitability Intervention

1978-1984 Reforming rural institution, raising the prices for High High
quota deliveries and the price bonus for above-
quota deliveries, reducing quota level and
allowing local and long-distance trade

1985-1988 Adopting the negotiated contract system in the Low Medium
beginning of this period and then mandatory
quota deliveries again, and opening free
markets to all farm products (excluding grain,
cotton and oil-bearing crops) and industrial
products

1989-1993 Raising procurement prices, subsidising fertilisers Medium+ Medium
and pesticides, and further reducing grain
quota level

1994-1998 Introducing provincial grain self-sufficiency Medium High
policy (the governor's responsibility system),
raising procurement price in the early part
of the period and implementing the price
protection policy in the late part of the period

1999-2003 Reducing price supports, and opening grain Low Low
purchase and sale markets in most parts of
China

2004-2015 Eliminating tax, introducing direct subsidy High Low

for farmers and subsidies for purchasing
machinery and high quality of crop variety,
and introducing the minimum price policy for
rice, wheat, corn and soybeans in major grain-
producing provinces

20162018 Introducing the producer subsidy policy for corn, Medium Low
keeping constant for 2015-2016 and lowering
for 2017-2018 the minimum prices for rice and
wheat, and introducing the targeting price
policy for 2015-2017 and the producer subsidy
policy in 2018 for soybeans

Note: The contents of policy reform are from Chen et al. (2018, pp. 295-350). The comparative profitability here is defined as the
growth rates of grain prices relative to the growth rates of whole agricultural products along with the specific policy priority in the
respective periods. The intervention is classified based on whether the quota deliveries exist and whether there is an administrative
intervention in grain production.

The second period (1985-1988) is the period of a dual-track system during which a market-
driven system coexisted with state planning. With the bumper crop year after year during the
first period, the existing quota system led to a substantial rise in the state's financial burden
for the government was obliged to buy as much output as farmers wished to sell. As a way to
reduce the state's burden and to increase the role of markets, beginning in 1985, the mandatory
quotas were replaced by procurement contracts that were supposed to be negotiated between
the state and the farmers. The contract price was a weighted average of the basic quota price
and the above-quota price. This change gave rise to a 9.2% drop in the price margin paid to
farmers (Lin, 1992). However, the contracts were made mandatory again in 1986 as the grain
production dropped dramatically in 1985. Concurrently, industrial products and agricultural
products excluding grains, cotton and oil-seed crops were allowed to be sold in the free mar-
kets, as economic reforms were shifted from rural to urban areas. This led to a rise in prices
of these products. The average annual growth rate of grain output dropped from 4.9% in the
previous period to 1.3% during this period.
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The third period (1989-1993) involved additional market-oriented reforms on the monop-
sony procurement system.! As the grain output had hovered around 392 million tonnes for four
consecutive years (1985-1988), the government had raised the grain procurement prices several
times since 1989, causing grain prices to rise at a rate higher than that of prices of agricultural
production materials and services. Moreover, the government introduced a policy to subsidise
fertilisers and pesticides for grain-producing households. Finally, the national grain quota
continued to be reduced and, as a result, the share of state-purchased grain as a percentage of
total grain marketed increased. During this period, the grain sector experienced healthy
growth rate of 2.9% per year on average.

The fourth period (1994-1998) is the period marked by price controls and administrative in-
terventions in the grain production. Affected by the exponential growth of the macro-economy,
the grain market prices rose rapidly in the second half of 1993 and, meanwhile, the grain output
fell by 3.03% in 1994 as compared with 1993. To raise grain output, the governor's responsibility
system was instituted in 1995, which required that the provincial governments must be ultimately
responsible for grain self-sufficiency for their respective provinces. Moreover, the private mar-
keting activities for grain commodities were restricted through a set of administrative measures.
Finally, the grain procurement prices were raised by 40% in 1994 and by another 42% in 1996. As
grain output grew rapidly, the market prices of grains began to fall below the government-set price
level. The government then introduced the price protection policy through providing subsidies to
the state grain-purchasing enterprises to compensate for their loss incurred in purchasing grains
at state-set prices. From 1994 to 1998, the average annual growth rate of grain output was 3.6%.

The fifth period (1999-2003) is characterised as the period of deepening reforms on the
monopsony procurement system. As the state's financial burden arose because the government
bought as much output as farmers wished to sell, the government executed a series of market-
oriented reforms to lower grain output growth. The number of crops covered by price protection
policy was reduced, while the geographic areas qualifying for the price protection policy were
restricted. The grain purchase and sale markets were first opened in the grain-deficit provinces
in 2001 and then in most parts of China at the end of this period. From 1999 to 2003, the average
annual growth rate of grain output was —3.5%, which has been the lowest growth rate since 1978.

