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ABSTRACT: The “industry nurturing agriculture” reforms and World Trade Organization accession led to
dramatic growth in public expenditure and international trade in China’s agricultural sector. This article
aims to estimate the effects of public expenditure and trade on agricultural productivity in China for
2004–2015. A semi-parametric production function with shape constraints is introduced to derive more
accurate productivity before the productivity determinants are analyzed with an emphasis on public
expenditure and trade. The empirical result shows that public expenditure and exports can effectively
improve agricultural productivity, while imports have no significant effects. Policy implications are dis-
cussed in the context of supply-side reforms.
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Rapid growth in agriculture has taken place in China due to the fundamental reforms that began to be
implemented in 1978. The past four decades are divided into six reform periods by Zhang and
Brümmer (2011) and Gong (2018a). The first period (1978–1984) is the transition from the collective
system to a household-based farming system (He 2015; Lin 1992), and the success that was achieved
in agricultural growth has been confirmed by many scholars (e.g., Mcmillan, Whalley, and Zhu (1989),
and Wen (1993)). However, growth slowed in the second period (1985–1989) due to the rising
production costs, as well as the hesitation between market economy and planned economy
(Brümmer, Glauben, and Lu 2006). Momentum was gained in both the third period (1990–1993)
and fourth period (1994–1998) when the government further reformed the marketing and tax systems.
The fifth period (1998-2003) integrated further rural development with the overall economic reforms.
Overall, the rural reforms achieved tremendous success in the first five periods with a growth rate in
agricultural output at 13% per year over the period of 1978–2003, compared with an average 5%
growth in the socialist period (1949–1977).

However, faster growth in the urban areas is absorbing agricultural resources, which has prevented
the further growth of the agricultural sector. The growth rate in the four major agricultural inputs,
including labor, land, fertilizer, and machinery, were −1.2%, 0.4%, 2.4%, and 5.3%, respectively, in
the 2000s, compared with 0.3%, 0.6%, 5.7%, and 5.7%, respectively, in the 1990s. More attention has
been paid to the sustainable development of the agricultural sector in the sixth period (2004–present)
as the government has highlighted the rural reforms in its No. 1 annual document every year since
2004. Although some policies have been implemented to maintain agricultural inputs, such as a central
land policy that was stipulated to preserve at least 1.8 billion mu (120.6 million hectares) of arable
land (Chien 2015), many more efforts have been made to improve agricultural productivity since it is

Address correspondence to Binlei Gong, Department of Agricultural Economics and Management, School of
Public Affairs, China Academy for Rural Development (CARD), Zhejiang University, Room 1203 Qizhen
Building, 866 Yuhangtang Road, Hangzhou 310058, Zhejiang, China. E-mail: gongbinlei@zju.edu.cn

Emerging Markets Finance & Trade, 54:3438–3453, 2018
Copyright © Taylor & Francis Group, LLC
ISSN: 1540-496X print/1558-0938 online
DOI: https://doi.org/10.1080/1540496X.2018.1437542

http://orcid.org/0000-0002-0615-9341
mailto:gongbinlei@zju.edu.cn
https://crossmark.crossref.org/dialog/?doi=10.1080/1540496X.2018.1437542&domain=pdf&date_stamp=2018-08-28


www.manaraa.com

fundamental for stimulating growth and raising the level of competitiveness under the input constraints
and in the context of supply-side reforms.

On the one hand, the government began a nationwide push to abolish agricultural taxes and
increase public expenditure in the agricultural sector, which is an important part of the “industry
nurturing agriculture” reforms. On the other hand, China’s World Trade Organization (WTO)
accession brought about a reduction in protection policies (Luo, Zhang, and Zhu 2016), which
directly led to dramatic growth in the international trade of agricultural products. Both public
expenditure and trade are likely to raise agricultural productivity, as public expenditure promotes
technological progress and trade reduces resource misallocation (Topalova and Khandelwal 2011).
In Figure 1, the Gross Value of Agricultural Output (GVAO), on average, still achieved double-
digit growth for 2004–2015 regardless of the flat growth in all four of the inputs, which implies
that there was significant growth in productivity. Public expenditure and trade, as mentioned in
Liu and Xin (2011), experienced rapid growth over the same period, which is highly correlated
with the growth in production. Therefore, it is worth studying whether or not public expenditure
and trade helped to maintain the growth in China’s agricultural sector, especially after the Chinese
government initiated the supply-side reforms that aimed to construct a more productive and
competitive primary industry.

