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Abstract: Analyzing the farmer’s behavior and the water-saving incentive mechanism is of great
significance to the implementation of the explicit subsidy policy of agricultural water prices. This
paper introduces the concept of loss aversion from behavioral economics and conducts a theoretical
analysis of the incentive mechanism of agricultural water prices to verify the hypotheses by using
survey data from the three inland river basins in the Hexi Corridor, Northwest China. The results
show that when farmers believe that their water-saving potential is relatively large, the loss aversion
of farmers has a significantly positive impact on water-saving incentives under an explicit agricultural
water price subsidy. In addition, irrigation canal evaluation and regional differences have negative
and positive influences, respectively. Based on this, suggestions are made to actively promote the
implementation of explicit subsidy of agricultural water prices in order to save irrigation water.

Keywords: agricultural water price reform; explicit subsidy; loss aversion; Hexi Corridor

1. Introduction

According to data from the Chinese Water Resources Bulletin, agricultural water
consumption has accounted for 61.4% of the total national water consumption. Gansu
Province was higher than the national level, reaching 79.4%, while the Hexi Region in
Gansu Province even accounted for 88.2%. The shortage of water resources has always been
an important factor restricting the economic development of Gansu Province. With the
continuous implementation of China’s “Western Development Strategy” and the gradual
acceleration of “One Belt One Road” construction, the bottleneck of water resources has
become more prominent.

To solve this problem, we need to take agricultural water use into account and carry
out an efficient agricultural water price reform. In general, water is overused with low
efficiency in the Chinese agricultural sector. This is closely related to factors such as
low agricultural water prices and insufficient farmers’ awareness of water prices. Since
agriculture is a weak industry, the state has been subsidizing agricultural water prices,
which is also very common in many other countries around the world [1,2]. Agricultural
water price subsidies are generally divided into two types: hidden subsidies and explicit
subsidies. At this stage, the price of irrigation water for farmers does not fully cover all
the costs of government management and supply of irrigation water. At present in China,
most irrigation water price subsidies adopt the hidden subsidy model [3]. This kind of
subsidy is implicit in the water price. The amount of the subsidy to the water user is
not clear, and the government has no clear regulations on the amount of the subsidy or
how to issue the subsidy [1]. Although the hidden subsidy model shares the water cost
of farmers, the low water price also leads to a lack of inherent motivation for farmers to
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use water-saving technologies [4]. In the study area of this article, 63.06% of the farmers
believe that the water price they pay is higher than the cost of water supply, while 18.79%
of the farmers believe that the water fee they pay is equal to the water supply cost, 17.2% of
the farmers believe that the water price they pay is lower than the water supply cost, and
only 0.96% of farmers think it is much lower. This shows that although the government
has long been subsidizing the irrigation water costs of farmers by subsidizing the water
management department, the vast majority of farmers are not aware of this, which has led
to this subsidy method having no positive water-saving effect for many years. Based on
this, many researchers believe that reforming and increasing agricultural water prices are
important ways to improve agricultural water efficiency [5,6].

Many empirical studies have shown that rising agricultural water prices will lead
to a decline in farmers’ incomes [7,8], and that farmers will start to reduce water use
quantity only when water prices increase to a level that significantly reduces planting
income [9,10]. The negative impact of rising irrigation water prices on farmers’ income
is mainly due to the inelastic demand for irrigation water [11–13]. Ward and Pulido-
Velazquez (2008) believe that the adoption of water-saving measures does not help users
reduce water consumption [14]; it can have the effect of reducing water consumption only
when the subsidy is targeted to the amount of water saved. Huang et al. (2010) conducted
an empirical study in East China and proposed a subsidy scheme that was combined
with irrigation pricing reform—transferring income to households directly to compensate
farmers for the loss of income [15]. Many scholars’ research results on the agricultural
water price subsidy model show that the implementation of purely “implicit subsidies” for
agricultural irrigation water fees (the government subsidizes the difference between the
irrigation water price paid by farmers and the water supply cost) is inefficient [16], and the
financial department should directly subsidize farmers based on their affordability [17].
The government can increase the price of agricultural water appropriately, and then provide
direct subsidies to farmers, which can encourage farmers to save water without harming the
established welfare of farmers, and can make agricultural water prices more truly reflect the
value of water resources [18–20]. Some scholars have used examples of changing “implicit
subsidies” to “explicit subsidies”, or have used economic theories, to prove that the existing
implicit subsidies are not only conducive to the realization of the value of water resources
but also water-saving, while explicit subsidies can achieve the purpose of water-saving [21].
However, there is a lack of study on the influencing factors of the water-saving effect of
explicit subsidies, especially from the perspective of farmers. Farmers’ understanding and
acceptance of the new policy directly affects the performance of the policy implementation.
Therefore, it is very important to explore the influencing factors of the water-saving effect of
explicit subsidies from the perspective of farmers. We attempt to analyze the water-saving
effect of explicit subsidies with the help of loss aversion theory from behavioral economics,
and to verify the hypothesis proposed in the article using survey data of the Shiyang River
Basin, Hei River Basin, and Shule River Basin in Northwest China for the period 2013–2014.

