
Introduction

As a typical composite ecosystem, a river basin is 
an ideal management unit to comprehensively solve a 
series of ecological problems caused by anthropogenic 
disturbances [1-2]. Ecosystem services (ES) have 

become a mainstream concept for the expression of  
values assigned by people to various functions of 
ecosystems [3]. The watershed agro-ecological value 
is the currency embodiment of the regional production 
investment, land cost, and added values of products in 
the river basin [4]. Agricultural production compensation 
has seldom been studied from the perspective of  
public interest. If the land utilization mode benefits 
from the development of a river basin, local policy-
makers will excessively exploit the agro-ecological 
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value of the river basin, thus leading to an imbalance 
between the efforts of agro-ecosystem protection and 
economic development [5]. Agro-ecosystems are the 
foundation of human activities. In order to improve the 
renewal capacity of agro-ecosystems, we should build 
agro-ecological protection mechanisms and carry out 
legal construction and publicity work to protect agro-
ecosystems. With the help of biodiversity conservation, 
eco-landscape development, and agro-ecological 
environment and traditional ecological culture preserve, 
the agro-ecological protection awareness of farmers was 
raised. As a result, the coordinated development between 
the economy and agro-ecological environment protection 
was achieved [6-9].

According to Simpson, agro-ecosystem services have 
positive value [10]. To generate the optimal arrangement of 
agro-ecological value, land area reserved for agricultural 
production may be reasonably estimated by results of 
land yields, production value, and agro-ecosystem value. 
The maintenance cost of the agro-ecological system 
in a river basin is low. We configurated crop and non-
crop areas properly at regional and landscape levels to 
ensure ecological security and stability, and applied 
diversified planting and optimized farming practices at 
the field scale to reconcile agricultural production and 
nature conservation. Therefore, integrating landscape 
planning with eco-cycle engineering could achieve the 
efficient utilization of agricultural resources. However, if 
ES are considered a substitute for purchase investments, 
and if excessive attention is paid to ecosystem protection 
or re-habilitation to attain the highest ecosystem 
service level, the larger land area will be protected or 
re-habilitated to ES. Thus, more investments become 
involved in crop production, and the equilibrium of  
the agro-ecosystem will be disturbed. Therefore, if ES 
are considered substitutes for purchase costs, the value 
of the crop yield in the ecosystem will be negative. The 
social-ecological system of the region is embedded in a 
series of nested social-ecological systems in accordance 
with the multilevel nature of ES stewardship [11-13].

The protection of an agro-ecosystem is affected by 
crop yield increases. The productivity of farmland will 
gradually decrease after ES is decreased [14]. Agro-
ecosystem protection depends on the prices of the input 
and output of agricultural production. ES provides land 
owners with material inducement and influences the 
execution force of ecological protection policies. Existing 
studies of ES were focused on the replacement role of 
ES for purchase investments. In Nature’s Services by 
Gretchen Daily [15], it was noted that the function of 
agro-ecosystem services mainly included the generation 
and renewal of soil fertility, the pollination of crops and 
natural plants, and agricultural pest control. The agro-
ecosystem in a river basin serves flood control and water 
purification purposes. Land managers used purchase 
investments to construct green land and crossroads 
according to the natural properties of the land. Green 
infrastructures used in agricultural production have 
many benefits, including diversified product categories, 

best management practices (BMPs) standardization, and 
land intensification [16-17]. 

Materials and methods

Analyzing substitutive conditions

The value of agro-ecosystem services is usually 
considered as a substitute for purchase investment aside 
from complementary input. In the production function of 
the agro-ecosystem, the input of agricultural production 
is integrated with the yield. Based on the results of 
Simpson [10], the correlation between the yield, input of 
land, quantity of supplied ES, and land area is expressed 
as:

( , , )=q f x S A                         (1)

…in which q represents the yield, x is the quantity of 
purchase investment, S represents the quantity of the 
supplied ES, and A is the land area directly utilized for 
agricultural production.

The intensified degree of land utilization can be 
measured by the ratio of the vegetation area to the area 
of the waterproofing surface. Partial land that is directly 
used in production activities may be converted into a 
preserved area to supply ES. Based on the results by 
Simpson [10], the production capacity of land, S, can be 
expressed simply as:

( )ϕ= ⋅ −S A A                        (2)

… in which A  represents the land area of the land owner, 
A represents the land area used directly for production, 
and φ is the parameter used for determining the 
productivity of the preserved land that supplies the ES.

