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Abstract 

Nowadays, most land use projects disregard the impact of their decisions on the biosphere. However, they often 

directly affect the biodiversity and lead to environmental degradation. Considering this issue, we first select 

indexes from four dimensions: provisioning, regulating, supporting and culture, and establish a static ecosystem 

services valuation (SESV) model using equivalent factor method. Then, introducing dynamic adjustment 

coefficient and current discount rate, we construct a dynamic ecosystem services valuation (DESV) model, 

which is used to put a value on the environmental cost of land use projects. Moreover, we use entropy method to 

calculate the weights of the economic benefit indexes we choose and establish an economic benefit (EB) model 

to determine project benefit. After that, we select Canglong District Development Project in Wuhan and Three 

Gorges Project in China as a small community-based project and a large national project respectively to perform 

a cost benefit analysis using the models. As the results, compared to small-scale project, large-scale project can 

greatly increase the economic benefit, but at the same time, it notably increases the environmental degradation 

cost. Effectiveness analysis proves that the results are effective and reliable. 

Keywords: ecosystem services, land use project, dynamic valuation, economic benefit, equivalent factor method 

1. Introduction 

Ecosystem services means that the biosphere provides many natural processes to maintain a healthy and 

sustainable environment for human life. However, land use projects often disregard the impact of their decisions 

on the biosphere or assume unlimited resources or capacity for their need. Cumulatively, land use projects are 

directly affecting the biodiversity and causing environmental degradation. Therefore, it is essential to assess the 

ecological services value, which contributes to analyzing the cost of environmental degradation, and account it 

for the cost benefit ratio of the land use project. This can determine the true and comprehensive valuation of the 

project and help to protect the environment to some extent. 

Since ecosystem services first appeared as a term in 1981 (Ehrlich & Ehrlich, 1981), several ecologists have 

carried out research on quantifying the ecosystem services value. In 1997, Costanza et al. (1997) proposed a 

quantitative assessment of ecosystem services value based on ecology and economics. Based on its reliable 

results and questionnaires filled by 200 ecologists in China, Xie Gaodi et al. (2003) improve the evaluation 

system of ecosystem services value by equivalent factor method, which means to construct equivalence value of 

various service functions of different land use types and assess them in combination with the area of land use. 

Besides, the method based on unit service function price can also put a value on ecosystem services value (Zhao, 

Ouyang, Wang, MIAO & WEI, 2003; Zhao, Ouyang, Jia & Zheng, 2004). Compared with the function price 

method, the equivalent factor method is easier to use and requires less data, which is more suitable for the 

assessment of the ecosystem services value at regional or global scales (Xie, Zhang, Zhang, Chen & Li, 2015). 

Therefore, the equivalent factor method has been widely used. Furthermore, Wang Zhenbo et al. (2011) study the 

correlation and characteristics of economic development and ecosystem in the Yangtze River Delta using ESV 

index and EEH index. Based on the NDVI data of GIMMS remote sensing images and land use type in China 
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from 1999 to 2008, Shi Yao et al. (2012) analyze the time and space changes of the China ecosystem services 

value in the past ten years. Ouyang Zhiyun et al. (2013) explore the application of ecosystem gross value to 

analyze the ecological relationships between regions and assess the effectiveness and benefits of ecological 

conservation. 

However, at present, the equivalent factor method does not consider the impact of different time and space on the 

results and only gets a static value (Xie et al., 2015). For this reason, we firstly propose a dynamic ecosystem 

services valuation model based on the static one using equivalent factor method in order to evaluate the 

environmental cost of land use development projects. Besides, we establish an economic benefit model with a 

14-index system to estimate the economic benefits of land use projects. Finally, we apply these models to 

cost-benefit analysis of different scale projects. We assume that the study regions will not occur explosive 

changes in the future and the equivalent value of the study area is the same as the equivalent table proposed in 

this paper, which make the results relatively accurate. Our models’ purpose is to account for ecosystem services 

in the cost-benefit ratio of a project and determine the true and comprehensive valuation of the project. More 

importantly, it can help the planners and managers of the land use projects to plan sustainable land use 

development projects that are suitable for the area conditions and is beneficial to protect biodiversity and the 

environment. 