2. Related Conceptions and Research Hypotheses
2.1. Explicit Subsidies Defined in this Article

In the questionnaire, a scenario was set up for farmers: the government reformed
the agricultural water price and doubled (or more) the current agricultural water price.
However, at the beginning of the year, the increased amount of water cost (multiply the
approved total water consumption of all arable land by the rising part of the water price) is
directly distributed to farmers in the form of subsidies. For farmers, the actual water price
has no change (the increase is paid out in cash at the beginning of the year).

2.2. Loss Aversion

Loss aversion is a concept in behavioral economics, first proposed by Kahneman
and Tversky (1979) in prospect theory [22]. Prospect theory points out that when people
face decision-making under risk, they have three basic characteristics: reference point
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dependence, dynamic risk attitude, and loss aversion. Reference point dependence means
that when people make decisions, they always set a reference point to judge the increase
or decrease of their wealth; people show different risk attitudes towards losses and gains
based on this reference point. Most people show risk aversion when facing gains, but
change to risk seeking when facing losses (that is, dynamic risk attitudes); usually, the
pain that people feel when facing the loss of the same currency unit is much greater than
the happiness brought by the gain of the same currency unit. This makes the value curve
steeper in the loss domain than in the gain domain, as shown in Figure 1. For the same
number of gains and losses at x and −x respectively, where x > 0, we have |V′(−X)| > V(X).
There are differences in people’s sensitivity to loss and gain, and the suffering caused by
loss is far greater than the happiness of gain [23,24].
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Studies have shown that loss aversion is a very common phenomenon in behavioral
decision-making, whether it is in risk or non-risk areas [25]. The measurement of loss
aversion in the risk field is generally realized by risky gambling games, and participants
choose whether to participate or not. Taking the gambling game used by Kahneman
and Tversky (1979) as an example, participants have a half chance of winning $50 and a
half chance of losing $50. It turns out that the proportion of subjects who are unwilling
to participate is higher than the random level. The experiment’s results prove that the
psychological effects of equal losses and benefits are not the same. The former is greater
than the latter. The endowment effect is used to measure loss aversion in non-risk areas.
The endowment effect means that an individual’s evaluation of the value of an item is
higher when he/she owns it than when he/she does not [26]. In the experiment, the
subjects were asked about the lowest price (willingness to accept (WTA)) at which they
were willing to sell an item and the highest price (willingness to pay (WTP)) at which
they would purchase the same item; the ratio of the two (WTA/WTP) was regarded as the
subject’s degree of loss aversion.

The current loss aversion theory in behavioral economics is mainly used to explain
the “market anomaly” from the perspective of traditional economic theory [27], such as the
endowment effect [28] and the equity premium [29]. In addition, the theory is also applied
to consumption [30,31], financial investment [7,32], trade policy [33], energy [34,35], and
politics [36]. There are few studies on applying this theory to water resources, but some
scholars have pointed out that the theory of behavioral economics should be combined
with water resource management [37].

2.3. Research Hypothesis

The farmers will consider the raised water price as a loss, and the one-off subsidy
at the beginning of the year is a kind of gain for them. According to the mental account



Sustainability 2021, 13, 5197 4 of 14

theory proposed by Thaler (1985) [38], the farmers may be more likely to use this part of
the subsidy for water expenses. There are the following three different situations:

(1) If the water consumptions of the farmers in the current year are equal to their water
quotas, the actual water fee paid after deducting the subsidy is the same as before the
price increase;

(2) If the water consumptions of the farmers exceed their quotas in the current year, the
water fees of those parts exceeding the quota will make the farmers feel a strong
sense of loss;

(3) If the water consumptions of the farmers in the current year are less than their quotas,
the actual water fees paid by the farmers will be lower than before.

