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Abstract
It is one-sided to simply analyze land development projects with economic theories,
because the ecological cost of the projects is not taken into account. In order to quantify
the ecological cost, we established an ecosystem service evaluation model. In order to
quantify the impact of engineering on the environment, we establish a life cycle
assessment model. It is based on the calculation of the amount of damage to the
environment caused by the three factors and indirectly obtains the ecological cost. The
three aspects are: harmful emissions brought by the project, the use of modern primary
energy and the non-recyclability of engineering materials. However, because the above
three indicators are only evident in large and long-term projects, they are less practical
for small projects. For this reason, we introduce entropy weight evaluation model. It is a
model reflecting environmental quality by calculating the information entropy change
and entropy flow of 14 index data of ecosystem service types after range standardization,
which is easy to calculate for small projects. Since both the life cycle assessment model
and the entropy weighting assessment model can reflect the changes of the environment,
we used the statistical data of China from 2008 to 2017 to obtain the ecological cost and
entropy flow value of each year, and tested the correlation between them. The
correlation coefficient was -0.85, so they have a strong correlation. Then the data points
in matlab to simulate the smooth curve. Then the corresponding ecological cost can be
found on the curve through the entropy flow value. At the same time, we also analyzed
the sensitivity and effectiveness in the paper. Our model can assess the environmental
costs of both large national and small community projects. At the same time, we also
analyze the advantages and disadvantages of our model. In addition, the modification
method of the model with time variation is given. If the model can be generalized, then
the planners and managers of land-use projects can be more aware of the huge
environmental costs. For example, China's GDP in 2017 was $34.33 trillion, while the
environmental costs were calculated to be $26.93 trillion. Accounting for 78% of GDP.
This will serve as a reminder of how much damage has been done to the environment in
the wake of the cold economic growth figures.
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1. Introduction
1.1.

Background

In order to meet the increasing demand for resources, people are developing and utilizing more
and more land. However, the development of land destroys water resources, vegetation and air,
which is worsening the ecological environment. According to statistics, about 27375 species of
animals are extinct every year, and the air quality is deteriorating year by year. People's living
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environment is not optimistic. These phenomena are reminding people that cost analysis of
land development and utilization should not be limited to economic costs, but also pay attention
to environmental costs. Therefore, it is necessary to establish a model to quantitatively evaluate
the environmental cost of the project. The calculation of environmental costs is difficult,
because the impact of land development projects on the environment often takes a period of
time to show, and the impact is not a single project.

1.2.

Exposition and Analysis of Problems

At present, most project cost estimates only consider economic costs, not environmental costs.
Therefore, the evaluation of the value of a project is inaccurate. We hope that we can evaluate
the comprehensive value of a project through a quantitative model. At the same time, largescale and small-scale projects differ greatly, and the existing models are difficult to analyze the
two at the same time. Therefore, we need to establish a model that can evaluate both the value
of small projects and the comprehensive evaluation of national-level projects. Type. For the
whole model, if we want to get the cost of ecological degradation more accurately and
reasonably, the key part is how to quantify the cost with mathematical model. First, we need to
judge the sustainability of ecosystem services used by the project and quantify them in the form
of indicators, so as to judge whether the impact of the project on Ecosystem services is positive
or negative. The model makes the cost of ecological degradation applicable to the calculation
method of market economy, which makes it more convenient for project managers to carry out
cost budget and project management. Finally, this mathematical model can also adjust the
future changes of the project, and still can get more accurate results.
Through the above analysis, the flow chart of this paper is shown in fig.1 as follows.
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Fig 1