2. Method 

2.1 Establishment of the Ecological Services Valuation Model 

2.1.1 Determination of the Valuation Index and Equivalent Factor 

According to the ecosystem service classification proposed by the Millennium Ecosystem Assessment (MEA) 

and the ecosystem services equivalent value per unit area extracted by Xie Gaodi et al. (2015), the ecosystem 

services are divided into four categories: Provisioning Service, Regulating Service, Supporting Service and 

Cultural Service. Among them, provisioning services include agriculture production and raw material production; 

regulating services include air regulation, climate regulation, water regulation and waste processing; supporting 

services include soil purification and biodiversity; cultural services include landscape aesthetics. 

Based on the research results of Xie Gaodi et al. (2015) and current land use classification (GB/T 21010-2017) in 

China, considering the actual situation of land use and factors such as data availability, we finally get the 

adjusted ecosystem services equivalent factor table as shown in Table 1. 

Table 1. Ecosystem services equivalent value per unit area in China 

Primary 

index 

Second-class 

index 
Woodland Grassland Cultivated Wetland Garden 

Water 

area 

Unutilized 

land 

Industrial 

land 

Civil 

land 

Provisioning 

Agriculture 

production 
0.33 0.43 1 0.36 0.38 0.53 0.02 0 0 

Raw material 

production 
2.98 0.36 0.39 0.24 1.68 0.35 0.04 0 0 

Regulating 

Air regulation 4.32 1.5 0.72 2.41 2.91 0.51 0.06 -3 -0.5 

Climate 

regulation 
4.07 1.56 0.97 13.55 2.81 2.06 0.13 0 0 

Water 

regulation 
4.09 1.52 0.77 13.44 2.8 18.77 0.07 -2.3 -2 

Waste 

processing 
1.72 1.32 1.39 14.40 1.52 14.85 0.26 -3.5 -1 

Supporting 

Soil 

purification 
4.02 2.24 1.47 1.99 3.13 0.41 0.17 0 0 

Biodiversity 4.51 1.87 1.02 3.69 3.19 3.43 0.40 0 0 

Culture 
Landscape 

aesthetics 
2.08 0.87 0.17 4.69 1.47 4.44 0.24 0 0 

Total 28.12 11.67 7.9 54.77 19.89 45.35 1.39 -8.8 -3.5 
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2.1.2 Establishment of the Static Ecosystem Services Valuation Model  

According to the definition of equivalent factor, the equivalent factor table can be converted into the unit area 

ecosystem service value table of different land use types in the current year. It is determined that the economic 

value of one equivalent factor is equal to 1/7 of the market value of average national grain yield per unit area in 

the current year. Suppose that there are m types of land use in the study area, and each land use type contains n 

types of ecosystem services value. Let i represents different types of land use and j represents different values of 

ecosystem services, and mi ,,2,1  , nj ,,2,1  . 

The unit area services value of the jth ecosystem service in the ith land use is 

7

)(tv
FP mak

ijij                                         (1) 

Where Fij is the equivalent value of the jth ecosystem service in the ith land use, vmak is market value of food 

production per unit cultivated area of the study area in the year of t. 

The total static value of ecosystem services in the study area is the sum of the service values of all land use types, 

Then we introduce 
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Where Ai is the area of i type land, 0)1(
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  is used to discount, r is the discount rate, we set it as 10%, t is the 

valuation year, t0 is the base year, we set it as 2010. 

2.1.3 Determination of Dynamic Adjustment Coefficient 

The structure and form of the ecosystem in different regions or different time periods in the same year are 

constantly changing, so the ecosystem service functions and their value are also constantly changing. According 

to the research of Hu Xisheng (2013), the dynamic assessment model should take into account the differences in 

space, society development stage and resource scarcity based on the static ecosystem services valuation model. 

In order to obtain the dynamic ecosystem services valuation model, considering the actual situation of China, we 

introduce spatial heterogeneity coefficient, society development coefficient and resource scarcity coefficient to 

improve the static model. 

(1) Spatial heterogeneity coefficient 

The difference of the ecological environment in different space is mainly reflected in the difference of biomass, 

and the ecosystem service function is closely related to the biomass. Since the biomass of woodland is the most 

abundant and cultivated land is the main land use type in the study area, we use the biomass of cultivated land 

and woodland to define the spatial heterogeneity coefficient. The formula is as follows: 

2/)(
PL

pl

G

g
Q                                          (3) 

Where Q is spatial heterogeneity coefficient, g is food production per hectare of the study area and G is food 

production per hectare of the country, pl and PL are forest stock volume per unit area of the study area and the 

country respectively. 