Accordingly, the hypothesis proposed in this article is as follows: farmers with loss
aversion will think that the explicit compensation scheme proposed in this article is more
effective in motivating them to save water.

3. Data Source and Variables Selection
3.1. Data Source

The data analyzed in this paper is a household survey conducted in the three river
basins of the Shiyang River, Hei River, and Shule River in 2013 and 2014, which comes from
the research project “Agricultural Water Price Reform and Water-Saving Strategy Research
in Arid Inland Areas” (12BJY100), funded by China’s National Social Science Foundation.
During the survey, a stratified random sampling method was adopted. Firstly, in each of
the river basins, 3–4 towns extending along the river from upstream to downstream were
selected; secondly, 10 villages were randomly selected from each township; and finally,
about 10 villages were selected from 30–40 candidate villages in each basin. Questionnaire
surveys were conducted in more than 30 villages in the three basins.

The farmer questionnaire covers four topics: (1) farmers’ family members, their basic
agriculture business conditions, income, and expenditure; (2) annual detailed information
of planting, irrigation, and sales; (3) farmers’ perceptions of water prices, attitude towards
water price and water-saving; (4) farmers’ preferences, including risk attitude, loss aversion,
and time preference.

Each village randomly selected 10–12 households to conduct the survey, and the final
sample size was 331. After data cleaning, the final sample used in regression analysis is
314, of which 114 are from the Shiyang River Basin and 98 are from the Hei River Basin.
The number of samples from the Shule River Basin is 102.

3.2. Variables Selection and Definition
3.2.1. Dependent Variable

This article has selected the water-saving incentive effect of an explicit subsidy as the
dependent variable, which is measured by the answer to the question: “Do you think that
the water price reform (the explicit subsidy plan mentioned above) is useful to encourage
you to save water?”. The options 1–5 range from “completely useless” to “very useful”.
The statistical results are shown in Table 1.

The selection with “quite useful” accounted for the largest proportion at 45.54%,
followed by “very useful” at 26.75%. About 1/5 people chose “completely useless” and
“almost useless”. In general, the majority of farmers think that the explicit subsidy program
can stimulate them to save water.

3.2.2. Independent Variables

In order to verify the hypothesis proposed in this article, it should be considered
that whether farmers are willing to save water is also largely affected by their evaluation
of the irrigation-water-saving potential. If the farmers believe that it does not have any
water-saving potential, then the explicit subsidy plan proposed in this article will not
be able to stimulate them to save water. Therefore, this paper selects the intersection of
farmers’ loss aversion and water-saving potential as the main independent variable.
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Table 1. The incentive effect of explicit subsidy on water-saving.

The Incentive Effect of Explicit Subsidy Frequency Percentage Cumulative Percentage

1 Completely useless 14 4.46% 4.46%
2 Almost useless 50 15.92% 20.38%

3 Average 23 7.33% 27.71%
4 Quite useful 143 45.54% 73.25%
5 Very useful 84 26.75% 100%

The loss aversion in the article is measured by the following question: “If another
farmer wants to buy your water, what is the lowest price you accept to sell your water
(WTA)? If there is water that can be bought, what is the highest water price you are willing
to pay (WTP)?” The ratio of the two (WTA/WTP) was used as the subject’s degree of
loss aversion.

The reason we asked this question was to make a similar situation to the endowment
effect experiment without risk [28], and elicit WTA and WTP from the same individual.
The gap between WTA and WTP can be interpreted as evidence for loss aversion in riskless
choice. According to the results, all farmers were divided into two categories: 0 = no loss
aversion (WTA/WTP ≤ 1), 1 = loss aversion (WTA/WTP > 1). The statistical results are
shown in Table 2.

Table 2. Loss aversion.

Loss Aversion Frequency Percentage Cumulative Percentage

0 = No loss aversion 218 69.43% 69.43%
1 = Loss aversion 96 30.57% 100%

Most documents have confirmed the widespread existence of loss aversion, but our
results show that only close to 1/3 of the interviewed farmers have loss aversion. This
may be related to the imperfect market of local agricultural irrigation water rights. Water
is a special commodity. It is not a fully market-oriented commodity, so the measurement
results may only partially reflect the preferences of farmers.

The water-saving potential of farmers is measured by asking farmers to answer the
question “In general, do you think your irrigation water has water-saving potential?” Op-
tions 1–5 indicate “no potential at all”, “almost no potential”, “balanced”, “some potential”,
and “big potential”, respectively. The statistical results are shown in Table 3.