The value of ES decreases with the increase in the 
land area used for cultivation, A. In Eqs. (1) and (2), 
A does not necessarily denote a linear correlation 
between the quantity of any service supplied by the 
ecosystem and the area of preserved land. For example, 
it is assumed that the capacity of a natural ecosystem  
to filtrate nutrient materials is a diminishing  
exponential function, or in an area with the size of A -A, 
species diversity can be described by the power function 
[18].

Assuming that r represents the price of the input, if 
the price of yield is normalized as 1, the profit of the land 
owners, η, is determined as:

( , , )η = − ⋅f x S A r x                    (3)

During purchase investment, to maximize the profit, 
we get:

                             (4)

To improve the intensity of land utilization, we get:
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                           (5)

…in which the subscript letter represents partial 
derivatives, fx = ∂f/∂x. in the case of first-order conditions, 
Eqs. (4) and (5) are most likely unequal equations. For the 
land purposed for the development of ecosystem value, 
the abandonment of the purchase investment is most 
likely the optimal choice. During agricultural production, 
maximized intensive land utilization is most likely the 
optimal choice. In this study, we discussed the unequal 
forms of Eqs. (4) and (5).

In previous studies, the ecosystem service was 
assumed to be the substitute for the purchase investment 
because producers could save on costs by lowering the 
intensified degree of land utilization and by largely 
depending on natural investment [19-20]. The concept 
of substitution is defined as follows: When the purchase 
price increases, the larger land area is preserved to supply 
ES, and ES will become the substitute for the purchase 
investment [21-22]. Therefore, if dS/dr>0, S will be the 
substitute for x. The total sum of the area of the preserved 
land and the area of the land used for direct production 
is the area of the existing land, A . The area of the land 
that supplies the ES can be determined by the area of the 
preserved land: dS/dr = −dA/dr.

In the case of first-order conditions, Eqs. (4) and (5) 
are equivalent. If the differential coefficient is calculated 
concerning r, then: 

d d( ) 1
d d

ϕ⋅ − ⋅ − =xx xS xA
x Af f f
r r ,             (6)

2d d( ) ( 2 ) 0
d d

ϕ ϕ ϕ− ⋅ + ⋅ − ⋅ + =xA xS SS sA AA
x Af f f f f
r r  (7)

If dx/dr is removed from Eq. (7) according to Eq. 
(6), then:

2 2

d
d ( 2 ) ( )

ϕ
ϕ ϕ ϕ

⋅ −
=

⋅ − ⋅ + − ⋅ −
xS xA

xx SS sA AA xS xA

f fA
r f f f f f f  (8)

To satisfy the second-order condition of maximal 
profits, the denominator in Eq. (8) should be positive.  
The purchase investment is a supplement to the land  
that is directly used for production. If the numerator 
of Eq. (8) is negative, the purchase investment partly 
replaces the ES. 

Input and output analysis

The contradiction between economic development 
and ecological appeal is becoming increasingly serious. 
Technical efficiency and progress had a positive influence 
on the growing of agricultural total factor productivity in 
China, and the major drivers of agricultural growth were 
still dependent on element input. Therefore, it is necessary 
to explore whether the ecological value supplied by the 

land can satisfy the demand for sustainable development 
in the case of a decreasingly intensified degree. If the 
intensified degree of land utilization decreases, the 
purchase investment x and the total yield q will be 
changed accordingly. Therefore, the total differential of 
production relation concerning A can be expressed as: 

d d
d d

ϕ= ⋅ − ⋅ +x S A
q xf f f
A A                  (9)

If the choice of land intensification is similar to the 
current status for realizing maximal profits, the condition 
for Eq. (5) is satisfied. If the total differential of Eq. (4) 
concerning A is calculated, combined with Eq. (9), we 
get:

d
d

ϕ ⋅ −
= xS xA

xx

f fx
A f ,                   (10)

The requirement of the second-order condition for 
maximal profits is fxx<0. According to Eqs. (10) and 
(8), when the ecosystem service is the substitute for the 
purchase investment, dx/dA > 0.

It is assumed that land is allocated for two uses 
(ecological protection and production) to acquire 
maximal profit ϕ ⋅ xSf . If the ecosystem service is the 
substitute for the purchase investment, combined with 
Eqs. (9) and (10), we get:

d 0
d

ϕ ⋅ −
= ⋅ >xS xA

x
xx

f fq f
A f ,           (11) 

If less land is preserved to supply ES (A is increased), 
production activity will be increased. When more land 
is preserved to supply ES, production activity will be 
decreased.