(2) Society development coefficient 

It is pointed out that people’s cognition of the ecosystem service function is a gradual process, closely related to 

the social economy development level (Wilson & Carpenter, 1999). With the development of social economy, 

people have a deeper understanding of the ecosystem service function and their willingness to pay for the 

ecosystem service function will also increase. Based on this theory, we introduce the society development 

coefficient. 

The Peel growth curve model (Li, 1999) can be used to represent the society development stage coefficient that 

varies with the social economy development, the formula is as follows: 

)3/1(
1





nE

e

L
l                                          (4) 

Where l is society development stage coefficient related to people’s willingness to pay, L is people’s willingness 

to pay at an extremely rich stage, we set it as 1, e is the natural logarithm, En is Engel coefficient. 
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In order to show the impact of price and welfare differences in different regions on the society development level, 

we introduce urbanization level to adjust the Peel growth curve model, the formula is as follows: 

U

u

e

L
l

nE





 )3/1(
1

'                                        (5) 

Where l’ is adjusted society development stage coefficient, u is urbanization level of the study area, U is 

urbanization level of the country. 

Assume that the ecosystem services equivalent value per unit area of the study area is the same as the equivalent 

value table provided in this paper. In the study area, there is no difference in people's willingness to pay for land 

ecosystem services. On this basis, the society development coefficient (Shi & Wang, 2008) is constructed. The 

formula is as follows: 

country
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l
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D
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                                               (6) 

Where D is society development coefficient of the study area, l’study is adjusted society development stage 

coefficient of the study area, l’country is adjusted society development stage coefficient of the country. 

(3) Resource scarcity coefficient 

The resource scarcity reflects the supply and demand of ecological resources in a certain area. When the demand 

for resources is greater than the supply, the resource scarcity occurs. The smaller the stock of ecological 

resources is, the greater the demand is, and the higher the resource scarcity is. Then, the greater the people’s 

willingness to pay for the unit ecological resources is, the higher the ecosystem service value is. It means that the 

resource scarcity depends on the population density of the study area. Since the target of the ecosystem service is 

human, in this paper, we introduce population density to construct the resource scarcity coefficient. To avoid an 

excessive difference in results caused by this coefficient, we use the logarithm of population density to calculate. 

The formula is as follows: 

P

p
S

log

log
                                                (7) 

Where S is resource scarcity coefficient of the study area, p and P are the average population density of the study 

area and the country respectively. 

2.1.4 Establishment of the Dynamic Ecosystem Services Valuation Model 

The spatial heterogeneity coefficient, society development coefficient and resource scarcity coefficient are added 

to the static model to obtain the dynamic ecosystem services valuation model. The dynamic ecosystem service 

value of the study area in the year of t is: 
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2.2 Establishment of the Economic Benefit Model 

2.2.1 Determination of the Economic Benefit Valuation Index System 

Land use economic benefit valuation of Wuhan and China focuses on the valuation of economic attributes. 

According to the data from 2010 to 2017, Wuhan and China's economy is developing rapidly and their industrial 

structure is changing. Based on the systemic principle, the comparability principle, the scientific principle and 

the feasibility principle, a 14-index system has been built from three aspects, which are land input intensity, 

output benefit and industrial structure (Li, Pu, Liu, Fu, & Liu, 2018). The valuation index system is shown as in 

Table 2. 
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Table 2. Index in EB system 

Primary 

index 
Second-class index 

Input 

intensity 

Urban fixed assets per unit area 

Real estate development investment per unit area 

Number of employees in the secondary and tertiary industry per unit area 

Number of employees in urban areas 

Output 

benefit 

Added value of the industries above designated size per unit area 

Average added value of the secondary industry 

Average added value of the tertiary industry 

Commercial housing sales 

Average wage of employees in urban areas 

Per capita consumption level of urban residents 

Average revenue 

Industrial 

structure 

The proportion of the added value of the secondary industry in GDP 

The proportion of the added value of the tertiary industry in GDP 

The proportion of the added value of the industries above designated size in GDP 

2.2.2 Data Normalization  

Since the 14 selected indexes are all benefit types, it is no need to do data consistency processing, but we need to 

do nondimensionalization processing to eliminate the difference between the units of index and the difference 

between the magnitude. After data normalization, the data is converted to a number between 0 and 1.  

