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Abstract: Water trading markets have been introduced in many countries as a means to alleviate
water scarcity. However, the performance of water markets varies greatly across different countries,
and in only very few countries do they work well. In this study, a two-sector water rights trading
model is developed and applied to a case study in China. The results suggest that arable land per
farmer is a key factor that affects the performance of water markets in China. This is positively
correlated with traded water volume, with the market’s economic efficiency, and with the social
welfare the market brings. Although the model simulation ignores other factors, this problem can be
solved by selecting a suitable research area. These findings suggest that water markets may be less
likely to be effective in countries with small arable land per farmer.

Keywords: water rights trading model; water market performance; transaction cost; arable land
per farmer

1. Introduction

Water resources have been overexploited to meet human demand due to economic and social
development and urbanization, through digging wells, constructing reservoirs, building water
diversion channels to regulate water resources within a river basin or among river basins, and so
on [1,2]. Freshwater scarcity is increasingly perceived as a global systemic risk [3]. Among the various
approaches to water management, market-based water allocation has become a hot topic [4]. This aims
at maximizing the economic efficiency of water use by re-allocating water to where its marginal
economic value is highest [5]. Water markets are increasingly proposed as a demand-management
strategy to deal with water scarcity [6]. In the United States and Australia, there is strong evidence
that market-based water transfers can improve water use efficiency, especially in irrigated agriculture,
and make water pricing more efficient. For example, up to 86% of irrigators in a state in the southern
Murray–Darling Basin had undertaken at least one water trading in 2010–2011 [7]; several other
countries, including Chile, Spain and Mexico, have also adopted water markets.

However, globally, good water market performance exists in very few countries, mostly in the
developed world [8]. In the Human Development Report 2006 [9], after investigating water markets in
California and the effects of water markets on small farm households in Chile, the United Nations found
that water markets are not an appropriate water management institution for developing countries
that lack strong institutional capacity. In China, the first market-based water transfers took place in
2000. Since then transfers have occurred in more than seven provinces. But in China water markets are
not generally considered highly active in terms of the number of transactions and the total amount of
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water traded. Furthermore, the government played a strong role in all of those transactions; thus, it is
also regarded as a “quasi market” [8].

Why do water markets not perform very well in China? Many factors are discussed in the literature.
The effective operation of water markets requires a variety of conditions as follows. (1) Clarification
of what exactly water rights are in law is the most important prerequisite for water markets [10].
(2) Reasonable allocations of initial water rights are needed [11]. (3) Strong government regulation
is important to overcome “market failure”. The effective operation of water markets depends on a
strong regulatory system [12]. (4) Social and cultural recognition is another key factor. It is found that
successful water rights markets are always designed in accordance with local conventions and social
consensus [13,14]. (5) Reasonable institutional arrangement is necessary for sustainable development
of water markets [15]. (6) As instability of water allocation prevents effective market participation,
sufficient hydrological knowledge is crucial that will help participants make rational judgments about
market prices [16]. (7) There should be sufficient market benefits because the cost of establishing a
water rights market system is high. In addition, more specific factors are discussed in the literature,
including water conservancy facilities [17,18], transaction costs [19], market information [20], potential
market size [21], participant characteristics [21,22], and terminal water price [23], etc. This paper
focuses on the impact of arable land per farmer (ALPF) on the performance of a water market in China.
The impact is tested with economic methods.

The rest of this paper is structured as follows. Section 2 gives an overview of the literature on
how ALPF affects water market performance. Section 3 introduces the method and data used in this
study to test that effect. Section 4 reports the results and Section 5 provides analysis. Conclusions are
presented in Section 6.

2. The Debate on the Impact of ALPF on Water Market Performance

The relationship between natural resource endowment and economic development is a
controversial issue. Some scholars think that natural resource endowment is an essential productive
factor for economic development, and that it can improve productivity to some extent [24];
but Nordhaus [25] found that natural resources cannot help to achieve long-term economic growth,
by empirical analysis of the price of oil, coal, land and other natural resources relative to the wage rate.
As one of the most important natural resources, arable land plays a key role in agricultural production.
In China, the Household Contract Responsibility System has been implemented in rural areas since
1978, and from then on, arable land has been allocated to farmers and farmer households, leading to
land fragmentation in the country. As a result, small pieces of arable land managed by individual farm
households are common, and economy of scale in agricultural production generally does not exist
in this circumstance. From 1983 to 2012, the ALPF changed from 0.13 ha to 0.16 ha and the average
area of arable land per household is now around 0.53 ha. Furthermore, farmland in a household
is usually distributed between four and five plots according to the survey conducted by the China
Institute for Rural Studies of Tsinghua University. Small ALPF means small irrigation water used per
farmer, and the amount of water which can be saved for trading is also small. In this context, there is
no motivation for farmers to participate in water rights trade because they can get little benefit from
such transactions. This suggests that small ALPF is a key point leading to poor performance of the
water market in China.