2. Establishment of Entropy Weighting Evaluation Model
2.1.

Determination of Evaluation Index

The model takes the regulation and supply of services provided by two ecosystems as a
reference, and the transformation of human behavior to nature as a breakthrough point to
construct an evaluation model of entropy value empowerment. It simplifies the process of
interaction between the two, taking the expression of human activity intensity and the
measurement of ecosystem service potential as the main factors, and only considers them as
the "source" of ecosystem service flow (initial supply). Giving area) and "sink" (final demand
area). Therefore, the ecosystem service flows of different spatial supply-demand relations,
different functions, different sources and sinks are classified into three categories. As follows:
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1. The supply of ecosystem resources needed for human survival: the natural ecosystem of a
city is a process of increasing entropy, which produces positive entropy flow and is a negative
indicator. Sources and sinks are natural ecosystems and human needs in turn.
2. Human actions to maintain the stability of natural ecosystem: the natural ecosystem of a city
is a process of entropy reduction, and negative entropy flow is a positive indicator. Sources and
sinks are in turn human needs and natural ecosystems.
3. Internal regulation of natural ecosystem: including human and non-human behavior.
Generally, it includes both the process of increasing and decreasing entropy. Natural
ecosystems are both sources and sinks, such as natural succession of forests. It is difficult to
accurately describe each part of the service flow. Therefore, relative variation values are
considered to describe the sum of their internal comprehensive effects. [1] The change of land
cover and land type is the most important factor affecting ecosystem service function [2].
Different cover reflects the regulation information of climate, pollution and water flow.
Different land use also provides food and water supply services. [3] The area of land type in this
paper represents the attributes of land cover (e.g. the area of garden green space at the end of
the year) to produce. The number of products produced represents land use attributes (e.g.
grain yield, etc.). In addition, typical human activities which have strong impact on the urban
natural ecosystem are selected to join the evaluation model, such as water resources, energy
consumption and air pollution shared by the three major industries in the process of urban
development; active and harmless treatment is adopted after a large amount of garbage and
sewage are produced. Finally, the index evaluation model is constructed. Although different
land use patterns are different, the index system in this paper is relatively comprehensive and
has reference value for the evaluation of the ecological situation of large and small projects,
because it considers the impact of different projects on the ecological environment and the
common consumption of natural ecosystem resources of land by the population with a certain
base in order to survive.

2.2.

Entropy and Urban Ecosystem Services

The principles for calculating the entropy flow of land ecosystem services are as follows: when
the system is in a non-equilibrium state, the service flow represented by various indicators is
different or the stability degree of the system and the outside is different, the gradient will be
generated between different parts of the system or between the system and the outside world,
and the entropy flow will be generated by the exchange of energy through the pro-gradient or
anti-gradient. For an open system, entropy generally consists of two parts: the system always
evolves spontaneously toward the direction of increasing entropy, i.e. more disorderly, so one
part is due to the increase of entropy caused by irreversible factors within the system, forming
a positive entropy flow; the other part is the entropy flow generated in the process of
exchanging matter and energy with the outside world as an open system, which can be positive
or negative, and its value depends on all of them. The total effect of the exchange process. In
most cases, it is difficult to monitor and quantify the specific process of entropy increment in
the system, and the internal positive entropy flow has the same effect on the system as the
positive entropy flow generated by the exchange between the system and the external energy
[4]. Therefore, the two kinds of entropy flow are merged.
Finally, the entropy flow calculation of urban ecosystem can be expressed as:
dS=dSn+dSp
Where dS is the total entropy flow for systems;
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dSn is the sum of positive entropy flow generated for the energy exchange between the system
and the outside world and the internal entropy of the system;
dSp is the sum of negative entropy flows for energy exchange between system and external
environment.
When dS > 0, the system is in the state of increasing entropy, with excessive accumulation of
negative factors, and the system is developing in an unhealthy direction.
When dS < 0, the system is in the state of entropy reduction, and there are many positive factors
accumulated. The system is developing in an orderly and positive direction.
When dS = 0, the system is in equilibrium.
Information entropy is one of the measures to express the difference between different parts
of the system or between different parts of the system and the equilibrium point. It is a measure
of the degree of uncertainty expressed by probability. The larger the information entropy is, the
more disorderly the system is. The determinate urban ecosystem means the worse the
ecological environment, and the system information entropy is calculated as follows:
1) Firstly, the original matrix An×m of each year index is constructed.
2) In order to avoid the loss of practical significance in comparing the indexes of different order
of magnitude of cardinality, the range standardization of the original matrix An×m is carried
out. The calculation method is as follows:
𝑏𝑖𝑗 =

