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a b s t r a c t
A panel dataset of 29 provinces in China is used to analyze the productivity growth in China's
agricultural sector over the period 1990–2003. We compute the output-oriented Malmquist
productivity indexes and their decomposition using a sequential data envelopment analysis
approach. The results indicate that the major source of productivity growth is technical
progress and that the regional disparities in productivity growth worsen over time. The second
stage regression results show that the main determinants of technical progress are agricultural
tax cut, public investment in R&D and infrastructure, as well as mechanization while market
reform, education and disaster mitigations are associated with efﬁciency improvement. The
deterioration in scale efﬁciency, however, suggests a transition problem in relation to
mechanization and highlights the importance of structural adjustment facilitations.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction
Since the implementation of China's economic reform in 1979, Chinese agricultural productivity has become a popular topic among
researchers (McMillan, Whalley, & Zhu, 1989; Fan, 1991; Lin, 1992; Wen, 1993; Kalirajan, Obwnona, & Zhao, 1996; Mao & Koo, 1997; Xu,
1999; Wu, Walker, Devadoss, & Lu, 2001; Fan & Zhang, 2002; Mead, 2003; Fan, Zhang, & Zhang, 2004). The measurement of Chinese
agricultural productivity is important in two major respects. First, the reform in 1979 gave China a chance to change the basis of its rural
economic institution from the commune system to the household responsibility system (HRS), which was referred to as the individual
household-based farming system. It was a dramatic institutional change. After the rural reforms were implemented over the 1979–
1984 period, Chinese agriculture as a whole grew at a rate of 7.7% per annum over the period from 1952–1978 (Lin, 1992), this was a
remarkable achievement. Thus, many economists were interested in engaging in comparative studies to evaluate the impact of this
institutional reform on Chinese agricultural productivity. Second, China has almost one-fourth of the global population with only 7% of
the world's arable land (Liu & Zhuang, 2000). The analysis of whether China has the ability to supply food efﬁciently is an important
issue that warrants careful research.
At the present time, as we review these two reasons again, the importance of the former has gradually disappeared since the
impact of the rural reforms has diminished in recent years. For example, Lin (1992) estimated that the implementation of the HRS
constituted about 47% of the agricultural output growth during 1978–1984. However, its contribution went down to 0% during the
1984–1987 period. Fan et al. (2004) further indicated that while the rural reforms had accounted for more than 60% of the total
growth of Chinese agricultural production over the 1978–1984 period, its impact on the growth of agricultural productivity was not
signiﬁcant during 1985–2000.
Nevertheless, the latter problem as to whether China's agricultural production is sustainable remains an issue of concern. On
the supply side, the annual growth rate of agricultural output decreased from 8% in 1991–1998 to 4.3% in 1998–2003. On the
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demand side, with the growing population and rapid economic development, China's demand for food is expected to increase
continuously (Zhu, 2004). It has been estimated that China's population will increase from 1.34 billion in 2005 to 1.38 billion in
2010, which reﬂects an increase of about 8 million people each year (Tian, 2004). Some of the agricultural production resources,
such as cultivated land, irrigated water and the rural agricultural labor force, are decreasing as the economy further develops (Mao,
2000; Tian, 2004). It can be seen that, between 1990 and 2003, China's rural labor force declined by 0.5% annually. The total
cultivated area also decreased from 1.95 billion acres in 1996 to 1.84 billion acres in 2004, and the average cultivated area per farm
was only 1.41 acres, which was less than one third of the world average (Tian, 2004).
Besides these trends, the marginal productivity of fertilizer, which was the input with the most important contribution to the
growth of output in the 1980s,1 appears to have been diminishing. On average, instead of producing 11.56 kg of crops as it did over
the period 1981–85, one more kilogram of fertilizer used could only produce an additional 2.03 kg of crops in 1991–95 (Mao, 2000).
It also goes without saying that, along with the rapid development of the industrial sector, the added stress on the environment
(e.g., air pollution, acid rain and irrigated water pollution) has signiﬁcantly threatened agricultural performance (Mao, 2000; Tian,
2004). Following China's accession to the WTO, the traditional yield-enhancing measures, such as price support and input
subsidies, have conﬂicted with the WTO's principles and will thus have to be abolished or signiﬁcantly curtailed (Zhu, 2004). As a
result, the trade status of agricultural commodities in China switched from a surplus to a deﬁcit in 2004, something that had not
happened since 1984 (Chen, 2005).