Table 3. Evaluation of water-saving potential of farmers.

Water-Saving Potential Frequency Percentage Cumulative Percentage

1 No potential at all 75 23.89% 23.89%
2 Almost no potential 102 32.48% 56.37%

3 Balanced 37 11.78% 68.15%
4 Some potential 84 26.75% 94.90%
5 Big potential 16 5.10% 100%

To further observe the impact of loss aversion on the water-saving effect of the explicit
subsidy, this paper introduces two interaction terms. The first one is equal to loss aversion
(0 = no loss aversion (WTA/WTP ≤ 1), 1 = loss aversion (WTA/WTP > 1)) multiplied by
the evaluation of the water-saving potential of farmers, which means the level of water-
saving potential considered by farmers with loss aversion; the second one is equal to no
loss aversion (1 = no loss aversion (WTA/WTP ≤ 1), 0 = Loss aversion (WTA/WTP > 1))
multiplied by the evaluation of the water-saving potential of farmers, which means the
level of water-saving potential considered by farmers without loss aversion. Interaction
term 1 and term 2 are designed to isolate farmers who have (no) loss aversion, and
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observe their perception of water-saving potential and the impact of loss aversion on the
dependent variable.

According to the above classification, the sample households can be roughly divided
into four groups: households with both loss aversion and water-saving potential, house-
holds with only loss aversion but no water-saving potential, households without loss
aversion but with water-saving potential, and households without either loss aversion or
water-saving potential.

3.2.3. Control Variables

Combining existing literature [34,39–41], this paper selects three types of variables as the
control variables: household head characteristics, family characteristics, and regional differences.

• Characteristics of Household Heads

Age: Generally speaking, the older the household heads are, the richer their agri-
cultural production experiences, and the more they are inclined to save water to reduce
agricultural production costs. Younger household heads with insufficient production expe-
riences may increase irrigation water to ensure yield. Therefore, it is expected that age will
have a positive effect on the incentives for water-saving.

Years of education: The level of farmers’ understanding of the new policy is related to
their education. The higher the level of education, the stronger the ability to understand
and accept new things. On the whole, education level should have a positive impact on the
incentives for saving-water.

Health status: A dichotomous variable is used to reflect the health status of farmers,
where 1 = good, and 0 = fair or poor. Farmers with better health will have more energy and
have more advantages in agricultural production. Compared with unhealth farmers, they
are more inclined to save water, thereby saving agricultural production costs. It is expected
that their health status will have a positive impact on the incentives for water-saving.

Identity: A dichotomous variable is used here to reflect the identity of the head of
household. Party members or cadres in the village (or both) are the promoters of the
implementation of the new policy, and their awareness of the new policy is higher than
normal farmers.

Risk preference: We use a question to measure farmers’ risk preference. Farmers
have two choices: option A is the opportunity to get 100 RMB for sure (without risk); and
option B, a simple lottery with a 50% chance of getting more than 100 RMB (an amount
that gradually increases from 150 RMB to 1500 RMB) and a 50% chance of getting nothing,
as shown in Table 4.

Table 4. Risk preference question.

Option A: 100%
Get 100 Yuan

Option B: 50% Chance to Get 0, 50% Chance
to Get a Certain Amount of Money

Choose A or B?
1 = A 2 = B

100 0 150
100 0 200
100 0 300
100 0 400
100 0 600
100 0 800
100 0 1000
100 0 1500

When the expected value of option B is small, the farmers will tend to choose the
risk-free option A. As the possible benefits of option B increase, farmers will start to choose
B at a certain amount, and will continue to choose B thereafter. For most of the farmers, we
can observe this turning point from option A to B, which can be used to measure the level
of risk aversion. We employed a simple way to calculate the risk aversion index of farmers,
as shown below:
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Risk aversion index = 1—the number of option B was chose/8
This is an inverse indicator. The larger the number of option B, the more risk-averse

the farmer is, and the smaller the index. For example, the index will equal 1 if a farmer
always chooses the riskless option A, which means an extremely loss-averse person. The
larger the index, the more risk-preferring the farmer is. For example, the index will equal
0 if the farmer always chooses option B, meaning a risk-seeking farmer who loves risk.
Previous research shows that farmers with an appetite for risk are more willing to try new
technologies [42], and they are more receptive to new things. It is expected that the explicit
subsidy program will provide water-saving incentives for risk-preferring farmers.

