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Abstract: In an attempt to alleviate water scarcity, the government of China has introduced a
water plan for the year 2030. Based on a dynamic computable general equilibrium model, this
paper investigates how conservation of irrigation water, grain production, and the welfare of rural
households will be affected by planned reductions to the irrigation water subsidy between 2018
and 2030. Four policy instruments, namely quantitative control (QC), quantitative control with a
subsidy reduction (QC-SR), price control (PC), and price control with a subsidy reduction (PC-SR) are
employed in the model. Most existing research has found that reducing the irrigation subsidy will
lead to significant negative impacts to the agricultural economy, and especially to rural households.
These predicted negative impacts are a barrier to agricultural water policy pricing reform. However,
the results of this research show that a provincial subsidy reduction to 1% between 2018 and 2030
will have an insignificant impact on agricultural production as well as rural household incomes and
welfare, despite the subsidy rate currently accounting for more than 90% of the total irrigation value
at the macro level in most provinces. Furthermore, PC will create a demand for irrigation water,
which is predicted to rise to more than five times the agricultural water planning level currently set
for 2030, and PC-SR will not achieve the agricultural water planning goal.

Keywords: quantity and price controls; water-saving policy; agricultural water use; agricultural
production; rural households; dynamic CGE model; China

1. Introduction

Water scarcity is one of the greatest environmental challenges facing the world today and, in
many places, reliable water services can no longer be guaranteed. According to the World Economic
Forum, by 2030, global water demand will outstrip supply by 40% [1]. In September 2016, the Member
States of the United Nations adopted the 2030 agenda for Sustainable Development with 17 Sustainable
Development Goals (SDGs). SDG 6 sought to “ensure availability and sustainable management
of water and sanitation for all”. One of the targets within SDG 6 is addressing water scarcity by
ensuring sustainable withdrawals and supply of freshwater by 2030 [2]. Moreover, the United Nations
General Assembly has declared 2018-2028 the International Water Action Decade, where efforts will be
accelerated to focus on “the sustainable development and integrated management of water resources
for the achievement of social, economic, and environmental objectives” [3]. Globally, agriculture
accounts for 60% to 90% of fresh water consumption [4] and, due to population growth and changing
dietary habits, agricultural demands for water are increasing. The FAO estimates that, by 2050, 60%
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more food will need to be produced to satisfy a growing global population, which will require greater
quantities of water for irrigation [4]. This increased demand for irrigation water will coincide with
increased incidence of climate change induced drought, which further exacerbates water scarcity [5].

Despite being home to 20% of the world’s population, China contains only 7% of global freshwater
resources and 80% of this water is concentrated in the south of the country [6]. Across China,
agriculture accounts for more than 60% of total water use. With increasing water demand from
rapidly growing industries and urban populations, water scarcity is already a major stress factor
in agricultural production [7,8]. Improving water resource management is a long-term goal of the
Chinese government. According to Yong [9], this requires a holistic approach that incorporates
institution-building, market-based approaches and capacity-building. Efforts to alleviate water
scarcity are divided between supply enhancement and demand management [4]. The former requires
technological advancement, while the latter, which is the subject of this paper, is achieved through
both quantitative control (QC) and price control (PC).

A large body of scholarly literature provides the theoretical basis and practical evidence to support
these water demand management methods. An example of quantitative control is the imposition of
water quotas, as a mechanism to curtail water demand. The quota method, however, lacks flexibility to
respond to changing circumstances, such as those experienced by farmers. Price control is an economic
tool used to promote efficient water use and conservation. This market model received international
approval at the UN’s 1992 conference on Water and Sustainable Development [10]. It can benefit
agricultural production through lower pricing of irrigation water. However, research suggests that this
is a primary cause of excessive water use [11].

In the long term, quantitative control follows annual quantitative planning. In the short term,
price control protects farmers’ incentives to ensure food security against sudden shock, such as drought
or price fluctuation, and to improve the welfare of rural households. It should be noted that food
security and the welfare of rural households have been central to China’s agricultural and rural policies.
Despite the limitations of implementing both quantitative control and price control, research suggests
that reducing irrigation subsidies and improving water-saving technologies lead to more significant
water conservation progress in agricultural production, especially when implementing the policy
agenda of price control [11–13]. The government of China has proposed long-term water planning
until 2030. Both primary water policies and water pricing reform need to be clarified for this period in
order to figure out possible pathways to achieve the combined targets of water conservation, food
security, and the welfare of rural households. Therefore, as proposed in this research, the critical
question for policy-makers is the reconciliation of the process of water pricing reform with water
planning until 2030.

Assuming quantitative control and price control as basic policy instruments, this research sought
to answer two questions. First, if QC and PC are supported by a water-saving policy that reduces, and
eventually eliminates, the irrigation subsidy by 2030, will agricultural output, rural household welfare,
and grain consumption be negatively impacted? Second, if price control continues to be applied, with
or without a heavy irrigation subsidy, can water use targets still be achieved by 2030?