The sixth period (2004-2015) is marked as the period of focussing on the problems of food, farm
and rural development. As agricultural and grain output decreased continuously during the previ-
ous period, the market status of grain commodities in China switched from a surplus to deficit in
2004, which called attention to food security (Gong, 2018). The government thus took bold market
reforms to fully liberalising the purchase and sale markets. The monopsony procurement system
introduced in 1953 was completely abolished in 2004; direct subsidy for farmers and subsidies for
purchasing machinery and crop varieties of high quality were instituted in 2004; agricultural taxes
were abolished totally in 2006; the minimum purchase price policy for major grain crops (includ-
ing rice, wheat, corn and soybeans) was introduced, especially in major grain-producing provinces
in 2004. The average annual growth rate of grain output reached 3.2% in this period.

The seventh period (2016-2018) is the period of continuation of market-oriented reforms.
Since the government purchased as much output as farmers wished to sell, the state's financial
burden arose with the introduction of the price support policy since 2004. The government-
set prices for rice and wheat in their respective major producing provinces were kept constant
during 2015-2016 and were lowered during 2017-2018. The price support policy for corn cov-
ering Heilongjiang, Jilin, Liaoning and Inner Mongolia was replaced by the producer subsidy

'"The monopsony procurement system is also called the unified purchase and marketing system instituted in 1953. Under this
system, the surplus grain of farmers shall be uniformly purchased at the state-set prices, all the grain needed by the whole society
shall be uniformly supplied by the state, and the quantity and variety of grain eaten by farmers themselves must be approved by
the state (Chen et al., 2018). The policy reforms in this study are essentially the reforms on this system aimed at transforming the
state-planned pricing system to the market price formation mechanism.

O PR SWiB L 83895 *[7202/70/9T] uo ARigi8uIuo A1IM ‘A VHEIT NOSTIM OLT YLOSINNIW 4O ALISHIAINN AQ S612T'68r8-L9FT/TTTT 0T/I0pAW0d A8 1M Al puIjuo//sdny wouj papeojumod ‘T ‘€202 ‘6878L9%T

35US0 17 SUOLLLLIOD BAIEa1D a|gealdde au Aq pauenob ae sspie O 88N J0 sajn. Joy Ariqi auluo A3|IMm uo



TOTAL FACTOR PRODUCTIVITY IN CHINA'S GRAIN SECTOR | 43

policy in 2016. The price support policy for soybeans was replaced by the target price policy
in 2015 and then replaced by the producer subsidy policy in 2018. These reforms lowered the
prices received by farmers and subsequently the comparative profitability in grain production.
From 2016 to 2018, the average annual growth rate of grain output was 0.2%.

The association between policy reforms and changes in grain output shows that the incon-
sistency in the nature of the policy reforms has played a key role in shaping grain output growth
over the past 40years. Except for the policies for the period 1978-1984, the policies in other
periods can be grouped into incentive-led policy (i.e. 1985-1988, 1989-1993, 2004-2015 and
2016-2018), intervention-led policy (i.e. 1994-1998) and market-oriented policy (1999-2003), in
accordance with the priorities of policy reform (see Table 1). How the rates of TFP growth have
changed and whether the three types of policy reform have had differential impacts on TFP
growth in the grain sector are the focal points of the following sections.

3 | DATA SOURCES

The pooled provincial and time-series data for the grain sector consist of 24 provinces,
which exclude Beijing, Tianjin, Shanghai, Qinghai and Tibet while Hainan is combined
into Guangdong and Chongqing into Sichuan, covering the period 1978-2018. The pooled

TABLE 2 The average annual changes of input and output in the production (%) and average of ratios of land
irrigated and land disaster-affected

1980- 1985- 1989— 1994 1999- 2004— 2016— 1980-

Variables 1984 1988 1993 1998 2003 2015 2018 2018
Grain sector (24)

Output 5.772 0.827 0.685 2.391 -3.767 2.370 1.202 1.691

Land -0.932 0.409  —-0.367 0.963 -2.419 1.002 -1.792 0.023

Labour —-9.780 —-1.113 -3.287 -1.694 -5.835  —-3.692 —-3.871 —4.411

Capital 4.334 2.943 0.030 2.856 —4.630 3.135 1.811 2.248
Rice (21)