The influence of arable land size on water rights has been long debated. Empirical studies
which focused on farmers’ landholding size have found, for example, that for intra-agricultural-sector
water transfers in Spain, small farms sold water to large farms [26], and that in Victoria State
within the Murry-Darling Basin in Australia, water transfers encouraged further expansion of large
farms [27]. Large farms are also more responsive to policy incentives designed for land and water
conservation [28–30]. In an empirical study in India, Saleth [31] found that limited natural resource
endowment including ALPF seriously constrains farmers’ opportunities to adopt formal water markets.
Although these empirical studies of various circumstances have paid attention to the importance of
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arable land size, there is a lack of theoretical generalization on ALPF as a determining factor in water
market development. In this paper we first hypothesize that ALPF is a key factor in enabling water
markets, and then construct a formal model to test this.

3. Data and Methods

Analytical or numerical models of market-based water transfers usually maximize social
welfare [32] or the utility of actors participating in the market, or minimize the cost of water transfers [22].
For example, using utility-maximizing models, Becker [33] concluded that high transaction costs are
the main barrier for water markets in Israel and Spain. Water trades can take place only when the
transaction costs are low enough or when most of the cost is covered by river basin organizations [34].
Transaction costs account for a considerable proportion of total costs, for example, 8% in the US, 7–23%
in Chile and 3–29% in Australia [35]. Without transaction costs, small and middle-sized farms may
benefit more from water transactions than large farms [36].

Before model construction, it is necessary to introduce some background. China is facing a
challenge as water is still a major constraint on the nation’s economic and social development due to the
growing population, urbanization, and industrialization [37]. At the same time, there are serious water
shortages, growing pollution, severity of droughts, and declining aquatic ecosystems which make
the challenge more serious. In the previous water resources management system, the cost of using
water was nearly zero for a long time, which caused a similar external diseconomy of “tragedy of the
commons”. In that situation, injudicious development and overuse of water could not be avoided and
the negative impacts on the environment emerged including rivers drying up, ecosystem degradation,
and environmental deterioration which exacerbated water shortages [37].

Therefore, more attention has been paid to water demand management in recent years [2].
In the International Conference on Water and the Environment in 1992, researchers from more than
100 countries discussed the official definition of water demand management, and the agreement
was reached that reasonable water supply evaluation is necessary and that improvements in water
demand management could improve the efficiency of water use [38]. Moreover, it was concluded
in the conference that a well price mechanism for adjusting water demand and supply should be
established for reasonable water resources allocation.

In China, the state council also issued relevant rules to strengthen the management of water
demand and water use processes in 2012, and the price mechanism is one of the most important
factors in water demand management. The essence of rational allocation of water resources under the
principle of water demand management is to improve water use efficiency [2]. It includes two aspects.
On the one hand, water use efficiency should be improved for every water use sector by water-saving
technology and management systems. On the other hand, water resource allocation can be optimized
through competition among water users. Price mechanism and market mechanism are considered
as important ways to improve water efficiency and competition among water users [2]. Therefore,
water rights and water markets were introduced into China’s water resource management in the early
21st century.

In China, the ownership of water resources belongs to the country, and is exercised by government.
Water users such as citizens, farmers, and enterprises have the right to use water resources. Water rights
trade refers to the trade of the rights to use water. This is the basic institutional background in China.
As for water resource management, the general idea is “total amount control and quota management”.
Total amount control means that the total water consumption of a region (for example, a province)
must be controlled within a certain range. Quota management means that there is a clear water quota
for each kind of water use in the region; for example, the water consumption for producing a unit of
product in a factory must be controlled within a certain range.

The distribution process of water rights is represented in Figure 1. Firstly, the water administration
department formulates a water use plan, which specifies the total amount of water used by each kind
of water user. Next, water users such as industrial enterprises and the Irrigated Area Management
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Organization (IAMO) apply to the water administrative agency for a water abstract license, which gives
them the right to take water, and stipulates water intake location, water intake limit, water return
location and water quality. Of course, water users will pay a water resources fee. For irrigation
water, the IAMO apply for a water abstract license, and then the water rights will be distributed to
the village by the IAMO, and to the farmers by the village. For industry, due to the expansion of
production and other reasons, industrial water users cannot meet their demand for water, and they
cannot apply for more water according to water abstract licenses. However, farmers will save water
through water-saving measures, and IAMO will manage the total saved water by farmers in a unified
manner for water rights trade, and issue this on the water rights trading platform (such as the China
Water Rights Exchange). Industrial water users will negotiate with the IAMO for water rights trade on
the water rights trading platform.
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Figure 1. Mechanism of agriculture to industry water rights trading in China.