Causal impacts from public expenditure and trade on total factor productivity (TFP) have been
documented in previous works (Alcalá and Ciccone 2004; Chanda and Dalgaard 2008; Fan and Duan
2011). The present article takes this a step further to explore the effects of public expenditure and trade
on China’s agricultural productivity in 2004–2015 using a two-step method. In the first step, the
production function and TFP are more accurately estimated by a semiparametric production frontier
model under shape constraints. In the second step, this article predicts the impact of public expenditure
and trade on the derived productivity using the OLS and the IV method. The total international trade is
further decomposed to capture the varying effects of exports and imports.

Figure 1. Growth rate of agricultural output, trade, finance, and inputs for 2005–2015.

IMPACT OF EXPENDITURE AND TRADE ON AGRICULTURE 3439



www.manaraa.com

This article provides two central contributions: (1) the improved semi-parametric production model
with monotonicity and concavity restrictions combines the advantages of the two competing and
conventional productivity methods to estimate productivity more accurately, and (2) to my knowledge,
this is the first study to address the effects of public expenditure as well as exports and imports on
China’s agricultural TFP that focuses on the recent reform period after the WTO accession and the
financial crisis.

The empirical results show that (1) it is necessary to relax the rigid assumption of the production
function and utilize the new semiparametric model under shape constraints, as the classic para-
metric method overestimates the effects of labor, land, and fertilizer but underestimates the effect of
machinery; (2) both trade and public expenditure have positive effects on productivity, but the
endogeneity problem biases the impact of trade downward and the impact of public expenditure
upward, which is corrected by the IV approach; (3) exports can significantly improve productivity,
but imports have no effect when international trade is further decomposed; (4) the forestry segment
is slightly more productive than farming, animal husbandry, and fisheries; and (5) diversification in
these four segments can decrease productivity, which is in favor of specialization in agricultural
production.

Model

Production Function Under Shape Constraints

Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) are two of the most widely
used methods in Productivity and Efficiency Analysis. SFA has a stochastic term to control the
unpredicted error, but requires an assumption of the production’s functional form, which may fail to
capture the true input–output relationship. DEA does not need such a prior assumption, but has no
stochastic term to control the unpredicted error.

Some scholars (i.e., Fan, Li, and Weersink (1996)) try to build a bridge between the two by
developing nonparametric SFA. However, flexible parameterizations may lose fidelity to economic
theory and lead to implausible predictions. Using simulation methods, Henderson and Parmeter (2009)
find that nonparametric estimation can avoid monotonicity and concavity when the true data-generat-
ing process is monotonic and concave. This dilemma is tackled by semiparametric method, subject to
some restrictions suggested by economic theory. The stochastic semiparametric frontier approach
allows for noise and does not impose a priori assumption on the functional form, but most importantly,
it still follows economic theory.

The stochastic semiparametric frontier approach under shape constraints is based on the conven-
tional stochastic frontier model. Stochastic frontier production function model equals the deterministic
frontier production function plus a symmetric random error variable, which is independently and
simultaneously proposed by Aigner, Lovell, and Schmidt (1977) and Meeusen and Van Den Broeck
(1977) in the form

ln Yi ¼ xi
0β þ νi � ui; i ¼ 1; . . . ;N ;

where Yi is the output of firm i, xi is the vector of inputs typically in logarithms, νi accounts for
measurement errors and other sources of non-systematic statistic noise, and ui is a nonnegative random
variable representing technical inefficiency (the distance to the frontier).

The stochastic frontier literature of the early 1980s mainly consists of analyses for cross-sectional
data. νi is usually assumed to follow a normal distribution that is independent of each ui, while ui is
assumed to follow a variety of distributions including half-normal distribution (Aigner, Lovell, and
Schmidt 1977), normal truncated distribution (Stevenson 1980), and gamma distribution (Greene
1990). Given the panel data, Schmidt and Sickles (1984) proposed the panel stochastic frontier
model in the form
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ln Yit ¼ αþ xit
0β þ νit � ui ¼ αi þ xit

0β þ νit; i ¼ 1; . . . ;N ; t ¼ 1; . . . ; T :

Then, fixed effects or random effects methods can be used to estimate αi under different conditions.
Other estimators can be found in Cornwell, Schmidt, and Sickles (1990), Kumbhakar (1990), Battese
and Coelli (1992), Lee and Schmidt (1993), Kneip, Sickles, and Song (2003), and Sickles (2005).
More detailed introduction and comparison of these estimator can be found in Gong and Sickles
(2016) and Gong (2018b). All of these methods have a rigid functional form assumption of the
parametric production function.