Output 5.501  —0.187 —1.489 1.745 —-3.303 1.393 0.391. 1.009

Land -0.491  -0.100  -1.817 0.846 -3.933 0.578  —0.051 —-0.285

Labour —-7.871 -1474  -5.253 —2.628 -7.057  -5.161 -6.127 -4.934

Capital 4.350 3.890  -1.600 2.479 —3.981 2.440 1.200 2.160
Wheat (15)

Output 10.592  —-0.203 3.351 3.248 —6.794 2.955 —4.430 1.889

Land 1.082  —0.552 0.174 0.654 -5.976 1.138 0.359 -0.297

Labour -10.022  -3.249  -3.032  -2.026 -11475 -3.642  -5.124 —=5.010

Capital 6.995 1.056 1.745 4.603 —8.368 3.175 0.020 2.012
Corn (19)

Output 2.638 6.898 3.084 7.206 -1.714 5.121 8.153 3.819

Land -1.971 3.659 0.389 4.410 -1.675 3.781 7.437 2.002

Labour —-10.564 2.975 -1.116 2.049 -4936  -1.063 1.648 =2.111

Capital 2.673 6.505 0.935 5.389 —2.449 6.257 7.274 4413
Ratio of land irrigated 0.304 0.309 0.323 0.334 0.353 0.385 0.410 0.350
Ratio of land 0.265 0.322 0.329 0.341 0.340 0.245 0.139 0.282

disaster-affected

Note: Figures in parentheses are the number of provinces included.
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provincial and time-series data for rice consist of 21 provinces, for wheat 15 provinces and for
corn 19 provinces, covering the period 1978-2018. The data sets are taken from several statisti-
cal yearbooks, and a number of adjustments were required to make the data suitable for this
study. Detailed information on sources and adjustments is given in the Appendix. Here, we
only report a summary description of the data sets.

In this study, grain output refers to outputs of 10 crops (including early Indica rice, middle
Indica rice, late Indica rice, Japonica rice, wheat, corn, soybeans, sorghum, millet and pota-
toes). Gross values of grain output for each province are calculated from the physical outputs
of the 10 crops, using the 1985 producer prices as weights for aggregation. Outputs of rice,
wheat and corn in their respective production functions are physical outputs. Inputs in the
data set include three categories: land, labour and capital (nonlabour inputs). Land refers to
sown acreage of crops. Labour refers to labour days spent in crop cultivation. Capital (non-
labour inputs) refers to variable expenses (costs of intermediate inputs) and fixed expenses
(capital depreciation) in the crop production, deflated using the 1985 provincial price index of
agricultural production materials and services.

In addition to outputs and inputs, other five variables are also used in the econometric
analyses. Grain producer price index, price index for agricultural production materials and
service, and wage index of farm workers are used in the models for input demand for address-
ing the potential endogeneity problem in the production function. Ratio of land irrigated to
total cropland and ratio of land disaster-affected to total cropland are incorporated into the
model for determinants of TFP growth. All the five variables are provincial-level observa-
tions from 1978 to 2018. Summary statistics on outputs, inputs, ratio of land irrigated and
ratio of land disaster-affected are presented in Table 2. Because the observations for 1978—
1979 are used in the models for input demand, the summary statistics cover those for the
period 1980-2018.

4 | EMPIRICAL APPROACH

Our study adopts a two-step procedure. In the first step, the growth rates of TFP and its
components are estimated, using the translog stochastic frontier production function. In the
second step, the impact of policy reforms on the rates of TFP growth is determined, using a
fixed effects model.

4.1 | Translog stochastic frontier production function

The translog function is a flexible functional form. Relative to the commonly used Cobb—
Douglas function, the translog function is a general functional form that allows the possibility
of non-neutral returns of scale and technical progress. It is also the second-order Taylor
approximation of any form of production function (Kim & Lau, 1994).

The translog stochastic frontier production function is specified as follows:

1
Iny; = po+ Zﬂjlnxjit +8,T+ 5 Z Zﬂjklnxjitlnxkit
/ T 0
1
+ Eﬂtth + ZﬁjtlnxjitT —Uyt vy
J

where In indicates natural logarithms; i represents province; ¢ = 1980, ..., 2018 denotes years
covered in this study; y,, is the output of province i in year ; xj‘s denotes sown area, labour
days and capital (nonlabour inputs), respectively; time 7" denotes a neutral technological
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improvement; f#'s are the coefficients to be estimated; u,, is the technical inefficiency term,
and the technical efficiency is defined as exp( —u,); v, is error terms, where v;~ N (0,0?)
. Based on the fit of the model, the specification developed by Battese and Coelli (1995)
is used to estimate wheat production, while the specification developed by Battese and
Coelli (1992) is used to estimate production functions for the grain sector, rice and corn,
respectively.

