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Abstract: After operating for four years, the fallow project in the groundwater funnel area of the North China Plain
has produced an initial water-saving effect. However, groundwater funnel remediation is a long-term process, and
grain price changes over time may affect farmers’ willingness to participate in fallow. Based on the estimation by the
Cobb-Douglas production function, the relationship between farmers’ satisfaction with fallow compensation and
planting income is analyzed based on survey data collected from farming households in Hebei, a typical province
located in the groundwater funnel area. Using this data, the impact of wheat price changes on farmers’ willingness
to participate in fallow is simulated. The results indicate wheat price changes affect farmers' expected planting in-
come and consequently their willingness to fallow; 88% of farmers would be unwilling to participate in fallow with a
0.1 yuan per 500 g increase in the wheat price, whereas 71.4% of farmers would be willing to participate in fallow
with a 0.2 yuan per 500 g decrease in the price. Finally, some policy implications are proposed, such as the rec-
ommendation that the fallow compensation should be adjusted according to the wheat price multiplied by the av-

erage wheat yield of the three years before fallow in the North China Plain.
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1 Introduction

Hebei Province is one of China’s three major wheat-prod-
ucing regions and among the most water-deficient provinces
in China. In Hebei, agricultural water accounts for 70% of
the total social water use, and winter wheat irrigation ac-
counts for 70% of the agricultural water use. But since win-
ter precipitation accounts for only 20% of the annual pre-
cipitation, groundwater has become the main source for
winter wheat irrigation, leading to the over-exploitation of
groundwater resources. Recently, groundwater over-exploi-
tation has threatened the environment and future agricultural
production capacity. The regional water environment is se-
verely damaged, and the environmental carry capacity is
close to being reached. Therefore, it is important to accelerate
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the transformation of the agricultural development modes.

In 2016, the Ministry of Agriculture (then), the Ministry
of Environmental Protection (then), and 10 other ministries
and commissions issued the “Exploration of the Pilot Pro-
gram for the Implementation of the Rotation System” and
launched a pilot project of 6.16 million mu (I mu equals
667 m®) of land for fallow and rotation in the country, in-
cluding the groundwater funnel area, the heavy metal pollu-
tion area, and the ecologically degraded area. The Heilong-
gang River Basin in Hebei Province was selected as the
main pilot area in the groundwater funnel area, in which
seasonal fallow has been carried out for many years.

As of 2019, the pilot project of seasonal fallow in Hebei
Province had been in the implementation mode for 4 years,
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and an initial water-saving effect had been obtained. Ac-
cording to a survey of 73 fallow points in 11 counties, irri-
gation frequency was reduced by 3.8 on average during the
fallowing period, and the water savings were approximately
180 cubic meters per acre (Wang et al., 2013). The accumu-
lated annual water savings for the 1.04 million mu of fallow
land was 324 million m’.

However, given the vast scale of the groundwater funnel
in the North China Plain caused by a nearly 50-year history
of mining, the amount of water saved by this effort in just a
few years is not enough to restore the proper groundwater
volume. To repair the groundwater funnel, the seasonal fal-
low project in the North China Plain needs to continue, with
the same participation level, for at least 10 years. One key
question is: For the implementation of medium- and
long-term policies, can the current fallowing policy adapt to
long-term agricultural development? In recent years, Chi-
na’s main grain prices have fluctuated greatly (Xu et al.,
2012; Li et al., 2015; Arnade et al., 2017) due to the influ-
ences of international factors (e.g., the coronavirus disease,
the weak US dollar, fund investment activities) and natural
factors (e.g., changes in the global climate, natural disasters)
(Lehmann et al., 2013; Bayramoglu, 2014; Peng et al., 2016;
Karimi et al., 2018; Alidoost et al., 2019; Kyriazi et al.,
2019; Liu et al., 2019), and the domestic wheat market has
experienced a rare decline in the past 10 years (Zhu and Si,
2015). With the adjustments of policies and markets, the
prices of major crops are bound to be affected. According to
economic theory, these price changes will lead to changes in
farmers' agricultural production and livelihoods (Yamauchi
and Dewina, 2012; Andrew, 2013; Gibson, 2013; Mao and
Yang, 2015; Zinda and Kapoor, 2019). Thus, could the cur-
rent fallow policy adapt to future changes in grain prices?