The normalized index value of the mth index for the nth evaluated objects can be calculated by the following 

formulas: 
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Where Xij is the normalized index value, jx is the average value of the jth index for the nth evaluated objects, sj is 

the mean square error of the jth index for the nth evaluated objects. 

2.2.3 Weight Model Based on Entropy Method 

Weighting model based on Entropy Method (Xie, 2014) has been widely used in the social and economic fields. 

The entropy value is the embodiment of information utility and using the Entropy Method to determine the 

weight of each valuation index can effectively avoid the influence of the error caused by the subjective 

weighting method. This method measures the variation degree of each index by entropy, amends the weight of 

each index, and finally obtains the objective weight. The specific method is as follows (Xue, Zheng, & Wang, 

2019): 

Step1: 

The proportion of the jth index in the year of i is calculated as 
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Step2: 

Calculate the entropy using the following formula: 
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The information utility value of an index depends on the distance between the information entropy of this index 

and 1. Its value directly affects the weight, that the greater the information utility, the greater the importance of 

the valuation, the greater the weight. The formula is as follows: 

jj ed 1                                              (12) 

Step3: 

Obtain the entropy weight of the jth index: 
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2.2.4 Determination of Economic Benefit 

Using the index value and the index weight, we can obtain the score of land use project in the year of i. The 

formula is as follows: 

ij
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                                          (14) 

Multiply the score by the current GDP to get the economic benefit of the project in the year of i: 

iii GDPSCOEB                                           (15) 

Where GDPi is the gross domestic product in the year of i. 

2.3 Establishment of the Cost-Benefit Model 

The loss of ecosystem service value caused by the land use project can be determined by the difference between 

ecosystem service value in the basic year and value in the year of t, which is as the environmental degradation 

cost. 

tDESVDESVESV  0                                     (16) 

Where ESV is environmental degradation cost, DESV0 is dynamic ecosystem service value in the basic year, 

DESVt is dynamic ecosystem service value in the year of t. 

Cost-benefit ratio refers to the ratio of benefit to cost, which represents the benefit of unit cost. The higher the 

ratio is, the higher the efficiency of project is, and the better the project performs. Its formula is as follows: 

%100



ESVEC

EB
BCR

o

                                   (17) 

Where BCR is cost-benefit ratio, EB is economic benefit, ECo is economic cost, ESV is environmental 

degradation cost. 

2.4 Cost-Benefit Analysis of Large-scale and Small-scale Land Use Projects 

2.4.1 Project selection 

(1) Selection of Large-scale Land Use Project 

The Three Gorges Reservoir is a national-level land use project in China, located on the upper part of the 
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Yangtze River and covering 20 counties and cities of China’s Hubei Province and Chongqing Municipality. 

The Three Gorges Reservoir not only retains water, but also provides a strong guarantee for power generation, 

shipping, water supply and ecology. However, due to the large amount of floating waste and dead wood, there 

has been a great garbage floating patch on the river surface of the reservoir area, which affects the water quality 

of the reservoir and even poses a threat to the safe operation of generator sets in Three Gorges Project. Obviously, 

this project is a typical large-scale land use project involving ecosystem services, so we select it to evaluate the 

environmental degradation cost and conduct cost-benefit analysis. 

(2) Selection of Small-scale Land Use Project 

The Canglong Island Development Project is a small regional land use project of the Jiangxia Economic 

Development Project. Canglong Island, located in the east of Jiangxia District of Wuhan, consists of three 

peninsulas covering a total area of 45.2 square kilometers. It has convenient transportation, comfortable 

conditions and superior location. The government has introduced science and technology parks, educational 

projects, high-tech projects and real estate projects to promote the development of this economic developing 

zone, which is conducive to the optimization of urban structure and function adjustment in Wuhan. This has 

made great contributions to the economic development of Wuhan and Central China. 

However, this project inevitably brought certain environmental problems in implementation process, for example, 

tail water discharge deteriorates the water environment of the Yangtze River, enterprise waste water directly 

affects the surrounding water environment, and emissions have adverse bearing on regional ambient air quality. 

The environmental degradation cost resulting from this project is not reflected in the benefit evaluation report. 

Thus, we select it as a typical small-scale land use project to evaluate the environmental degradation cost and 

conduct cost-benefit analysis. 

