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Abstract: Land use projects will limit or eliminate ecosystem services, affect 

biodiversity and lead to environmental degradation. The cost of environmental 

degradation has become an indispensable part of the cost of land use projects. 

Therefore, it is necessary to study the economic cost of land use projects when 

studying ecosystem services. First, we include environmental costs into the economic 

costs of land use projects, and identify five categories of environmental costs as noise 

pollution, air pollution, water pollution, solid waste pollution and soil pollution. Then, 

for the five types of environmental costs mentioned above, factors such as the loss 

rate of labor productivity and the service life of land use projects are taken into 

comprehensive consideration. The international common algorithm is adopted to 

establish an environmental cost estimation model for land use projects, so as to 

calculate the real economic cost of land use projects. The cost-benefit analysis of land 

use project is carried out by using the benefit-cost ratio method. Second, we have put 

forward suggestions for project planners and managers and drawn up environmental 

governance plans to solve various environmental problems. Then, based on the data 

of different types of pollutant emissions in the past five years, the weight is determined 

based on the grey correlation analysis. The weight reflects the impact of different 

types of environmental factors on environmental costs, and also determines the 

priority of environmental factors of this type that need to invest in environmental costs 

for governance. Therefore, in the process of environmental governance, when the 

budget or processing capacity is limited, it is reasonable for the environmental cost to 

be invested into various environmental factors according to the weight. Then, the 

direct market evaluation method is used to estimate the ecosystem benefits after the 

implementation of environmental protection, and the ecosystem services as one of the 
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factors of production are measured with the monetary price, so as to obtain more 

accurate and specific cost-benefit analysis results. Third, we analyze the change of 

the model with time, and use the time series analysis method to predict the future 

environmental costs based on the historical environmental costs obtained by the 

model, so as to take more effective measures to reduce the environmental costs and 

obtain more ecosystem functional benefits and economic benefits. 

Finally, we analyze the advantages and disadvantages of the model, and summarize 

its applicability and inapplicability. Our model has extensibility and can be modified 

according to specific problems, so as to solve environmental cost problems flexibly. 

 

Keywords: Economic, environmental cost. 

 

1. Introduction 

1.1 Restatement of the Problem 

In existing economic theories, biosphere resources and ecosystem services are often 

considered constant. In fact, the adverse effects of decision-making in the process 

of economic development on the environment should not be ignored [1].Human 

economic activities, especially land-use projects, can result in changes in natural 

ecosystems, such as air pollution,  river pollution, climate change, etc. Ecosystem 

services, including water filtration, growing food, pollinating plants, and so on, will 

also decline. People will need to consume assets to control environmental pollution 

and compromise with the natural environment [2].At the same time, in the process of 

treatment, the incomes will be lost as a result of various decontamination activities. 

The above two constitute the environmental cost discussed in this paper, that is, the 

cost of environmental degradation [3]. 

Traditionally, most land use projects have calculated economic costs without taking 

into account environmental costs, such as poor air quality, river pollution, hazardous 

waste, climate change, and so on. Based on the above situation, first, we are 

committed to establishing a new economic cost analysis model, which takes 

environmental factors into account and assesses the real economic cost of land use 

projects of different scales. What’s more, taking the ecosystem services as the abstract 

benefits of the project, the cost-benefit analysis of land use and development projects 

of different scale is carried out. Second, After the establishment of the model, we used 

large and small projects as examples to evaluate the effectiveness of the model. Third, 

we propose ways to reduce environmental costs and make recommendations for 

planners and managers of land-use projects, and put forward the method of protecting 

ecosystem. Based on the established model, the environmental quality after 

implementation of environmental protection is measured and measured by monetary 
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price. Finally, the change of environmental cost with time is analyzed, and the 

evaluation model of ecological service is analyzed. 

 

1.2 Background 

After the economic globalization, the world social and economic development attracts 

worldwide attention, industrialization and urbanization get rapid development. At the 

same time, the environmental problems are becoming more and more prominent. The 

economic development model that consumes resources consumes a lot of material 

and energy resources, and emits a great deal of waste gas, waste water and waste 

residue, which results in serious environmental pollution. Among them, land use and 

development projects have a great impact on the environment, such as soil and water 

loss, species extinction, air pollution and so on. 