In the light of function form (1), the approximation of TFP can be written as:

INTFP, & (By + B,T +0.58, T +v,) + Y. Bl T —u )
J

Taking a partial derivative of the form (2) with respect to time ¢, the rate of TFP growth is
derived as follows:

ov; ou;
AInTFP, = < B, + B, T+ a—t’> + 2 Bjlnx;, — a—t” 3)
J

where, in the right side of the form (3), the first term is the growth rate of neutral technical change;
the second term is the growth rate of technical biases, and a combination of the two is the rate of
technical change; the third term is the growth rate of technical efficiency.’

4.2 | The fixed effects model for determinants of TFP growth

As the policy reforms affected the comparative profitability in grain production, they had
an impact both on the usage and allocation of production inputs and on the adoption of
new technologies and the management practices in the production (Huang & Rozelle, 1996;
Lin, 1992; McMillan et al., 1989). While the policy reforms within an unaltered institutional
framework can influence both technological progress and technical efficiency change, they
would have a larger impact on technological progress than on technical efficiency change
relative to the effect of an institutional innovation on TFP change (e.g. HRS in the late
1970s).

Our strategy for determining the impact of policy reforms on TFP growth is to compare
the rates of TFP growth among selected periods. Assuming that technology differs among
selected periods, the fixed effects model for determinants of TFP growth is thus specified as
follows (Baldoni & Estposti, 2020; Chen et al., 2008):

InTFP,, = by + b, T + 6,R_dis;, + 6,R_irr;, + 0, + ¢;, “4)

where TFP,, denotes total factor productivity for the grain sector and its major grain crops during
selected periods; time 7'is year variable; R_dis,, denotes the ratio of land disaster-affected to total
cropland that is used to represent weather conditions and R_irr, denotes the ratio of land irrigated
effectively to total cropland that is used to characterise conditions of agricultural infrastructure
(Gong, 2018); ¢, indicates provincial fixed effects; b's and &'s are the coefficients to be estimated,
g,,1s an error term. The b is the estimated average annual rate of TFP growth during a selected

>TFP change can be decomposed into technical change, technical efficiency change, a scale effect and an input price allocative
effect if the assumptions of constant returns to scale and competitive markets are relaxed (Kumbhakar, 2000). Our results indicate
that the grain sector is still characterized by constant returns to scale, and thus TFP growth of the grain sector and major grain
crops can be thought of no contributions from scale effects. The allocative effects are also ignored in this study due to the lack of
complete price data.
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period that accounts for the effects on productivity of time-variant and time-invariant variables,
and hence it can be used to reflect the effects of policy reforms on productivity growth.

5 | RESULTS
5.1 | Results on regressions of stochastic frontier production model

Since farmers' decision on input usage relies on information influencing production profit
margins, an individual input or all inputs in the function is/are possible to correlate with
errors or inefficiency terms, resulting in biased estimates of coefficients and/or inefficiency
(Ackerberg et al., 2015). A two-stage procedure recommended by Amsler et al. (2016) is thus
applied to deal with the potential endogeneity problem. In the first stage, the fixed effects
models for input demand are regressed to derive the estimates of residuals. In the second stage,
the estimated residuals are then incorporated into the production function as an exogenous
variable. The maximum likelihood estimator is used to estimate production functions for
the grain sector, rice, wheat and corn, respectively, and the standard errors of estimated
coefficients are adjusted for intraprovince clustering. A series of hypothesis tests show that
the translog stochastic frontier production function accounting for the endogeneity problem
can produce consistent coefficient estimates. Detailed information on estimation procedure,
coefficient estimates and relevant tests is given in Appendix S1.

5.2 | Changes in total factor productivity, technical change and
technical efficiency

The average annual growth rates of TFP, TC and TE in the grain sector are presented in
Table 3. The TFP across all provinces and years grew at an average annual rate of 1.42%, with
mean annual estimates ranging from 0.35% (Guizhou) to 2.66% (Heilongjiang). The average
annual growth rate of TC across all provinces and years was 1.47%, with mean annual estimates
ranging from 0.42% (Guizhou) to 2.71% (Heilongjiang). The TE declined by 0.05% per year, on
average, across all provinces and years. The technical inefficient item u,, in the specification
developed by Battese and Coelli (1992) is specified as u;, = {exp[ — n(¢ — T)]}u;. The estimated
coefficient 7 is —0.0022 and statistically indistinguishable from zero (see Table S1), indicating
that technical efficiency did not change significantly. Thus, the productivity growth in the
grain sector was totally driven by technical improvements over the period 1980-2018.

