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Abstract 

To solve the problem of the impact of the rebuilding of the Seyhangba Dam on the 
ecological environment, this paper used mean interpolation and deletion methods to 
pre-process the collected historical data. in this way, the data were used to analyze the 
impact of the rebuilding of the Seyhangba on the ecological environment. In the end, a 
hierarchical analysis model based on the entropy weight method was constructed to 
make a selection of the future geographical areas for the establishment of ecological 
reserves. 
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1. Introduction 

1.1. Background of the problem 

In recent years, China has been vigorously promoting the concept of "lucid waters and lush 
mountains are invaluable assets", intending to establish a beautiful country based on a healthy 
ecological civilization. Thanks to the help of the Chinese government, the forest has been 
restored to its original state through the endeavor of several generations and has become the 
largest man-made forest in the world equipped with the function of stabilizing and preventing 
sand. With the function of sand fixation and source protection, the forest cover of Seyhangba 
Mechanical Forest is nearly saturated, with abundant resources and beneficial effects, and plays 
an essential role in influencing the environment of the surrounding areas, especially Beijing and 
Tianjin. 

1.2. Problem Restatement 

Question 1: appropriate indicators will be selected and relevant data will be accumulated to 
quantitatively evaluate the environmental impact arising from the restoration of the Seyhangba 
Dam through comparative analysis of the environmental conditions in the period of the 
restoration of the Seyhangba Dam.   

Question 2: develop an appropriate mathematical model to quantitatively assess the effect of 
the establishment of the Seyhangba forestry site on Beijing's ability to resist sandstorms and 
analyze the position of the Seyhangba forestry site on its role in resisting sandstorms in Beijing. 

Question 3: based on the premise of promoting the Seyhangba Ecological Conservation Model 
nationwide, select relevant data and develop a mathematical model to determine which areas 
of China need to establish ecological reserves. According to the results of the mathematical 
model, state the number or size of reserves needed, and evaluate the potential effects of this on 
the achievement of China's carbon neutrality goal. 

Question 4: select data from another country in the Asia-Pacific region to build a relevant 
mathematical model and discuss where ecological reserves should be set up, and indicate their 
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number or size. After that, assess the benefits of the establishment of ecological reserves on 
greenhouse gas absorption and carbon emission mitigation. 

2. Text Analysis 

2.1. Problem 0ne 

The different extent and cumulative effort of rebuilding Seyhangba in the past years could lead 
to different ecological environment quality indices. To express this effect, each affecting factor 
is selected with corresponding response indexes, and finally, a comprehensive evaluation 
model is established by combining grey correlation analysis and entropy weight method, 
integrating subjective and objective conditions, and using the collected indexes of all years to 
evaluate the impact on the local ecological environment before and after the reconstruction of 
the Seyhangbagba.[1] 

2.2. Problen Two 

The logical structure of questions one and two is the same, but there are also differences. First, 
question two requires the assumption that only the ecological reserve of the Seyhangba affects 
Beijing's wind and sand resistance, eliminating the influence of other uncertain factors. Then in 
Problem 2, data is selected to facilitate the same idea as in Problem 1, identifying indicators 
related to those that can reflect Beijing's wind and sand resistance to represent the influence of 
the ecological reserve of the Seyhangba on Beijing's wind and sand resistance. Finally, using the 
combination of gray correlation analysis and entropy weight method both subjectively and 
objectively, the relationship between the Seyhangba and Beijing's wind and sand resistance is 
analyzed to comprehensively evaluate the changes in Beijing's wind and sandstorm 
resistance.[2] 

2.3. Problem Three 

Problem 3 requires the use of mathematical modeling to select an area in China where an 
ecological reserve needs to be set up and to judge its number and size. Since it is necessary to 
evaluate its impact on achieving carbon neutrality in China, our idea is to use hierarchical 
analysis to confirm the option of establishing ecological reserves based on the data in problems 
one and two. After that, the impact on achieving the goal of carbon neutrality can be predicted 
by using the available data.[3] 

2.4. Problem four 

Question 4 is essentially the same idea as question 3, except that the target scope of the selected 
data is different. It is necessary to identify relevant data for a country within the entire Asia-
Pacific region and collect relevant parameters for the country. Then the evaluation model of 
question three is followed to determine the number or size of ecological reserves that need to 
be established within that country based on the combined indicators. At last, predict its impact 
on absorbing greenhouse gases and mitigating carbon emissions.[4] 

3. Problem Hypothesis 

Many factors affect the correctness of the final data results. So a good modeling environment 
for data modeling is created by assuming some of the ideal conditions. Therefore, some 
assumptions are made as follows. 