Scholars all over the world have been studying and exploring the rational construction 

of land use projects, especially the environmental problems are becoming more and 

more serious, and the problem of land use efficiency has been gradually paid attention 

to in the research. Richard T.Ely, the founder of land economics, said: "successful land 

use is based on an understanding of the characteristics of land."The personal goal of 

land use project is to pursue net profit or net income after deducting cost. The social 

goal of land use project is: 1) Balance between wealth production and wealth 

distribution, 2)Protection of natural resources, 3)Increasing the enjoyment of life   that 

depends on land use[4]. In the 1990s, scholars began to explore the efficiency of 

land use from the perspective of land cover change, especially with the maturity of 

RS,GPS and GIS technology, and rapidly applied in the field of land use dynamic 

monitoring. It opens up a wide research space for land use. [5] 

By exploring the impact of land projects on the environment, and adopting the 

scheme of reducing the environmental cost, this paper makes up for the pollution in 

order to change the land use mode and perfect the theory and method of land 

rational use and its evaluation research,to guide the rational use of land to provide 

management and application direction. 

 

2. Assumptions 

To simplify the problem, we have the following basic assumptions, which are properly 

justified. 

The benefits of each project are fixed. 

The pollution of the project to the environment can be remedied and reflected in 

currency. 

Each project can exist for a long time and run steadily, and gain profits. 

Environmental change directly causes the increase and decrease of the output of 

goods or services. 
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The relevant environmental impacts are clear and can be observed or tested by 

empirical data. 

Market development is perfect, market price can reflect value correctly. 

 

3. Symbol Description 

 

Variables Descriptions First appearing page 

L1 

A 

PO 

β 

B 

 

λp T 

L2 

△yi 

△y' 

i 

αi,α' 

i 

Economic loss caused by noise(USD/year) 5 

Coverage area affected by sound level(k ㎡) 5 

The current  year's noise affected the  
population 

5 

density of the coverage area(person/k ㎡)  

Loss rate of labor productivity(%) 5 

Per capital annual profits in the area around    
the 

5 

project(USD/(person·year))  

Annual population growth rate(‰) 5 

Project service life(year) 6 

Economic losses of ecosystems caused by 6 

atmospheric pollution(USD/year)  

Biological loss(kg/h ㎡,m³/h ㎡) 6 

Biological resource area(h ㎡)  

 6 

 

 

Ni The number of wild animals, or rare wildlife. 6 

Ci,C'i Biological resource price(USD/kg,USD/m³) 6 

Bi The   life   value   of   a   wild   animal,   or    
rare 

6 

 wildlife.(USD)  

n Resource categories of affected organisms 6 

L3 Direct economic loss of water resources per  
unit 

6 

 of   polluted   water   in   land   use   
projects(Ten 

 

 thousand USD/(m³·year))  

X Standard  pollution  load  of  main  pollutants 
per 

6 

 unit of water resources in land use projects  

 (million m³/(million m³·year)  

C Pollutants other than major pollutants and 
loss of 

6 

 external effects(ten thousand dollars/(million  

 square meters·year))  

K dimensionless factor 6 

þi Annual price adjustment factor 6 
Wi The weight of a certain pollutant discharged  

into 
6 
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 the sewage body(t/year)  

Ci0 Discharge standard for species i 
pollutants(g/m³) 

6 

L4 Economic   loss   of   land   resources   by    
solid 

6 

 waste(USD)  

Pi Unit price of certain land type(USD/h ㎡) 6 

n Types of land 6 

Si Area of land occupied by pressure(h ㎡) 6 

L5 Environmental loss of Land Reclamation(USD) 6 

Ci Land reclamation fee(USD/h ㎡) 6 

S Land reclamation area(h ㎡) 6 

B-C Benefit-cost ratio 7 

PW Present value 7 

B Project benefit 7 

I Initial investment of the project 7 

O&M Maintenance cost of project operation 7 

p Price of product 7 

c Product cost 7 

q Number of products 7 

 

 

Figure 1 Environmental pollution index 

 

4. Our Work 

4.1 Question 1 

Model 

Based on the above assumptions, we analyze and summarize the various types of 

environmental degradation caused by land use projects and replace the indicators that 

are not easy to reflect with the same type of indicators. We identify and screen the 

indicators that have a greater impact on the environment as the focus of our study, 

and determine the objects of environmental cost are noise pollution, air pollution, 
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water pollution, solid waste pollution and soil pollution. 