The Chinese government has classified 13 provinces as major grain-producing provinces
(hereafter major provinces) according to their respective weights in the national grain output
since 1980s. These provinces include Hebei, Inner Mongolia, Liaoning, Jilin, Heilongjiang,
Jiangsu, Anhui, Jiangxi, Shandong, Henan, Hubei, Hunan and Sichuan. Because the policy
reforms are more relevant to major provinces than they are for the other provinces (hereafter
nonmajor provinces), it is of interest to see how the performance of major provinces differs
from that of nonmajor provinces. According to the TFP growth rates by province in Table 3,
the average annual rate of TFP growth was 1.76% for major provinces (top 13 provinces), while
it was 1.02% for nonmajor provinces (bottom 11 provinces). Thus, the productivity in the major
provinces grew more rapidly than in the nonmajor provinces over the past four decades.

As compared with the results on agricultural TFP and TC growth rates from previous stud-
ies (e.g. Chen et al., 2008; Gautam & Yu, 2015; Gong, 2018; Wang et al., 2013), the average an-
nual growth rates of TFP and TC in the grain sector from this study are lower than those for
general agriculture. The technical efficiency estimated in our study is consistent with the find-
ing on agricultural technical efficiency from Gautam and Yu (2015). Over the past 40years,
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TABLE 3 Average annual total factor productivity change and average annual changes in its components for
grain sector by province, 1980-2018 (%)

Province TFP TC TE Province TFP TC TE
Hebei 2.017 2.077 —0.059 Shanxi 1.702 1.760 —0.058
Inner Mongolia 2.280 2.345 —0.065 Zhejiang 1.284 1.322 —0.038
Liaoning 1.587 1.624 —-0.036 Fujian 0.414 0.472 —0.058
Jilin 1.520 1.562 —-0.042 Guangdong 0.659 0.744 —0.085
Heilongjiang 2.656 2.710 —0.054 Guangxi 0.706 0.794 —0.088
Jiangsu 1.932 1.960 -0.028 Guizhou 0.345 0.421 —-0.076
Anhui 1.873 1.932 —0.058 Yunnan 0.511 0.547 -0.036
Jiangxi 1.170 1.240 —-0.070 Shaanxi 1.410 1.473 —-0.063
Shandong 2.068 2.213 —0.055 Gansu 0.979 1.023 —0.044
Henan 2.333 2.218 —-0.012 Ningxia 0.872 0.899 —-0.027
Hubei 1.693 1.748 —0.055 Xinjiang 2.333 2.373 —0.040
Hunan 1.208 1.269 —0.061

Sichuan 0.601 0.653 —-0.052 Average 1.423 1.474 —-0.053

Note: All growth rates are In growth rates. The top 13 provinces in the table are major grain-producing provinces.

the output and technical change in animal husbandry, fishery and horticulture that includes
vegetables, fruits and flowers have grown substantially. Consistent with these observations,
the growth rates of output and productivity in the traditional grain sector are thus expected to
be lower than those for the agricultural sector in general.

The growth rates of TFP, TC and TE for major grain crops included in this study are re-
ported in Table 4. During 1980-2018, the average annual growth rates of TFP, TC and TE
across all provinces and years were 0.33%, 0.72% and —0.38%, respectively, for rice; 1.69%,
1.66% and 0.04%, respectively, for wheat; and 1.3%, 1.5% and —0.25%, respectively, for corn.
Thus, the TFP growth of these crops is almost all attributable to technical improvements;
technical efficiency change has a weakly positive impetus function in wheat productivity
growth while playing a retarding role in the productivity growth of rice and corn. Specifically,
except for Hebei and Shandong which are not major rice-producing provinces, where the av-
erage annual TFP growth rates for rice are larger than 1%, the TFP growth rates for rice in
other provinces are all under 1%. In contrast to rice, except for Sichuan, Yunnan, Gansu and
Ningxia, the average annual TFP growth rates of wheat in the other 11 provinces are all above
1%, and those in more than one-third of the provinces included are larger than 2%. Situated
between rice and wheat, the average annual TFP growth rates of corn are larger than 1% for
a majority of the provinces included. Therefore, among individual crops and during 1980—
2018, the rate of TFP growth was the highest for wheat, the second highest for corn and the
lowest for rice.