(1) Assume that the conservation policy will start after the establishment of the ecological 
reserve 

(2) Assume that the wind and sand resistance of Beijing is only affected by the ecological 
reserve 
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(3) Assume that fractional errors do not affect the solution of the evaluation model 

(4) Assume that the total amount of carbon generation in the required years remains 
unchanged 

(5) Assume that it is determined that the ecological conservation model of Seyhangbagba is 
applied to the whole country 

4. Symbol Description 

To facilitate reading comprehension and typographical layout, this paper provides a unified 
description of important variables with the following description table.  

Table1: Symbol description table. 

Symbol Description 

𝝃𝒊(𝒌) Number of gray contacts 

𝒆𝒋 Entropy correlations 

𝑾𝒋 Entropy weight correlation degree 

𝒓𝒊 
Correlation degree of grey correlation 

model based on entropy weight 
method 

𝐂𝐥 Consistency Metrics 

𝑪𝑹 Consistency ratios 

𝑰 
Composite score of hierarchical 

analysis method 

5. Mathematical model of problem one 

5.1. Brief Background 

The difference between the pre-reconstruction and post-reconstruction appearance of the 
Seyhangba Dam is significant, and the ecological benefits are significant. Therefore, the 
evaluation of its post-reconstruction impact on the local ecological environment is an important 
reference for the way countries choose to protect the ecological environment in the future. It is 
necessary to compare and clarify and analyze the main ecological environment indicators 
before and after the reconstruction of Seyhangba Dam, including forest, area, water volume, 
carbon and oxygen cycle, air, etc. 

5.2. Data acquisition and pre-processing 

5.2.1. Data Acquisition 

Question 1 requires analysis of environmental benefits resulting from changes in the 
Seyhangba Dam, so we selected data on indicators that reflect the beneficial effects of changes 
in the Seyhangba Dam itself on the surrounding environment. 

The data obtained mainly include： 

Geographical conditions of the changes in the Seyhangba Dam mechanical forestry site through 
the construction of the project. 

Historical changes of environment-related indices in the area around the Seyhangba Dam 

5.2.2. Data Areprocessing 

After integrating the data collected from major statistical websites, it was found that some 
indicators were missing or duplicated. The main purpose of data pre-processing is to clean out 
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the missing and duplicated data. We chose to use the known and correct information to ensure 
the accuracy of the model evaluation. 

Table 2 : Environmental Indicators Data of Seyhangba 2003-2019 

year Forest Covered storage 
Water 

content 
Carbon 
dioxide 

Oxygen 
Air 

pollution 

Surface 
water 

quality 

Ground 

water 
quality 

good 
days 

2003 71.13 99.58 722.58 0.68 59.96 41.7 0.06 0.28 0.4 215 

2004 71.47 100.05 757.27 0.71 62.84 43.71 1.22 0.36 0.47 227 

2006 71.98 100.77 815.64 0.79 67.68 47.08 2.66 0.68 0.29 277 

2007 72.2 101.08 840.23 0.83 69.72 48.49 2.6 0.64 0.31 306 

2008 72.43 101.4 862.36 0.87 71.56 49.77 3.22 0.72 0.11 320 

2015 76.7 107.39 978.38 1.24 81.18 56.47 0 0.88 0.91 260 

2016 77.89 109.05 990.18 1.3 82.16 57.15 0.31 1 0.91 275 

2017 78.93 110.5 1001.1 1.37 83.07 57.78 0.62 0.79 0.83 291 

2018 79.82 111.74 1011.29 1.56 83.91 58.37 0.82 0.86 0.83 278 

2019 80.66 112.93 1020.7 1.94 84.69 58.91 1.25 0.97 0.52 308 

5.3. Analysis of ecological environment indicators 

Before and after the reconstruction of Seyhangba Dam Forestry has different effects on the local 
ecological environment. This has different impacts on future ecological development. 
Corresponding indicators have been selected for the ecological environment before and after 
reconstruction to reflect the impact of forestry reconstruction. Each indicator has a certain 
relationship with the optimal indicator value, and the combined value of its indicators is 
described according to the level of similarity of the development trend. In this paper, The 
combination of the gray correlation evaluation method and entropy weight method has been 
adopted to deal with ecological environment indicators; and derive the values of local ecological 
environment composite indicators for each year. 