2.4.2 Cost-Benefit Analysis of Large-scale Land Use Projects 

(1) Selection of equivalent table 

Since the Three Gorges Reservoir construction project, covering a wide range of areas, is a national project, the 

adjusted equivalent table determined in section 2.1.1 can be used directly in this section. 

(2) Determination of the unit area ecosystem service value 

As the scope of the study area is China, we collect the data from the China Statistical Yearbook (National Bureau 

of Statistics, 2010-2017). The unit area ecosystem service value of each land use type in China is calculated and 

shown in Table 3. 

Table 3. The unit area ecosystem service value of different land use in China ( 2/ hmyuan ) 

Primary 

index 

Second-class 

index 
Woodland Grassland Cultivated Wetland Garden 

Water 

area 

Unutilized 

land 

Industrial 

land 

Civil 

land 

Provisioning 

Agriculture 

production 
510.53 665.24 1547.06 556.94 587.88 819.94 30.94 0.00 0.00 

Raw material 

production 
4610.24 556.94 603.35 371.29 2599.06 541.47 61.88 0.00 0.00 

Regulating 

Air 

regulation 
6683.29 2320.59 1113.88 3728.41 4501.94 789.00 92.82 -4641.18 -773.53 

Climate 

regulation 
6296.53 2413.41 1500.65 20 962.65 4347.24 3186.94 201.12 0.00 0.00 

Water 

regulation 
6327.47 2351.53 1191.24 20 792.47 4331.76 29 038.29 108.29 -3558.24 -3094.12 

Waste 

processing 
2660.94 2042.12 2150.41 22 277.65 2351.53 22 973.82 402.24 -5414.71 -1547.06 

Supporting 

Soil 

purification 
6219.18 3465.41 2274.18 3078.65 4842.29 634.29 263.00 0.00 0.00 

Biodiversity 6977.24 2893.00 1578.00 5708.65 4935.12 5306.41 618.82 0.00 0.00 

Culture 
Landscape 

aesthetics 
3217.88 1345.94 263.00 7255.71 2274.18 6868.94 371.29 0.00 0.00 

Total 43 503.29 18 054.18 12 221.76 84 732.41 30 771.00 70 159.11 2150.41 -13 614.12 -5414.71 
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(3) Cost-benefit calculation method of Three Gorges Reservoir 

Collecting data from Zhang Xiaojuan (2018) and Xiong Jie et al. (2018), we know the total area of the Three 

Gorges reservoir area is 57 335.90 km2. Multiplying the unit area ecosystem service value with the area of each 

land use type can get the current ecosystem services value of the project. Then, the environmental degradation 

cost can be obtained by making the difference between the ecosystem services value before development and the 

current one, is 171.42 billion yuan. By adding the economic cost, which is 180 billion yuan, to the ecological 

cost, we can get the true cost of the Three Gorges Project. Finally, using the models proposed above and the data 

collected from the China Statistical Yearbook (National Bureau of Statistics, 2010-2017), we find that the annual 

economic benefit, which is resulted from this project, can reach 419.05 billion yuan. 

2.4.3 Cost-Benefit Analysis of Small-scale Land Use Projects 

(1) Adjustment of the equivalent value 

In order to adapt to local characteristics of Wuhan, based on the research results of Zhang Liqin et al. (2018), we 

take the land use and environmental conditions there into consideration and introduce the equivalent of 

unutilized land, industrial land and civil land. Finally, we obtain the equivalent value of Wuhan as shown in 

Table 4. 

Table 4. Ecosystem services equivalent value per unit area in Wuhan 

Primary 

index 

Second-class 

index 
Woodland Grassland Cultivated Wetland Garden 

Water 

area 

Unutilized 

land 

Industrial 

land 

Civil 

land 

Provisioning 

Agriculture 

production 
0.25 0.38 1.16 0.51 0.31 0.80 0 0 0 

Raw material 

production 
0.59 0.56 0.21 0.50 0.57 0.23 0 0 0 

Regulating 

Air regulation 1.94 1.97 0.93 1.90 1.96 0.77 0.02 -3 -0.5 

Climate 

regulation 
5.74 5.21 0.49 3.60 5.47 2.29 0 0 0 

Water 

regulation 
3.89 3.82 1.74 24.23 3.85 102.24 0.03 -2.3 -2 

Waste 

processing 
1.70 1.72 0.14 3.60 1.71 5.55 0.10 -3.5 -1 

Supporting 

Soil 

purification 
2.33 2.40 0.42 2.31 2.36 0.93 0.02 0 0 

Biodiversity 2.12 2.18 0.18 7.87 2.15 2.55 0.02 0 0 

Culture 
Landscape 

aesthetics 
0.93 0.96 0.08 4.73 0.94 1.89 0.01 0 0 

Total 19.49 19.2 5.35 49.25 19.32 117.25 1.39 -8.8 -3.5 

(2) Determination of the unit area ecosystem service value 

Since the study area is located in Wuhan, we collect the data from the Wuhan Statistical Yearbook (Wuhan 