In economic theory, production functions are monotone increasing and concave with respect to
inputs (Diewert and Wales 1987). The property of monotonicity guarantees that firms can always
produce more with more inputs. Also, the property of concavity guarantees decreasing marginal
products when input grows. Imposing constraints in nonparametric and semi-parametric estimations
has been discussed for more than half a century. In the past, scholars developed estimators to satisfy a
particular constraint. For example, a concave constrained estimator is established in Hildreth (1954)
and a monotonically restricted estimator is established in Brunk (1955). In the 1980s, a series of
spline- and series-based functions are designed to impose economic constraints, including concavity in
Dierckx (1980) and monotonicity in Ramsay (1988). New methods to handle general constraints were
then developed using either a series-based estimator in Yatchew and Bos (1997) or a spline-based
estimator in Beresteanu (2004). Moreover, the Matzkin approach can impose monotonicity and
concavity in more general settings (Matzkin 1991, 1992, 1993). Other restricted methods include
the rearrangement approach in Dette, Neumeyer, and Pilz (2006), the data-sharpening approach in
Choi and Hall (1999), and the constraint-weighted bootstrapping approach in Hall and Huang (2001).
Henderson and Parmeter (2009) survey these aforementioned methods and discuss their implementa-
tion. In recent years, semi-parametric models under shape constraints, including monotonicity and
concavity, have been further developed in Pya and Wood (2015) and Wu and Sickles (2017).

This article employs the newly developed semi-parametric function � �ð Þ with monotonicity and
concavity restrictions in Wu and Sickles (2017):

� xð Þ ¼ �
x

0
exp �

s

0
�g h wð Þð Þdw

� �
ds

As proposed by Ramsay (1998), the positive exponential functional embedded in the integral trans-
formation guarantees a nonnegative first derivative � 0 xð Þ ¼ exp �ð Þ � 0 and hence achieves global
monotonicity. On the other hand, we assume that g xð Þ ¼ x2 in the second integral assures the second

derivative � 00 xð Þ ¼ � 0 xð Þ ¼ �g h wð Þð Þ½ � � 0 since � 0 xð Þ � 0 and g h wð Þð Þ ¼ h wð Þ½ �2 � 0, which
obtains concavity for � xð Þ. These two transformations change a constrained problem into an uncon-
strained one. Finally, only the function h wð Þ; w 2 0; 1½ � needs to be modeled. This study opts to use
the spline method to model h wð Þ nonparametrically. Specifically, the truncated power series splines are

ϕ xð Þ ¼ 1; x; . . . ; x p; x� k1ð Þpþ; . . . ; x� kMð Þpþ
� �T

where 0<k1 < . . .< kM < 1 are a series of knots of the spline basis functions, xð Þþ ¼ max x; 0ð Þ, and p is
a positive integer. Then h xð Þ ¼ cTϕ xð Þ where c vectors the coefficients with a compatible dimension.

This function � xð Þ is then introduced to build a new semiparametric stochastic frontier production
under shape constraints in the form

Yit ¼ A �
YM
k¼1

�k X k
it

� �" #
� exp τZð Þ � exp vitð Þ � exp �uitð Þ (1)

where A ¼ exp αð Þ is the intercept. �k X k
it

� �
is a monotone increasing and concave function of the kth

input. Z is a vector that contains a group of year dummy variables and shifts the production frontier
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over time with corresponding coefficients τ. exp νitð Þ is the stochastic component that describes
random shocks affecting the production process, where νit is assumed to be normally distributed
with a mean of zero and a standard deviation of σν, and TEit ¼ exp �uitð Þ denotes the technical
efficiency, defined as the ratio of observed output to maximum feasible output. TEit ¼ 1 or uit ¼ 0
shows that the ith individual allocates at the production frontier and obtains the maximum feasible
output at time t, while TEit < 1 or uit > 0 provides a measure of the shortfall of the observed output
from the maximum feasible output. This study uses the popular “Error Components Frontier”
(Battese and Coelli 1992).

This study improves the production function employed in Wu and Sickles (2017) by using the

product of each input’s effect (
QM
k¼1

�k X k
it

� �
), rather than the summation of them (

PM
k¼1

�k X k
it

� �
) for the

following reasons: (1) the products of positive monotone increasing and concave functions are still
monotone increasing and functions for each input; (2) the multiplication (instead of the summation)
allows for positive (rather than zero) cross-productivity effects. Many studies (Nicholson and Snyder
2011; Thompson 2011) point out that positive cross-productivity effects are the most prevalent case.
Take labor and capital as an example, where the positive cross-productivity effects reflect that workers
would have higher marginal productivity if they had more capital. If summation is adopted, the effects
of different inputs are additive and independent, which ignores the joint effects; (3) when the multi-
plication form is employed, a linear production function analogous to previous models can easily be
derived by taking a log of production function. As a result, the advantages of the logarithmic output
described in Henningsen and Kumbhakar (2009) can be seen.