In view of the above five kinds of environmental cost, this paper adopts international 

common algorithm [6] to consider the factors such as labor productivity loss rate, 

service life of land use project, amount of biological loss, economic loss of land 

resources, land reclamation and so on.[7] The following formulas are given to 

estimate the economic losses caused by various types of pollution. 

Noise Pollution 

Noise is not only the noise that changes irregularly in intensity and frequency, the 

noise, the rattle, the noise, the noise that makes people feel irritable and disgusted 

by their physical and psychological state, that is, the voices that people don't need. 

The influence of noise generated by land use projects on the surrounding 

environment is related to the arrangement of the equipment required by the project 

and the distance from the field boundary and the environmental protection target.The 

following formula can be used to estimate the economic losses caused by noise 

pollution: 

                            (1) 

Air Pollution 

During the implementation of the project, raw materials processing, residential 

construction and solid waste disposal will all produce air pollution, which will affect the 

ecosystem and reduce the ecosystem service capacity.The following formula can be 

used to estimate the economic losses caused by air pollution: 

              (2) 

Water Pollution 

Water pollution comes from land use project waste water, domestic sewage and solid 

waste treatment process. The following formula can be used to estimate the economic 

losses caused by water pollution: 

                                                   (3) 

                                                             (4) 

                                                        (5) 

Solid Waste Pollution 

The environmental loss caused by solid waste occupying a large amount of land 

resources is a measure of the amount of waste and the value of land occupied. The 

following formula can be used to estimate the economic losses caused by solid waste 
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pollution: 

                                                    (6) 

Soil Pollution 

The degree of land destruction and the corresponding degree of land reclamation are 

measured. Land reclamation fee reflects the value of land from the perspective of 

value regeneration. The following formula can be used to estimate the economic losses 

caused by soil pollution: 

                                                      (7) 

 

According to the formula (1) to (7), the various environmental costs of land use 

projects can be solved, then the total environmental cost L is: 

                                         (8) 

The total cost of land use projects is L0: 

                                                      (9) 

Q represents the sum of all the costs of land use projects except environmental costs. 

According to the above model, the real economic cost of land use projects in 

ecosystem services can be assessed. Then the cost-benefit analysis of the land use 

project can be carried out by using the benefit-cost ratio method. The ratio of benefit 

to cost will involve the calculation of 

the ratio of benefit to cost, that is, considering the time value of currency, reflecting 

the time of occurrence of cash flow (that is, benefit) after the start of the project. 

Therefore, the ratio of benefit to cost is essentially the ratio of present value of benefit 

to present value of expense. 

The present value benefit to cost ratio is modified by the following equation: 

                             (10) 

When B/C  ≥ 1, the project is desirable. 

Solving 

Based on the above model, we give the concrete solution scheme of the small land 

use project: the operation of a factory, and the large-scale land use project: urban 

pipeline laying, respectively, to discuss the universality of the model. 

Small scale: factory 

Considering the pollution caused by factories to the atmosphere, water resources, 

land and other natural environment, the relevant statistical data are obtained by 

looking up the yearbooks. Putting the data of loss rate of labor productivity, length of 
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service of the project, biological loss, economic loss of land resources ,land 

reclamation into the formula (1)-(9), then L0,which represents the total cost of the 

factory can be obtained. 

Based on the formula (10) given by the benefit ratio method, we divided the 

difference between the plant benefits and the maintenance costs required for the 

operation of the factory by the initial investment of the factory. Obviously, the ratio 

is greater than one, that is, the project is desirable[8]. 

Large scale: urban pipeline laying 

Considering the damage of urban pipeline laying to water resources and soil, as well 

as the pollution caused by solid wastes. The relevant statistical data are obtained by 

looking up the yearbook. Putting the data of service life of pipeline laying project, 

biological loss, economic loss of land resources ,land reclamation into the formula 

(1)-(9), then L0, the total cost of pipeline laying can be obtained. 

Based on the formula (10) given by the benefit ratio method, we divided the 

difference between the benefits of pipeline laying and the maintenance costs of 

pipeline operation by the initial investment in pipeline projects. Obviously, the ratio is 

greater than one, that is, the project is desirable[8]. 