There has been a large amount of research on the impact
of prices on the agricultural supply (Nerlove, 1979; Rose-
grant et al., 1998; Kanwar, 2006; Imai et al., 2011; Zhang et al.,
2019). For example, using data from India (1967-2000) for
six major grains, Kanwar (2006) analyzed the impacts of the
prices on their yields and concluded that prices have a
significant impact on yield. The impact of price volatility on
agricultural production in China has also been studied
extensively (Ke, 1994; Jiang, 1998; Du and Coleman, 1997;
Zhong and Hu, 2008; Wang and Huang, 2011). The main
conclusion of these studies is that crop prices have an im-
pact on production through the free market mechanism.

However, fallow has a different effect, as fallow requires
farmers to stop planting specific crops for which they re-
ceive compensation from the government. Rational farmers
will make the decision of whether to fallow or not by
weighing the opportunity cost of fallow against the com-
pensation.

Although many studies have explored the influences of
individual, farming household, cognitive, and land features
on farmers’ willingness to fallow (Wu and Xie, 2017; Yu
et al., 2017; Xie and Jin, 2019), there is little research on the

impact of crop price changes on farmers’ willingness to
fallow.

The fallow pilot project in the groundwater funnel area of
Hebei is a semi-mandatory planting mode change. The fal-
lowing farmer needs to shift from the two-crop planting
mode of one-season winter wheat and one-season summer
maize to the one-crop planting mode of one-season natural
fallowing and one-season rain nourishing. In return, the
government issues a fallow compensation of 500 yuan mu’'
which is essential to compensate for the loss of crop yield
caused by fallowing. Two remaining questions regarding the
farmers’ participation in this system:

1) When the fallow compensation is fixed, will the
farmer’s fallowing behavior be affected by the crop price
changes according to the current production technology?

2) As winter wheat is a type of grain crop, do the price
changes have substantial impacts on farmers’ fallowing de-
cisions?

To address these questions, a farmer’s agricultural pro-
duction model is constructed to calculate the shadow price
of agricultural labor based on household survey data from
Jizhou City and Taocheng District of Hengshui City, two
typical groundwater over-exploitation areas in Hebei Prov-
ince. The opportunity cost of fallow (i.e., planting income)
is then calculated through the cost-benefit function, and the
relationship between the opportunity cost and the farmers’
satisfaction with the fallow compensation is compared un-
der the condition of a fixed fallow compensation. Second,
the impact of wheat price changes on farmers’ fallow op-
portunity cost is simulated, and the farmers’ willingness to
participate in fallow under different scenarios of wheat price
changes is analyzed. Finally, we provide policy recommen-
dations for the long-term implementation of fallow in the
groundwater over-exploitation area in the North China
Plain.

2 Data sources and methods
2.1 Study area

Jizhou City and Taocheng District of Hengshui City, Hebei
Province, belong to the deep groundwater funnel area of the
North China Plain, located between 115°10'E —116°34'E
and 37°03'N —38°23'N.

There are 46 large-scale depressions of over 10000 mu in
Hengshui, the largest of which is the “1000-ha depression
(Qian-qging-wa)” in Jizhou City and Taocheng District with
a total area of 75 km’. This topographical condition pro-
vides convenient conditions for the groundwater funnel area.
To restore the deep underground funnel, Hengshui City
completed a project of planting mode adjustment (the sea-
sonal fallow) of 400000 mu, which was increased to 490800
mu in 2015 according to the implementation plan for the
comprehensive treatment of groundwater over-exploitation
in Hebei Province. This project involves 11 counties (cities,
districts), 71 townships, 669 villages, and 41177 farmers or
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business entities throughout the whole city. In 2016, a na-
tional fallow pilot project began.

2.2 Data sources

A stratified random sampling method and semi-structured
interviews were used to investigate the farming households
in the study area. The main contents of the survey included
basic conditions of the farmland, farmer features, social and
financial asset status, situation of household farming opera-
tions, and the farmers’ perceptions of fallow. From July to
August 2016, a team of 5 people (1 doctoral student and 4
master students) carried out the farming household survey in
33 villages. A total of 134 questionnaires were collected,
including 126 valid questionnaires, and the effective rate of
the questionnaire was 94%.