The logarithm of equation Eq. (1) becomes

log Yitð Þ ¼ αþ
XM
k¼1

log �k X k
it

� �� �þ τZ þ vit � uit (2)

where

�k X k
it

� � ¼ �
X k
it

0
exp �

s

0
� cTk ϕ wð Þ� �2

dw

� �
ds:

Here cTk in �k X k
it

� �
for all k are the flexible tools for curve fitting and need to be estimated. The

TFP can then be derived sequentially. The semiparametric production frontier under shape con-
straints in Eq. (2) is denoted as “Shape-constrained Frontier.” For comparison, this article names
the conventional parametric Cobb–Douglas production frontier “Cobb–Douglas Frontier” in Eq.
(3)

log Yitð Þ ¼ αþ
XM
k¼1

βk log X k
it

� �þ τZ þ vit � uit (3)

In practice, the semi-parametric model in Eq. (2) can be solved by a two-step method proposed by Fan,
Li, and Weersink (1996), which is a classic approach to deal with semi-parametric frontier analysis.
Suppose a stochastic frontier model has the form

y ¼ f xð Þ þ � ¼ f xð Þ þ μþ v� u

where f xð Þ is a semi- or nonparametric production function. u and v are the same as in a parametric
stochastic model, representing the nonnegative technical inefficiency term and disturbance, respec-
tively. μ is a constant that guarantees the expected value of � equals zero. Therefore, � ¼ μþ v� u is a
new disturbance term with a zero mean.
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This article implements the two-step method as follows: in the first step, the semi-parametric
regression under shape constraints y ¼ f xð Þ þ � is run to retrieve the residuals �̂; in the second step,
the residual is decomposed as �̂ ¼ μþ v� u using the popular “Error Components Frontier” (Battese
and Coelli 1992), where �̂ is the dependent variable and a constant is the only independent variable. A
similar method has been used in many empirical studies that adopt semi-parametric frontier models.
For example, Henningsen and Kumbhakar (2009) use this approach in their applied study on Polish
farms, and Gong (2018c) uses this approach in his work on the global oil field market.

Effects of Public Expenditure and Trade on Productivity

Represented by Romer (1986) and Lucas (1988), the growth theory states that the international
economic interflow and domestic investment in technology and infrastructure are the major drivers
of economic growth. Hansson and Henrekson (1994) suggest using productivity growth rather than
GDP growth as the proxy of economic growth to estimate the effect of public expenditure since some
of the expenditure is part of measured GDP, which implies that GDP may grow merely because the
expenditure grows. This applies to international trade as well.

In terms of the public expenditure, Hansson and Henrekson (1994) review earlier studies about the
effects of public expenditure on productivity, and these provide mixed results. On the one hand,
arguments indicating positive effects include that (1) public expenditure rectifies the effects of
externalities and the natural monopolies that may impede productivity growth; (2) public expenditure
can partly reduce social inequality, thus fostering growth; and (3) an expansion of the public
expenditure results in a higher utilization rate, which has a beneficial impact on productivity according
to Verdoorn’s Law. On the other hand, arguments pointing toward a negative impact include (1)
interest groups strive to benefit from public expenditure, which may worsen the voerall functioning of
the market economy; (2) public expenditure may crowd out private investment and thus becomes an
impediment to growth; and (3) the potential profits from rent-seeking behaviors may lead to growth-
retarding side effects. Using data for 14 OECD countries from 1970 to 1987, Hansson and Henrekson
(1994) find evidence of both positive and negative effects on productivity as a result of public
expenditure on productivity. Related studies concerning public expenditure can be found in Baciu
and Botezat (2014), Apergis (2015), and Lei et al. (2017).

In terms of the agricultural sector in China, many scholars (Dong 1996; Nee and Sijin 1990) raise
the argument that public expenditure in agriculture can help Chinese farmers more easily access credit,
obtain economies of scale, disperse risk, gain fertilizer and other modern inputs, and organize
infrastructural construction activities. Dong (2000) finds that public expenditure boosted Chinese
agricultural production and the existence of underinvestment in public projects, especially in the
poorer areas in the 1980s and 1990s. Public expenditure in agriculture, as sponsored by the Chinese
government, has increased dramatically in recent years in the spirit of “industry nurturing agriculture”
reforms. Therefore, it is important to estimate the current effect of public expenditure on productivity.

In terms of the international trade, new trade theory believes international trade is a major factor for
promoting technological progress. Grossman and Helpman (1993) reason that international trade
provides opportunities to improve productivity through two channels. Imports can bring commodities
that cannot be generated domestically as well as the information needed to produce them. Exports can
receive suggestions and recommendations from foreign buyers, and the exporters have the incentive to
learn advanced technology and management experience from other countries to become more pro-
ductive and competitive in the global market. Aghion and Griffith (2008) believe international trade
may intensify competition and have an effect on the incentive to innovate, which consequentially
increases productivity. To summarize, theoretical and empirical studies (e.g., Frankel and Romer
(1999), Bensidoun, Lemoine, and Ünal (2009)) have analyzed the positive role that trade plays in
economic growth.