 

4.2 Question 2 

4.2.1 Model 

In the model established in 4.1.1, we have taken environmental degradation into 

account in the cost of the project, treating as environmental costs the costs required 

to change or compromise with the natural environment through natural processes or 

human consumption of assets, and take it as a part of the total cost of the project to 

find out the true economic cost. 

Then, we will develop ways to protect ecosystems from the perspective of maintaining 

ecosystem services, and make recommendations for planners and managers of land-

use projects. 

Air pollution is reduced by installing air purifiers, waste water discharge by installing 

sewage processors to reduce sewage discharge, soil pollution by returning farmland 

to forests, planting trees, preventing noise by using soundproof cotton, and finally, 

Build waste treatment plants to reduce solid waste. 

To better assess the cost-effectiveness of land use projects, we optimize the previous 

models. 

First, different types of environmental factors are taken as subsystems. Based on data 

on emissions or levels of pollution for different types of pollutants over a period of five 

years, the degree of pollution is quantified. The weight of each environmental 

factor, which reflects the influence of different environmental factors on the 
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environmental cost, is determined by using the method of grey relational analysis. It 

also determines the priority of environmental factors that need to be invested in 

environmental costs. Therefore, in the process of environmental management, when 

the budget or processing capacity is limited, it is reasonable for the environmental cost 

to be put into various environmental factors according to the weight. 

Then, in order to better carry on the cost-benefit analysis, this paper uses the direct 

market evaluation method to measure the environmental quality after the 

implementation of environmental protection, and measures the ecosystem services as 

one of the factors of production with the monetary price[9]. Describe abstract 

ecosystem services in terms of specific benefits. At the same time, the weight of each 

environmental factor based on grey correlation analysis is introduced into the direct 

market evaluation method in order to obtain more accurate analysis results. 

The steps are as follows: 

The grey system theory puts forward the concept of grey correlation degree analysis 

for each subsystem, with the intention of seeking the numerical relation among the 

subsystems (or factors) in the system. Therefore, grey correlation analysis provides a 

quantitative measurement for the development of a system, which is very suitable 

for dynamic history analysis. 

①The reference series which reflects the characteristics of the system behavior and 

the comparative sequence which affect the system behavior are determined. 

Let there be m evaluation objects and n evaluation indexes. The reference sequence 

is x0={x0(k)|k=1,2,…n},and the comparison sequence is xi={xi(k)|k=1,2,…n}, 

i=1,2,… m. 

②Apply dimensionless method to the indexes. Then, in order to ensure that the data 

is compressed into [0, 1] intervals, divide each component of each row vector in 

a 

matrix by the corresponding component of the first row vector. Put forward a matrix: 

 

 
(11) 

We can get a new matrix: 

 
 
 
 

 
(12) 

③Calculate the grey correlation coefficient: 
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 (13) 

 
 

ρ represents the resolution coefficient, generally ρ=0.5. The grey relational degree 

interpretation matrix is obtained: 

 
 
 
 

 
(14) 

 

④Determine the weight, w: 

 
 
 

(15) 

The proportion of indicator j in the whole indicator is reflected. Normalize  

: 

                                    (16) 

Therefore,  can be used as the weight of an indicator. 

The direct market evaluation method is sometimes called the conventional market 

method, and also called the physical impact of the market evaluation method.  It  is a 

method of assessing the impact of changes in environmental quality based on changes 

in productivity. Direct market assessment includes dose-response method, productivity 

change method, disease cost and human capital method. In this paper, the method of 

productivity change is used ,which use changes in productivity to evaluate the impact 

of changing environmental conditions. Changes in productivity are measured by the 

market prices of inputs and outputs. This method regards environmental quality as a 

factor of production. The change of environmental quality leads to the change of 

product price and output. Using market price, the economic loss or realized economic 

benefit of natural resource change can be calculated. 

Basic steps : 

①Estimate the physical effects and extent of the impact of environmental change on 

the recipient (property, machinery, equipment, person, etc.). 

②Estimate the impact on cost or output. 
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③Estimated the market value of cost or changes in output. 