The growth rates of TFP and its components reflect the changes in planting structure of the
grain sector. Over the past 40years, the share of the sown area allocated to Japonica rice in
the north and that to the single-cropping Indica and Japonica rice in the south have increased;
while the area under corn production has expanded considerably in the major corn-producing
region (northeast) as well as in the southwest and northwest regions. Relative to the role played
by variety innovation in raising wheat yield and productivity, variety innovation has a weaker
effect in raising rice yield and productivity because no rice variety innovation comes out as
hybrid rice, and super rice has been widely applied in China (Li, 2010). Corn acreage has ex-
panded mostly through reclaiming land or squeezing out other crops, which tends to lower the
corn production possibilities frontier and consequently productivity. Thus, the slow growth in
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FIGURE 1 Total factor productivity indexes for grain production in China with 1980 as a base year, 1980-2018

technical change for rice could be to be correlated with the change in structure of rice variety
planted and the lag in breed renewal, whereas the slow growth in technical change for corn
could be attributed to a fall in the production possibilities frontier stemming from rapid acre-
age expansion.

Except for the slow growth in technical change, the fall in technical efficiency in rice and
corn production has led to a further slowing down of their respective TFP growth rates.
Technical efficiency measures the province's performance in exploiting existing technical pos-
sibilities, and hence the fall in technical efficiency is interpreted as failing to adapt to changing
technological possibilities (Chambers & Pieralli, 2020). Since technological progress continues
to grow over time, the fall in technical efficiency suggests that the technical efficiency change
lags behind the frontier shift (Mugera et al., 2016). The heterogeneity in adopting new technol-
ogy and slowdown in diffusion of agricultural innovation across provinces might be responsi-
ble for the slow change in technical efficiency relative to technical progress.

The trajectory of TFP growth, in terms of TFP index (TFPI) with 1980 as a base year, is
illustrated in Figure 1. Wheat TFP index is always above grain TFPI, whereas rice and corn
TFPIs are below grain TFPI except for those during the period 1988—1998 when the TFPIs
basically overlapped. Except for wheat TFPI in 2018 that declined dramatically, due to the
cold weather in spring season and the continuous rainy weather in harvest season in northern
China, the trend of wheat and corn TFPIs is consistent with that of grain TFPI. However,
rice productivity went from a slow uptrend in the early stages to a horizontal trend in the late
stages. The slow growth in rice and corn productivity, particularly rice productivity, thus hin-
dered productivity growth in the grain sector as a whole.

The ratio of TFP growth rate over output growth rate can be used to understand the sources
driving output growth (Plastina & Lence, 2018). As shown in Tables 2—4, the average annual
growth rates of output for grains as an aggregate commodity, rice, wheat and corn are 1.69%,
1.01%, 1.89% and 3.82%, respectively; the corresponding TFP growth rates are 1.42%, 0.33%,
1.69% and 1.3%, respectively. Accordingly, grain output and wheat production benefit more
from TFP growth, whereas growth in the usage of inputs drives growth in rice and corn pro-
duction. It can thus be seen that an effective way to raise the rate of TFP growth in the grain
sector is to raise the rates of TFP growth for rice and corn.
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5.3 | Total factor productivity changes across selected periods

The estimated rates of TFP growth across periods are reported in Table 5. Several observa-
tions can be made from the TFP change estimates for the grain sector. First, the rates of TFP
growth estimated with and without incorporation of ratios of land disaster-affected and land
irrigated differ across all periods, although some considerably and others marginally (columns
(1) and (2)). The results are consistent with economic expectations that both weather and infra-
structure conditions are important determinants in the productivity growth. Second, the rates
of TFP growth during 1980-2003 were relatively lower and variable, whereas they were com-
paratively higher and stable during 2004-2018 (column (2)). The results suggest that the rates
of TFP growth are strongly associated with the changes in policy because the policies changed
more frequently for 1980-2003 than for 20042018 (see Table 1). Third, the first period (1980—
1984) witnessed the fastest productivity growth since the late 1970s, corroborating the finding
that institutional innovation and a raise in procurement prices in the early 1980s significantly
boosted agricultural productivity (Lin, 1992; McMillan et al., 1989).