Statistics Bureau, 2010-2017). The unit area ecosystem services value of each land use in Wuhan is calculated 

and shown in Table 5. 
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Table 5. The unit area ecosystem service value of different land use in Wuhan ( 2/ hmyuan ) 

Primary 

index 

Second-class 

index 
Woodland Grassland Cultivated Wetland Garden 

Water 

area 

Unutilized 

land 

Industrial 

land 

Civil 

land 

Provisioning 

Agriculture 

production 
405.06 615.70 1879.50 826.33 502.28 1296.20 0.00 0.00 0.00 

Raw material 

production 
955.95 907.34 340.25 810.13 923.55 372.66 0.00 0.00 0.00 

Regulating 

Air 

regulation 
3143.30 3191.90 1506.84 3078.49 3175.70 1247.60 32.41 -3240.51 -810.13 

Climate 

regulation 
9300.27 8441.53 793.93 5832.92 8862.80 3710.39 0.00 0.00 0.00 

Water 

regulation 
6302.79 6189.38 2819.24 39 258.80 6237.98 16 5654.94 48.61 -5346.84 -3240.51 

Waste 

processing 
2754.43 2786.84 226.84 5832.92 2770.64 8992.42 162.03 -5670.90 -1620.26 

Supporting 

Soil 

purification 
3775.20 3888.61 680.51 3742.79 3823.80 1506.84 32.41 0.00 0.00 

Biodiversity 3434.94 3532.16 291.65 12 751.41 3483.55 4131.65 32.41 0.00 0.00 

Culture 
Landscape 

aesthetics 
1506.84 1555.45 129.62 7663.81 1523.04 3062.28 16.20 0.00 0.00 

Total 31 578.78 31 108.91 8668.37 79 797.59 31 303.34 18 9974.98 324.05 -14 258.25 -5670.90 

(3) Cost-benefit calculation method of Canglong District 

The planning environmental impact report (2019) of Canglong Development District in Wuhan shows that the 

duration of this project is from 2011 to 2020 and its total planning area is 20 km2. Among them, the civil area 

accounts for 15.95%, the industrial land (including land of road) accounts for 35.41% and the green land 

accounts for 48.64%. Before the development of Canglong District, the land was barren, so we assume that its 

land use type was unutilized. Then, multiplying the unit area ecosystem service value with the area of each land 

use type can get the current ecosystem services value of the project, and the environmental degradation cost can 

be obtained by making the difference between the ecosystem services value before development and the current 

one, is 73.23 million yuan. By adding the economic cost, which is 16 billion yuan, to the ecological cost, we can 

get the true cost of the Canglong Development Project. 

Looking up the Wuhan Statistical Yearbook (Wuhan Statistics Bureau, 2010-2017), we can get the per capita 

income difference, the population and the government's revenue. Using the total project income (Fan & Gong, 

2006) and the local government revenue, we can calculate the economic benefits of the project, which is about 

1.45 billion yuan in times of stability every year. 

3. Results and Discussions 

3.1 Results of Cost-Benefit Analysis 

Based on the data and models proposed in section 2, the economic cost, environmental degradation cost, 

economic benefits and cost-benefit ratio of the two projects can be calculated, which are shown in Table 6. 

Table 6. The cost-benefit results of two projects 

Project Name yuanECo
810/  yuanESV 410/  yuanEB 810/  BCR/% 

Canglong District 

Development Project  
160 7322.77 14.5 9.02 

 Three Gorges Project 1800 17 141 500 4190.5 119.25 

It is obvious that the environmental degradation cost and economic benefits of large-scale land use project are far 

larger than the small-scale one, and the cost-benefit ratio of large-scale land use project is about 13 times as 

much as the small-scale one. It means that large-scale land use projects are more profitable and effective, but at 

the same time, they cause greater damage to the environment. 
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3.2 Results of Model Change Over Time 

Our DESV model is a dynamic model varying with time and space because of the three adjustment coefficients. 
Spatial heterogeneity coefficient 'Q' is adjusted by the grain harvest yield and local biomass. Society 
development coefficient 'D' is adjusted by the population density and urbanization level of the region. The 
population density also affects the resource scarcity coefficient 'S' to improve the accuracy of the model. 
Moreover, the discount rate 'r' adjusts the model with the year changed. 