Water price judgment: Farm households are divided into three categories based on
their water price judgments: the first category is farmers who believe that the current
water price is higher than the cost of water supply; the second category is farmers who
believe that the current water price is lower than the water supply cost; the third category
is farmers who think that water price is similar to the cost of water supply. This article
takes the third category as a reference and introduces two dummy variables to observe
whether the explicit subsidy plan will have different water-saving incentives for the three
kinds of farmers with different water price judgments.

Canal evaluation: The quality of the irrigation canal directly reflects the quality of the
water supply for farmers. The better the channel, the higher the irrigation efficiency of
farmers, the less water wasted during the irrigation process, and the greater the potential
for farmers to save water. It is expected that the better the canal evaluation, the more
significant the water-saving incentives provided by explicit subsidy will be.

• Family Characteristics

Cultivated land area: Generally speaking, the larger the area of arable land, the more
favorable it is for large-scale agricultural production to achieve economies of scale and
reduce agricultural production costs. Farmers with a larger area of arable land are more
inclined to adopt advanced agricultural production technologies [43], which also means
more room for water-saving. Therefore, it is assumed that the area of arable land has a
positive effect on the water-saving incentives.

Planting structure: the proportion of the sown area of cash crops to the total sown
area. The larger the proportion of cash crops, the more farmers will increase their water
consumption to ensure profits. Although the explicit subsidy program can help active
farmers save water costs, for those with a large proportion of cash crops, they are not
motivated to save water in order to ensure yield.

Irrigation water used: Total water consumption per mu. Farmers who used too
much irrigation water have insufficient water-saving awareness and insufficient planting
experience. The water-saving space of these farmers is larger than that of farmers who
used less irrigation water. Therefore, under the stimulation of the explicit subsidy program,
farmers who used more irrigation water will be more motivated to save water.

Greenhouse: Farmers were asked whether they had used a greenhouse in 2012, which
is a dichotomous variable. This variable is used to reflect the ability of farmers to accept
new things and new technologies. Farmers who use greenhouses are more able to accept
the implementation of the explicit subsidy program, which can promote farmers to save
more water.

• Regional Differences

There are differences in the natural environment of the three inland river basins. First,
there are differences within the same watershed. Differences in elevation, precipitation,
temperature, and evaporation in the upper, middle, and lower reaches of the river lead to
differences in the supply of surface water and groundwater. Second, there are differences
between the river basins. The three river basins run from east to west. As rainfall has
decreased and evaporation has increased, the degree of drought has gradually increased,
and the water demand of crops has also increased accordingly. Third, the human envi-
ronment of the river basins is different. The population density of the three river basins
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gradually decreases from east to west, and the per capita arable land area and irrigation
quota per unit of arable land increases. The above-mentioned differences will more or less
interact and affect the views of farmers in the basin on the use of irrigation water, and
the water-saving incentives. However, because these influencing factors are difficult to
separate and refine in one survey, many factors interact with each other. Therefore, all the
independent variable factors not mentioned above are integrated into regional difference
factors and included as an influencing variable in the regression analysis. Shiyang River
basin was taken as the reference area, and two dummy variables of Hei and Shule River
were introduced to compare with it.

A specific description of the variables is shown in Table 5.

Table 5. Descriptive statistics.

Variable
Classification Variable Description Variable Name Mean Standard

Deviation Min. Max.

Water-saving effect
of explicit subsidy

1 = completely useless, 2 = almost
useless, 3 = average, 4 = quite useful,

5 = very useful
Water price reform 3.742 1.147 1 5

Interaction term

Loss aversion * Farmers’ evaluation of
water-saving potential Interaction term 1 0.745 1.296 0 5

No loss aversion * Farmers’
evaluation of water-saving potential Interaction term 2 1.822 1.617 0 5

Household head
characteristics

Age of household head (years) Age 49.197 9.675 25 74

Years of education Education 8.299 3.035 0 15

health1 = good, 0 = fair or poor Health 0.828 0.378 0 1

Identity of household head1 = party
member/village or water user
association cadre, 0 = nothing

Identity 0.404 0.492 0 1

Risk aversion1 = yes, 0 = no Risk preference 0.567 0.409 0 1

Do you believe that the water price is
higher than the cost of water supply?

1 = yes, 0 = no
Water price judgment 1 0.631 0.483 0 1

Do you believe that the water price is
lower than the cost of water supply?