For land owners, if more land is preserved to supply 
ES and less land is used for agricultural production, even 
though the profit is not reduced, the yield will decrease. 
This implies a rising market price. If the yield is 
normalized as one, the corresponding purchase price will 
be reduced. According to Eq. (8), the simulation impetus 
of other producers to decrease the intensified degree of 
land utilization will be reduced.

If the interests of the individual or farmland are 
dependent on the effect of ES, they will decrease the total 
production activity. Eq. (11) is a strict unequal equation, 
implying that the advocator of ecological protection will 
reasonably analyze the concrete starting point and the 
intention of producers who want to change their activities.

At present, the advocates of ecological protection have 
not sufficiently considered the situation that the partial 
farmland that was previously used to produce crops 
may be used to supply ES. Therefore, crop yield will 
inevitably be reduced, and food type (product transition) 
will be necessarily changed. Therefore, an increase in 
the ecological protection area in one region will most 
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likely increase the risk of regional degradation in another 
region. The contradiction or negative correlation has 
been mentioned in relevant agricultural protection plans 
[19-20]. However, the problems caused by ecological 
protection that are realized with the method of ES have 
not been sufficiently addressed [23].

Establishing an estimation and 
calculation model

The management efficiency and resource allocation 
efficiency of the agriculture department should be 
improved. Therefore, we should improve the scale 
efficiency of agricultural production by cultivating a new 
management body of production [24]. The constant profit 
of a massive production function is expressed as [25]:

                  (12)

…in which the variables are the same as above; γ is a 
positive constant. This is a simple production function 
with limitation. When the price of the yield is normalized 
as one, the profit η is expressed as: 

              (13)

For x, the first-order condition for maximal profit is 
expressed as:

             (14)

When the first-order Eq. (14) is satisfied, the second-
order condition for maximal management is also satisfied. 
After the conversion, we get:

     (15)

The productivity of the land that is directly used  
for production is improved. However, the ES of the 
preserved land are determined by the parameter φ. In 
other words, if a small quantity of ES is consistently 
effective, it is not necessary to allocate more land to 
supply such services.

In the production function, ES and the purchase 
investment are the substitute items. When the purchase 
price increases, the area of the land used for production 
will decrease, suggesting that more land should be 
preserved. When more land is preserved for maximal 
profit, the yield will decrease. When Eq. (14) is multiplied 
by x, we get:

   (16) 

The total differential of Eq. (16) is calculated 
concerning A. If A and x are used to realize maximal 
profits, the arithmetic resolution can be calculated as:

d /
d /

=
−

x x A
A A A A ,                  (17)

Therefore, when a majority of the land is used for 
production, the dependence on the purchase investment is 
increased. If more land is used in agricultural production 
activities, greater costs will be paid to compensate for 
the lost ES. If the initial consideration is the excessive 
dependence on purchase investments, the margin rate 
of the technical replacement of the purchase investment 
by ES will be increased, indicating that the purchase 
investment will be reduced significantly.

If the land area used for agricultural production is 
changed, to maximize profits (∂q/∂x=r), we get:

d /
d /

⋅=
−

q q r x A
A A q A A                 (18)

If agricultural production is dependent on the purchase 
investment in the current river basin to a greater degree, 
a significant yield reduction will occur.

Results and Discussion

The Yongding River (112°-117°45′E; 39°-41°20′N) 
is one of seven major water systems in the Haihe River 
Basin. The upper stream of the Yongding consists of the 
Shanggan River and the Yanghe River, which originate 
from the southwestern part of Shanxi and the southern 
part of Inner Mongolia, respectively. Both rivers flow 
through Guanting Reservoir. After flowing through 
the reservoir, the Shanggan and Yanghe converge at 
Qujia Village and form the Yongding. The Yongding 
enters the sea via Beitang. The Yongding River Basin is 
located in a semi-arid and semi-humid monsoon climate 
region, and the climate in the basin is classified as a cold 
temperate continental climate. Based on administrative 
divisions, the river basin upstream of the Guanting 
Reservoir of the Yongding mainly includes the Inner 
Mongolia Autonomous Region, Shanxi Province, Hebei 
Province, and Beijing, as shown in Fig. 1. The river basin 
includes 32 cities, regions, and counties. The upper river 
basin of the reservoir was considered the study area. 
The administrative region includes the cities of Datong 
and Shuozhou in Shanxi Province and Zhangjiakou 
in Hebei Province. The representative region is in the 
upper Yongding River Basin. Agricultural production 
in this region is well developed. This region has an 
important influence on hydrological conditions, and the 
major pollutants in the river basin are from the upper 
stream. The nitrogen fertilizer application is excessive 
for agricultural production in the Yongding River Basin, 
leading to the overall loss of 96 kg/ha nitrogen [25]. The 
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phosphorus fertilizer application in the basin is high 
during agricultural production and the loss per unit area is 
9 kg/ha. To realize the sustainable agricultural production 
in the watershed, the downstream governments should 
pay approximately $21.81 M (¥135 million) to upstream 
governments for water and soil conservation [26].