Assuming that the economic impact of environmental change (E) is reflected in the 

output, price, and cost of the affected product, that is, the change in net production 

value, we can use the following formula: 

                                    (17) 

P represents the price of the product. c represents the cost of the product. q represents 

the number of products. Lj represents the cost of reducing the environmental costs 

of the j-th environment  cost.  wj   represents the  proportion of the j-th environmental  

cost. There   are 

i=1,2,…,k kinds of products and j=1,2,…k kinds of input. x and y respectively   

represents 

the situation before and after the change of the environment. 

4.2.2 Solving 

To protect the ecosystem, we propose the following solutions for project planners and 

managers: Air pollution is reduced by installing air purifiers, and wastewater discharge 

is reduced by installing sewage processors. Soil pollution is returned to forest, 

trees are planted, noise is prevented by using soundproof cotton, and waste 

treatment plants are set up to reduce solid waste. 

In this paper, a small land use project and a large land use project are taken as 

examples to quantify the benefits of ecosystem services after investing in 

environmental costs. 

The steps are as follow: 

We use the grey relational analysis method to determine the weight of each 

environmental factor. 

①Small scale:Factory 

The environmental factors are waste water discharge, air pollution, noise, garbage 

generation, soil point exceeding the standard. With reference to the Yearbook, the 

following statistics are available: 

Table 1 Factory Pollution Data 

Year 2017 2016 2015 2014 2013 

Wastewater discharge ton/year 54747 54148 58289 58442 55605 

Air pollution ton/year 15.88 28.08 34.15 43.67 50.39 

Average noise dB 59.2 60.3 60.3 59.6 59.9 

Waste production ton/year 6236 5900 5546 5175 4949 

Soil point exceeding 

rate 

 34.9% 32.8% 28.4% 34.5% 23.5% 
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wastewater pollution (WP) was 21.63%, air pollution (AP) was 19.75%, noise pollution 

(NP) was 19.03%, garbage pollution (GP) was 21.23%, soil pollution (SP) was 18.37%. 

It can be seen that the discharge of waste water from the construction of the plant 

has the greatest impact on the environment. 

 

Figure 2 Proportion of pollution caused by the construction of factories 

②Large Scale: Urban Pipeline Laying 

The environmental factors are waste water discharge, air pollution, noise, garbage 

generation, soil point exceeding the standard. With reference to the Yearbook, the 

following statistics are available: 

Table 2 Pipeline laying pollution data 

Year 2017 2016 2015 2014 2013 

Wastewater discharge ton/year 30816 31029 31099 31187 31213 

Air pollution ton/year 774.9 1193.4 1451.5 1855.9 2141.6 

Average noise dB 69.3 69.3 69.2 69.1 69.1 

Waste production ton/year 2559 2475 2386 2294 2237 

Soil point exceeding 

rate 

 22.6% 33.4% 22.0% 26.9% 24.0% 

 

With the help of MATLB, we used grey relational analysis to determine the weight: 

wastewater pollution (WP) was 17.07%, air pollution (AP) was 18.83%, noise pollution 

(NP) was 20.98%, garbage pollution (GP) was 19.84%, soil pollution (SP) was 23.29%. 

It can be seen that pipeline laying has the greatest effect on soil. 

 

Figure 3 Proportion of pollution caused by pipeline laying 
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Use the model established in 4.1.1 to calculate the environmental costs before and 

after the adoption of the environmental protection scheme. 

①Small scale:Factory 

Refer to the factory production price, cost, pollutant treatment costs for a table: 

Table 3 Factory cost before and after improvement 

Name 
Before 

improvement 

After 

improvement 

UCOP USD/t 3004 3008 

Number of products t/year 237500 237500 

Cost of reducing air pollution USD/year 18776 20044 

Cost of wastewater disposal USD/year 39880 20044 

Cost of noise reduction USD/year 1600 2009 

Cost of solid waste disposal USD/year 26870 30042 

Cost of returning cropland to 

forest 

USD/hm2/year 20030 40030 

②Large Scale:Urban Pipeline Laying 

Put the price of transporting every 10,000 tons of oil and natural gas as the unit price 

of products: 

 

Table 4 Cost of pipeline laying before and after improvement 

Name 
Before 

improvement 

After 

improvement 

UCOP USD/t 1004 1010 

Number of products t/year 3200090 3200090 

Cost of reducing air pollution USD/year 1978 2080 

Cost of wastewater disposal USD/year 22988 23000 

Cost of noise reduction USD/year 4390 4890 

Cost of solid waste disposal USD/year 65980 70054 

Cost of returning cropland to 

forest 

USD/hm2/year 90870 100003 

Finally, the direct market evaluation method is used, and the weight of various 

environmental factors determined by grey relational analysis is introduced. The 

difference value of environmental cost is obtained by substituting formula (15). 