To answer these questions, a recursive dynamic computable general equilibrium (CGE) model was
used. The CGE model is a reputable method widely used to analyze socioeconomic policies, such as
water pricing policy [14,15], bio-fuel expansion [16,17], tariff reduction, and fiscal decentralization [18].
The next section of this paper provides context to water pricing reform, and suggests that reducing the
irrigation subsidy is a necessary step that should be incorporated into the long-term reform process.
Section 3 constructs a dynamic CGE model for policy analysis and Section 4 discusses simulation results
derived from the different policy scenarios. Sections 5 and 6 present conclusions and recommendations
arising from the results of this research.
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2. Context to Water Pricing Reform

Water policy implementation must take into consideration the context of ongoing water pricing
reform, which may significantly influence the effects of changing water policy. In China’s agricultural
sector, quantitative control has commonly been used to alleviate water shortages. In 2011, the State
Council issued the "National Agricultural Water-Savings Program, 2012–2020," which is an agricultural
water use plan for all of China. The objective of the plan was threefold: (1) increase the area of irrigated
land to one billion mu (1 ha = 15 mu), (2) stabilize agricultural water use by improving the irrigation
coefficient(ratio of the net amount of water absorbed by crops to total amount of water supplied from
irrigation canal), to above 0.55, and (3) increase the area of cultivated land using water-saving technology
to five billion mu, or over 50% of the cultivated area [19]. In 2012, the “National Comprehensive Plan
for Water Resources (NCPWR)” was released, as the guiding principle for water planning at national
and provincial levels until 2030. The main objective of NCPWR is to construct the “Most Stringent
Water Management System (MSWMS) ", by applying quantitative planning to total water use across 31
administrative provinces. The aim is to achieve demand and supply balance by 2030 by relying on a
series of comprehensive policies that include economic instruments, administrative interventions, and
technological progress. The objective is to limit national water use to below 670 billion m3 by 2020, and
to below 700 billion m3 by 2030 [20].

Within this overall context, competitive pricing mechanisms have been accorded high priority
by the Chinese government in addressing water scarcity [9,21–24]. It is widely accepted that if
water users pay the marginal costs of water supply, significant advances can be made toward
increasing water-management efficiency [25]. However, irrigation water prices in China are already
heavily subsidized and prices paid by farmers are insufficient to recover water supply costs [26,27].
Under current subsidy conditions, farmers have no incentive to save water by improving irrigation
efficiency [28,29]. Mamitimin et al., in research conducted with 128 Chinese farmers, found that,
under conditions of increased water price, more than half of all interviewees would not support policy
decisions that would lead to improved water use efficiency or improved crop production [30]. Given
these drawbacks to the current subsidy system, reform to China’s irrigation water pricing system
should first reduce and, ultimately, eliminate the subsidy, which sets the price for farmers at the
full-cost recovery level [24,31]. Unfortunately, a reduction in irrigation subsidies could inevitably lead
to changes in the agricultural economy. Crop production and market supply could decline [32–34], as
farmer’s incentives to conserve water, which are significantly dependent on water demand elasticity,
would change [30,35,36]. Decreased agricultural output may negatively affect rural household income
and welfare [22,32]. In short, food security, fear of higher water prices, and the welfare of rural
households are three factors conspiring against reducing the subsidy and increasing the price of
water [37–39].

Starting in 2001, the government has issued a series of laws and regulations related to water
price reform as the policy basis for water price accounting and water fee collection. However, as the
policy intention was to reduce the burden on consumers, the approved water price has remained
far below cost, which resulted in serious economic losses to district irrigation management units. In
2008, the government launched a pilot project for the comprehensive reform of agricultural water
pricing. The objective was to combine this reform with agricultural water management and farmland
water conservancy project management. In 2014, the government carried out comprehensive reform
pilot projects in 80 counties across the country, and, in 2016, the General Office of the State Council
issued a "Guide to Promote Comprehensive Pricing Reform of Agricultural Water", in which it was
indicated that agricultural water reform had entered a critical period of problem solving. Reform goals
should be realized across the country within 10 years. Until recently, however, few provinces had
implemented water pricing reform in order to bring about a gradual reduction in irrigation subsidies,
and many provinces have yet to adopt any reforms. Following the diffusion of advanced water-saving
technologies, some provinces have improved water conservation, while others are hampered by local
constraints such as insufficient investment, shortage of skilled workers, and inefficient management.
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Reform allows for the gradual reduction and eventual elimination of the irrigation subsidy and,
thus, should be considered a long-term process. Alongside a subsidy reduction, efforts to improve
water-saving technology should be a long-term goal of water-saving policy.