Assessing agricultural production value

The data source of this paper is the remote sensing 
(RS) image of the TM (thematic mapper) and ETM+ 
(enhanced thematic mapper plus) in 2007. The land 
utilization types were classified and extracted based on 
geometrical modification and image splicing of an RS 
image using a hierarchical classification method [27]. 

Field investigations and visual interpretations were 
performed. The data were supplied by www.geodata.cn,  
a national science and technology basic conditions  
platform and an earth system science data-sharing 
platform; therefore, the data are public. A representative 
zone was selected for assessing RS interpretation 
accuracy, and the accuracy was 82.4%. Based on a 
statistical analysis of the extracted results, the area of 
cultivated land was approximately 683,469 ha, accounting 
for 18.4% of the total river basin; the grassland area 
comprised 1,115,800 ha, which played a significant role in 
preventing water erosion, regulating the regional climate, 
blocking the wind, and fixing sand. The forest area 
comprised 728,600 ha. The land utilization conditions in 
the upper Yongding River Basin are shown in Table 1.

Fig. 1. Yongding River Basin.

Table 1. Land area (ha) in the Yongding River Basin.

Water resource regionalization
Administrative regions Cultivated 

land Grassland Forest
Provinces Cities

The upstream of Cetian Reservoir in the Yongding 
River Basin

Shanxi

Datong 102,709 167,678 109,491

Shuozhou 206,105 336,478 219,714

Xinzhou 2706 4,418 2,885

Total 311,520 508,574 332,090

Between Cetian Reservoir and Sanjiadian in the 
Yongding River Basin

Hebei Zhangjiakou 257,068 419,677 274,043

Shanxi Datong 114,881 187,549 122,467

Total 371,949 607,226 396,510

The Yongding River Basin 683,469 1,115,800 728,600

Forest types include coniferous, broadleaf, and mixed forest and brushwood; grassland includes grassland meadows, desert mead-
ows, and alpine and shrub grassland
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During the assessment of the value of agricultural 
products, agricultural products, mature forests, and 
wetland materials in the upper Yongding River Basin 
were selected for analysis [28]. Considering the 
acquisition difficulty of the data for the production value 
of agricultural products in the river basin, a simple 
measurement and calculation method was adopted to 
assess product value according to the analysis results 
of the measurability of the market value of agricultural 
products. Based on the established production model 
of agro-ecosystems, we quantitatively studied the ratio 
of the land area for agricultural production to that for 
ecosystem services. We have proposed a calculation 
system of eco-compensation standard for sustainable 
agricultural development based on the convertibility 
between emergy and price [26]. Finally, we used 
literature citations effectively to support quantification 
of the relationship between crop yield and ecological 
value and they concluded a negative correlation between 
agroecological value and farmland area.

Value of agricultural products 
of cultivated land

Because the non-natural ecosystem of cultivated land 
is greatly influenced by human activity, the ecological 
service value of agricultural products per unit area of 
cultivated land in the river basin can be calculated using 
the market value. At present, the ecological service value 
of the cultivated land can be assessed according to the 
biomass per unit area and the equivalent weight factor. 
Based on the zoning situation of crops specified in the 
Annals of China Agriculture in 2007 and the statistical 
data of key crops in Shanxi and Hebei Provinces, wheat, 
corn, beans, potatoes (sweet potatoes and potatoes), cotton, 
peanuts, vegetables, and fruits were used as the study 
objects, and the distribution areas and relevant variables 
were elaborated [27]. During the calculation, the yield 
per unit area was calculated and then corrected based on 
the statistical data of various zones, the plantation area, 
total yield, and the mean yields of similar zones in China. 
Agricultural data includes farmland area, agricultural 
inputs (fertilizers, pesticides, agricultural machinery, 
etc.), irrigation data, and crop yield, which were taken 
from the China Statistical Yearbook and Chinese 
agricultural statistics data, et al. We got agricultural 
input data from the “China Statistical Yearbook 2008.” 
Irrigation data were obtained from “China Water 
Resources Bulletin 2007” and “Yearbook of China Water 
Resources 2007.” Crop yield and farmland area come 
from “China Rural Statistics Yearbook 2007.” The value 
of the agricultural products of the representative area was 
calculated to be ¥ 20.02 billion.