E1=204621, E2=967115.The difference reflects the improvement degree of 

ecosystem service function before and after environmental management, that is, the 

monetary price when the income is represented by ecosystem service function. 

Based on the above data, the impact on land use project planners and managers is 

analyzed. The environmental pollution generated by the project will inevitably increase 

the environmental cost of the enterprise , which can’t be ignored.  Enterprises should 

actively   take  measures to reduce environmental costs in order to ensure sustainable 



Volume 7 Issue 7 2020 
 

   47 
 

development. Examples include the installation of air purifiers, sewage processors, the 

use of soundproof cotton, the construction of garbage treatment plants and the 

conversion of cropland to forest. While these measures may increase environmental 

costs, they also enhance the functioning of ecosystem services. At the same time, as 

one of the factors of production, the benefits of ecological environment can be 

quantified by the above methods[10]. 

Question 3 

4.3.1 Model 

After putting forward reasonable planning to managers and project planners, it is 

necessary to analyze the change of model with time. In this paper, time series analysis 

is used to predict future data and future environmental cost according to historical 

data[11], so as to take measures to reduce environmental cost and to obtain more 

benefits of ecosystem function and economy. 

One of the main purposes of time series analysis is to predict the future based on 

existing historical data.Among them, AR model is a kind of linear prediction, that is, 

there are N known data that can be derived from the model before or after the N 

point (Suppose we can deduce the P point). Assuming  that  the AR  model  is  p  

order,for  a  set  of time series,there  are observations 

{x[1],x[2],…x[N]}.Calculate the predictions of t time x[t],the autoregression 
equation is: 

 
x[t]=a[1]*x[t-1]+a[2]*x[t-2]…+a[p]*x[t-

p]+u[t] (18)  

1<=p<N,p<=t<=N 

 
{a[1],a[2], … a[p]} represents the corresponding parameter sequence. u[t] represents 

the white noise satisfying N(0,σ2). 

The prediction steps are as follows: 

The ACF method is used to determine whether the time series is stable or not.If the 

time series is stable, you can proceed.if not, the difference method is adopted to 

convert the time sequence into a stable time sequence. 

Let mean(x) and var(x) be the average and variance of sequence {x}.Judge whether 

the sequence is stationary or not according to the autocorrelation coefficient ACF. 

The ACF calculation formula for sample {x} is: 

(19) 

 

The sequence is stationary if the velocity of ACF attenuating to 0 with the increase of 
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k is faster than the nonstationary random sequence. 

Calculate the parameters of AR model (burg algorithm, least square  method, 

autocorrelation algorithm,etc.) and the order determination (according to AIC criterion, 

SC criterion, FPE criterion, etc.).The least square method is used in this paper. 

The prediction {y[p],y[p+1]....y[N]} can be obtained from the above AR (p) equation: 

 

y[p+1]=a[p]*x[1]+a[p-1]*x[2],…+a[1]*x[p] 

y[p+2]=a[p]*x[2]+a[p-1]*x[3],…+a[1]*x[p+1] 

… 

y[N]=a[p]*x[N-p]+a[p-1]*x[N-p+1],…+a[1]*x[N-1]   (20) 

Write the above equations in matrix form: 

Y[N-p,1]=X[N-p,p] dot A[p,1]                             (21) 

[row,col]  represents   a  matrix  of  row  col   columns.  dot  represents   the  matrix    

point 

multiplication. 

Let XT be the matrix transpose operation of X, XI be the inverse matrix operation. 

According to the principle of least squares, the formula for calculating the parameters 

is as follows: 

A=XT dot XI dot XT dot Y                        (22) 

Test the fitting degree of AR Model in the second step.The main purpose is to test 

whether the residuals are subject to N(0,σ2) white noise. 

Change AR equation into: 

u[t]=x[t]-a[1]*x[t-1]-a[2]*x[t-2]-....-a[p]*x[t-p]                (23) 

If u[t] is the white noise satisfying N(0,σ2), AR (p) is an acceptable model. 

Make predictions by AR model. 