3. Method

To acquire a basic understanding of irrigation water pricing and management, the authors
conducted a field survey in rural areas of Jilin and Anhui provinces [14,26]. In the first stage of the
modeling process, 15 provinces were selected for an in-depth exploration of the effects of water-saving
policy on agricultural production and local rural households. The 15 provinces were Guangdong,
Jiangxi, Hainan, Yunnan, Guangxi, Anhui, Hubei, Chongqing, Sichuan, Henan, Jilin, Heilongjiang,
Hebei, Inner Mongolia, and Shandong (Figure 1). For the current decade, these 15 provinces cover most
of the agricultural areas across the entire Chinese mainland, and were chosen due to the significant
geographical and climate differences between southern and norther areas. In these 15 provinces, a total
cropland supply of 68%, agricultural water use of 56%, and rural labor supply of 66%, are exploited to
support 72% of the national grain output, 76% of oil seed output, 93% of sugarcane output, 67% of
vegetable output, and 63% of fruit output.
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Guangdong, Jiangxi, Hainan, Yunnan, Guangxi, Anhui, Hubei, Chongqing, and Sichuan are in
the south of the country (indicated by “S”), and Henan, Jilin, Heilongjiang, Hebei, Inner Mongolia,
and Shandong are in the north (indicated by “N”). Provinces in the north suffer from serious water
scarcity. For example, the values of per capita water resources in Henan, Hebei, and Shandong were
only 443, 185, and 226, respectively, in 2017, while the combined outputs of grain, oil seeds, vegetables,
and fruits for these three provinces accounted for approximately 10% of the national total. Guangxi is
a very important province for sugarcane production. This province is responsible for more than 60% of
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national output. Rural households in Yunnan, Guangxi, Sichuan, and Chongqing suffer from lower
income, while those in Guangxi, Yunnan, Jilin, and Anhui have lower consumption levels. The 15
provinces, therefore, are representative of the characteristics of agriculture in China. They highlight
the importance of agricultural production to China’s economy and food security, as well as the severe
problems caused by water shortages and/or the rising rural household incomes and consumption.
More information about these 15 provinces can be found in Appendix A (Tables A1–A3).

A quantitative impact assessment of provincial agricultural water planning was used to develop a
recursive dynamic CGE model framework of agricultural water and rural households. Both agricultural
water and rural households were subdivided into 15 provinces. This dynamic CGE model was adapted
from a static CGE model developed by Zhong et al. [40]. With the exception of the dynamic setting, all
equations from the original static CGE model were used. The primary purpose of a dynamic CGE model
is to make a prediction based on a given objective. There are a number of advantages for conducting a
water policy simulation using the dynamic CGE model. First, this model offers policymakers a stable
growth path as a reference, from which a prediction of all production and consumption changes can be
made. Second, the model relies on a solid economic foundation. Therefore, simulation results reflect
final choices and their interaction effects between all economic behaviors from both the perspectives of
supply and demand. Third, simulation results are derived from a dynamic equilibrium process, which
means all producers achieve profit maximization and all consumers achieve utility maximization, with
regard to changes in relative prices.

The flow chart, below, positions agricultural water policy in the dynamic CGE model from
the perspectives of product/factor and monetary flow, where QC and PC generate and transfer the
effects from the policy practices (Figure 2). Monetary flows that accompany product/factor flows in
reverse were used to depict the interactions and recycling processes between different agents (e.g.,
households, producers, and government) in the market-based economy. In the agricultural economy,
crop production accesses factor combination inputs to provide goods for final consumers, such as
government and rural households. In this research, agricultural water policy targeted irrigation
subsidies in the 15 provinces. The expected policy effects were generated within the factor combination,
and transferred into crop production to model change outputs, and then to simulate government and
rural household changes in income and consumption behaviors. This recycling process was repeated
multiple times for the given period. The differences created by QC and PC lead to different effects
depending on the agents. These differences are estimated to evaluate the performance of QC and PC.

The following section introduces the dynamic modeling and simulation design. All other settings,
including equations and parameters, are identical to the static model in Zhong et al. [40]. The dynamic
CGE model was created using General Algebraic Modeling software (GAMS) and GAMS codes and all
data fed into the model can be obtained from the corresponding author upon request.
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3.1. Dynamic Modeling

Changes to the recursive dynamic structure are reflected in a series of interconnected static
equilibriums, in which two categories need to be clarified: technological progress and the accumulation
of production factors. Sectoral irrigation water inputs with farming sector subsidies were derived from
the constant elasticity of substitution (CES) function, to present the relationship between irrigation
water inputs and cropland inputs, as shown in Equations (1) and (2).

LWRcro,prov = aLWRcro,prov ×

 γLWcro,prov ×WARcro,prov

σLWcro,prov−1
σLWcro,prov

+(1− γLWcro,prov) × LDcro,prov

σLWcro,prov−1
σLWcro,prov


σLWcro,prov

(σLWcro,prov−1)

(1)

PLWRcro,prov =

 γLWcro,prov ×
(
(1 + tswrcro,prov) × PWRprov

)(1−σLWcro,prov)

+(1− γLWcro,prov) × PLDprov
(1−σLWcro,prov)


1

(1−σLWcro,prov)

(2)

where the subscripts ’cro’ and ’prov’ are the sets of farming sectors and provinces, respectively.
LWRcro,prov is the integrated water-land input in the sector of the province, WARcro,prov and LDcro,prov are
the inputs of irrigation water and land in the sector and province, and PWRprov and PLDprov are their
prices, respectively. αLWcro,prov, γLWRcro,prov, and σLWcro,prov are the efficiency parameter, the share
parameters, and the substitution elasticity, respectively.

Provincial irrigation water input was set by following the Cobb-Douglas assumption, which
also describes the regional relationship between water prices. Irrigation water supply is fixed at the
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provincial level, so no trade exists between provinces. Because of this, trade in final goods responds to
changes in provincially differentiated water prices. As with land, total irrigation water supply is fixed,
irrigation water is state owned, and farmers pay to use.

In a dynamic model, sectoral capital stocks are initially fixed, and growth in production sectors is
driven by new investment for the development of capital stocks. A constant elasticity transformation
(CET) function was applied to display the allocation of a new investment across sectors. This allocation
was determined by total new investment in production sectors, the sectoral return of capital stock, and
the average return of total capital stock. The functions of investment accumulation and allocation are
shown below.