∗
𝑏𝑖𝑗
−𝑏𝑗,𝑚𝑖𝑛

(2)

𝑏𝑗,𝑚𝑎𝑥 −𝑏𝑗,𝑚𝑖𝑛

∗
Where 𝑏𝑖𝑗
is the jth index value of the first year in the initial matrix;

𝑏𝑗,𝑚𝑎𝑥 is the optimum value of the J index in n years;
𝑏𝑗,𝑚𝑖𝑛 is the minimum value of J index since n years.
For positive indicators beneficial to the ecological environment, the optimal value is the
maximum, whereas the optimal value is the minimum.
3) The calculation method of information entropy (𝑆𝑗 ) of the jth index is as follows:
1

∗
𝑏𝑖𝑗

∗
𝑏𝑖𝑗

𝑗

𝑗

𝑆𝑗 = − ln 𝑛 ∑𝑛𝑖=1 𝑏 𝑙𝑛 𝑏

(3)

∗
Where 𝑏𝑗 = ∑𝑛𝑖=1 𝑏𝑖𝑗
is the sum of the jth index for all years.

4) Generally speaking, the expert scoring method is used to assign the weights of various
indicators. Generally, there are subjective interference components in this method. Therefore,
the entropy weight method is used to weigh the indicators. The calculation formula is as follows:
1−𝑆

𝑊𝑗 = 𝑚−∑𝑚𝑗 𝑆

𝑗=1 𝐽

(4)

Where m is the number of indicators for ecosystem services.
5) According to the nature of two kinds of ecosystem service flows, the entropy flows generated
by different service flows are classified into positive and negative categories. Negative entropy
flows are obtained by taking the opposite number on the basis of the corresponding weight of
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the indicators and multiplying the information entropy values of the indicators. All positive and
negative entropy flows are added to get the total entropy flows of the system.

2.3.

Construction of Evaluation Matrix of Urban Ecosystem Service Flow in
Beijing Based on Entropy Theory

According to the existing urban ecosystem service assessment model, 14 indicators from 2008
to 2017 were selected to construct the evaluation model of ecosystem service flow in China.
Table 1

2.4.

Computation Flow

Fig.2
1. Data preprocessing: In order to avoid the impact of the magnitude of indicators on the results,
data preprocessing should be carried out. Min-max standardization is adopted to make the data
fall between 0 and 1. The calculation method is as follows:
𝒙−𝒎𝒊𝒏

𝒙∗ = 𝒎𝒂𝒙−𝒎𝒊𝒏
The standardized results are as follows:
Table 2
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2. Calculate the entropy of each index for each year.
3. Calculating weights.
4. Computing Entropy Flow with Weight and Entropy Value.
5. The calculation results are as follows.
Table 3

3. Life Cycle Assessment Model
In order to calculate the environmental cost in ecosystem services, the life cycle model
proposed by Ran Ran et al. in The Study on Environmental Cost and EVR Model of Construction
Process [5] was introduced to analyze the environmental cost.

3.1.