Many scholars (Alcalá and Ciccone 2004; Chanda and Dalgaard 2008; Frankel and Romer 1999;
Marelli and Signorelli 2011) utilize the sum of exports and imports as proxy of trade and openness,
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and they find that international trade is an important element behind successful development. Hassine
and Kandil (2009) have found positive effects of total agricultural trade on agricultural productivity for
14 Mediterranean countries over the period of 1990–2005.

However, some scholars separately estimate the effects of exports and imports due to the afore-
mentioned various impact channels of the two in new trade theory. Some development literature treats
exports as a growth deriver due to the positive productivity spillover effects from the tradable to the
non-tradable sector and the creation of more competitive investments (Edwards 1993). For example,
Miller and Upadhyay (2000) find a significant and robust positive effect of exports-measured openness
on TFP using panel data for 83 countries from 1960 to 1989. Some endogenous growth studies,
however, have shifted the attention from exports to imports (Baldwin and Forslid 2000; Rivera-Batiz
and Romer 1991; Romer 1990). For example, Barro and Sala-i-Martin (1995) believe that imports
make it possible for local producers to choose from a wider variety of capital goods and hence increase
their productivity and efficiency.

The various and controversial effects of exports and imports are also observed by some empirical
studies that focus specifically on China. Li, Lu, and Zhu (2008) estimate China’s manufacturing
productivity for 1998–2003 and find that imports can significantly increase productivity, while exports
have no significant effect. However, Marelli and Signorelli (2011) believe that exports play a more
important role than imports do in China’s economic development. Therefore, the true effect of trade
(exports and/or imports) on agricultural productivity remains unclear, but there are more important
policy implications after the WTO accession.

Some scholars study a variety of agricultural productivity determinants in China, especially from
the perspective of institutional reforms, trade, and public expenditure. Besides the impact of rural
reforms, most of these scholars believe the rapid growth in China’s agricultural productivity also
benefits from international trade and public expenditure (Shi and Zhao 2009; Wang, Song, and Han
2010).

The previous subsection estimates the production function. The TFP in logarithms can be derived
from TFPit ¼ log αþ τZ � uitð Þ. Econometrically, this article explores the effects of public expenditure
and trade on provincial-level agricultural productivity using Eq. (4).

TFPit ¼ αþ β1Tradeit þ β2Financeit þþβ3Tradeit
�Financeit þ

X4
j¼2

δjratioj þ β4Hit þ β5Wit þ γI þ ε (4)

where TFPit is the agricultural TFP in logarithms for the ith province at time t. Tradeit is the sum of
agricultural imports and exports in logarithms. Financeit is the public expenditure in agriculture sector
in logarithms. In order to check the potential linkage between international trade and public expen-
diture, this article introduces an interaction term Finance* Trade in the TFP determination equation.
ratio1, ratio2, ratio3, and ratio4 are the output value shares of the four agricultural segments, including
farming, forestry, animal husbandry, and fisheries, respectively. Hit measures agricultural output

diversification for the ith province at time t by means of a Herfindahl index Hit ¼
P4
j¼1

ratio2j over the

four segments. Wit is the agricultural land area affected by natural disasters (primarily flooding and
droughts), in logarithms, which may explain declines in output and productivity (Brümmer, Glauben,
and Lu 2006; Lambert and Parker 1998). I is a vector of province dummy variables.

The reverse causation issue may bias the estimated effect of trade on productivity. Instruments are
usually used to overcome the potential endogeneity problem when trade is served as a productivity
determinant. Chanda and Dalgaard (2008) adopt population size and land area as instruments for trade,
while Madsen (2009) treats per capita agricultural production, per capita arable land, and population
density as potential instruments. Marelli and Signorelli (2011) utilize value added share of the
corresponding industry in GDP and lagged value of GDP per capita to instrument trade. Inspired by
Madsen (2009) and Marelli and Signorelli (2011), this article chooses per capita agricultural
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production and value added share of agriculture in GDP as the two instruments and uses the Two-
Stage Least Square method to deal with the endogeneity problems.

Another potential problem is whether to combine or disaggregate exports and imports to proxy
trade and openness. In Eq. (4), we follow Chanda and Dalgaard (2008) and Marelli and Signorelli
(2011) to use the sum of exports and imports (i.e., total international trade). However, some afore-
mentioned studies use either exports alone (Miller and Upadhyay 2000) or imports alone (Madsen
2009) to measure openness. Moreover, other scholars (Li, Lu, and Zhu 2008; Marelli and Signorelli
2011) find different effects of exports and imports on productivity. Therefore, this article also
decomposes trade to exports and imports and estimates their separate effects on productivity. More
specifically, two independent variables, including Exportit (agricultural exports in logarithms) and
Importit (agricultural imports in logarithms), are added to Eq. (4) to replace Financeit. Moreover, the
Two-Stage Least Square method is also utilized in order to correct the potential endogeneity problem
of imports and exports.