ITt =
∑
sec

Isec,t (3)

ARt =

∑
sec

PKsec,t ×Ksec,t∑
sec

Ksec,t
(4)

aINVsec =
INVZsec∑

sec
INVZsec

×

(
PKsec,t

ARt

)ρ
(5)

INVsec,t = aINVsec × ITt (6)

Ksec,t+1 = (1− deprisec,t) ×Ksec,t + INVsec,t (7)

where the subscript ’sec’ represents the set of all production sectors, ITt is the total new investment
available in period t, Isec,t is the sectoral capital formation generated in period t, INVsec,t is the new
sectoral investment, ARt is the average return of total capital stock, Ksec,t is the sectoral capital stock,
deprisec,t is the sectoral rate of capital depreciation, INVZsec is the initial investment received by
the production sector (sec), aINVsec is the share parameter of investment requirement, and ρ is the
substitution parameter of capital across sectors.

Moreover, dynamic process includes technological progress (represented by Total Factor
Productivity, TFP), and the supply growth of labor, cropland, and water.

bFsec,t+1 = bFsec,t × (1 + gtsec) (8)

LDSprov,t+1 = LDSprov,t × (1 + glanprov) (9)

LSFRprov,t+1 = LSFRprov,t × (1 + glab_argprov) (10)

LSERprov,t+1 = LSERprov,t × (1 + glab_nargprov) (11)

LSEUt+1 = LSEUt × (1 + glab_urb) (12)

IRWAGprov,t+1 = IRWAGprov,t × (1 + gwarprov) (13)

where bFsec,t is the efficiency of sectoral production sectors representing the TFP, LDSprov,t is the
provincial cropland supply and the sum of LDcro in each province, LSFRprov,t is the provincial supply
of rural labor to agricultural production sectors, LSERprov,t is the provincial supply of rural labor to
non-agricultural production sectors, LSEUt is the urban labor supply, IRWAGprov,t is the provincial
irrigation water supply, gtsec, glanprov, glab_argprov, glab_nargprov, glab_urbprov, and gwarprov are the
annual growth rates of technical progress, cropland supply, rural labor supply to agricultural and
non-agricultural production, urban labor supply, and irrigation water supply, respectively.

3.2. Data

Basic data consisted of two parts: (1) the social accounting matrix (SAM) as the dataset and the
benchmark of simulation in the original CGE model [40], and (2) the parameters set by the dynamic
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CGE model. The SAM and most of the parameters are taken from Zhong et al. [14,26,40]. Nine crops
were selected at the macro level (paddy, wheat, corn, potato, sorghum, vegetables, fruits, oil seeds, and
sugarcane, see Figure 3). In the dynamic CGE model, the farming sector is comprised of all of these
crops. Furthermore, cropland supply, irrigation water supply, and rural labor supply were divided
into 15 provinces (see Figures 4 and 5). It should be noted that, because approximately 90%–97% of
agricultural water is used for irrigation [41], agricultural water use and agricultural water price are
represented in the following analysis by the variables "irrigation water supply" and “irrigation water
price,” as defined in the CGE model.
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Figure 5. Historical changes in rural labor migration in the 15 provinces. Data source: National Dataset,
available at http://data.stats.gov.cn.

It was assumed that changes in overall technological progress and supplies of agricultural factors,
including land, labor, and water, would follow a stable pathway from 2015 to 2030. Therefore, based
on annual change rates extracted from historical data for technological progress, cropland supply,
labor supply, and agricultural water use, new parameters were used for the reemergence of stability
among previously dynamic processes (see Figures 2–4). These parameters are gtsec, glanprov, glab_argprov,
glab_nargprov, glab_urbprov, and gwarprov, as defined in Equations (8–13). In detail, gtsec is derived from
outputs per-unit area (kg/ha) between 1999 and 2014. glanprov is from cultivated areas between 1997
and 2012. glab_argprov, glab_nargprov, and glab_urbprov are from labor supply between 1997 and 2012 and
gwarprov is from agricultural water use between 1999 and 2014.

3.3. Scenarios

SAM data were collected from 2007. The dynamic simulation was divided into two periods: 1) the
benchmark period and 2) the policy period. The benchmark period, set between 2007 and 2017, refers
to actual changes in agricultural water use. For the policy period, two policy scenarios were designed
to consider the period between 2018 and 2030. These were a quantitative control scenario (QCS) and a
price control scenario (PCS). In QCS, the government exogenously regulated 15 provincial supplies of
agricultural water to strictly follow water planning regulations (see Table 1). The agricultural water
price is determined by the price farmers are willing to pay, with the subsidy still included. In PCS,
the agricultural water price is fixed according to endogenous agricultural water demand, so that the
future increases in agricultural water use can be predicted. It should be noted that water planning for
2030 only provides quantitative planning for each province’s total water use, but does not provide
specific plans for agricultural water use. In the context of current fragmented water management, it
is reasonable to assume that agricultural water planning will closely follow the annual growth rate
set for total water use in each province until 2030, without considering changes to non-agricultural
water use. The estimated value of agricultural water use, according to quantitative planning for the
15 provinces, is shown in Table 1.

http://data.stats.gov.cn
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Table 1. Quantitative control of agricultural water use at the multi-provincial level.