2.3 Methods

2.3.1 The mechanism through which wheat price
influences the willingness to fallow

The compensation from the government is the main factor
that affects farmers’ willingness to participate in fallow.
Farmers, as economically rational people, compare the op-
portunity cost of fallow with the compensation. When the
two are far apart, the farmers’ willingness to participate in
fallow is affected. At present, the fallow compensation
standard is fixed at 500 yuan mu™', so it is mainly the op-
portunity cost of fallow that affects the farmer’s willingness
to fallow. The net income of farmers before fallow is equal
to output income minus input cost. A change in crop price
will affect the output income under the premise of stable
output and constant input cost.

Therefore, when the price of the crop changes, then the
planting income will change, and the opportunity cost of
fallow will change. Thus, the willingness of farmers to par-
ticipate in fallow will be affected, as shown in Fig. 1. When
the price of the crop rises, the willingness of farmers to par-
ticipate in fallowing will decrease; when it falls, the will-
ingness of farmers to fallow will increase.

i |Thc opportunity cost of fallowing |: Farmers'willingness o
i | participation in fallow

The mechanism of wheat price change affecting fallow

Fig. 1
willingness

2.3.2  Production function

This study uses the Cobb-Douglas production function to
simulate the agricultural production function of the non-
fallowing farmer, which can be expressed as follows:

InG=a+pfnAd+AInL+0ImC+Y (6Z)+& (1)

In formula (1), G represents the total agricultural income;

o represents the constant term; A, L and C represent the land,
labor, and capital inputs, respectively; S, A, and 6 represent
the corresponding elastic coefficients, respectively; Z repre-
sents exogenous variables, such as household features; ¢
represents the corresponding coefficient; and & represents
the residual term.

G=F wheat X

In formula (2), P, represents the wheat price, Opeat

+P X

‘wheat corn corn (2)

represents the yield of winter wheat; P, represents the corn

price; and Q,,, represents the yield of corn.

2.3.3  Cost-benefit analysis

As economically rational people, farmers will participate in
the fallow if the planting income after fallowing plus the
compensation is greater than the planting income before fal-

lowing. The above relationship can be expressed as follows:
Lo+ > Ter 3)

In formula (3), /, represents the net planting income af-
ter winter wheat fallowing, /- represents the compensation
for fallowing, and [, represents the net planting income

before fallowing.

According to the situation of agricultural operations in
the study area, the cost-benefit analysis for a plot can be
expressed as follows:

1

pesticide -1 fertilizer —

Inet ZYXp— seed
1 I

(4)
machinery ~ “irrigation -1 labor

where, p represents the price of the agricultural products
(yuan per 500 g); Y represents the crop yield per unit area

(500 g mu'); I, I I I

seed > *pesticide » I fertilizer > * machinery»> *irrigation »
and [, represent the input costs of seed, pesticide, fer-

tilizer, machinery, irrigation, and labor per unit area (yuan
mu"), respectively. Iibor 18 calculated by multiplying the

shadow price of farming labor (W), yuan per workday) by
the labor input (workday per mu) (Wang and Swallow,
2016). W is usually equal to the marginal income of labor
input, that is, the change in total planting income from the
unit labor input, which can be expressed as follows:
3G _,6 -
oL L
In formula (5), G, L, and 4 have the same definitions as in
formula (1).

"

3 Results and analysis

3.1 Farmers’ features and their expectation of
fallow compensation

From the farmer survey data, the basic conditions of the
farmland mainly include the plot area, the situation of land
contracted and transferred, and the irrigation status. The
situation of a household farming operation mainly includes
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the input (seeds, fertilizers, pesticides, irrigation water, ma-
chinery, etc.) and the final output of the crop. Farmer fea-
tures mainly include age, gender, education level, and oc-
cupation. Status of social and financial assets includes
farming income, off-farm income, and household expendi-
ture. Farmers’ perceptions of fallow mainly include the
farmer's willingness to fallow winter wheat, their satisfaction
with the fallow compensation, and the expectation of fallow
compensation. Table 1 describes several key features of the
farmers and their expectations of fallow compensation.