Concept Introduction

3.1.1. Definition of Life Cycle Assessment
To quote Liang Chen et al., GB/T 24040-2008 Environmental Management- Life Cycle
Assessment- Principles and Framework National Standard Understanding. Life cycle
assessment (LCA) considers the entire life cycle of a product, from acquisition of raw materials
to final disposal.LCA concerned about the environment factors and impact on the environment,
considering the environment, and resources of all attributes or factors, is built around
functional unit has a relative method, and is a kind of repeated use of a method of other results
environmental cost is one of life cycle assessment index, is used to land development used to
quantify the cost of ecological degradation.
3.1.2. Definition of Ecological Cost
Hendriks[7] proposed a single indicator based on life cycle assessment, which can be used to
evaluate the sustainability of products or activities. Voigtlander [8] proposed that the ecological
cost includes the sum of three marginal costs, namely, the ecological cost of hazardous emission,
the ecological cost of renewable energy instead of primary energy, and the non-recyclable cost
of materials. But it's important to note that ecological costs are a class of virtual costs.
Environmental cost consists of three parts: harmful emissions, energy and ecological cost and
material unrecoverable cost, as it shown in fig.3 [9].

79

International Journal Of Social Science and Education Research Vol.1 No.08 2018

ISSN: 2637-6067

Fig 3

3.2.

Environmental Cost Calculation of Projects

3.2.1. Environmental Costs of Hazardous Emissions
The environmental cost of harmful emissions is the sum of the individual environmental costs
[10] of each harmful emission, and the individual environmental cost is equal to the highest
unit cost of the emission reduction measures adopted.
Pm = max{Ci } (i=1,2,…,n)

(6)

where Pm is the individual environmental costs of harmful emissions;
Ci is the unit cost of emission reduction measures.
The following table shows the individual environmental cost data of harmful emissions in the
EU.
Table 4
Environmental costs
€/kg
￥/kg
$/kg

CO2
0.134
1.045
0.15

CO
0.246
1.856
0.29

SO2
7.45
58.11
8.65

NOx
5.30
40.82
6.14

Note: According to the exchange rate of Euro to RMB on January 27, 2019: 1€=7.6972
￥,1€=1.1412$.
Because the emission of harmful emissions cannot be counted, the environmental cost of
harmful emissions can be obtained by equivalent calculation of primary energy consumption.
Table 5 lists the relationship table between harmful emissions and energy consumption when
energy is used. By conversion, the environmental cost of harmful emissions can be obtained:
Ce = ∑ni=1(Yi × Qi × Dmi )
where Ce is the environmental costs of harmful emissions from energy;
Yi is the type i harmful emissions from energy;
Qi is the emissions of class i harmful substances per unit energy;
Dmi is the environmental costs of harmful emissions type i.
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Table 5
Gasoline(g/MJ)
Diesel(g/MJ)
Coal(g/MJ)
CNG(g/MJ)

CO2
12.66
12.51
16.2
3.341

CO
588
580
0.3365
415

SO2
441.8
438.6
0.143
273

Nox
298
295
654.2
685

Table 6 lists the environmental costs of harmful emissions from fossil fuels from 2008 to 2017.
Table 6

3.2.2. Environmental Costs of Energy
The environmental cost of energy is to replace the general energy used in the project with
renewable energy. Table 7 calculates the ecological costs of each energy source.
Table 7
Types of
energy
Gasoline
Diesel
Coal
CNG
Electric
energy

Value
($/MJ)
0.023727
0.020762
0.002966
0.081
0.008898

Major sustainable energy sources
Fuel ethanol
biodiesel
Biomass corn stalk fuel
Biomass corn stalk fuel
Hydropower + wind energy + biomass + photovoltaic +
ocean energy + geothermal energy

Ecological
costs
($/MJ)
0.034108
0.017796
0.005931
0.005932
0.0163213

The environmental cost of energy can be calculated by knowing the proportion and cost of
various renewable energy sources. The formula is as follows:
Cde = ∑ni=1(Mi × Di )
Where Cde is 0.016$/MJ;
Mi is the generation cost of renewable energy;
Di is the corresponding power generation ratio.
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3.2.3. Non-Recoverable Cost of Materials
When calculating the non-recyclable cost of materials, because raw materials are recyclable,
such as crude steel, glass and so on, the impact of recycling rate on ecological cost should also
be considered in the analysis of ecological cost of this part. The concrete calculation formula is
as follows:
Cu=Co×(1-r)