We take China and Wuhan as examples and collect the relevant data from 2010 to 2017 in China Statistical 
Yearbook (National Bureau of Statistics, 2010-2017) and Wuhan Statistical Yearbook (Wuhan Statistics Bureau, 
2010-2017). Then, we replace the original economic cost of the project with the total investment in fixed assets. 
The ECo, DESV and EB of Wuhan and China for 8 consecutive years are calculated using the models we 
establish. The results are shown in Table 7. 

Table 7. Cost-benefit indexes of Wuhan and China from 2010 to 2017 ( yuan810 ) 

year 
Wuhan China 

oEC  DESV  EB  oEC  DESV  EB  

2010 3753.17 287.37 1191.50 278 121.9 200 820 181 114.00

2011 4255.16 355.23 2263.95 311 485.1 236 780 208 232.73

2012 5031.25 444.13 3642.05 374 694.7 285 560 139 676.81

2013 6001.96 492.57 3854.81 446 294.1 336 200 216 697.56

2014 7002.85 584.26 5048.65 512 020.7 388 990 240 873.42

2015 7725.26 676.13 4541.16 561 999.8 438 550 281 706.26

2016 7093.17 601.57 6315.99 606 465.7 449 990 380 323.94

2017 7871.66 677.01 10 427.20 641 238.4 501 840 552 505.20

The trends of these three cost-benefit indexes of Wuhan and China from 2010 to 2017 are shown in Figure 1 and 
Figure 2 respectively. 

 

Figure 1. ECo, DESV, EB of Wuhan over time         Figure 2. ECo, DESV, EB of China over time 

According to Table 7 and Figure1, the DESV of Wuhan maintains a mild upward trend with time, which is 
related to the reconstruction of wetland and green vegetation from 2010 to 2017, and the call to develop Wuhan 
into an international city put forward in 2012. The expansion of industrial land has also brought a stable 
economic growth. These are coincident with the land use plan of Wuhan. However, owing to the growth in 
public area, measures such as returning the grain plots to forestry have further reduced the area of cultivated land. 
As for China, its DESV also increase steadily over time, which is closely related to the national policy, which 
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encourage us to develop the ecology and follow the road of sustainable development. The EB and ECo of Wuhan 

remarkably ascend. The growth pace of EB accelerates and its value exceeds ECo in 2016, which is due to the 

introduction of high-tech, strongly improving the production efficiency of the city. If they can preferably control 

the ecological cost, the land use projects in Wuhan will be more optimized. 

The Figure 2 shows that China's overall economic benefits dropped significantly in 2012. This is because China 

focuses on the development of the real economy in 2012. Then, the economic bubble, such as real estate, shrunk 

and led to a certain decline in overall economic benefits of China. And the years after 2012, the economic 

benefits bounced back rapidly because the structural adjustment had been finished. In general, China's ECo, 

DESV and EB all increase with year. The growth pace of EB is the fastest and gradually accelerates, indicating 

that the national land use project performance is getting better. The growth pace of ECo is constant and the value 

of ECo is the largest, which means the economic cost of large-scale projects is also a problem that can not be 

ignored. The growth pace of DESV decreases because various environmental protection measures implemented 

in China are effectively compensated for the cost of the ecosystem services. 

Comparing the results of these two typical examples of different scales, it can be concluded that the growth pace 

of the environmental degradation cost of a large-scale project is much greater than a small-scale project. Thus, 

we can make reasonable speculation: The environmental degradation cost of a large-scale land use project, which 

is consisting of small-scale land use projects, is bigger than the sum of environmental degradation cost of 

independent small-scale land use projects. 