Provinces

Actual Agricultural
Water Use 1 (billion m3)

Provincial Agricultural Water
Planning 2 (billion m3)

Provincial Subsidy
Rate for Irrigation
Water 3 (%)

2007 2016 2020 2030 2007

Guangdong (S) 22.48 22.05 22.34 22.05 97.05
Jiangxi (S) 15.14 15.42 17.67 17.99 94.65
Hainan (S) 3.58 3.31 3.41 3.80 89.40
Yunnan (S) 10.60 10.52 12.36 13.05 78.37
Guangxi (S) 20.84 19.83 21.34 21.69 89.44
Anhui (S) 12.06 15.86 14.12 14.43 48.05
Hubei (S) 13.27 13.7 18.75 18.90 93.94
Chongqing (S) 1.88 2.55 2.47 2.68 90.94
Sichuan (S) 11.87 15.59 17.69 18.67 90.10
Henan (N) 12.01 12.56 12.97 13.92 84.43
Jilin (N) 6.75 9.11 10.82 11.66 91.62
Heilongjiang (N) 21.48 31.38 31.65 33.14 64.77
Hebei (N) 15.16 12.8 14.16 15.77 77.89
Inner Mongolia (N) 14.18 13.92 14.80 16.53 84.32
Shandong (N) 15.97 14.15 16.52 18.03 96.30
Total of 15 197.27 212.75 231.07 242.31 —
National agricultural water use 359.95 376.78 411.47 430.24 91.35

1 data from the National Dataset, available at http://data.stats.gov.cn. 2 Data calculated by authors based on NCPWR.
3 Data calculated by authors.

Table 1 also shows that irrigation subsidies account for more than 90% of the agricultural water
price at the national and most provincial levels. This means that, for every unit of irrigation paid for
by farmers, the government covers more than 90% of the cost. As a result, reducing the irrigation
subsidy must be considered as a highly radical reform, which may lead to serious losses in agricultural
production and rural household incomes, as previous research predicted.

In a simulation practice, an additional water-saving policy was considered. This relies on both
QCS and PCS to restrict future irrigation water use by gradually reducing provincial irrigation subsidies
to full-cost levels between 2018 and 2030. This is called the reducing subsidy scenario, QC-SRS and
PC-SRS, respectively (see Table 2). To avoid an unfeasible solution within the GAMS, it is assumed
that the subsidy rate for 2030 will be 1% of the 2007 rate, with a policy of an annual reduction of 29.83%
initiated in 2018 for each province. These two scenarios were achieved based on Equation (14), where
risprov are the annual reduced rates of irrigation subsidies. For simplicity, it was assumed that all
provinces share the same values of risprov, which are set at the annual reduced rate.

tswrcro,prov,t+1 = tswrcro,prov,t × (1 + risprov) (14)

The Hicks Equivalent Variation was adopted, based on consumption before and after policy
implementation. The simulation calculates rural household utility during demand changes using
Equation (15) [42].

EV = E(Up, Pb) − E(Ub, Pb) =
∑
sec

Pb
sec ×Cp

sec −
∑
sec

Pb
sec ×Cb

sec (15)

where EV is the equivalent variation, EV
(
Ub, Pb

)
and EV

(
Up, Pb

)
are the utility before and after

policy implementation, respectively, Pb
sec is the price of commodities in each sector before policy

implementation, and Cb
sec and Cp

sec are rural household consumption before and after policy
implementation, respectively. Accordingly, positive or negative EV measures improvement or
deterioration in welfare after policy implementation.

http://data.stats.gov.cn
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Table 2. Simulation design and scenarios.

Scenarios Description

Quantitative control scenario (QCS):
Provincial agricultural water use
quantitative control, following
water planning to 2030

Price control scenario (PCS):
Provincial agricultural water price
control without additional
water-saving policies

— water-saving policies based on QCS and PCS, respectively, where provincial irrigation
subsides are reduced at the same rate year-by-year from 2018 to 2030

Subsidy reduced scenario
(QC-SRS and PC-SRS)

Annual reduced rate of irrigation
subsidies, risprov = −29.83% 1

1 minus means reduced.

4. Results

The following analysis focuses on changes to agricultural water use, farming production
sectors, and multi-provincial rural households, according to the four scenarios of QCS, PCS, QC-SRS,
and PC-SRS.

4.1. Effects on Irrigation Water Use

In QCS and QC-SRS, total agricultural water use will reach the quantitative water planning goal of
430.20 billion m3 by 2030. PCS and PC-SRS provide predictions for agricultural water use in 2030 with
fixed water prices at the provincial level, which will climb to 2158.69 and 903.00 billion m3, respectively.
The year 2017 is the first year in which the policy simulation, as an exogenous shock, starts to have
impact on total agricultural water use. The sudden jump of PC_SRS suggests that this impact on total
agricultural water use is as significant as expected, because farmers reduce their water inputs due to
the higher cost of water. Total agricultural water supply from both QCS and QC_SRS is controlled by
the local government, which follows the water planning guidelines toward 2030, and farmers have to
use all agricultural water allocated to crop production. Therefore, two significant deficits, of 1728.45
and 472.76 billion m3, have been identified (see Figure 6).Sustainability 2019, 11, x FOR PEER REVIEW 12 of 19 
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Figure 7 shows that provincial agricultural water deficits, based on the four scenarios, are significant
and will differ across provinces between 2020 and 2030. For all 15 selected provinces, agricultural
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water deficits will increase, especially in Heilongjiang, Hebe, and Inner Mongolia. Moreover, with
PC-SRS, agricultural water use in all 15 selected provinces will be significantly reduced in 2018 and
2019, and will then experience a lower growth rate from 2018 to 2030.
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4.2. Effects on Farming Production