Data

The data utilized are provincial-level agricultural outputs and inputs of 31 provinces in mainland
China over the period of 2004–2015. This article follows the traditional literature (e.g., Kalirajan,
Obwona, and Zhao (1996), Chen (2006), Zhou and Zhang (2013), Liu et al. (2015), and Gong
(2018a)) in selecting inputs and outputs for the production function. The deflated GVAO is used as
the output variable, which is the sum of the total value of production from farming, forestry, animal
husbandry, and fisheries (in billion CNY at 1980 constant prices). Inputs in the data set include four
categories: labor, land, fertilizer, and machinery. Labor is measured as the size of the labor force (in
millions) in farming, forestry, animal husbandry, and fisheries. Land refers to the sown area (in million
hectares) reflecting the actual utilization of the cultivated land. Fertilizer is measured by the sum of the
gross weight of nitrogen, phosphate, potash, and complex fertilizers (in million tons). Machinery refers
to the total power of agricultural machinery (in million kilowatts), which includes the total mechanical
power of machinery used in the primary industry.

The output value share of the four segments in agriculture (i.e., ratioj) can be calculated, as the
respective values of production from farming, forestry, animal husbandry, and fisheries are available.
The agricultural output diversification (Hit) can be calculated accordingly. The agricultural land area
affected by natural disasters (Wit) is also collected. In terms of public expenditure in agriculture
(Financeit), this article collects the government’s expenditure on agriculture, forestry, and water affairs.
In order to estimate the effect of public investment stocks, rather than flows, on agricultural produc-
tivity, this article adopts the unified perpetual inventory method to convert investment flows to stocks,
which is widely used in productivity analysis (Berlemann and Wesselhöft 2014; Gong 2016, 2017).
The Appendix introduces the definition of government’s expenditure and explains the data-generating
process of public agricultural expenditure stocks.

Most of the aforementioned data are from China Statistical Yearbook. Some data are supplemented
(e.g., the labor statistics in 2013–2015) and adjusted (e.g., data of Chongqing and Hainan) using the
China Compendium of Statistics 1949–2008 and the provincial-level statistical yearbooks. The
agricultural imports and exports data for 2004–2015 are available on the website of the Ministry of
Commerce of the People’s Republic of China. Finally, province-level population and GDP data were
also collected from China Statistical Yearbook to derive both instruments (per capita agricultural
production and value added share of agriculture in GDP) that are needed to deal with the endogeneity
problem.

Table 1 summarizes provincial-level outputs, four inputs, and four potential productivity determi-
nants in China’s agricultural sector 2004 and 2015. The average deflated GVAO tripled from 30.8
billion CNY (at 1980 constant prices) in 2004 to 48.3 billion CNY (at 1980 constant prices) in 2015,
showing a real growth rate of 4.2% per year. In the labor market, the average size of the labor force in
the primary industry decreased by around 1.3% per year, from 10.1 million in 2004 to 8.7 million in
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2015. The sown land area slightly increased from 4.9 million hectares in 2004 to 5.4 million hectares
in 2015, demonstrating a 0.7% annual growth. The amount of chemical fertilizer used rose 2.4%
annually, from 1.5 million tons in 2004 to 1.9 million tons in 2015. The total power of agricultural
machinery in 2015 was almost double what it was in 2004, and this is the fastest growing input with an
annual growth rate above 5%. The public expenditure stock was 12-fold, from 21.5 billion in 2004 to
253.6 billion in 2015. International trade increased 9.6% per year, from 13.6 billion in 2004 to 37.4
billion in 2015, which shows growth rate that is at a similar speed to GVAO. The growth rates for
agricultural exports and imports are 7.8% and 10.8%, and these rates enlarged the trade deficit from
1.4 billion in 2004 to 9.2 billion in 2015.

Results

Production Function and TFP

The Shape-constrained Frontier approach cannot estimate coefficients of the production function that are
directly comparable with those in the Cobb–Douglas Frontier approach. For each of the four inputs,
Figure 2 visualizes their impact on output derived from the Shape-constrained Frontier algorithm, which
is comparable to the input elasticities estimated from the Cobb–Douglas Frontier method.