According to the mechanism of agriculture to industry water rights trading in China, in this paper
a farm-level water and land management model (a two-sector water rights trading model) is built to
test the hypothesis of the dominant impacts of ALPF on water market performance. This paper mainly
focuses on the mechanism by which ALPF affects water market performance, along with the different
levels of transaction costs. The model proposed in this study is empirically tested using data from the
Inner Mongolia Autonomous Region of China.

3.1. Two-Sector Water Rights Trading Model

The literature on important mathematical models of water rights market are summarized in
Table 1. In the model construction, resource endowment per capita such as ALPF is not included
as an important influencing factor, although in theory some scholars have described the factor of
“resource endowment per capita” and believe that the “resource endowment per capita” of farmers
affects their behaviour in water-saving [30], and thus influences the incentive effect produced by
market means. In this study, arable land per farmer (ALPF) is taken as the key variable for “resource
endowment per capita”, and the related mathematical model is set up to discuss how ALPF affect
water market performance.
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Table 1. Important mathematical models in the literature.

Authors Model Principles Research Area Transaction Form Results

Vaux, Howitt
[32]

The utility function of
participants;

Maximize social welfare
California, USA Agriculture to

industry

Transaction volume is
4130 × 106 m3 in 2020;
$219 million market

revenue in 2020

Becker [33] Maximize farmers’ utility;
Consider transaction cost; Israel

Region to region;
agricultural
water rights

$28 million market revenue per
year, and proves transaction

costs significantly reduces total
social benefits

Garrido [34] Maximization of
farmers’ revenue

Four irrigated areas
in southern Spain

Farmer to farmer;
Region to region

Transaction can happen when
transaction costs are very low, or

when 30 to 60 percent of
transaction costs are borne by

watershed institutions.

Manuel [36]

The utility function of farmers is
constructed, with small and

medium-sized farmers as buyers
and large farmers as sellers
(small farmers are 5–10 ha;
Large farmers over 20 ha)

Four irrigated areas
in southern Spain Farmer to farmer

It is concluded that small and
medium-sized farmers are more

likely to benefit from water
rights market by exploring the
impact of water rights market

on farmers’ income,
but transaction costs are not

taken into account in the model.

Heaney et al. [39]

The production function of
agricultural products is

constructed to calculate the
individual income of farmers

under water rights
market conditions

Eight provinces in
the Yellow River
Basin of China

Region to region;
agricultural water

rights

$150 million market revenue a
year, and increases crop yields

by 1.8 percent, without
considering transaction costs.

Li & Hu [40]
A cost-benefit model of water

rights market in agricultural and
industrial sector

General Agriculture to
industry

Qualitatively analyzes the
effects of initial water rights,

transaction price and cost, water
saving cost, and water resource

production efficiency of
enterprise on water market

Wang
[22]

A cost minimization model for
achieving policy objectives

Eight provinces in
the Yellow River
Basin of China

Agriculture to
industry

The simulation results show that
transaction costs have a

significant impact on transaction
volume and transaction price,
and transaction costs have a

more significant impact
on farmers.

Liu & Luo [23]

Under the water quota
management, the objective

function of farmers’ water use
decision is constructed, and the

marginal cost and marginal
benefit curves are used to

solve equations.

China Farmer to farmer

Discusses the effects of water
price and transaction cost on the

water rights market and
emphasizes that the transaction

cost of water rights will
discourage farmers to

participate in the market.

Transaction costs, as an important factor in restraining water rights trading, have been emphasized
in many studies [22]. Many empirical assessments point out the impact of transaction costs on
environmental governance efficiency. Transaction costs in the water market have been discussed
intensively in the literature. Garrick et al. [35] categorized these into static transaction costs, institutional
transition costs, and institutional lock-in costs, and discussed the interactions of these three types.
Bolognesi et al. [41] proposed Transversal Transaction Costs and discussed transaction costs from a
dynamic perspective as institutions and policies change. Such research mainly focuses on the effect of
institutions on transaction costs. However, in China the costs of water market system construction
and management are mainly borne by government and industrial companies, and the coordination
costs of water rights transactions between IAMOs and industrial companies are mainly borne by
companies, which is the specific transaction form of China (Figure 1). Therefore, transaction costs have
been assumed to be borne by industrial companies in the model. Of course, when the water market
system and policy change, the transaction cost structure and how to divide it between buyers and
sellers will change accordingly. The constant marginal transaction costs have been often used in the
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literature [19,22,34,42–44] and in this study it is simplified as the linear correlation between transaction
costs and transaction volume.

In a Chinese water market, the sellers are usually farmers, and the buyers are industrial firms.
Here we adopt microeconomic theory to simulate actors’ behaviour. Farms in the agricultural sector,
which are highly homogeneous in terms of crops produced, are assumed to maximize the net economic
gains from farming and water trading; industrial firms purchase water from farmers to expand
industrial production. In the context of China, we assume that, in the water market, every farmer is an
independent individual who sells water rights, while the whole industrial sector, which involves many
firms, is treated as a surrogate buyer. Then two optimization models are set up for the agricultural and
industrial sectors, respectively, each maximizing sectorial economic return.