Table 3 shows effects on different crop outputs according to all policy scenarios, where paddy,
wheat, corn, potato, and sorghum are grouped together as a grain. With QCS and PCS, grain outputs
increase by 78.09% and 80.88%, respectively, based on the 2015 level. With QCS and QC-SRS, grain
output will be 897.84 million tons in 2030, with an annual growth rate of 2.54%. Compared to PCS,
PC-SRS limits grain output growth until 2030, but, with an annual growth rate, it was reduced by only
0.01%. Reducing the subsidy creates an insignificant negative effect on grain output. Therefore, the
water-saving policy of subsidy reduction does not create a more serious food security problem under
conditions of significant reduction in agricultural water use.
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Table 3. Effects on grain outputs.

Unit: Million
Ton 2007 1 2017 2020 2025 2030

Total Growth Rate
by 2030, Base
Year = 2007)

Annual Growth
Rate by 2030
(2007–2030)

Actual data 1 504.14 661.61 — — — — 2.76% 2

QCS 504.14 628.50 675.01 771.03 897.84 78.09% 2.54%
QC-SRS 504.14 628.50 674.81 770.77 897.53 78.03% 2.54%

PCS 504.14 637.18 684.91 783.04 911.87 80.88% 2.61%
PC-SRS 504.14 637.18 678.87 778.80 909.57 80.42% 2.60%

1 Actual value, data source: National Dataset, available at http://data.stats.gov.cn. 2 Actual growth rate between
2007 and 2017 as a reference.

As shown in Table 4, only two crops known as wheat and vegetables suffer small output losses
when the irrigation subsidy is reduced in QCS, compared with QC-SRS. However, all crops, with the
exception of potato and oil seed, suffer output losses in PCS in 2020, and with the exception of potato,
sorghum, fruits, oil seeds, and sugarcane suffer losses in 2030. Consequently, higher water prices do
not contribute significant pressure to the production of most crops, and even improve production of
some crops, especially under QCS conditions.

Table 4. Table effects on different crop outputs.

Unit: Million
Ton

2020 2030

QCS QC-SRS PCS PC-SRS QCS QC-SRS PCS PC-SRS

Paddy 230.52 231.10 237.59 233.01 276.17 276.94 286.28 284.34
Wheat 146.46 145.65 147.96 147.32 188.50 187.36 190.57 190.50
Corn 251.54 251.56 251.76 251.64 392.76 392.79 393.05 393.01

Potato 20.34 20.35 20.28 20.31 18.62 18.63 18.52 18.55
Sorghum 1.42 1.42 1.43 1.42 1.61 1.62 1.63 1.63

Vegetables 613.74 613.64 620.80 615.67 860.04 859.86 871.26 867.87
Fruits 308.06 308.55 308.60 308.52 492.55 493.51 493.38 493.63

Oil Seeds 4.88 4.88 4.83 4.86 2.31 2.32 2.28 2.29
Sugarcane 152.42 152.61 152.62 152.54 157.54 157.88 157.71 157.71

4.3. Effects on Multi-Provincial Rural Households

At the macro level, results show no significant differences in the impact on rural households or
incomes, with regard to either total consumption or welfare (Table 5). In 2030, PCS will support those
rural households with the highest level of grain consumption, but there will be no changes to rural
household welfare.

Table 5. Macro level effects to rural households.

Unit: Annual Growth Rate (%,
2017–2030, Base Year = 2017) QCS QC-SRS PCS PC-SRS

Income 18.25 18.25 18.28 18.26
Total consumption 10.06 10.06 10.06 10.06
Grain consumption 2.13 2.13 2.19 2.15

Welfare 12.43 12.43 12.43 12.43

In all scenarios for 2030, the impact on the welfare of rural households differs according to the
province. In QCS, the three provinces with the greatest rural household improvements are Guangdong
(with an annual growth rate of 12.80%), Henan (12.52%), and Shandong (0.52%). Reducing the
subsidy does not create any welfare losses, even though some provinces will see a reduction in grain
consumption, as shown in QC-SRS. However, relative to the impact of PCS, under conditions of

http://data.stats.gov.cn
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PC-SRS, there will be a negative but not significant impact on the welfare of rural households. One
reason for this is the more than 3% loss in annual grain consumption growth rates (see Table 6).

Table 6. Effects on rural household welfare and grain consumption.