(9)

Where Cu is the non-recoverable cost of materials;
Co is the cost of raw materials and r is the rate of recovery.
We refer to the recovery rate of materials in several literatures and summarize them in Table 8
[11-13]. We also refer to the unit price and quantity of various materials and summarize the
environmental cost of each material in Table 9 [14].Table 8
Table 8
Materials
Recovery (%)

Crude steel
62.67

Crude aluminum
80

Glass
11.7

Concrete
2

Table 9

4. Correlation Analysis and Fitting
4.1.

Test of Correlation

The correlation test tool is used to test the correlation between entropy flow and ecological cost,
and the correlation between entropy flow and ecological cost is -0.85005. It is believed that
they have a strong correlation, and a curve fitting can be conducted for them.

4.2.

The fitting of Entropy Flow and Ecological Cost

By analyzing the ten-year data of China, the curve describing the relationship between entropy
flow and ecological cost was obtained and fitted with matlab. CFTOOL tool and smooth spline
were used to fit the curve in Matlab.
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Table 10

Fig 4

5. Validity Assessment
Table 11 shows the ecological cost of the shanty town reconstruction project in Huangxi village,
Shijingshan district, Beijing in 2014.
Table 11

By the total entropy flow of 0.019893 on the entropy flow - fitting curves of environment cost
find corresponding environmental cost 0.1069 trillions of dollars.
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Table 12

Then, the environmental cost of 0.1085 trillion U.S. dollars is calculated from three aspects by
life cycle assessment model, which is not much different from the fitting value of 0.1069 trillion
U.S. dollars. It is considered that the model is effective.

6. Conclusion
The fitting of the information entropy flow of ecosystem services and the environmental cost
calculated by the weighted evaluation model of the entropy value can evaluate the
environmental cost of land use development projects. After verifying the correlation between
entropy flow and environmental cost, the validity of this model is proved, that is, complex
environmental cost can be estimated by easily calculated entropy flow.
Through our model, the planners and managers of land development projects can clearly
realize that the ecological costs caused by environmental degradation are enormous. Whether
waste emissions, harmful gases emissions, modern energy and material non-recyclability will
bring about environmental degradation, that is, the information entropy of ecosystem will
change, and then need to pay the corresponding costs. Economic cost. That is to say, the costbenefit ratio will change, that is to say, we need to add the final environmental cost in our model,
in order to get a true and effective cost-benefit ratio.
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7. Strength and Weakness
7.1.

Strength

The applicability of the model is strong: Whether large-scale national projects or small-scale
regional projects, as long as the entropic flow of the project is calculated by the entropic value
weighting model, the corresponding ecological costs can be queried through the curve fitting
between the two.
The model is simple to use: many of the 14 parameters need to be calculated in the process of
Engineering design, so the cost of obtaining information is low.

7.2.

Weakness

The fitting curve is not accurate enough: because this model only chooses 10 years’ data to fit,
the discrete points are less, so the fitting curve may not be accurate enough.

8. Improvement of the Mode
Over time, the applicability of the model will deteriorate and need to be revised.
Firstly, the change of the entropy flow model is small, because the correlation parameters
change little with time. However, the parameters of life cycle assessment model will change
obviously with time. Specific analysis is as follows: The first part of the cost, along with
environmental changes, the ecological value of each pollutant will also change. This part of the
change needs to be based on the statistical decision of marginal cost of harmful pollutant
emissions, which can be quoted from the statistics of EU and other institutions. In the second
part of the cost, as the technology is updated and iterated, the environmental cost of generating
energy will also change. It is gratifying that we can meet this change towards a more
environmentally friendly direction. The third part of the cost, the ecological cost of building
materials, will also be reduced with the emergence of new high recovery materials.
Therefore, in order to make the model more applicable, the above cost should be revised
regularly in order to obtain more accurate curve.
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