4.3.2 Solving 

Based on the above model,the environmental costs of the next year can be predicted, 

with the actual cost of large-scale projects and small-scale projects. Draw the following 

table, referring to all kinds of published data: 

Table 5 Environmental costs of the factory (2014-2018) 

Year 2014 2015 2016 2017 2018 

Environmental costs USD 91442 97156 107156 113885 131420 

 

Table 6 Environmental costs of urban pipeline laying(2014-2018) 

Year 2014 2015 2016 2017 2018 

Environmental costs USD 175204 186206 199955 209253 220670 

The observations of the time series are {91442,97156,107156,133885,171420},{175204, 

186206,199955,214253,240670},N=5. 
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Calculate the environmental costs for 2018.The regression equation is: 

X[6]=a[1]*x[5]+a[2]*x[4]+…+a[5]*x[1]+u[6]      (24) 

The equation (19) of calculating ACF is put in by MATLAB.Draw the figures with 

MATLAB. As shown in the figures following, the time series are unstable.Then the 

difference method is used to convert the stationary time series. 

 

Figure 4 ACF analysis of the small-scale project Figure 5 ACF analysis of the 

large-scale project 

Then the parameters of the AR model are calculated in the least square method, with 

MATLAB.Get the parameters for small and large projects, respectively: 

 

 

 

We got a prediction that the environmental cost of the small project is $13627, the 

environmental cost of the large project is $22852 in 2019: 
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5. Sensitivity Analysis 

Sensitivity analysis refers to the identification of sensitive factors that have an 

important impact on the stability of results among many uncertain factors.In the 

second question, we use a traditional analytical method, that is, single-factor analysis, 

to test the sensitivity of the model after changing the indicator of wastewater 

discharge. Then, the difference between the original result and the change result was 

compared. 

We have increased the annual emissions from the small project (factory) to get the 

new weight in the model. The modified and original results are shown in the following 

table: 

Table 7 The modified and original results of the small project (factory) 

 WP AP NP GP SP 

Original weight 22% 20% 19% 21% 18% 

Changed weight 19% 22% 20% 22% 17% 

The rate of change 13.6% 10.0% 5.3% 4.8% 5.6% 

From Table 7, we know that for the small project (factory),when air pollution 

increases, the weight of wastewater discharge changes by 13.6%, which is the 

biggest change and the most. sensitive. That is, it has a key impact on the 

environmental cost of the the factory. The weight of garbage pollution changes by 

4.8%, which is the least change and the least sensitive. That is, it has a little impact 

on the environmental cost of the factory. 

Similarly, we use the same approach to sensitivity analysis for the large-scale 

project(laying pipelines), increasing the rate of soil outage, adding the new weight 

in the model. The modified results and the original results are shown in the following 

table: 

Table 8 The modified and original results of the large project (laying pipelines) 

 WP AP NP GP SP 

Original weight 17% 19% 21% 20% 23% 

Changed weight 19% 20% 19% 17% 25% 

The rate of change 11.8% 5.3% 9.5% 15% 8.7% 

From Table 8, we know that for the large project (laying pipelines),when the soil 

point exceeding rate increases, the weight of garbage pollution changes by 15%, 

which is the biggest change and the most sensitive. That is, it has a key impact on 

the environmental cost of the the factory. The weight of air pollution changes by 

5.3%, which is the least change and the least sensitive. That is, it has a little effect on 

the environmental cost of pipeline laying. 
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6. Conclusion 

Based on the above three problems, the following conclusions are obtained: 

Cost-benefit analysis of different scale land use and development projects. Five 

indexes of air pollution, noise pollution, water pollution, soil pollution and solid waste 

pollution  are selected to measure the environmental pollution. The real economic cost 

of land use project in ecosystem service is evaluated by measuring the relevant input 

formula (1)-(9).Finally, the cost-benefit analysis is carried out by using the method of 

benefit ratio. 

The impact of the above analysis on land use project planners and managers. Using 

the method of determining weight based on grey relational analysis, the degree of 

environmental pollution of five indexes is determined, and five schemes to reduce 

environmental cost are selected. The direct market evaluation method is used to 

obtain the environmental benefits after reducing the environmental cost. The 

following suggestions are put forward to the planners and managers: installing sewage 

processor, soundproof cotton, air purifier, setting up garbage treatment plant, 

returning cropland to forest. 