The incentive-led policy covers the policies implemented in the second period (1985-1988),
the third period (1989-1993), the sixth period (2004-2015) and the seventh period (2016-2018).
As shown in Tables 1 and 5, fluctuations of TFP growth in the grain sector are associated
with changes in comparative profitability in grain production during these periods. The TFP
growth rate in the second period has been the lowest over the past 40years, which is com-
patible with the agricultural TFP growth rates reported by previous studies (e.g. Lin, 1992;
Wen, 1993). The TFP growth rate in the seventh period was 1.04% with the significance level of
11.13%, which is the second lowest of the four periods. While the rate is not much lower if it is
compared with rates during 1985-2003, it is much lower relative to that during 2004-2015. The
policy reforms in the two periods all aimed at decreasing support in grain production to reduce
the state's financial burden. The fall in grain procurement prices relative to prices of produc-
tion materials and services and of nongrain crops led to a fall in the comparative profitability
in grain production. While the slowdown in TFP growth for 1985-1988 was possibly related
to the fall in comparative profitability in grain production and the reduced public investment
in agricultural research and development since the late 1970s (Colby et al., 2000), it might be
largely due to the fall in comparative profitability in grain production over 2016-2018.

The average annual rate of TFP growth in the third period was 1.49%, which is appreciably
higher than the output growth rate (0.83%). The result is consistent with the agricultural TFP
growth rates from Brummer et al. (2006), Chen et al. (2008), Gong (2018) and Wang et al. (2013).
There still existed a degree of intervention in grain production in that the mandatory quota
had to be fulfilled during this period. However, as the market prices rose and the state controls
were loosened during this period, farmers took advantage of the higher prices to sell their sur-
plus grains. The higher comparative profitability in grain production thus promoted technical
progress and productivity growth during this period.

The TFP in the sixth period grew at an annual rate of 1.78%, which is the second highest
rate across all periods. The result is compatible with the agricultural TFP growth rate from
Gong (2018) in that the majority of output growth can be explained by TFP growth in both
studies. The high output growth rate can be attributed to the ‘appropriate policies, farmers'
hard-work, and favorable weather conditions’ explained by a vice minister of the Ministry of
Agriculture in response to a reporter's question (China News Service: https:/www.chiannews.
com/gn/2011/09-29/3362520.shtml). The ‘appropriate policies and farmers' hard-work’ are also
the sources technological progress and productivity growth during this period.

The intervention-led policy refers to the group of policies introduced in the fourth period
(1994-1998), in the setting where food security became a major concern as agricultural re-
sources (particularly land) had been moved to nonagricultural sectors along with rapid eco-
nomic growth. The average annual rate of TFP growth in this period was 0.76%, which is
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considerably lower than the output growth rate (2.39%). A raise in grain procurement prices at
the beginning of this period was in response to high market prices, whereas an introduction of
the price protection policy in the later part of this period was in response to low market prices.
Thus, the comparative profitability in grain production in this period was not necessarily high
(Table 1). Since the government also initiated a series of administrative measures to promote
the expansion of crop acreage and usage of other inputs, the administrative measures together
with favourable weather conditions played a more important role in grain production. The
higher growth rate in output than in productivity during this period thus suggests an extensive
pattern of output growth where the contribution of input growth outweighs that of technical
growth (Gong, 2018).

The market-oriented policy is the group of policies introduced in the fifth period (1999-2003),
in the setting where handling the problem of oversupply and excess stocks of grains became the
policy priority. The average annual rate of TFP growth in this period was insignificant at 0.63%,
which is in striking contrast to the output growth rate (=3.77%). While the price protection pol-
icy was still implemented in this period, it was a ‘discount’ policy in the context of low market
prices because the state-owned grain-purchasing enterprises purchased grains at low prices in
disguise. As the purchase and sale markets were first opened in the grain-deficit provinces and
then in most parts of China, farmers basically organised their agricultural activities in accor-
dance with market prices. A large reduction in grain sown area thus led to the negative growth
of grain output. Quality-poor plots probably accounted for the reduced grain acreage; the farm-
ers who chose to reduce grain acreage are likely to be less productive. As a consequence, the
production possibilities frontier and subsequently the productivity were raised accordingly.

The difference in the rates of TFP growth between major and nonmajor provinces further
confirms the findings for the periods 1994-1998 and 1999-2003. The expansion for 1994-1998
and the shrink for 1999-2003 in crop acreage were more intense for major than for nonmajor
provinces. As a result, the possibilities frontier and productivity for major provinces were low-
ered more in the period 1994-1998, whereas they were raised more in the period 1999-2003,
relative to those for nonmajor provinces (columns (3) and (4)).