To measure the economic gains of each farmer, we estimate the following equations:

maxFi = (YFi + Pmar·ti) − (pF·wFi +
C

NF
+ CF(rFi)) (1)

where Fi is net revenue of farmer i, YFi is gross crop revenue, Pmar. is water trading price between
agricultural and industrial sector, ti is the water rights traded from farmer i, pF is the initial water rights
price of agricultural sector, wFi is the initial water rights allocated to farmer i, C is the total production
cost for agricultural sector except for water, NF is rural population, and CF(rFi) is water saving cost of
farmer i.

The gross revenue YFi is given by the Cobb Douglas function:

YFi = A·
(AL

NF

)β1

·

( KF

NF

)β2

·

( LF

NF

)β3

·(wFi)
β4 (2)

where A is total factor productivity; AL, KF and LF are arable land, capital and labor of the whole
agricultural sector in the research area respectively; β1, β2, β3 and β4 are output elasticities. In this study,
farmers are assumed to be homogenous, which means the arable land, capital and labor possessed by
each farmer are the same, and thus when calculating YFi, AL, KF and LF should be divided by NF.

The water-saving cost CF(rFi) is estimated with a quadratic function following the empirical study
in Wang [22]:

CF(rFi) = a·rFi
2 + b·rFi + e (3)

where a and b are coefficients of quadratic and linear terms respectively, rFi is the volume of water
saved by farmer i, and e is intercept.

The industrial sector is the buyer in the water market. Without loss of generality, the entire
industrial sector in the study region is treated as a single water buyer. The economic return maximization
of the industrial sector is as follows:

maxE = YE − (pE·WE + Cother + CE(RE) + Pmar·T + Ctrade) (4)

where E is net revenue of the industrial sector; YE is gross revenue of industrial production; pE is the
initial water rights price of the industrial sector; WE is the initial water rights allocated to the industrial
sector; CE(RE) is the water-saving cost of the industrial sector; Pmar is price of water purchased from the
water market; T is the volume of water rights traded from the agricultural sector; Cother is production
cost excluding water; and Ctrade is the transaction cost of water trading. Here we assume that the
initial water rights allocated are inadequate in the industrial sector and that the transaction cost is paid
exclusively by the industrial sector.

The gross revenue YE is given by a Cobb Douglas function:

YE = B·(KE)
∂1 ·(LE)

∂2 ·(WE)
∂3 (5)
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where B is the total factor productivity; KE, LE, and WE are capital, land and water; and ∂1, ∂2 and ∂3

are output elasticities.
The water-saving cost CE(RE) is given as:

CE(RE) = c·RE
2 + d·RE + δ (6)

where c, d, and δ are constants, and RE is the volume of water saved in the industrial sector.
The transaction cost Ctrade can be assumed as a linear function [19,22,34,42–44] of the volume of

water traded T:
Ctrade(T) = κ+ τ·T (7)

where κ and τ are constants. The number of farmers involved in water trading may directly affect
transaction costs including information cost, communication and negotiation cost, contract signing
cost, and administrative procedure cost, because the larger the number of farmers involved, the higher
the cost required for information gathering and processing and for transaction arrangement [45]. If a
large number of farmers are active sellers in the water market, the rural population can be used as a
proxy for water sellers. In that case, the constant τ becomes a function of the rural population, NF:

τ = (lgNF)
Φ (8)

where Φ is the transaction cost index, of which the value changes with transaction forms. There are
three main transaction forms in water market, including face-to-face transaction, online transaction,
and trading by water banks. Thus, Equation (7) can be written as:

Ctrade(T) = κ+ (lgN)ϕ·T (9)

Based on the principle of water balance, the constraints on the farmer side include:

UF −RF = QF − T
UF −RF = WF

RF ≥ 0
(10)

Because of the homogeneity assumption for farmers, in Equation (10) RF = NF·rFi, WF = NF·wFi,
T = NF·ti; rFi ≥ 0; ti ≥ 0. WF is the water consumption of the agricultural sector; RF is the volume of
water-saving in the agricultural sector if water market is established; T is water rights traded; UF is the
initial water rights allocated to the agricultural sector before water market establishment; QF is the
initial water rights allocated to the agricultural sector after water market establishment. (In China,
the initial water rights allocated to the users are controlled by the river basin authority, and in the
Yellow River Basin, this is the Yellow River Conservancy Commission (YRCC)).