As shown in Table 1, 80.1% of the farmers are male.
Farmers aged 55 and above account for 56.1%, while those
aged over 65 account for 17.3%, and the smallest proportion
is farmers aged 35 or below, accounting for only 4.1% of the
total sample. This age distribution indicates that the age of
farmers in the study area tends to be older, and young labor
is scarce. In terms of education level, more than 90% of the
farmers have a junior middle school education or below,
indicating that the sampled farmers in the study area are a
low education-level group. About one-fourth (28.6%) of
households have an off-farm income, and the remaining
depend mainly on farming for their livelihoods. In terms of
the expectation of fallow compensation, 50.8% of the total
sample expects 500 yuan or lower, and 7.1% expects over
700 yuan. In general, the farmers’ expectations of fallow
compensation are within a rational range, and there is no
phenomenon of unrealistic “skyrocketing prices”.

3.2 The analysis of farmers’ features and
compensation satisfaction

When the expected compensation is higher than the actual

compensation, farmers are not satisfied; and, conversely,

when the expected compensation is equal to or lower than
the actual compensation, farmers are satisfied with the ac-

tual compensation. In a free environment, compensation
satisfaction is the most important factor affecting farmers’
decision-making regarding fallow.

As shown in Table 2, male farmers are more satisfied
with the current fallowing compensation than female farm-
ers, as 55.45% of male farmers believe that the current
compensation of fallow is satisfactory, while 72% of female

Table 1 Farmers’ features and their expectations of fallow
compensation
Farmer feature Levels Percentage (%)
Gender Male 80.1
Female 19.9
Age 35 years old or below 4.1
36-45 years old 8.7
46-55 years old 31.1
56-65 years old 38.8
66 years old or older 17.3
Education level Uneducated 8.2
Primary school 332
Junior high school 48.5
High school, Secondary 97
school, Vocational college ’
College or above 0.1
Does the family have an Y¢S 28.6
off-farm income? No 714
<400 yuan mu™' 24.2
400-500 yuan mu’’ 26.6
The expectation of 500-600 yuan mu' 234
fallow compensation
600—700 yuan mu’ 18.7
> 700 yuan mu™' 7.1

Table 2 The satisfaction of fallow compensation as related to different farmer features

Farmer feature Levels

Unsatisfied with the current
compensation (%)

Satisfied with the current
compensation (%)

Gender Male
Female
35 years old or below
3645 years old

Age 46-55 years old
56-65 years old
66 years old or older
Uneducated
Primary school

Education level Junior high school

High school, secondary school, vocational college

College or above

Does the family have an off-farm  YeS
income? No

55.45 44.55
28.00 72.00
60.00 40.00
63.64 3636
53.85 46.15
30.61 69.39
7727 22.73
60.00 40.00
3231 67.69
57.38 42.62
58.33 41.67
100.00 0.00
63.89 36.11
44.44 55.56
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farmers believe that the current compensation standard does
not meet their expectations. The sample data indicate that
female managers are more likely to be unsatisfied with the
current compensation standards for fallow farming.

The proportion of farmers aged 35 or below who are sat-
isfied with the current compensation is 60%, which is larger
than the unsatisfied group. The possible explanation is that
farmers aged 35 or below are more likely to have higher
off-farm income due to more off-farm employment oppor-
tunities. Therefore, the functions of farmland for farmers’
overall employment, economic benefit, and social security
tend to be reduced (Tian et al., 2010; Wang et al., 2016).
Generally, as long as the opportunity cost of work off-farm
is greater than the income from farming, the younger farm-
ers will have more willingness to fallow, as the government
will provide compensation for fallowing.

Among farmers aged 36—45 and 4655, the proportions
of farmers who are satisfied with the current compensation
are larger than the unsatisfied proportions. Compared with
the farmers aged 35 or below, the proportion of farmers who
are satisfied with the current compensation decreases with
an increase of age, as the opportunities to work off-farm are
reduced, and the functions of farmland for farmers’ overall
employment, economic benefit, and social security gradu-
ally become more important.

In addition, only 30.61% of farmers aged 56—65 are sat-
isfied with the current compensation. In other words, more
than two-thirds of farmers aged 56—65 believe that the cur-
rent compensation standard of 500 yuan per mu falls short
of their expectations. In this age group, farmers attach the
most importance to the functions of farmland for farmers’
employment, economic benefit, and social security.

Among the farmers above 65 years old, the satisfaction
with the current compensation is greatly improved. More
than 77% of farmers in this group are satisfied with the cur-
rent compensation. The most likely reason is that elderly
farmers find it difficult to implement extensive management
of farmland due to a lack of physical strength and energy.
As a result, the yield of their farmland is not high, and the
income of planting is proportional to yield. Since the current
compensation of fallow is greater than or equal to the plant-
ing income of farmers above 65 years old, a high proportion
of farmers in this age group report satisfaction with the cur-
rent compensation of fallow.