Economic value of timber forest

In 2007 the total forest area was 728.6 km2; the mean 
price of timber was ¥ 625/m3; the integrated rate of the 
timber output was 50%; the selected cutting strength was 

36%; and the accumulated volume of the timber per unit 
area was 149 m3/ha. According to the comprehensive 
analysis results, the value of the forest products in the 
river basin was ¥ 1.22 billion.

Production value of wetland materials

During wetland utilization, the beach and the wetland 
can be used to develop fisheries, aquaculture industry, 
and agricultural plantation. The wetland value is usually 
assessed according to the direct value. However, the 
production value is low because the wetland in the river 
basin is typically the natural reserve. Wetland vegetation 
is typically natural vegetation, and its value is dominated 
by its ecological service value. Therefore, its market 
value is very low, and it is difficult to exploit wetland. 
The water storage area in the river basin was small, and 
the density of the aquaculture was low. Therefore, the 
value of the wetland material products in the river basin 
was not calculated in this paper.

After a comprehensive analysis, the production value 
of agricultural land in the upper Yongding River Basin 
was ¥ 21.24billion.

Assessing agricultural production costs

Total agricultural production costs

In this paper we calculated the agricultural production 
costs under environmental protection according to the 
relationship between the economic value and energy 
value of the ecosystem. The calculated agricultural 
production costs correspond to the energy value of 
the beneficial ES. The energy value of the beneficial 
environment and agricultural production investment in 
the Yongding River Basin was determined [29]. Based 
on a systemic analysis of the investment in materials and 
labor during agricultural production in the Yongding 
River Basin combined with the determined different 
types of energy values, we proposed that the main 
investment in agricultural production included the 
investment in the management of water and soil erosion, 
materials, and the labor force. Based on the input and 
output in the representative region, we calculated the cost 
investment of the agro-ecosystem in the Yongding River 
Basin in 2007.

Material costs

During agricultural production, material tools are 
worn, and the utilization value of the tools is decreased. 
The various tools for agricultural production are different 
in service life. Considering the general applications, 
the energy value of agricultural production material 
depreciation is determined based on the research results 
by Coelho.

The total value of water and soil conservation, 
material investment, and service investment was 
calculated using the energy price per unit of land area  
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in the river basin as a reference. The value of agricultural 
production investment in the Yongding River Basin 
was calculated indirectly according to the equivalent 
conversion between the investment and the acquired 
value. The cost investment for agricultural production  
in the upper Yongding River Basin was ¥ 1.3788E+10 
(Table 2).

Maintenance Cost of affiliated facilities

As an important component of the land, the river basin 
can directly supply water and indirectly supply fishery 
products and hydropower. To maintain the integrity of 
the agro-ecosystem, in addition to routine investment 
in agricultural production, the maintenance cost of the 
affiliated facilities would be compensated according  
to the production situation in the Yongding River  
Basin. The maintenance cost of the affiliated facilities 
in the river basin mainly includes fishery production 
costs and the hydropower generation investment.  
Based on the production situation of material  
products, the maintenance cost of affiliated facilities  
in the upper Yongding River Basin was ¥ 1.155E+06, 
including ¥ 8.25E+05 of maintenance costs for fishery 
production in the river basin. The cost is mainly 
consumed in fry purchase and maintenance in the 
Cetian and Guanting reservoirs. The maintenance cost 
of hydropower generation in Guanting Reservoir was  
¥ 3.3E+05 [29].

The total production cost in the upper Yongding  
River Basin was ¥ 137.88E+10. The maintenance cost 
for the affiliated facilities (hydropower generation and 
fishery) was ¥ 115.5E+05 (equal to the land remedy cost). 
After the land cost was deducted, the land production 
cost was ¥ 137.87E+10. 