Similarly, water balance constraints for the industrial sector are:

UE −RE = QE + T
UE −RE = WE

RE ≥ 0, UE −QE ≥ T ≥ 0
(11)

where UE is initial water rights allocated to the industrial sector before water market establishment;
RE is water-saving in the industrial sector after water market establishment compared to before; QE is
initial water rights allocated to industrial sector after water market establishment; and WE is industrial
water consumption.
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The amount of water traded and trading prices are determined by combining the first-order
optimality conditions of the two optimization problems. The partial derivatives of Equation (1) with
respect to ti, and the partial derivatives of Equation (2) with respect to T are:

∂Fi
∂ti

= −
YF(money)·β4

WF
+ pF − (2a·rF + b) + Pmar (12)

∂E
∂T

=
YE(money)·∂3

WE
− pE + 2c·RE + d− Pmar − lgϕ(NF) (13)

Let ∂Fi
∂ti

= 0 and ∂E
∂T = 0; by introducing Equation (10) into Equation (12), and introducing

Equation (11) into Equation (13), we get:

Pmar =
YF(money)·β4

QF − T
− pF +

1
NF

2a·(UF −QF + T) + b (14)

Pmar =
YE(money)·∂3

QE + T
− pE + 2c·(UE −QE − T) + d− lgϕ(NF) (15)

Combining Equations (14) and (15) gives:

T3 + M1T2 + M2T + M3 = 0 (16)

where:

M1 = −

[
(QF −QE) +

kl− nh−m
n + k

]
;

M2 = −

[
QEQF +

(x1 + x2) + (m + nh− kl)(QF −QE)

n + k

]
;

M3 = −
(m + nh− kl)QEQF + x1QE − x2QF

n + k
;

In the above three equations, m = (PE − PF + b− d + x3); n = 2a
NF

; h = UF−QF; k = 2c; l = UE−QE;

x1 = YF·β4; x2 = YE∂3; and x3 = lgϕ(NF).

Solving traded water volume T analytically from Equation (16) is a problem of obtaining roots of
a cubic equation, which leads to the following solution according to the Cardan Formula [46]:

Z1 = −
M1

2

3
+ M2 (17)

Z2 = 2×
(M1

3

)3
−

M1M2

3
+ M3 (18)

∆ =
(Z1

3

)3
+

(Z2

2

)2
(19)

The solutions given in Equations (17)–(19) are determined by the value of ∆. In the case study,
∆ is calculated, the value is smaller than 0, and the meaningful solution is:

T = 2

√
−

Z1

3
×COS

(
θ
3
−

2π
3

)
−

M1

3
(20)

where:

θ = arcCOS
−Z2 ×

√
−27×Z1

2Z1
2 (21)
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Although the model simulation ignores other factors such as the differences among villages and
IAMOs that could affect water market performance, it is a good choice to select a suitable research area
where the villages and IAMOs are similar, and according to this idea, the research area is selected and
the data of the model is collected. The impacts of ALPF on water markets can be better simulated and
tested in this way.

3.2. Data and Simulation

The Inner Mongolia Autonomous Region has two characteristics that suit the analysis in this study.
First, because of rapid industrial development, the demand for industrial water is strong, while in
agriculture projects to save irrigation water have been pursued for years, and the water saved could be
transferred to industry. Second, the ALPF of farmers is highly homogeneous, with each farm owning
almost the same natural resources, such as arable land area, water, and labor. The region has been
implemented a water markets policy for years to solve the problem of water scarcity. Thus, the Inner
Mongolia Autonomous Region is chosen to analyze two-sector water rights trading and how ALPF
affects water market performance.

Data used in this study include water prices (P), output value of industry and agriculture (Y),
water uses (Q and U), and other parameters. U is the initial water rights allocated to the agricultural
or industrial sector before water market establishment; Q is the initial water rights allocated to the
agricultural or industrial sector after water market establishment. (In China, the initial water rights
allocated to the users are controlled by the river basin authority, and in the Yellow River Basin, this is
the Yellow River Conservancy Commission. The water price data include agricultural and industrial
water prices in the study area from the China Water Web [47]. The industrial water price used in
this study is 4.36 yuan/m3, which is the average of the prices in 12 cities in the study area in 2014.
The agricultural water price is the average value in the Inner Mongolia Autonomous Region, estimated
at 0.05 yuan/m3 by the government of Inner Mongolia Autonomous Region [48]. Agricultural and
industrial output (i.e., Y in 2014), and water use (i.e., U in 2004 and Q in 2014) are from the Water
Resources Bulletin [49,50]. The first- and second-order coefficients in the water-saving cost function
are from Wang [22].

The input and output elasticity of water consumption in agriculture and industry were obtained
from previous studies. Maize is the main crop in the research area, so the input and output elasticity of
water consumption in maize production, found to be 0.2 by Wu [51], can be taken as representative
of agriculture in general. Due to the lack of region-specific elasticity estimates, the national average,
which is 0.06 according to Wang and Lall [52] and Xi [53], was used to represent elasticity in the
research area. The data and elasticity inputs to the model are summarized in Table 2.

Table 2. Data and elasticity inputs to the model.