Unit: Annual Growth
Rate (%, 2017–2030,
Base Year = 2017)

Changes in Provincial Rural
Household Welfare

Changes in Provincial Rural
Household Grain Consumption

QCS QC-SRS PCS PC-SRS QCS QC-SRS PCS PC-SRS

Guangdong (S) 12.80 12.80 12.80 12.78 2.08 2.07 2.13 2.09
Jiangxi (S) 12.13 12.13 12.12 12.10 1.66 1.65 1.72 1.67
Hainan (S) 12.38 12.38 12.38 12.35 1.94 1.93 2.01 1.95
Yunnan (S) 12.35 12.34 12.36 12.34 2.57 2.56 2.62 2.59
Guangxi (S) 12.01 12.01 12.01 11.99 1.79 1.78 1.85 1.81
Anhui (S) 12.25 12.25 12.26 12.25 1.96 1.95 2.02 1.98
Hubei (S) 12.32 12.32 12.33 12.31 2.03 2.02 2.09 2.05
Chongqing (S) 12.24 12.24 12.24 12.23 2.33 2.32 2.38 2.35
Sichuan (S) 12.11 12.11 12.11 12.10 1.82 1.81 1.88 1.84
Henan (N) 12.52 12.53 12.55 12.54 1.94 1.94 2.02 1.98
Jilin (N) 12.06 12.06 12.09 12.05 2.40 2.40 2.45 2.41
Heilongjiang (N) 12.17 12.17 12.20 12.17 2.59 2.59 2.66 2.61
Hebei (N) 12.49 12.49 12.51 12.49 3.02 3.02 3.05 3.02
Inner Mongolia (N) 12.30 12.30 12.31 12.29 2.85 2.84 2.88 2.85
Shandong (N) 12.52 12.52 12.53 12.51 4.05 4.06 4.05 4.04

5. Discussion

Other research in this field supports quantity control over price control as the most effective way
to reach 2030 water planning targets. Shi et al. [11], for example, argue that quantity control is a more
suitable choice in the Chinese context, while Aarnoudse et al. [43] have found the water quota more
effective for groundwater conservation in research conducted in two Chinese counties. There are
reasons why these findings may differ from the findings of this research: 1) long-term effects were
evaluated to reveal the advantage of quantity control as a water-saving policy and 2) an assumption of
general equilibrium was made, where the entire economic system, including both supply and demand,
was considered in the model. Overall, the long-term setting and general equilibrium assumption led to
different conclusions. On the one hand, an irrigation water price that includes a heavy subsidy will
eventually place constraints on increasing the price of agricultural products, which results in farmers
reducing grain output. On the other hand, reducing the subsidy is dependent on the precondition
that food consumption no longer plays an important role in total consumption, which means that
food consumers, including food manufacturers and households, benefitting from long-term economic
growth, can afford an increase in food prices resulting from higher water prices. Overall, it is expected
that an efficient water pricing mechanism will distribute agricultural water in the long-term. Therefore,
this reconciles the growth of grain output with the welfare of rural households. This situation already
exists in urban areas and could possibly extend to rural areas to realize the Chinese goal of both urban
and rural affluence.

This research has a number of limitations, which should be addressed. Additional data, more
field surveys, and more interviews with farmers and water policy makers are required. First, farming
sectors should be subdivided at the provincial level to reflect local grain production capacity. Second,
provincial water-saving policies should take into consideration the local geography and climate, as
well as local labor, water, and technological characteristics. Third, this research has not paid attention
to non-agricultural water planning, which has been exerting increasing pressure since the 1980s, due
to the increasing water demands of rapid urbanization and industrialization. Despite these limitations,
this research offers the potential to improve analysis, and, thus, further develop the model in order to
achieve water conservation while improving the welfare of rural households.
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6. Conclusions

Relying on a dynamic CGE model, this study sought to investigate how agricultural water
conservation, grain production, and the welfare of rural households would be affected by a water-saving
policy integrated with the ongoing reduction in irrigation subsidies between 2018 and 2030. Specifically,
water planning is designed as a long-term quantitative target. According to these results, it can
be inferred that 1) a water-saving policy based on reducing the irrigation subsidy would not have
significant impacts on agricultural production, rural household welfare and consumption, and 2)
price control would lead to a large increase in agricultural water demand, which is far beyond the
quantitative planning target set for 2030.

This research contributes to an expanding body of research that reveals the interactive effects
on agricultural production, factor input, and changes to rural household consumption and welfare,
that are generated in the process of achieving sustainable goals. Differences in the performance of
quantitative and price control mechanisms were evaluated to quantitatively understand the impact
of the water-saving policy. Reducing the irrigation subsidy is an important means to promote water
saving in crop production within the mechanism of price control. This mechanism continues to play a
dominant role in some agricultural areas of China, especially in western and northeastern regions. The
results of the research can provide guidance for water-deficient regions of China, where the quantitative
control mechanism is used to follow long-term water planning to mitigate serious losses in agricultural
outputs and reductions in rural household consumption and welfare. The research can also prove
useful outside of China, in countries experiencing a similar dilemma of effecting water policy reform
that is not detrimental to agricultural development. The policy modeling process presented here,
together with the findings of this research, can be used as a reference for future decision-making.
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Appendix A

Table A1. Conditions of water resources and water use in the 15 selected provinces (2017).