1 = yes, 0 = no
Water price judgment 2 0.182 0.386 0 1

Evaluation of the maintenance of the
channel: 1 = very bad, 2 = bad,

3 = average, 4 = good, 5 = very good
Canal evaluation 3.223 1.294 1 5

Family
characteristics

Total farmland area (mu) (logarithm) Farmland area 2.769 0.653 0 4.673

The proportion of cash crop area to
total sown area Planting structure 0.911 0.188 0 1

Total irrigation water used
per mu (m3) (logarithm) Irrigation water used 6.629 0.525 4.828 7.378

Whether to use a greenhouse:
1 = yes, 0 = no Greenhouse 0.188 0.391 0 1

Regional
differences

Dummy for Shule River
basin: 1 = yes, 0 = no Shule River 0.325 0.469 0 1

Dummy for Hei River basin:
1 = yes, 0 = no Hei River 0.312 0.464 0 1
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4. Hypothesis Verification
4.1. Model Selection

The dependent variable is an ordered discrete variable, so the ordered response model
is adopted here. The ordered Probit model is the most commonly used model for predicting
ordered discrete variables. In this paper, the input of the model is a vector Xi composed of
factors x1i − xmi that affect the water-saving incentives of the explicit subsidy scheme, and
the output variable yi is the farmer’s evaluation of water-saving incentives. A continuous
implicit variable y* is defined, which should be a mapping of yi, used to reflect the internal
change trend of farmers’ incentives for water-saving. The general form of the ordered
Probit model is:

y* = βX + ε (1)

in the formula, β represents the parameter vector, and ε is the random error of the standard
normal distribution, which represents the sum of other factors that are not considered in
the model but have an impact on the dependent variable. According to the division of the
incentive effect of water saving, the value interval of the continuous variable y* is divided
into 5 intervals by setting the threshold αi (where α1 < α2 <α3 < α4), then there are [44]:

y =


1, y∗ ≤ α1
2, α1 < y∗ ≤ α2
3, α2 < y∗ ≤ α3
4, α3 < y∗ ≤ α4
5, y∗ > α4

(2)

The probability that yi appears in each interval, that is, the calculation equations of
the conditional probability of yi with respect to X, are:

P(y = 1|X) = Φ(α1 − βX)
P(y = 2|X) = Φ(α2 − βX)−Φ(α1 − βX)
P(y = 3|X) = Φ(α3 − βX)−Φ(α2 − βX)
P(y = 4|X) = Φ(α4 − βX)−Φ(α3 − βX)
P(y = 5|X) = 1−Φ(α4 − βX)

(3)

where Φ () is the cumulative distribution function of the standard normal distribution.

4.2. Regression Analysis Results

The results are shown in Table 6.

4.2.1. The Impact of the Intersection of Loss Aversion and Water-Saving Potential

The results show that interaction term 1 was positively significant at the 5% level,
while interaction term 2 has a positive but not significant impact on the dependent vari-
able, which shows that among the farmers who think there is water-saving potential, the
farmers with loss aversion will think that the explicit subsidy policy has a significant
water-saving incentive effect. However, the impact of loss aversion is not significant for
those farmers who think they do not have the potential to save water. The incentive
effect of explicit compensation can only be exerted when farmers have expectations for
water-saving potential.

4.2.2. Influence of Control Variables

Among the characteristics of the head of household, the health status of the head of the
household is positively significant at the level of 10%, indicating that farmers with better
physical conditions have more water-saving incentives if the explicit subsidy program is
applied. This is in line with our expectation that farmers with good physical conditions
have more advantages in agricultural production, and under the stimulation of the explicit
subsidy program, they are more willing to save water and reduce production costs.
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Table 6. Regression analysis results.

Variable Coef. z p > z 95% Conf. Interval

Interaction term 1 0.135 2.01 0.044 ** 0.003 0.267
Interaction term 2 0.075 1.42 0.15 −0.029 0.178

Age 0.005 0.61 0.541 −0.010 0.019
Education 0.003 0.13 0.900 −0.041 0.047

Health 0.308 1.74 0.082 * −0.039 0.655
Identity −0.030 −0.22 0.826 −0.292 0.233

Risk preference −0.127 −0.82 0.410 −0.431 0.176
Water price judgment 1 0.434 2.59 0.009 *** 0.106 0.762
Water price judgment 2 0.406 1.96 0.050 ** 0.000 0.812

Canal evaluation −0.174 −3.48 0.000 *** −0.272 −0.076
Farmland area 0.04 0.33 0.740 −0.199 0.280

Planting structure −0.008 −0.02 0.985 −0.792 0.777
Irrigation water used −0.534 −2.11 0.035 ** −1.029 −0.038

Greenhouse −0.098 −0.58 0.565 −0.431 0.236
Shule River 0.490 1.69 0.092 * −0.079 1.059
Hei River 0.865 3.06 0.002 *** 0.310 1.420

Significance level: *** p < 0.01; ** p < 0.05; * p < 0.1. Model test result: total number of samples = 314; LR chi2(16) = 40.33;
Prob > chi2 = 0.0007; Pseudo R2 = 0.0481; Log likelihood = −398.607.

Water price judgment 1 and water price judgment 2 are positively significant at the
levels of 1% and 5%, respectively. Water price judgment 1 refers to farmers who believe that
the current water price is higher than the cost of water supply, and water price judgment
2 refers to farmers who think that the current water price is lower than the cost of water
supply. Compared with farmers who think that the current water price and water supply
cost are equal, both types of farmers believe that the explicit subsidy plan can stimulate
them to save more water.

The canal evaluation that reflects farmers’ evaluation of irrigation infrastructure has a
significant negative impact on the water-saving incentives of the explicit compensation
scheme. The farmers who believe that the canal is well maintained may feel that they don’t
have much room for water-saving. However, those farmers with poorly maintained canals
may consider that they can easily save water by improving their canal quality, and thus the
explicit subsidy program can provide more incentive for them to save water.

The amount of irrigation water used per unit of land (logarithm) has a significant
negative impact on the water-saving incentives of the explicit compensation scheme; that is,
the more irrigation water used, the less water-saving incentives there are under the explicit
compensation scheme. In the survey area, the amount of irrigation water used per unit
of cultivated land mainly depends on the sufficiency of water resources and the strictness
of irrigation water management—the more water resources and the looser the regional
irrigation water management policy, the more irrigation water can be used. Farmers in
areas where water resources were not strictly managed may have insufficient awareness of
water shortages, and lack of motivation to save water.

The parameters of both two region dummy variables (Hei River and Shule River) are
significantly positive. This means that compared with farmers in the Shiyang River Basin,
farmers in both the Hei River and Shule River Basin have more water-saving incentive
with the explicit compensation policies. The Shiyang River basin has implemented a
very strict system for water resource management since 2007. After a series of reforms in
Shiyang River basin, the water-saving potential of local farmers is exhausted by its existing
management policies and water quota standards, and there is no room for continued water
saving [45]. Compared to the Shiyang River, both Hei River and Shule River basins have
more water resources and relatively loose management of agricultural irrigation water. As
the consequence, farmers in these two basins believe that the explicit subsidy program can
stimulate them to save water.



Sustainability 2021, 13, 5197 11 of 14

5. Discussion

The research results confirmed our hypothesis, but the purpose of the water price
reform is to promote farmers to save water. According to our research results, the following
three measures can be used to encourage farmers to save water.

Firstly, the local governments should actively explore how to implement a new agri-
cultural water price reform, using an explicit subsidy policy.

To fully realize the value of water resources and improve the efficiency of water use,
it is an inevitable choice to increase agricultural water prices. At the same time, we need
to clarify that the essence of agricultural water price reform is to promote farmers to save
water, rather than to simply increase prices and costs of agricultural production. At present,
most farmers in the study area do not have sufficient awareness of the value of water
resources and water supply costs, which leads to many obstacles to simple price increases.
Therefore, the current agricultural water price reform should take into account both price
increase and compensation. While increasing water prices, it should also increase farmers’
awareness of the value of water resources through publicity. On this basis, considering the
nature of a weak industry like agriculture, a certain amount of compensation is used to
eliminate the loss of farmers due to the increase in water prices. At present, many places in
China have implemented an explicit subsidy policy for agricultural water prices [46], but
due to the large differences in specific implementation plans, the water-saving effects are
not the same.

The explicit subsidy policy needs to focus on two key points: how much to increase
the water prices and the way to compensate farmers. A small increase in water prices
makes it hard to effectively stimulate farmers’ awareness of water-saving, while a large
increase in water prices will easily lead to an increase in the production costs of farmers,
which will stimulate farmers to save water but hurt farmers’ enthusiasm for agricultural
production. Therefore, the water price increase and its compensation amount and program
design are very critical. Our results show that if the local governments can work with
economists and make full use of behavioral economics, especially loss aversion, they can
design a better water price mechanism, and stimulate farmers to save more water.

Secondly, the local governments should strengthen publicity and education, and
enhance farmers’ awareness of the real value of water.

Farmers are the key to agricultural water price reform. Strict water resource man-
agement policies can be effective in the short term, but in the long run, agricultural water
conservation can only be sustained if farmers have an awareness of water conservation.
At the same time, the government should not damage the income of farmers in pursuit of
water conservation. The government’s focus should be on improving water efficiency and
eliminating waste. This requires the government to strengthen publicity and education, and
make farmers understand the relevant policies through multiple channels. The traditional
publicity methods of issuing leaflets and printing slogans are not so effective. New media
should be considered to allow farmers to better understand and accept the new policies, and
at the same time, the construction of water-saving facilities should be actively promoted to
make farmers realize that their traditional irrigation methods have significant space for
water saving, and to enhance farmers’ ability and confidence in exploiting the water-saving
potential. All these methods are conducive to the implementation of an explicit subsidy
policy for agricultural water price reform, which ultimately benefits farmers.

Thirdly, the local governments should improve the water rights trading market and
infrastructure construction.

A well-designed water rights trading market and well-maintained irrigation infras-
tructure are important guarantees for agricultural water price reform. The water rights
trading market plus a well-maintained canal network can realize the transfer of agricul-
tural water between different water users and improve the efficiency of water resource
allocation [47]. Although Gansu Province has achieved some successful pilot experiences
in agricultural water rights trading in recent years, there are still many problems that need
to be further improved [48]. Relevant departments should actively encourage farmers to
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jointly contribute to canal maintenance, which can not only reduce unnecessary losses such
as leakage and evaporation caused by dilapidated canals, but also facilitate the installation
of water-metering facilities, thus enabling the successful implementation of agricultural
water price reforms.

Furthermore, when the ecosystem is damaged, it is worthwhile for us to learn from the
Lake Karla case in central Greece, which not only solved the problem of a water resource
shortage, but also brought environmental and economic benefits. Thus, nature-based
solution (NBS) projects in agriculture may be conducive to the sustainable development of
the local environment and economy [49].

6. Conclusions

The explicit compensation mechanism of agricultural water can provide more water-
saving incentives for farmers who both have loss aversion and believe that they have water-
saving potential. For farmers who don’t think there is water-saving potential, the water-
saving incentives provided by explicit subsidies are not very effective. This conclusion
provides us with a more specific and interesting perspective when designing policies.
First, the government needs to consider how to help farmers improve their ability and
confidence to make full use of water-saving potential, through measures such as publicity
and technical support. Second, relevant departments may need to design different policies
for different groups of farmers.

The health status, water price judgment, and canal evaluation of farmers all have
a significant impact on the incentive effect of water-saving. Farmers in good physical
condition are more energetic and more efficient in agricultural production, so they believe
that the explicit subsidy program can provide them more water-saving incentives. Farmers
who feel that the current water price is higher than the cost of water supply and that the
current water price is lower than the cost of water supply both believe that the explicit
subsidy program can stimulate them to save more water. The evaluation of the canal
by farmers is related to the location of the farmer’s plot in the canal irrigation system.
Farmers with a poor evaluation of the canal believe that the explicit subsidy program has a
water-saving incentive effect, while those with a better canal may consider that they have
less water-saving space. Therefore, the explicit subsidy program has little effect on their
further water-saving incentives.

The water resource management system also has an impact on the water-saving
incentive of the explicit subsidy scheme. This is reflected in the fact that parameters of
the amount of irrigation water used per unit of land (logarithm) and regional dummy
variables all are significant. Farmers with more irrigation water per unit of cultivated land
have less incentive effect of the explicit subsidy program. In the survey area, the average
amount of irrigation water per mu depends on both the richness of water resources and
the strictness of irrigation water management. Among the regional variables, the Hei River
and Shule River both have significant positive impacts, indicating that compared with the
Shiyang River basin, farmers in the Hei and Shule River basins believe that the explicit
subsidy program can stimulate them to save water. Under the pressure of ecological
governance, Shiyang River initiated a comprehensive river basin management project in
2007. Through a series of strict water resource management measures, the ecology was
improved. The water consumption of farmers has been continuously decreasing, and the
amount of water-saving has reached an extreme, so the explicit subsidy program has a
very limited effect on water-saving incentives for farmers in the Shiyang River Basin. The
Hei and Shule River basins are not under such big pressure from ecological governance,
and the management departments of surface water and groundwater are separated from
different institutions. There are still a lot of farmers in the Hei and Shule River basins that
have water-saving potential.
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