4. Effectiveness Analysis 

4.1 Sensitivity Index Model 

The effectiveness analysis of model is the basis for determining whether the model can be applied in the study 

area. Usually, different parameters are selected for sensitivity experiments, and each parameter is independently 

simulated to evaluate its impact on the results (Peng, Zhou, Yang, Zhao, & Luo, 2014). In this paper, based on 

the Fenix model, which can help to analyse the sensitivity of ecosystem service value to ecosystem service value 

parameters per unit area (Xue & Ge, 2018), we introduce the sensitivity index to test the availability of our 

model. The formula is as follows: 

ikikjk

iij

s
VCVCVC

ESVESVESV
C

/

/




                              (18) 

Where CS is sensitivity index of ecosystem service value , ESVi is total ecosystem service value before 

adjustment, ESVj is adjusted total ecosystem service value, VCik is the unit area ecosystem service value of the  

kth land use type before adjustment, VCjk is the adjusted unit area ecosystem service value of the kth land use type. 

Increase the unit area ecosystem service value by 50%, evaluate the changes of ESV and obtain sensitivity index. 

When CS is greater than 1, ESV is resilient to VC. When CS is less than 1, ESV lacks resilience to VC. The larger 

the value of CS is, the more important for ESV the accuracy of VC value is in this kind of ecosystem . 

4.2 Results and Discussions 

Taking Wuhan as an example, we use the sensitivity analysis model, and raise the unit area ecosystem service 

value of forest land, grassland, cultivated land, wetland, garden land, water area, unused land and industrial land 

in Wuhan by 50% respectively, and finally get the sensitivity index of different land use types in Wuhan from 

2010 to 2017. It can be seen from Table 8 that the sensitivity index of all land use types is less than 1, which 

shows that the ecosystem service values of various land use types in this study are reasonable. 
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Table 8. The sensitivity index of ecosystem service value in Wuhan 

Type of land 

use 

year 

2010 2011 2012 2013 2014 2015 2016 2017 

Woodland 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.12 

Grassland 0.09 0.09 0.08 0.08 0.08 0.07 0.07 0.06 

Cultivated 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.14 

Wetland 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.13 

Garden 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 

Water area 0.57 0.58 0.58 0.59 0.59 0.60 0.61 0.61 

Unutilized 

land 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Industrial 

land 
0.05 0.06 0.06 0.06 0.07 0.07 0.08 0.08 

The sensitivity indexes of all land use types in Wuhan from 2010 to 2017 are less than l, which means that the 

selected unit area ecosystem service values have little impact on the total ecosystem service value. Thus, ESV 

lacks resilience to VC and the results are reliable and effective. 

By using this method, taking 2017 as an example, the sensitivity index is ranked from high to low as water area > 

cultivated land > wetland > forest land > industrial land > grassland > garden > unutilized land. The sensitivity 

index of water area is 0.61, which is the highest. When the VC of the water area increases or decreases by 1%, 

the ESV in Wuhan will increase or decrease by 0.61%. This is because water area has great influence on the total 

ecosystem service value. On the contrary, the unutilized land has the lowest sensitivity, almost 0, indicating that 

the unutilized land has little impact on the total ecosystem service value in Wuhan. 

Comparing the results in 2010 with those in 2017, the sensitivity indexes of water area and industrial land show 

tendency to ascend. The data of water area rises from 0.57 in 2010 to 0.61 in 2017 and the data of industrial land 

increases from 0.05 in 2010 to 0.08 in 2017, which indicates that the impact of these two land use types on the 

total ecosystem service value is enlarging year by year. The sensitivity index of grassland decreases from 0.09 in 

2010 to 0.06 in 2017, showing that its impact on the total ecosystem service value is diminishing year by year. 

5. Conclusions 

In order to assess the true economic costs of land use projects when ecosystem services are considered, we firstly 

introduce three dynamic adjustment coefficients and establish a dynamic ecosystem services valuation model. 

This model uses a new two-level index system, where the first level has 4 index and the second level has 9 index, 

and builds ecosystem services equivalent value table using equivalent factor method depending on regional 

characteristics. Secondly, we use the entropy method to confirm the weight of 14 land use benefit indexes and 

establish the project economic benefit model. Based on the DESV and EB models, we select two different-scale 

projects to perform cost-benefit analysis. Judging from the results, large-scale project can remarkably increase 

the economic benefit, but in the meantime, it cause greater harm to the environment than small-scale project. 

Besides, effectiveness analysis proves that the ecosystem service value of various ecosystems calculated in this 

study are reasonable and reliable. In conclusion, this study can provide scientific basis for quantifying 

environmental cost of land use project, making the valuation of land use projects more practical and promoting 

sustainable development. 
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