The TFP change estimates by province across periods are derived using Equation (4) by
replacing both b and b, T with ), b, (D*T') (where D denotes dummy variables for 24 provinces
included). As illustrated in Figure 2, the TFP change estimates by provinces support the find-
ings above. Specifically, the incentive-led policy during the periods 1985-1988 and 20162018
was associated with lower rates of TFP growth (panels a and f), whereas it was correlated with
higher rates of TFP growth for the periods 1989-1993 and 20042015 (panels b and e). There are
eight provinces with negative rate and five provinces with a rate below 0.5% in the intervention-
led policy period (1994-1998). Similarly, there are seven provinces with negative rate and three
provinces with a rate below 0.5% in the market-oriented policy period (1999-2003).

The TFP change estimates for major grain crops are also consistent with the findings for
the grain sector as a whole (columns (6)—(8) in Table 5). For the periods 1980-1984, 1985-1988,
1989-1993 and 2004-2015, the rates of TFP growth for rice, wheat and corn were consistent
with those for the grain sector. During 1994-1998, the rates for rice and wheat were positive
while the rate for corn was negative; during 1999-2003, the rate for wheat was positive, whereas
the rates for rice and corn were negative; during 20162018, the rate for corn was positive, but
the rates for rice and wheat were negative. The negative TFP changes of individual crops thus
hindered the TFP growth in the grain sector during these periods.

Does the impact of policy reforms on TFP growth differ between major and nonmajor
provinces? Although the TFP change estimates for 1980-1984, 1985-1988, 1994-1998, 1999
2003 and 2016-2018 differed in magnitude, they were not statistically significant at the con-
ventional level (column (5)). The only two periods during which TFP growth rates differed
significantly between the two groups of provinces are 1989-1993 and 2004-2015. Specifically,
the rates of TFP growth were significantly larger for major than for nonmajor provinces in the
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FIGURE 2 Average annual total factor productivity change for grain sector by province during selected
periods, 1985-2018 (%)

two periods, suggesting that the incentive-led policy that raised the comparative profitability
in grain production fostered TFP growth more for major than for nonmajor provinces.

In sum, policy reforms led to periodic fluctuations not only in output growth but also in
productivity growth in the grain sector over the past 40 years. Specifically, the intervention-led
policy that resulted in a substantial rise in output did not promote productivity growth; the
basically laissez-faire market-oriented policy in the setting of low market prices that led to a
dramatic fall in output did not hinder productivity growth; and the incentive-led polices in a
market-oriented environment that raised the comparative profitability in grain production
fostered growth in output and productivity, whereas those that lowered the comparative prof-
itability in grain production hindered growth in output and productivity.

6 | CONCLUDING REMARKS

This study analyses changes in TFP of grains as an aggregate commodity and major grain
crops, including rice, wheat and corn, by examining the growth rates of TFP and its components
as well as the impact of policy reforms on productivity growth, using pooled provincial and
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time-series data from 1980 to 2018 for China. Our results show that the growth in TFP in the
grain sector was totally driven by technical improvements and that the grain output and wheat
production benefited more from the TFP growth, whereas the growth in the usage of inputs
drove the growth in rice and corn production.

Our results also show that the policy reforms led to periodic fluctuations not only in output
growth but also in productivity growth in the grain sector. Specifically, the intervention-led
policy that resulted in a substantial rise in output did not promote productivity growth; the
laissez-faire market-oriented policy in the setting of low market prices that led to a dramatic
fall in output did not hinder productivity growth; the incentive-led policy in a market-oriented
environment that raised the comparative profitability in grain production fostered growth in
both output and productivity.

The stage of China's economic development passed the ‘Lewis turning point’ (i.e. labour sup-
plies are no longer unlimited; Cai et al., 2008; Lewis, 1954). At this stage, as labour transferred
continuously to nonagricultural sectors, the comparative advantage shifts away from agricul-
ture. The only way to ensure sustainable growth in the agricultural sector at this stage is to raise
agricultural productivity (Ranis & Fei, 1961). Our study suggests that the incentive-led policy
in a market-oriented environment, which is able to raise the comparative profitability in grain
production, can facilitate growth in both output and productivity in the grain production sector.
An appropriate support is thus necessary to stimulate farmers' incentive in growing grain crops.

China is a large country with a large number of part-time small-scale farmers. As a source
of motivation to engage in agricultural activities, profit-maximisation is suitable for large-
scale farmers or subsistence peasants, but it cannot be fully applied to China's farmers who are
largely income-maximisation pursuers. While a low-level support does not work on farmers'
incentive in grain production, high levels of support can lead to a heavy state financial burden.
This is the fundamental reason for the frequent changes in agricultural policies over the past
40years. The way out of this dilemma should focus on reforming the rural land system and the
household registration system to realise large-scale operation in agriculture.
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