In general, there are two major factors that contribute to the growth of output, namely, input growth and the change in total
factor productivity (TFP). Faced with declining resources and the other problems mentioned above, it is apparent that the only way
for China to raise its agricultural output is to increase TFP. Therefore, it is very important to identify the factors that can promote its
agricultural productivity. The main purpose of this study is to measure Chinese agricultural TFP over the last decade using the
Malmquist index and to investigate the factors that might explain the shift in technology and relative efﬁciency. The data used in
this study consists of panel data for 29 provinces in mainland China over the period 1990–2003. The sequential data envelopment
analysis (sequential DEA) approach proposed by Tulkens and Eeckaut (1995) is also used to rule out the possibility of technical
regress.2 Then, the maximum likelihood estimation method is applied to identify the major determinants of TFP growth and its
components. To be speciﬁc, the role of government policies, investment in infrastructure, the degree of market liberalization, and
education in the process of TFP growth are investigated.
The remainder of the paper is organized as follows. The next section brieﬂy describes the methodology used to measure
efﬁciency and productivity under sequential technology. Section 3 describes the dataset, and Section 4 measures TFP growth using
the Malmquist (MALM) index approach. Regression results on the major determinants are presented in Section 5 followed by
concluding remarks in the ﬁnal section.
2. Malmquist index and sequential technologies
The MALM index has gained considerable popularity in the measurement of TFP since Färe, Grosskopf, Norris, and Zhang (1994)
applied the data envelopment analysis (DEA) approach calculating the distance functions that make up the MALM index. The
reason for the index's increasing popularity is that it relies exclusively on quantity information, requiring neither price information
nor a behavioral assumption in its construction.3 Most importantly, it allows for the further decomposition of TFP growth into
changes in efﬁciency and changes in technology. This decomposition can help us measure the sources of changes in productivity
and is important for facilitating a multilateral comparison that may help explain and characterize the differences and similarities in
growth patterns for different regions (Chang & Luh, 2000). Furthermore, from the policy point of view, it is important to know
whether technological progress has stagnated over time or whether the given technology has been used in such a way as to realize
its full potential (Kalirajan et al., 1996). Because technical advances and efﬁciency changes constitute as different sources of TFP
growth, different policies may be required to address them.
While there have been many studies that have analyzed Chinese agricultural TFP growth, we have not yet found any study
which has identiﬁed its components and at the same time quantiﬁed the major determinants of TFP growth. For example,
McMillan et al. (1989), Wen (1993), Wu (1995), Kalirajan et al. (1996), Mao and Koo (1997),4 Xu (1999), Wu et al. (2001), Fan and

1
Lin (1992) showed that, out of all the production inputs, chemical fertilizer was the most important source of growth, and alone contributed 32.20% and
53.71% of output growth during 1978–1984 and 1984–1987, respectively.
2
Technical regress means that the production frontier shifts inward overtime. The traditional DEA allows the frontier to shift freely because the frontier in each
period envelops the observations from this period only. The sequential DEA assumes that in each time period all previous technologies are feasible and the
frontiers in each period envelop all observations up to this period which eliminates the possibility of technical regress. Note that sequential DEA does not exclude
the possibilities of deteriorations in efﬁciency. Declining efﬁciency would mean that the observations move further away from the frontier overtime.
3
In contrast to the parametric approach, the calculation of the MALM index, using the nonparametric linear-programming approach, does not require the costminimizing and revenue-maximizing behavioral assumptions in its construction. This advantage is important in terms of measuring Chinese agricultural
productivity. As Dai (2004) indicated, although the degree of marketization in the case of Chinese agricultural products has already greatly increased, the inputs
used in Chinese agriculture, especially land, are still controlled by the state. Therefore, it is inappropriate to assume that China's agricultural production coincides
with cost-minimizing or proﬁt-maximizing behavior. Furthermore, Wang, Wailes, and Cramer (1996) found that the conventional assumption of proﬁt
maximization based on market price was inappropriate for Chinese agriculture.
4
Mao and Koo (1997) applied the same nonparametric method as we use here and their article is the only one that uses the Malmquist index to calculate Chinese
agricultural TFP. However, they made a mistake in the speciﬁcation of the input and output variables. According to economic theory, value-added is only produced by
primary inputs and the contribution of intermediate inputs should be subtracted from the gross value of total output. While Mao and Koo (1997) used real value-added as
the output variable, they incorrectly specify one of the intermediate inputs, namely, fertilizer, as an input. Consequently, their results could be biased.