Agriculture Parameter Value Industry Parameter Value

YF (108 Yuan) 1627.85 YE (108 Yuan) 9119.79
UF (108 m3) 152.82 UE (108 m3) 10.38
QF (108 m3) 137.54 QE (108 m3) 19.73
Elasticity β4 0.2 Elasticity ∂3 0.06

PF (yuan/m3) 0.05 PE (yuan/m3) 4.36
a 3.915 c 1.0496
b 0.033 d 3.5913

According to Wu [51], the transaction cost index (Φ) is around 0.6 in the U.S. We use this value to
study the impact of Φ on the water market; three scenarios are analysed, with Φ values of 0.4, 0.6 and
0.8, respectively.

The water rights trading model was programmed and solved in MATLAB using the parameter
values estimated for a water market in the Inner Mongolia Autonomous Region. Input parameters
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include YF, YE, UF, UE, QF, QE, PF, PE, β4, and∂3, and the values of a, b, c, d and NF. In the simulation,
population varies from 103 to 1010 (here we assume that the population is not possible to be smaller
than 103 and larger than 1010), and the basic outputs of the model are the transaction price Pmar and
the transaction water volume T. (All these terms are fully defined in Section 3.1).

According to the National Statistics Bureau of China, there were 9.15 million hectares of arable
land in the Inner Mongolia Autonomous Region at the end of 2014. Table 3 shows the relationship
between NF and ALPF in the study area. The raw database containing all input data and calculated
results is provided [54].

Table 3. Relation between NF and arable land per farmer (ALPF). Note: ALPF is given in powers of 10;
for example, if ALPF is 132 (in the range from 50 to 150), it is situated in the 100 category.

NF (Persons) 1000 10,000 105 106 107 108 109

ALPF (ha) 10,000 1000 100 10 1 0.1 0.01

4. Results

In this study, we use several indexes to measure the impacts of ALPF and transaction cost on the
water market, including traded volume and traded value, index of maximum acceptable transaction
cost, producer surplus, consumer surplus and total surplus of the water market. Through analysis of
these indexes, we can test our hypothesis.

4.1. Transaction Volume and Trading Volume

Combining Equations (14) and (15) with the input parameters’ value including YF, YE, UF,
UE, QF, QE, PF, PE, β4, ∂3, a, b, c, d, and different levels of population NF and Φ, transaction price Pmar

and the transaction water volume T are calculated. In the case of a given value of Φ, each value of NF
corresponds to an output value of T or Pmar. The results are shown in Figures 2 and 3.Water 2020, 12, x FOR PEER REVIEW 11 of 19 
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4.2. Maximum Acceptable Transaction Cost

For Equation (16), if transaction cost index Φ is higher than a certain threshold, it could not achieve
a reasonable root T, which means that water trading cannot occur because the transaction cost exceeds
what the industrial sector can accept, and it is not worth taking part in water trading for industrial
firms. That threshold is Φmax. To further explore the relationship between water market performance
and transaction cost, the maximum transaction cost the water market can tolerate (Φmax, the maximum
value of Φ for which Equation (16) in Section 3.1 has a reasonable root T) is calculated with different
values of ALPF (Figure 4).

0.19

0.14

0.11
0.1

0.09
0.08

0.070.07
0.06

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0 0 1 10 100 1,000 10,000 100,000

Φ
m
ax

Arable Land per Farmer (ha)
0.10.010.001

Figure 4. Relation of ALPF to maximum acceptable transaction cost index, Φmax.

4.3. Social Welfare and Economic Efficiency

Equation (14) in Section 3.1 is the supply curve and Equation (15) is the demand curve. In the case
of a given transaction cost index value Φ, each level of NF will correspond to an equilibrium price
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and an equilibrium transaction volume. By integral operation of equilibrium price, supply curve and
demand curve, producer surplus, consumer surplus and total surplus of a water market in the Inner
Mongolia Autonomous Region will be calculated (Figures 5–7), which can reflect social welfare and
economic efficiency.
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Figure 5. Relation of ALPF to total surplus. Note: Total surplus is calculated using the supply and
demand curves, Equations (14) and (15) in Section 3.1.
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5. Discussion

In previous studies, Cason and Gangadharan [55] examined the impact of transaction costs
on the environmental resource trading market, and found that, in the absence of transaction costs,
the difference in initial allocation quantity (which can also be regarded as resource endowment per
capita) only affects the fairness of the market, but once transaction costs are present, this will affect the
final policy cost. At the same time, many scholars believe that resource endowment per capita affects
farmers’ response to water-saving policy measures, and arable land per farmer (ALPF) is taken as the
variable for research. The specific literature is shown as follows in Table 4.

Table 4. Previous studies of ALPF.

Author Research Area Effect of Arable Land on Water Management

Amsalu & De Graaff [28] Ethiopia The larger the arable land is, the more positive the farmers will be
to the government’s water resources policies.