5.3.1. Gray correlation analysis 

Gray correlation analysis is an analytical method that evaluates the degree of correlation based 
on the degree of correlation or dissimilarity between factor trends.  

The process used is as follows： 

Determine the reference series, comparison series：  

𝑥0 = {𝑋0(𝑘)|𝑘 = (1,2…⋯𝑛)                                                                          (1) 

𝑥𝑖 = {𝑥𝑖(𝑘)|𝑘 =|𝜈
2⋯𝑛|}(𝑖 =, ,2,…𝑚)                                                               (2) 

Perform data normalization： 

The normalized matrix is normalized by the normalization by dividing each element by the 
mean value of the corresponding index to reduce the range of the data and eliminate the effect 
of the magnitude. 

 
𝑥𝑖𝑗

1

𝑛
∑ 𝑥𝑖𝑗

𝑛

𝑖=1

                                                                                   (3) 

1. Calculate the Gray Correlation Coefficient: 

Coefficient of the relationship between the jth impact indicator at the time i and the kth optimal 
indicator in the covariance series.  

𝜉𝑖(𝑘) =
𝑚𝑖𝑛
𝑖

 𝑚𝑖𝑛
𝑘

 |𝑥0(𝑘)−𝑥𝑖(𝑘)|+𝜌𝑚𝑎𝑥
𝑖

 𝑚𝑎𝑥
𝑘

 |𝑥0(𝑘)−𝑥𝑖(𝑘)|

|𝑥0(𝑘)−𝑥𝑖(𝑘)|+𝜌𝑚𝑎𝑥
𝑖

 𝑚𝑎𝑥
𝑘

 |𝑥0(𝑘)−𝑥𝑖(𝑘)|
                                                (4) 

Figure：ρ is the discrimination coefficient, which is taken as 0.5 in this essay. 
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Since the weighting of this model has limitations, we combine it with the Entropy method for 
the optimization of the model, and the Gray Entropy Correlation method model; and the 
following is the weighting process of the Entropy method. 

5.3.2. Entropy method 

Entropy method is an objective quantitative processing method to determine the final influence 
size of each factor on the target result by processing the data of each influencing factor and 
assigning reasonable values to each influencing factor. 

Normalization 

In order to eliminate the dimensionality, we normalize and normalize the matrix 
𝑥𝑖𝑗(5)according to the formula, and then build the normalization matrix𝑌𝑖𝑗(6),and transform 

the absolute value of the index into the relative value. 

𝑋𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑗mim

𝑥𝑗msx−𝑥𝑗𝑚𝑖𝑛
                                                                              (5) 

𝑌ij =
yij

∑  
p
i=1

yij
                                                            (6) 

Minimal metrics positivit. 

𝑚𝑎𝑥(𝑥𝑖𝑗) − 𝑥𝑖𝑗                                                                                 (7) 

Etermining entropy and information utility values 

The entropy (10) of the jth indicator and the information utility value(9). 

𝑒𝑗 = −
1

ln𝑝
∑  
𝑝
𝑖=1 𝑌𝑖𝑗ln𝑌𝑖𝑗                                                                   (8) 

𝑑j = 1 − ej(9) 

Get the indicator weights 

Finally, according to the formula, we can get the weight of j evaluation indexes: 

𝑊𝑗 =
𝑑𝑗

∑  𝑛
𝑗=1 𝑑𝑗

                                                                     (10) 

Grey correlation method combined with entropy method for a comprehensive evaluation. 

ri = ∑  n
k=1 wi𝜉i(k)                                                  (11) 

This results in the correlation degree of the gray correlation method model based on the 
entropy weight method. 