The effects of labor, land, and fertilizer estimated in the Shape-constrained Frontier algorithm are
more concave than those in the Cobb–Douglas Frontier, while the impact of machinery estimated in
the Shape-constrained Frontier is less concave than the one in the Cobb–Douglas Frontier. The results
show that the classic parametric production function that most existing studies utilized not only
overestimates the effects of labor, land, and fertilizer but also underestimates the effect of machinery
on China’s agricultural production. The production functions estimated from the two methods are
significantly different and hence imply that the Cobb–Douglas assumption is not fully valid. The
adoption of this rigid assumption of the functional form fails to capture the true input–output
relationship in China’s agricultural sector, which may lead to a biased estimation of the production
frontier as well as TFP. As a result, the impacts of trade and public expenditure on productivity are
likely to be inaccurately estimated in the second-step regression unless the Shape-constrained Frontier
method is utilized.

China’s agricultural TFP as well as its growth rate are given in Figure 3. Significant growth above
5% in productivity was witnessed in 2005, followed by a slowdown for the next 3 years. The

Table 1. Summary statistics.

Category Variable Unit

2004 2015 Annual
Growth Rate

(%)Mean S.D. Min Max Mean S.D. Min Max

Output GVAO Billion CNY at
1980
prices

30.8 23.4 1.7 90.9 48.3 34.0 2.1 134 4.2

Inputs Labor Million 10.1 8.0 0.6 32.4 8.7 6.5 0.5 25.9 −1.3
Land Million

hectares
4.9 3.5 0.2 13.8 5.4 3.8 0.2 14.4 0.7

Fertilizer Million tons 1.5 1.2 0.04 4.9 1.9 1.5 0.06 7.2 2.4
Machinery Million

kilowatts
20.7 22.0 1.1 87.5 36.0 33.0 1.2 134 5.2

Productivity
Determinants

Finance Billion CNY 21.5 11.0 2.2 42.2 254 112 73.4 505 25.2
Trade Billion CNY 13.6 20.8 0.04 82.7 37.4 50.3 0.1 195 9.6
Export billion CNY 6.1 9.8 0.04 46.2 14.1 20.6 0.1 95.4 7.8
Import Billion CNY 7.5 12.7 0 49.3 23.3 34.1 0.01 111 10.8
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productivity increased by more than 6% in 2009 but soon lost the momentum in the following two
years. However, a consecutive 3-year high-speed growth of around 5% per year occurred during the
period of 2012–2014. In 2015, the growth rate dropped to 2%. To summarize, there are obvious
cyclical fluctuations in productivity growth. The growth rates in recent years are higher and more
stable, but the next slowdown may come soon.

Productivity Determinants

The most important question this article seeks to answer is concerning the current impact of public
expenditure and trade on agricultural TFP in China. This article discusses the benefits of analyzing the
effects of public expenditure and international trade together, rather than through the “separate”
models, as is often used in literature. Table 2 reports the estimated results of the productivity
determination equation in Eq. (4). In columns (2)–(6) where trade variables are included, the Two-
Stage Least Square method is applied to deal with the endogeneity problems. The first two columns of
Table 2 give the estimation results of the “separate” models, where public expenditure and interna-
tional trade are separately included in the equation. Compared with the combined model in column (3),
“separate” models overestimate the effect of the two variables. This article concludes that the
combined model outperforms the “separate” models for two reasons: (1) the coefficients of both
public expenditure and international trade are significant in the combined model; and (2) the adjusted
R2 of the combined model is higher than the two “separate” models.

Table 2 also checks the potential linkage between public expenditure and international trade. The level
of openness may affect the impact of public expenditure, while the level of public expenditure may

Figure 2. Effects of inputs on output in various methods.
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change the effect of international trade. In order to test such a potential linkage, this article introduces the
interaction term Finance* Trade in the TFP determination equation, the result of which is reported in
column (4) of Table 2. The result shows that the coefficient of Finance* Trade is statistically insignificant
and the adjusted R2 decreased when adding this interaction term. Hence, there is no linkage or spillover
effect between public expenditure and international trade. Furthermore, the fifth column of Table 2 reports
the estimation result when international trade is divided into exports and imports. The result shows that
exports can significantly enhance TFP, while imports have no significant influence. This article also
introduces the interaction terms Finance*Export and Finance*Import to see if linkages exist between
public expenditure and exports or imports. Column (6) of Table 2 confirms the findings from column (4),
indicating that there is no linkage between public expenditure and international trade, as the coefficients of
the interaction terms are insignificant and the adjusted R2 declined.

Using column (5) to summarize, the estimation result interprets that (1) a 1% increase in agricul-
tural exports can raise agricultural productivity by 0.037%, (2) agricultural imports do not significantly
affect agricultural productivity, and (3) a 1% increase in public expenditure in agriculture can raise
agricultural productivity by 0.066%. In terms of other productivity components, the estimation result
in column (5) shows that (1) the productivity is the highest in the fisheries segment, followed by the
farming and forestry segments, whereas animal husbandry is the least productive; (2) diversification in
the four segments can increase productivity in agricultural production; and (3) an increase in natural
disasters can decrease agricultural productivity.