According to the elasticity of the farmland yield data 
that were derived from Eq. (18), we get θ, 

d d 137.87 +08 2977600( ) / ( ) ( ) / ( )=2.7
212.40 +08 728600

q A E
q A E

θ = =
               

(19)

…in which dq is the production cost of farmland 
after deducting the paid amount, q is the agricultural 
production value of the farmland, dA is the total land 
area after deducting the forest land, and A is the total 
area of the forest land.

Based on the calculation above, to maximize profit, 
1% of the currently cultivated or used land in Yongding 
River Basin was converted into preserved land to supply 
more ES. Accordingly, the crop yield in the river basin 
was reduced by 2.7%. According to the analysis results 
based on the ecological value of the vegetation in the 
Yongding River Basin, the forest land was the main 
supplier of ES. Therefore, the decrease in crop yield and 
the increase in the ecological value of forest land are 
used as the indicators of profit. The research results are 
representative and reliable.

The model used in this paper was tested with the simple 
combined data. Because the data were scattered and  
were difficult to collect, some data used in this paper were 
the ideal data after secondary processing [30]. Our model 
suggested that the crop yield decrease was correlated with  
the increase of ecological effects. Therefore, it is not  
advisable to neglect this correlation. The upper Yongding 
River Basin is essentially a rural area because less than half of  
the total area in this river basin is farmland. Like other  
regions, the reduction of production activity in the river 
basin has most likely led to the expansion of cultivated 
land in other regions. However, this negative correlation 
had not been systematically studied. Therefore, before 
examining the extensive effect of agricultural ES, it is 
necessary to be cautious about the benefits gained from 
the reduction of production activity [31]. The results 
in this study will provide the technical support for the 
integrated development of Beijing, Tianjin, and Hebei 
Province and the renovation of the farmland structure 
in the river basin. Our results also facilitate the rough 
measurement and calculation of the reasonable allocation 
percentage of the land source for maximal ecological and 
economic benefits in the Yongding River Basin. We used 
the transfer matrix to analyze the transformation of the 
land cover types Yongding River Basin. At present, there 

Table 2. Investment in agricultural production in the upper Yongding River Basin.

Classification Details Energy value
(Sej/ha)

Price of energy
(¥/ha)

Total values
(¥ E+08)

Cost investment
(¥ E+08)

Water and soil 
conservation Soil erosion 9.25E+14 594.53 4.06 4.06

Material investment

Depreciation 3.05E+15 1,960.34 13.4 13.4

Fuel oil 2.90E+13 18.64 0.13 0.13

Material 1.42E+16 9,126.83 62.38 62.38

Service investment

Labor 1.29E+16 8,291.28 56.67 56.67

Maintenance and management 2.51E+14 161.33 1.1 1.1

Service 3.30E+13 21.21 0.14 0.14

Total 137.88 137.88
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were mainly three kinds of transformations: the natural 
wetlands changed into cultivated land/unutilized land, 
the conversion between cultivated land and woodland, 
and the cultivated land changed into unutilized land [32]. 
From the different characteristics of landscape unit, we 
found that the cultivated land area has been decreased. 
Therefore, the ecological service value of Yongding 
River Basin showed an increasing trend.

Conclusions

To generate reasonable farmland protection policies, it 
is necessary to explore the content of the ecological value 
of farmland and to quantify the relationship between 
crop yield reduction and ecological value increases. 
In the paper, we discussed the negative correlation 
between the agro-ecological value and the farmland 
area. If agricultural production in a certain region 
excessively relies on ES, other regions will be driven to 
improve the intensified degree of land utilization. This 
study assumes that the services supplied by natural 
ecosystems substitute for purchase investments made 
during agricultural production. This study is also based 
on the assumption that the producer’s objective in policy 
making is to obtain the maximal amount of profit from 
the land. Therefore, excessive ES will lead to crop yield 
decreases. Crop yield decreases in the river basin will 
lead to a price increase of agricultural products, which 
may compel producers to increase the investment in 
agricultural production and expand the cultivated land 
area. However, to a certain degree, the motivation of 
agricultural producers to increase ES will be weakened. 
The upper Yongding River Basin is a mountainous area 
with low costs for agricultural production. Based on our 
calculations, the crop yield in this river basin will be 
reduced by 2.7% for every 1% increase in the preserved 
land area for agricultural services. 

Excessive ES will require more preserved land, but  
it remains unclear whether excessive ES will initiate  
more ecological protection measures. Therefore, 
considering the significance of ES, a significant amount 
of attention should be paid to the relationship between ES 
and crop yield.
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