Among the farmers with different educational levels,
those who have only primary education are less satisfied
with the current compensation than those with higher levels
of education. Generally, it is believed that with more years
of education, farmers are more likely to engage in off-farm
jobs, which can be expected to improve their satisfaction
with the current compensation. However, the present results
may also support another point of view: that basic education
is generally accepted by rural family members in China,
which does not determine the occupation distribution (Feng

et al., 2016). As seen from Table 2, 63.89% of the farmers in
the sample report that the current compensation of fallow
meets their expectations, while the proportion of farmers
without off-farm income who are not satisfied with the cur-
rent compensation is relatively high. Off-farm income gen-
erally refers to the income farmers earn through off-farm
jobs. In recent years, the wages of ordinary workers in
China have increased significantly faster than the prices of
agricultural products and agricultural production materials
(Li and Dai, 2014). As a result, the gap between planting
income and the opportunity cost is increasing, and therefore
farmers with off-farm income will be more satisfied with the
current compensation than those without such income.

3.3 The relationship between the current
compensation and expectation

The Cobb-Douglas production function for winter wheat
and summer maize under the annual double-crop planting
mode is estimated from the household survey data. The
logarithm of total planting income is included as an
explanatory variable, and explanatory variables such as
sown area, labor input, and capital input are also
log-transformed before analysis. The variables of age and
education level are selected as covariates. The OLS
regression was performed on the SPSS 17.0 platform, and
the results are shown in Table 3.

Table 3 The estimation of the Cobb-Douglas production
function

Variables p S.E. Sig.

In (sown area) 0.999 0.075 0.000%**
In (laborinput) 0.033 0.019 0.019*
In (capital input) 0.030 0.070 0.038*
Age 0.015 0.557 0.579
Educational level -0.13 —0.497 0.620
Constant 7.153 0.473 0.000
R 0.935

Note: * means P <0.1; *** means P <0.01.

As shown in Table 3, the value of R*is 0.935, indicating
that the models fit the data well and the model results are
highly reliable. The elasticity coefficient (8) of labor input
is 0.033, and when this coefficient is used in formula (5) to
calculate the average shadow wage-price per household
under the non-fallow planting mode in 2016, the result is
15.07 yuan. On this basis, the shadow wage price is entered
into formula (4) to calculate the net income of planting
winter wheat, and the relationship between the current
compensation for fallowing and the net income of planting
winter wheat is shown in Fig. 2.

As shown in Table 4, 32 households with the planting
income of winter wheat less than 400 yuan per mu, account
for 25.8% of the total households; 29 households with the
planting income of winter wheat between 400—500 yuan per
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mu, account for 23.4% of the total households; 27 house-
holds with the planting income of winter wheat between 500
and 600 yuan per mu, account for 21.7% of the total house-
holds; 22 households with the planting income of winter
wheat between 600—700 yuan per mu, account for 17.8% of
the total households; and 14 households with the planting
income of winter wheat more than 700 yuan per mu, ac-
count for 11.3% of the total households. Comparing the ex-
pected compensation of farmers and the planting income of
winter wheat per mu shows that farmers’ expectation of fal-
low is highly correlated with the planting income of winter
wheat, indicating that farmers will expect compensation that
is based on their planting income.

Figure 2 shows that for approximately half of the farmers’
their planting income of winter wheat per mu is lower than
the current compensation. We believe that these farmers will
voluntarily participate in fallow. For the remaining 50.8% of
the farmers, the planting income of winter wheat is higher
than the current compensation, thus, they would have no
willingness to participate in fallow (Yu et al., 2017).

100

80

60

===-The current
compensation

40r

20

Cumulative percentage (%)

. 1 L . .
?OO 300 500 700 900 1100
Planting income (yuan per mu)

1300

Fig. 2 Cumulative percentage of net income per mu

Table 4 Comparison of farmers’ expected compensation
and actual income per mu

Farmers’ expected Planting income

) ) compensation
Classification Gap

Number of Number of
households households

<400 yuan 30 32 2

400-500 yuan 33 29 -4

500-600 yuan 29 27 -2

600-700 yuan 24 22 -2

> 700 yuan 8 14 6

Total 124 124 0

3.4 Possible impacts of wheat price fluctuation on
farmers’ fallowing decisions

Under the current production environment and technology
conditions, farmers cannot easily change their input factors,
such as the amount of seed, fertilizer, and mechanical in-
puts.