5.3.3. Modeling Process 

The following influencing factors based on the review of relevant statistical websites and 
literature: 

To eliminate the quantum, we normalized and standardized the data (Annex) to obtain the 
following table (two decimal places are retained) 

 Table 3 : Information table of each index 

year Forest Covered storage 
Water 

content 
Carbon 
dioxide 

Oxygen 
Air 

pollution 

Surface 
water 

quality 

Ground 

water 
quality 

good 
days 

2003 0.00  0.00  0.00  0.00  0.00  0.00  0.02  0.00  0.36  0.00  

2004 0.04  0.04  0.12  0.03  0.12  0.12  0.38  0.11  0.45  0.11  

2006 0.09  0.09  0.31  0.09  0.31  0.31  0.83  0.56  0.23  0.59  

2007 0.11  0.11  0.39  0.12  0.39  0.39  0.81  0.50  0.25  0.87  

2008 0.14  0.14  0.47  0.15  0.47  0.47  1.00  0.61  0.00  1.00  

2015 0.58  0.58  0.86  0.45  0.86  0.86  0.00  0.83  1.00  0.43  

2016 0.71  0.71  0.90  0.50  0.90  0.90  0.10  1.00  1.00  0.57  
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2017 0.82  0.82  0.93  0.55  0.93  0.93  0.19  0.71  0.89  0.72  

2018 0.91  0.91  0.97  0.70  0.97  0.97  0.25  0.81  0.89  0.60  

2019 1.00  1.00  1.00  1.00  1.00  1.00  0.39  0.95  0.51  0.89  

Then, according to the above formula, the optimal value of each indicator was selected as the 
reference series, and the other years were used as the comparison series. Matlab processing 
was performed on the data table after forwarding to derive the gray correlation coefficient𝜉. 
The resulting data are as follows.  

Table 4 : Post-processing data table 

0.940  0.918  0.333  0.992  0.858  0.896  0.979  0.995  0.997  0.587  

0.942  0.920  0.361  0.992  0.872  0.907  0.987  0.996  0.997  0.616  

0.945  0.925  0.421  0.992  0.898  0.926  0.996  0.998  0.996  0.776  

0.946  0.926  0.452  0.993  0.909  0.935  0.996  0.998  0.996  0.914  

0.948  0.928  0.485  0.993  0.919  0.942  1.000  0.998  0.995  1.000  

0.974  0.964  0.779  0.995  0.977  0.984  0.979  0.999  1.000  0.713  

0.982  0.975  0.830  0.996  0.983  0.988  0.981  1.000  1.000  0.768  

0.989  0.984  0.884  0.996  0.989  0.992  0.983  0.999  0.999  0.837  

0.994  0.992  0.941  0.997  0.995  0.996  0.984  0.999  0.999  0.780  

1.000  1.000  1.000  1.000  1.000  1.000  0.987  1.000  0.997  0.925  

Then the Entropy method is applied to the data and the results are as follows: 
1.  

Table 5 : Empowered Data Sheet 

year Forest 
Covered 

storage 
Water 

content 
Carbon 
dioxide 

Oxygen 
Air 

pollution 

Surface 
water 
quality 

Ground 

water 
quality 

good 
days 

0.14 0.14 0.08 0.14 0.08 0.08 0.13 0.06 0.08 0.06 

The final composite index of the ecological environment of the Seyhangba for all years was 
obtained using the formula as follows: 

Table 6 : Seyhangba Ecological Environment Composite Index Table 

2003 2004 2006 2007 2008 2015 2016 2017 2018 2019 

0.8679 0.8756 0.8959 0.9086 0.9188 0.9399 0.951 0.9627 0.9669 0.9836 

 

According to the ranking, it can be seen that the highest ecological environment composite 
index score is 0.9836 in 2019, which is 13.3% higher than that of 2003, indicating that the 
establishment of the Seyhangba ecological reserve can significantly improve the quality of the 
local ecological environment. The reconstruction of Seyhangba has far-reaching significance for 
green ecology. Among them, the forest coverage and area covered by Seyhangba, and the annual 
water connotation produce the best ecological benefits and make the greatest contribution to 
improving Seyhangba and its surrounding environment. 

6. Mathematical model of problem two 

6.1. Brief Background 

The Seyhangba is Beijing's green barrier against sandstorms, which is located in front of 
Hundake sandy land, about 400 km from Beijing. And the sandstorms in Beijing come from the 
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south of Mongolia. In winter and spring, strong winds from the Mongolian-Siberian high 
pressure bring dust and sand from in desertification areas of Mongolia and the surrounding 
areas of Beijing to Beijing.  

The vegetation in the Seyhangba can effectively mitigate the sandstorm in Beijing by acting as 
a barrier to sand and dust and regulating wind and temperature, thus improving Beijing's 
ability to withstand sandstorms. