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Abstract 
This paper studies the construction of the Seyhanba Ecological Reserve and the 
evaluation of its environmental impact. Through the analysis of relevant indicators, the 
urban planning of the proposed ecological reserve is made and the positive impact of the 
construction of the reserve on the urban and national environment is evaluated in a 
reasonable manner. In this paper, we firstly analyzed the data indicators related to 
Seyhanba and converted the cause-effect relationship among the indicators to 
determine the forest stock, water content, urban air quality standard days and urban 
PM2.5 concentration as the characteristic indicators of forest cover area, and 
constructed a multiple regression evaluation model. Then the entropy weighting method, 
coefficient of variation method and hierarchical analysis method were used to assign 
weights to the four characteristic indicators, and then the comprehensive weights were 
determined by the game theory comprehensive weighting method, which were 0.0429, 
0.22, 0.308 and 0.429, respectively. finally the model was solved, and the corresponding 
coefficients of the four characteristics were 0.105, 0.281, 0.115 and -2.03, respectively. 
Then the model was extended to Beijing, and the extreme high temperature, average low 
temperature, average air quality index and the percentage of severe weather were 
determined as the characteristic indicators of forest cover area, and the combined 
weights were solved using the same model, which were 0.0916, 0.106, 0.479 and 0.323, 
respectively. finally the model was solved and the corresponding coefficients of the four 
characteristics were -0.271, -0.292, 0.595 and -0.196. 
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1. Restatement of the Problem 

After long years of treatment and correction, China's Seyhanba area has become a large-scale 
ecological function reserve, which significantly affects the air in the local area and nearby areas, 
making the air quality increase year by year. In response to the country's call, some other 
regions have followed the example of the Seyhanba area and built ecological function reserves, 
which serve to prevent wind and sand and purify the air. 

2. III. Basic Assumptions 

1) The data collected is true and valid or within a reasonable range. 
2) The characteristics of the established ecological reserves are fully consistent. 
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3. Establishment of the Evaluation Model based on the Optimization of the 
Game Theory Integrated Empowerment Method 

3.1. Data Collation and Descriptive Statistics 
3.1.1. Data Collation  
In order to build an evaluation model of the impact of the Seyhanba on ecological environment, 
we collected data from 1962 to 2021 on forest coverage area, forest tree accumulation, cultured 
water, carbon dioxide absorption, oxygen release, tourist arrivals, tourist income, urban air 
quality compliance days, and urban PM2.5 concentration index. The collected data were first 
pre-processed. We found that each indicator increased with the year from 1962 to 2019, but 
the travel trips and travel income in 2020 decreased abnormally and abruptly, considering that 
they might be affected by the new coronavirus and that some indicators were not available for 
2021, so the data for 2020 and 2021 were excluded. 
In addition, since the restoration of Sekhangba will directly affect the forest cover area and thus 
the changes of other indicators, the forest cover area can be considered as the independent 
variable and the other indicators as the dependent variables, which can be modeled as: 
 

1 1 2 2 8 8...y x x x                                                                (1) 

 

Where y is the independent variable, indicating the forest cover area, ix  is each dependent 

variable indicator, and i  is the coefficient of the corresponding indicator. Since the 

relationship between the expression indicators is one cause and many effects, it is in line with 
the reality but not convenient for data processing. At this time, we consider to take the inverse 
function of the independent variable and transform it into the expression of the function of the 

independent variable ix  on y. At this time, the relationship between the dependent variable and 

the independent variable is swapped and understood as multiple causes and one effect, that is, 
the forest cover area is influenced by other indicators, so we establish a multi-functional 
evaluation model. 
3.1.2. Descriptive Statistics of the Data 

Table 1. Descriptive statistics of selected indicators, 1962-2019 

 Minimum 
value 

Maximum 
value 

Average 
value 

Standard 
deviation 

Variance 

Forest stockpile / million cubic 
meters 

33 1036.8 424.96 372.03 138412 

Oxygen release/ton 1.9046 59.84 24.527 21.472 461.07 
Number of people / 10,000 0 8271.09 869.53 1739.5 3026126 