However, China’s grain prices have fluctuated signifi-

cantly, especially the wheat price in recent years. As the
prices change, farmers’ net income also changes, but the
current compensation of fallow is fixed at 500 yuan per mu.
Once the wheat price increase exceeds a certain threshold, it
is expected to affect the fallow adoption of winter wheat in
the North China Plain. Based on the survey data, the im-
pacts of winter wheat price fluctuations on farmers' net in-
comes and fallowing willingness are simulated. Survey data
show that the average wheat price in Taocheng District and
Jizhou City in Hengshui City was 1.11 yuan per 500 g in
2016. This study uses this base price to simulate the changes
in the net income of farmers with a price fluctuation range
of 0.1 yuan.

Table 5 shows the corresponding shadow wages and av-
erage net income per mu under different winter wheat prices.
In 2016, the winter wheat price in the survey area was 1.11
yuan per 500 g, so the corresponding shadow wage was
15.07 yuan, and the corresponding average net income per
mu was 507.30 yuan. In our simulation an increase in the
winter wheat price by 0.1 yuan to 1.21 yuan per 500 g, in-
creased the corresponding shadow wage to 15.82 yuan, and
the corresponding average net income per mu increased by
nearly 100 yuan. In general, as the winter wheat price in-
creases, the corresponding shadow wage and average net
income per mu also increase. Correspondingly, as the pur-
chase price of winter wheat declines, the corresponding
shadow wage and average income per mu also decrease.
However, these results do not reflect the changes in farmers’
willingness to participate in fallow based on the changes in
wheat prices. Figure 3 shows the cumulative percentage of
the net income per mu of the farmer under different wheat
prices, and the compensation standard line of fallow is
shown for comparison.

As shown in Fig. 3, when the price of winter wheat rises
by 0.1 yuan, only 12% of farmers have a net income per mu
less than 500 yuan; when the price rises by 0.2 yuan, only
6.5% of the farmers have a net income per mu less than 500
yuan; and when the price rises by 0.3 yuan, only 2.4% of the
farmers have a net income per mu less than 500 yuan. With
the decline of simulated winter wheat prices, the opposite
trend appears. When the price of winter wheat decreases by
0.1 yuan, 51.6% of farmers have a net income per mu less
than 500 yuan; when it decreases by 0.2 yuan, 71.4% of
farmers have a net income per mu less than 500 yuan; and
when it decreases by 0.3 yuan, 90.3% of farmers have a net
income per mu less than 500 yuan. These findings demon-
strate that under the current production technology condi-
tions, the changes in winter wheat prices will greatly affect
the average net income per mu of farmers, thus affecting
their willingness to participate in fallow.

In the scenario of the wheat price rising by 0.1 yuan, 88%
of the farmers have a net income per mu more than 500
yuan, so these farmers are likely to be reluctant to partici-
pate in fallow. To realize the goal of groundwater funnel
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restoration without changing the compensation standard, it
would be necessary to force farmers to participate in the
project, which could be expected to produce discontent
among the farmers and increase the implementation cost of
the government policies, leading to policy failure.

For farmers who have participated in fallow projects, es-
pecially those aged between 55 and 65 who have fewer op-
portunities for off-farm work, their farming income will
increase once the price of wheat rises. Therefore, without
supervision, they are likely to replant winter wheat.

In the opposite scenario, if the price of wheat falls by 0.2
yuan, 71.4% of farmers will have an average net income per
mu of less than 500 yuan. Although farmers’ participation in
fallow is expected to be high under the fixed compensation
standard, the government will bear a greater financial bur-
den.