Conclusion and Policy Implications

This article built a two-step approach to estimate the impacts of public expenditure and trade on
agricultural productivity in China. A semiparametic stochastic frontier model under shape constraints
is introduced to derive province-level TFP and is followed by a productivity determination equation to
estimate how trade and public expenditure, as well as other variables, affected agricultural productivity
during the period of 2004–2015.

The empirical results show that (1) it is necessary to relax the rigid functional form of the production
function to achieve accurate production function and productivity in China’s agricultural sector, (2) a
significant increase in agricultural productivity has been witnessed in the past decade, (3) both public
expenditure and exports in agriculture can significantly increase productivity, and (4) agricultural imports
have no significant impact on productivity. These results lead to three policy implications.

First, the effects of WTO accession and international trade are mixed. On the one hand, more
exports of agricultural commodities help to improve agricultural productivity, which confirms the

Figure 3. China’s agricultural total factor productivity and its growth rate in 2004–2015.
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positive effect from competition and the advice brought by foreign competitors and buyers. On the
other hand, agricultural imports fail to increase productivity, which could have been achieved as a
result of better resource allocation and the absorption of advanced technology, as suggested in theory.
Therefore, the government should encourage and support more agricultural exports. In terms of
imports, the government can help local producers absorb information and techniques that are
embedded in the imported goods. Furthermore, more attention should be paid to the rapidly growing
trade deficit in agriculture, especially before the imports can be taken advantage of. Under the current
circumstances, massive import expansion is not a wise choice.

Second, the positive effect of public expenditure provides evidence of the success of the “industry
nurturing agriculture” reforms. Significant growth in agricultural productivity is observed to be due to
the increase in government spending. Public expenditure does play an important and effective role in
technical progress and the optimization of resource allocation in the context of supply-side reforms.
Moreover, the provinces with lower productivity may need more support from the central government.
Based on our estimation result, increasing public expenditure in less developed areas can improve
agricultural productivity, which is an important method for speeding up the poverty alleviation
process.

Third, this article finds that productivity is the highest in fisheries, followed by farming and forestry
segments, while animal husbandry is the least productive segment. Therefore, coastal provinces and
other provinces with abundant water resources can expand their fisheries segment to further improve
their productivity. Moreover, more public expenditure and private R&D funding should be invested in
the animal husbandry segment, enabling it to catch up with other segments.

Although public expenditure and international trade are the keys to productivity growth (Lucas 1988;
Romer 1986), foreign investments and domestic trade may also affect productivity. Future studies can
include Foreign Direct Investment and cross-regional trade in the productivity determination equation.
Moreover, the shocks fromWTO accession and the financial crisis can be utilized to identify the effects of
finance and trade if any trade data are available before 2001. Finally, the accuracy of the analysis can be
further improved if city-level or county-level data are accessible as well.
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Appendix: Public Expenditure and Perpetual Inventory Method

This article uses “government’s expenditure on agriculture, forestry, and water affairs” as the public
expenditure flows data. According to the Ministry of Finance of the People’s Republic of China, this
expenditure includes agricultural expenditure, forestry expenditure, water conservancy expenditure,
expenditure of the south-to-north water transfer, poverty alleviation expenditure, agricultural compre-
hensive development expenditure, and other agricultural and forestry water affairs expenditures. In
2010, these seven categories accounted for 55.7%, 7.3%, 15.1%, 17.2%, 1.1%, 2.6%, and 1.0%,
respectively. The expenditures finance the production activities, update the rural infrastructure,
improve service provision, boost technical and marketing expertise, and enhance education and health
care, all of which have positive effects on production (Dong 2000).

The perpetual inventory method (PIM) is the most widely employed approach to convert invest-
ment from flows data to stocks data in many statistical offices (Gong 2016, 2017). In the spirit of De
La Fuente and Doménech (2006), Berlemann and Wesselhöft (2014) combine three PIMs into a
unified approach in order to prevent the drawbacks of the various methods. The PIM interprets
investment stock as an inventory of investment flows. The aggregate stock falls at the depreciation
rate per period. Therefore, the stock of public expenditure in period t is a weight sum of the history of

the public expenditure flows: Financet ¼
P1
i¼0

1� δð Þi � It� iþ1ð Þ, where Finance is the stock in public

expenditure, I is the annual flows in public expenditure, and δ is the depreciation rate.
This article collects annual flows in public expenditure from 1978 to 2015. Since the expenditure in

1978 is very small, we assume zero public expenditure before 1978. This assumption has a negligible
effect on public expenditure stock estimation, as public expenditures before 1978, if not equal to zero,
are close to zero following more than two decades of depreciation. Moreover, this article adopts a
depreciation rate of 5.6% in Chen (2014) to estimate expenditure stocks Financet.
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