Number of days with air quality 
standards in the city/better than 

secondary 
52 375 149.95 102.79 10566 

Downtown PM2.5 
concentration/μg/m3 27 103 74.69 21.723 471.87 

Coverage area / million mu 19 115.1 78.380 26.924 724.92 
Revenue/billion 0 1055.67 86.958 207.45 43038 

Water content/billion cubic meters 0.09 2.84 0.5918 0.56542 0.32 
Carbon dioxide absorption 

volume/million tons 2.7382 86.03 35.261 30.870 952.98 
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We performed descriptive statistical analysis of the processed data using SPSS software to 
derive descriptive statistics of forest cover area, forest stock, water content, carbon dioxide 
uptake, and oxygen release from 1962-2019, as shown in Table 1. 
The table above shows the maximum, mean, standard deviation and variance of each indicator 
for the years 1962-2019. Through the analysis we found that the variance values of the 
indicators of forest tree accumulation, travelers, travel income and urban air quality attainment 
days are all 2 to 4 orders of magnitude higher relative to the means, while the indicators of 
oxygen release, urban PM2.5 concentration, forest cover area and carbon dioxide absorption 
are also one order of magnitude higher, which shows that the indicator data vary greatly with 
the years. The mean values of the above indicators are almost all less than half of the difference 
between the most values, indicating that the indicator data are growing extremely fast in the 
later years. 

3.2. Game Theory Integrated Empowerment Method 
The game theory integrated assignment method is a method to obtain the equilibrium weights 
by linearly combining all the weights. The principle is to use multiple assignment methods to 
find the weights and combine them into a weight vector group, and use the basis vectors in the 
weight vector group to solve the optimal vector group as the optimal weights. The use of game 
theory model greatly enhances the rationality and scientificity of the assignment[1]. 
step1: In this paper, three different weight regrouping methods have been used to derive three 

different weight regrouping. Namely , the two weight 

regroups are used to construct a basis vector group of the vector space. 
 

                                                                       (2) 

 
Naturally, the full vector space consists of any combination of the weight vectors in. . 
 

                                                              (3) 

 

in the above equation is the weight coefficient, and is the set of vectors formed by linear 

combinations of basis vectors . 

step2: In order to determine the optimal set of vectors , the divergence of the set of vectors 

from each must satisfy the minimization. 

 

                                                     (4) 

 
Differentiating the matrix, it is not difficult to find the optimal solution form of the above 
equation, i.e. 
 

                                                    (5) 
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Corresponding linear system of equations. 
 

                                       (6) 

 
Solve for the weighting factors and normalize the scaling factors to. 
 

                                                                     (7) 

 
step3: Finalize the combination weights. 
 

                                                                (8) 

 
The weights calculated by the entropy weighting method, coefficient of variation evaluation 
method and hierarchical analysis method used in the previous section were substituted into 
the game theory integrated weighting model to obtain the integrated weights as shown in the 
following table. 

3.3. Solution of the Evaluation Model 
After we obtained the weights of each index, then we used STATA software to calculate the 
coefficients of the variables, we can construct the evaluation model of the impact of the Seyhan 
Dam on the ecological environment and quantitatively evaluate the impact of the restoration of 
the Seyhan Dam on the environment[3]. That is. 
 

1 2 3 40.105 0.281 0.115 2.03y x x x x                                                    (9) 

 

Where y is the forest cover area indicator, ix  denotes the forest stock, water content, the 

number of days to meet the air quality standard, and the urban PM2.5 concentration indicator, 

respectively. Since we transformed the independent variable in the model ix  into an inverse 

function about y, solving the relationship between the dependent variable and the independent 
variable, but in fact the degree of influence of forest cover area on the above four indicators is 
still the original weights, so the model is equally applicable to the evaluation of environmental 
impact after restoration of the Seyhanba. The absolute value of the variable coefficients in the 
expression indicates the weight factor, while the positive or negative meaning of the indicator 
determines the sign of the coefficients. The positive direction indicates that the larger the value 
of the indicator is, the better the evaluation is, and vice versa, and adding a negative sign before 
the negative indicator variable can make it positive. 
According to the coefficients of the variables in the expression, it can be found that the 
restoration of the Seyhan Dam has an important impact on the increase of the number of days 
in a year when the urban air quality meets the standards and the decrease of the PM2.5 



Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0036 

291 

Frontiers in Economics and Management 

ISSN: 2692-7608 

concentration. The establishment of the forestry site contributes to the blocking of particulate 
matter in the air, thus playing an important role in air purification, sand fixation and prevention 
of soil erosion. 

4. Re-application of the Evaluation Model Optimized based on the 
Integrated Game Theory Empowerment Method 

4.1. Data Collation and Descriptive Statistics 
4.1.1. Data Collation 
In order to establish a mathematical model to evaluate the impact of Sehanba on the wind and 
sand resistance of Beijing, we collected monthly index data of average high temperature, 
average low temperature, extreme high temperature, extreme low temperature, average air 
quality index, percentage of sunny weather, percentage of light rain, and percentage of severe 
weather from 2011 to 2021. Firstly, we preprocessed the data and found that the existing data 
were all within a reasonable range, but there were some missing values, so we considered using 
the proposed method to fill in the missing values. We also consider taking the inverse function 
of the independent variable and transforming it into a function of the independent variablex  
The expression of the function on y[2]. Introducing the forest cover index, the model can be 
established as[4]. 
 

1 1 2 2 8 8' ' ' ' ' ... ' 'y x x x                                                          (10) 

 

Where 'y  denotes the forest cover area, 'ix  is the respective variable indicator, and 'i  is the 

coefficient of the corresponding indicator, thus we established a multivariate functional 
evaluation model. 
4.1.2. Descriptive Statistics of the Data 
We performed descriptive statistical analysis of the processed data using SPSS software to 
derive descriptive statistics for temperature-related indicators, weather-related indicators, 
and average air quality index from 2011-2021, as shown in Table 2. 
 

Table 2. Descriptive statistics of selected indicators for 2011-2021 

Description Statistics Minimum 
value 

Maximum 
value 

Average 
value 

Standard 
deviation 

Variance 

Average high temperature 0 33 18.54 10.487 109.98 
Average low temperature -7 23 8.91 9.734 94.757 

Extreme heat 3 39 25.86 9.956 100.13 
Extreme low temperature -20 21 2.85 11.366 129.19 
Average Air Quality Index 60.754 295.59 145.86 58.910 3470.4 

Percentage of sunny 
weather 0.11764 0.87096 0.45043 0.16143 0.026 

Percentage of cloudy 
weather 0.066667 0.56097 0.31752 0.10700 0.011 

Percentage of cloudy 
weather 0 0.34375 0.14515 0.085703 0.007 

Percentage of light rainy 
weather 0 0.22580 0.035673 0.050568 0.003 

Percentage of severe 
weather 0.042322 0.87120 0.14325 0.14329 0.021 
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The table above shows the maximum, mean, standard deviation and variance of each indicator 
for the period 2011-2021. Through the analysis we find that the variance values of 
temperature-related indicators are 1 order of magnitude higher relative to the mean, while the 
variance values of weather-related indicators are 1 to 2 orders of magnitude lower than the 
mean. It can be seen that the temperature and weather-related indicators do not vary much 
with the year, and the variation of the quantities in the later period is small. 

4.2. Development of an Evaluation Model for the Impact of the Seyhan Dam on 
Beijing's Wind and Sand Resistance 

4.2.1. Hypothesis Testing of Multiple Regression Coefficients 
We first tested each partial regression coefficient individually, making the following hypothesis:

0 : 0iH    . The data were processed using STATA software, first retaining the indicators with 

regression coefficients significantly different from zero at the 95% confidence level. Then 
White's test was performed and OLS with robust standard errors was used to correct for 
heteroskedasticity. Then the backward stepwise regression was used to continuously iterate to 
eliminate the independent variables with no explanatory power and exclude the interference 
of multicollinearity. The following variables with significant effects were finally screened out, 
as shown in Table 3. 
 

Table 3. Test of indicators with significant effect on wind and sand resistance 
Covering an area of 10,000 mu Robust Std. Err. t P>|t| 

Extreme heat 0.2388 4.48 0 
Average low temperature 0.25461 -4.24 0 
Average Air Quality Index 5.5134 20.93 0 

Percentage of severe weather 4.8155 2.18 0.031 
 

The above indicators have a more significant effect on the wind and sand resistance in Beijing, 
and we retain the variables and use them as quantitative indicators, which in turn allows us to 
construct a multiple regression model and can quantitatively evaluate the role of Sehanba in 
wind and sand resistance in Beijing. 
4.2.2. Three Ways to Find Indicator Weights 
We also use the entropy weight method, the coefficient of variation method and the hierarchical 
analysis method to assign weights to each of the four indicators. For the entropy weight method 
and the coefficient of variation method, they can be obtained directly by calculation; in the 
hierarchical analysis method, the weights are obtained by constructing a judgment matrix and 
conducting a consistency test. The weights obtained by the above three methods are shown in 
the following table. 
 

Table 4. The weights calculated by the three methods 

 Entropy method 
Coefficient of variation 

method 
Hierarchical analysis 

method 
Extreme heat 0.062369 0.13975 0.072657 

Average low temperature 0.069917 0.13322 0.11506 
Average Air Quality Index 0.65007 0.38088 0.40613 

Percentage of severe weather 0.21763 0.34613 0.40613 
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From the above table, we can see that the weights calculated by different methods vary greatly, 
especially for the average low temperature and severe weather percentage of the standard 
difference is more obvious, so there is still a need for a comprehensive evaluation of the weights. 
4.2.3. Game Theory Integrated Empowerment Method 
The weights calculated by the entropy weight method, the coefficient of variation evaluation 
method and the hierarchical analysis method used in the previous section were substituted into 
the game theory comprehensive assignment model to obtain the comprehensive weights as 
shown in the following table. 
 

Table 5. Combined game theory assignment results 
Indicators Weights 

Extreme heat 0.091592 
Average low temperature 0.10606 
Average Air Quality Index 0.47902 

Percentage of severe weather 0.32329 

4.3. Solution of the evaluation model 
After obtaining the weights of each indicator, an evaluation model of the impact of the Seyhan 
Dam on the wind and sand resistance of Beijing can be constructed and can quantitatively 
evaluate the role of the Seyhan Dam in the wind and sand resistance of Beijing, with the model 
expression as: 
 

1 2 3 40.271 0.292 0.595 0.196y x x x x                                           (11) 
 

where y is the forest cover area indicator, and ix  denotes the extreme high temperature, 

average low temperature, average air quality index, and severe weather percentage indicators, 
respectively. Similarly we inverse solve the independent variables in the expressions, and thus 
find the relationship between the dependent and independent variables, showing the role of 
quantifying the Sehanba in Beijing against wind and sand. The absolute value of the variable 
coefficients in the expression indicates the weight factor, while the positive or negative 
significance of the indicator determines the sign of the coefficients, which can be made positive 
by adding a negative sign in front of the negative indicator variable. 
From the combined weights we see that the average air quality index is most influenced by the 
restoration of the Seyhanba, followed by the percentage of severe weather, while extreme high 
temperatures and average low temperatures are less influenced. Thus comparing the eight 
indicators collected, we can conclude that the Sehanba played an important role in increasing 
the number of good weather and reducing the air quality index in Beijing, and that the forestry 
can protect against incoming dust storms and therefore can play a role in purifying the air and 
reducing the number of particles in the air. 
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