Table 5 The effect of wheat price changes on planting
income per mu

Average net

Winter wheat price  Price change Shadow wage .
income per mu

(yuan per 500 g) (yuan per 500 g) (yuan per day)

(yuan)
0.81 -0.3 12.07 229.16
0.91 -0.2 12.97 322.38
1.01 -0.1 13.87 415.61
1.11 0 15.07 507.30
121 0.1 15.82 601.03
131 0.2 17.05 692.08
1.41 0.3 17.80 786.31
S
&
£ — 03
3 — 02
8 0.1
o —_— 0.1
-g — 02
= — 03
(% -=--The current

compensation
~100 200 500 800 1100 1400 1700

Planting income (yuan per mu)

Fig. 3 Cumulative percentage of net income per mu under
wheat price changes

4 Discussion

In recent years, many studies have examined the theme of
fallow, including the calculation of fallow area, the measure
of fallow compensation (Xie et al., 2018a), the willingness
of farmers to participate in fallow and its influencing factors
(Yu et al., 2017; Lu et al., 2019), the game relationship be-
tween fallow stakeholders (Xie et al., 2018b; 2019), and
many other aspects. In contrast, few studies have focused on

the impact of crop price changes on farmers’ willingness to
participate in fallow. The reasons are mainly related to two
aspects. One is that China’s grain prices are protected by
policies. Therefore, some people believe that grain prices
will not change appreciably, so there will be no significant
impact on farmers’ willingness to participate in fallow.
However, according to this study, a price fluctuation of just
a dime will greatly affect the opportunity cost of fallow
farming households, and this will affect their willingness to
fallow.

Secondly, a long period of sequential data is needed to
analyze the impact of crop price changes on the farmers’
willingness to participate in fallow according to the research
logic of economics. However, since the current fallow pilot
project has only been carried out for 4 years, the data from
that project cannot meet this analysis requirements.
Groundwater funnel remediation is a long-term process, so
the farmers’ satisfaction with fallow compensation directly
affects the sustainability of the fallow project. This study
attempts to start with the farmers’ satisfaction with fallow
compensation, construct the relationship between their sat-
isfaction and planting income, and then analyze the impact
of wheat price changes on planting income and conse-
quently on their satisfaction with fallow compensation.

Furthermore, the data used in this study are derived ex-
clusively from a household survey, and the survey reveals
that farmers are not very clear about their land quality and
soil types. Considering that the size of the study area is not
very large, the impact of the minor variations in land quality
on farming income is ignored in the calculation of the
Cobb-Douglas production function.

5 Conclusions

Based on household survey data in Jizhou City and
Taocheng District of Hengshui City in Hebei Province ob-
tained in 2016, this paper describes several key features of
the farmers and their expectations of fallow compensation in
the study area. The analysis establishes the relationship be-
tween farmers’ satisfaction with the current fallow compen-
sation and planting income of winter wheat. The Cobb-
Douglas production function is estimated using the in-
put-output data of farmers, and the shadow wage-price of
agricultural labor is calculated. On this basis, the impact of
wheat price changes on farmers’ willingness to participate in
fallow is simulated. This analysis leads to several conclu-
sions.

Female farmers are more likely to be dissatisfied with the
current compensation for fallowing than male farmers.
Among the farmers, those at 65 years old and above are the
most satisfied with the current compensation. Furthermore,
farming households with off-farm income are more satisfied
with the current compensation than those without off-farm
income. Although some features of farmers might influence
their fallow participation, there is no correlation between
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any of the farmer features analyzed here and farmers’ satis-
faction with fallow compensation.

By comparing the expected compensation of farmers
with the planting income of winter wheat, wheat price
changes were found to affect farmers' expected planting
income and, consequently, their willingness to participate in
fallow.

By simulating price changes of wheat, when the wheat
price rises by 0.1 yuan, 88% of farmers were found to have a
net income per mu of more than 500 yuan, and these farmers
are likely to be reluctant to participate in fallow. When the
wheat price drops by 0.2 yuan, 71.4% of farmers have a net
income per mu of less than 500 yuan, and although farmers’
participation in fallow is high in this case, the government
will bear a greater financial burden (Yu et al., 2017).

Therefore, the current unified fallow compensation stan-
dard (500 yuan mu™") cannot adapt to even relatively modest
price changes of winter wheat, so it should be adjusted to
the reflect the average wheat yield of three years before fal-
lowing multiplied by the wheat price in that year. This step
not only takes into account the difference in land income but
also may reduce the impact of price fluctuations on farmers’
decisions regarding fallow.

In addition, the government department should sign the
fallow contract with farmers who participated in fallow, and
the rights and obligations of both parties should be clarified
so as to reduce the supervision costs and ensure the con-
tinuing sustainability of the fallow project.
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