Anley et al. [29] Western Ethiopia The larger the arable land is, the more active the farmers are in the
practice of saving water and protecting the land.

Bekele & Drake [30] Ethiopia Farmers with larger farms have formed their own water and soil
conservation committees.

Pender & Kerr [56] Shirapur, India The larger the farmland is, the more the farmers will invest in
saving water

Jara-Rojas et al. [57] Chile
Water price policy is an effective way to incentivize the farmers to
save water. The government can provide subsidies or education to

cover the water bills of the disadvantaged groups.

Saleth [31] India Due to inadequate resource endowments per farmer, informal
water rights markets exist only in some parts of India.

The model simulation results of this study prove that ALPF and transaction cost affect water market
performance and we try to analyze the theoretical connotations. The results of transaction volume and
trading volume (Figures 2 and 3) demonstrate that, regardless of transaction costs, when transaction
cost index Φ is kept unchanged, higher NF (i.e., less ALPF) reduces transaction volume T and total
traded value in RMB (Pmar times T). So there exists positive correlation between ALPF and water
transaction volume. We can explain this in the context of China. Lower NF means that each farmer
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owns more arable land (i.e., more ALPF) because total arable land is a fixed value, therefore there will
be greater water saving potential and the farmer could make more money by water transaction, thus
stimulating the farmer to trade water.

In Figure 2, the curve gets steeper with greater transaction cost index Φ, indicating that the higher
the transaction cost, the more sensitive transaction water volume T is to NF and ALPF (total arable
land is a fixed value, i.e., NF times ALPF is a constant). Trading volume in RMB behaves the same way
(Figure 3). We also see that holding ALPF constant, the larger the transaction cost index Φ, the smaller
the transaction water volume T. So there exists negative correlation between transaction cost index Φ
and water transaction volume. Theoretically, if transaction costs such as information costs, which is
paid for by the industrial sector exclusively, are higher, the industrial sector earns less which will
discourage it from taking part in water trading, and will lead to smaller transaction volume. This study
only discusses constant marginal transaction costs, but some preliminary speculations on non-linear
transaction costs can be made from the simulation results. Since the transaction cost is negatively
correlated with the transaction volume, if the marginal transaction cost decreases the transaction
volume will increase, and market performance will be improved.

As shown in Figure 4, despite the high transaction cost, a water market can still exist with high
ALPF. The trend of the curve shows that when ALPF varies from 10,000 ha to 100,000 ha, the difference
in Φmax is 0.05. However, when it varies from 0.1 ha to 1 ha, the difference is only 0.01. Thus, smaller
ALPF makes the actors in the water market more sensitive to transaction costs. If ALPF is too small,
the water market will no longer be viable. So there exists positive correlation between maximum
acceptable transaction cost index Φmax and ALPF. This is logical because more ALPF means greater
water saving potential for farmers, and greater potential water transaction will stimulate the industrial
sector to accept a higher transaction cost.

Figures 5–7 show that, as ALPF increases, the total surplus, producer surplus, and consumer
surplus also increase. Obviously, lower transaction costs will bring higher total surplus, producer
surplus and consumer surplus. In short, ALPF is a key factor in water rights trading. Theoretically,
more ALPF will stimulate more farmers to take part in water trading because they can earn more
money in the water market. For the industrial sector, when transaction costs are stable and water
trading price is not high, industrial firms can expand production with more water. Then, the welfare of
both sides will reach a higher level. However, higher transaction cost will discourage the industrial
sector from taking part in water trading, the water saved by farmers cannot be traded and expanded
production in the industrial sector will not happen, which leads to a decrease in both sides’ welfare.
So greater ALPF can increase the economic efficiency of the water market, while higher transaction
costs can reduce it. Low transaction costs help improve social welfare.

It is less than 20 years since China introduced the water rights system. However, the construction
of a water rights system and the development of a water market in many countries has been in place
for many years, such as in the United States, Australia and Chile. It is a slow process whereby water
markets are constructed and its rules accepted and adopted by local participants.

In some countries, especially in the United states and Australia, water rights trading systems
help to improve water resources utilization efficiency and save water. Government should play a
leading role in market formation. For example, in California, the government has implemented many
policies and laws to encourage water rights holders to save water for trading [58], and such policies
and laws conform to its historical tradition and context. From this point of view, the relationships
between government and market are complementary rather than contradictory. Government creates
an appropriate institutional environment for the market, and the market helps to solve problems of
governance and improves efficiency.

The market mechanism will also bring some negative effects (i.e., market failures). For example,
the pursuit of interests from water rights trading may result in environmentally damaging water
consumption and deterioration of ecology, harm to the interests of water users in the downstream area,
and encroachment on the interests of vulnerable farmers [51,59]. To solve these problems, on the one
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hand, the government needs to constantly regulate markets, and on the other hand, social organizations
may need to be cultivated. Some evidence suggests that water user associations potentially improve
farmer welfare, such as improvements in water delivery services, prevention of opportunistic behavior
in local systems, and improvement of the financial viability of irrigation systems [60–62], and social
organizations may solve the problems of market and government failures.

Based on the results of this study and the experience of international water rights markets,
we believe that policy design must fully consider impacts within the actual situation, such as low ALPF
in China. The relationships between government, market, and social organizations should be carefully
dealt with in the specific national context.

In China, it has only been 20 years since the introduction of a market mechanism into water
resources management, and relevant policies are not perfect. Some key factors such as ALPF limit
the functioning of the water market mechanism, and people have not fully accepted and adapted
to a water market that regulates water resources. Based on such conditions, we suggest that the
government plays a leading role and builds institutions to cultivate the market and social organization
in water governance. Second, market mechanisms should be carefully introduced, and the related
policies and regulation designs should be based on adequate consideration of the impacts and the
specific context. Third, the participation of social organizations should be introduced and serve as
organizational bridges connecting the government and people.

6. Conclusions

This study provides a new perspective on natural resource per capita to analyze water market
mechanisms in developed countries. In the study, a two-sector water rights trading model
was theoretically developed and empirically simulated based on data from the Inner Mongolia
Autonomous Region of China. The results offer new insights on water market development in China.
First, ALPF significantly affects the performance of the water market. When ALPF is small, traded
water volume is small, as are economic gains from the transactions. Second, small ALPF makes the
water market more sensitive to transaction costs. Third, the smaller the ALPF, the lower the economic
efficiency of the water market, and the less social welfare water rights trading can bring. Theoretically,
ALPF will affect the motivation of farmers to take part in water transactions, and small ALPF could
discourage them to trade water. Transaction costs will affect the ability of the industrial sector to buy
water rights from farmers, and very high transaction costs may exceed what industrial firms can accept
which may lead to low water rights purchase intention in the industrial sector.

In this study, we hypothesize that ALPF is a key factor in enabling water markets, and then
construct a formal model to test this. The model simulation explains the mechanism of how arable
land per farmer affects the water market. We adopted an economic model to simulate the water market
mechanism and to observe how ALPF affects water rights trading. However, in reality, participants’
behavior in water markets is affected and restricted by various objective conditions, which cannot be
specifically realized in econometric models. This research mainly discusses the ignored factor (ALPF) in
prior literature, and the model simulations are based on simplified conditions. There may be errors in
specific values, especially for the parameters and the form of the water transaction equations, which can
impact the results. However, the trial is worthwhile in researching ALPF by model simulation to fill
the gap in the literature.

The results of this study provide new insights into water resource allocation, water rights and
water markets. This innovative perspective on ALPF may help us explain the disparity of water market
performance. The data collected from some countries can provide interesting clues. We calculate
ALPF for selected countries. As shown in Figure 8, Australia, and the United States have more ALPF,
and water market performance in these two countries is robust. ALPF is at a medium level in Chile
compared to China, the USA (California) and Australia, and the water markets in this country perform
at a moderate level. Water market performance in China is rather poor, and ALPF is small. A possible
mechanism is that, for large farms in developed countries, the transaction cost of water transfers is fairly
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small compared with the value of the water being traded, while for smallholder farmers in developing
countries, the share of transaction costs in the economic gains of selling or buying water can be rather
high. Moreover, farmers in developed countries have better information on water infrastructure and
markets than their counterparts in developing countries. As Figure 8 shows, the difference in ALPF
across these countries is consistent with traded water volume (which can be regarded as a measure of
water market performance).
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Figure 8. Transaction water volume and ALPF in developed and developing countries. Note: The data
of ALPF and the transaction water volume in Australia, California, and Chile are from Wu (2015),
the transaction water volume in China is from China Water Exchange (2017), and the ALPF is from
Wu (2015).

The findings also have important implications for water policy making. For example, they imply
that countries with small ALPF, such as Eastern Asian countries, including China, should be cautious
about employing water markets to address water shortage. Given that context significantly affects
institutional performance [63], water markets may not be a good choice in developing countries,
because most of these countries have limited ALPF and poor institutional capacity. Some studies have
suggested pricing mechanisms as an alternative way to introduce market effects to increase water
saving in China [64]. We speculate that water pricing may be a more effective policy instrument to
curb the growth of water consumption in countries with smaller ALPF.

This study inevitably has some limitations. Firstly, this research is conducted in the context of
China, and all calculations and analysis are based on this context, which may cause doubt as to whether
the conclusion is general. Thus, more empirical tests on the relationship between the ALPF and
water trading performance in more developing countries are required. Secondly, some simplification
strategies are adopted in the model such as setting linear marginal transaction cost and there may be
errors in the fitting parameters. Thirdly, this study is more of a normative research than a positive
research, and the mechanism is only explained from an economic point of view. It is necessary to
encourage more research around this theme from other disciplines.
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