Selected Provinces
Total Amount of
Water Resources
(one billion m3)

Proportion of National
Water Resource Use
(%)

Per Capita
Water Resources
(m3/Person) R

an
ki

ng Total Use of
Water Resources
(one billion m3)

Proportion of National
Water Resource Use
(%)

Per Capita
Water Use
(m3/Person) R

an
ki

ng

Guangdong (S) 179 6.21 1612 15 43 7.17 391 18
Jiangxi (S) 166 5.75 3592 7 25 4.10 538 8
Hainan (S) 38 1.33 4166 6 5 0.75 495 9
Yunnan (S) 220 7.66 4602 4 16 2.59 327 19
Guangxi (S) 239 8.30 4912 3 28 4.71 586 7
Anhui (S) 78 2.73 1261 18 29 4.80 466 13
Hubei (S) 125 4.34 2119 13 29 4.80 493 11
Chongqing (S) 66 2.28 2143 12 8 1.28 253 24
Sichuan (S) 247 8.58 2979 8 27 4.44 324 20
Henan (N) 42 1.47 443 23 23 3.87 245 25
Jilin (N) 39 1.37 1447 17 13 2.10 465 14
Heilongjiang (N) 74 2.58 1957 14 35 5.84 931 4
Hebei (N) 14 0.48 185 27 18 3.00 242 27
Inner Mongolia (N) 31 1.08 1228 19 19 3.11 745 5
Shandong (N) 23 0.78 226 26 21 3.47 210 28
Total of 15 1581 54.96 — — 339 56.06 — —
National level 2876 100.00 2075 — 604 100.00 436 —

Data source: National Dataset, available at http://data.stats.gov.cn.

http://data.stats.gov.cn


Sustainability 2019, 11, 2529 17 of 20

Table A2. Crop outputs of the 15 selected provinces and their proportion of national outputs (2016).

Selected Provinces
Unit: Output, Million Ton;

Proportion, %

Grain
Output –Proportion 1 Oil-Seed

Output –Proportion 1 Sugarcane
Output –Proportion 1 Vegetable

Output –Proportion 1 Fruit
Output –Proportion 1

Guangdong (S) 13.60 2.21 1.10 3.12 14.79 11.99 35.69 4.47 17.17 6.06
Jiangxi (S) 21.38 3.47 1.24 3.50 0.66 0.53 14.20 1.78 6.17 2.18
Hainan (S) 17.79 0.29 0.11 0.32 2.05 1.66 5.80 0.73 3.95 1.39
Yunnan (S) 19.03 3.09 0.66 1.86 17.38 14.09 19.69 2.47 7.59 2.68
Guangxi (S) 15.21 2.47 0.65 1.83 74.61 60.46 29.29 3.67 18.83 6.64
Anhui (S) 34.17 5.55 2.28 6.44 0.20 0.16 27.75 3.48 10.44 3.68
Hubei (S) 25.54 4.14 3.40 9.60 0.38 0.30 40.02 5.02 10.10 3.56

Chongqing (S) 11.66 1.89 0.60 1.69 0.10 0.08 18.75 2.35 4.09 1.44
Sichuan (S) 34.84 5.65 3.08 8.70 0.50 0.40 43.89 5.50 9.79 3.45
Henan (N) 59.47 9.65 6.00 16.96 0.24 0.19 78.08 9.79 28.71 10.13

Jilin (N) 37.17 6.03 0.76 2.16 0.01 0.01 8.52 1.07 2.41 0.85
Heilongjiang (N) 60.59 9.83 0.18 0.52 0.11 0.09 9.37 1.17 2.60 0.92

Hebei (N) 34.60 5.61 1.52 4.28 0.93 0.75 81.93 10.27 21.39 7.54
Inner Mongolia (N) 27.80 4.51 1.94 5.47 2.67 2.17 15.02 1.88 3.16 1.12

Shandong (N) 47.01 7.63 3.24 9.16 0.00 0.00 103.27 12.94 32.55 11.48
Total of 15 443.85 72.02 26.75 75.62 114.63 92.89 531.26 66.59 178.96 63.12

National level 616.25 100.00 35.37 100.00 123.41 100.00 797.80 100.00 283.51 100.00
1 “Proportion” refers to the proportion on the national level. Data source: China Rural Statistical Yearbook 2017.
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Table A3. Selected rural household income and consumption and ranking on the national scale (2016).

Selected Provinces
Unit: Income and

Consumption, yuan;
Proportion, %

Per Capita
Disposable

Income
Ranking Per Capita

Consumption Ranking

Proportion of
Food, Tobacco

and Liquor
Consumed

Ranking

Guangdong (S) 14,512 7 14,784 8 33.89 8
Jiangxi (S) 12,138 11 11,320 11 28.46 16
Hainan (S) 11,843 15 10,512 14 36.67 4
Yunnan (S) 9020 28 8336 28 31.02 11
Guangxi (S) 10,360 22 8225 29 35.02 6
Anhui (S) 11,721 17 8565 26 41.13 2
Hubei (S) 12,725 10 10,860 13 30.34 14

Chongqing (S) 11,549 20 9433 19 40.82 3
Sichuan (S) 11,203 21 11,094 12 35.03 5
Henan (N) 11,697 18 9291 20 26.34 17

Jilin (N) 12,123 12 8390 27 32.44 9
Heilongjiang (N) 11,832 16 10,305 17 25.32 22

Hebei (N) 11,919 14 8897 22 30.86 12
Inner Mongolia (N) 11,609 19 13,013 9 25.84 21

Shandong (N) 13,954 8 15,970 6 17.74 31
National Average 12363 — 10130 — 32.24 —

Data source: China Rural Statistical Yearbook 2017.
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