The model changes with time. By using time series analysis and referring to the data 

from 2014-2018, it is predicted that the cost of environmental degradation for both 

large and small projects will increase in 2019. 

 

7. Model Evaluation 

7.1 Strengths 

Grey correlation analysis is based on the trend of development, so there is no too 

much demand for sample size, and there is no need for a typical distribution law, and 

the calculation amount is relatively small, and the results will be consistent with the 

qualitative analysis results. 

The advantage of direct market evaluation is that it has clear thinking and can greatly 

reduce the loss caused by asymmetric information. 

Time series analysis can set aside the causal relationship between market 

developments. 

 

7.2 Weakness 

It is subjective to use the method based on grey correlation analysis to determine the 

weight. When the resolution coefficient is given different values, the results of different 

weights are calculated on the basis of accounting, and the value of ρ does not have a 

fixed standard, which will lead to the reduction of the credibility of the decision. 

Direct market assessment requires that the physical effects of environmental impacts 

are significant and can be obtained empirically, but generally it is difficult to estimate 

the physical relationship between activities that have an impact on the environment 
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and outputs, costs or damage. 

Because the time series prediction method does not consider the influence of external 

factors, it has the defect of prediction errors. The effect of time series prediction is 

better than that of long-term prediction. 
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Appendix 

Appendix 1:Small project (factory) weights calculation 

clc,clear 

a=[54747 54148 58289 58442 55605 

15.88 28.08 34.15 43.67 50.39 

59.2 60.3 60.3 59.6 59.9 

6236 5900 5546 5175 4949 

0.349 0.328 0.284 0.345 0.235]; 

for i=1:5 
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a(i,:)=(max(a(i,:))-a(i,:))/(max(a(i,:))-min(a(i,:))); 

end [m,n]=size(a); cankao=max(a')' 

t=repmat(cankao,[1,n])-a; mmin=min(min(t)); mmax=max(max(t)); rho=0.5; 

xishu=(mmin+rho*mmax)./(t+rho*mmax) guanliandu=mean(xishu); 

[gsort,ind]=sort(guanliandu,'descend'); 

for i=1:5 

x(i)=(xishu(i,1)+xishu(i,2)+xishu(i,3)+xishu(i,4)+xishu(i,5))./n; 

end 

for i=1:5 

w(i)=x(i)/(x(1)+x(2)+x(3)+x(4)+x(5)) 

end 

 

Result: 

cankao = 

1 

1 

1 

1 

1 

xishu = 

 

0.7819 1.0000 0.3414 0.3333 0.5957 

1.0000 0.5858 0.4857 0.3831 0.3333 

1.0000 0.3333 0.3333 0.5789 0.4400 

 

 

    

 

 0.3333 0.4036 0.5187 0.7401 1.0000 

0.3333 0.3800 0.5377 0.3413 1.0000 

w 

= 

     

 0.2163 0.1975 0.1903 0.2123 0.1837 

 

 

Appendix 2:Calculate autocorrelation coefficient ACF 

clear ; 

A = [175204 186206 199955 209253 220670] ; 

n = length(A) ; 

[ACF,lags,bounds] = autocorr(A,n-1) ; subplot(2,1,1) ; plot(lags(1:end),ACF(1:end)) ; 

title('ACF') ; 

Result: 
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Appendix 3:analysis of time series 

clc,clear 

a=[175204 186206 199955 209253 220670]; 

a=a';a=a(:);a=a'; Rt=tiedrank(a) n=length(a); t=1:n; 

Qs=1-6/(n*(n^2-1))*sum((t-Rt).^2); T=Qs*sqrt(n-2)/sqrt(1-Qs^2); 

t_0=tinv(0.975,n-2); 

b=diff(a); m=ar(b,2,'ls') bhat=predict(m,b') 

bhat(end+1)=forecast(m,b',1) ahat=[a(1),a+bhat'] delta=abs((ahat(1:end-1)-a)./a) 

 

Result: 

m = 

Discrete-time AR model:    A(z)y(t) = e(t) 

A(z) = 1 - 0.02569 z^-1 - 0.813 z^-2 

 

ahat = 

1.0e+05 * 

1.7520 1.8621 1.9995 2.0925 2.2067 2.2852 

 

 

 


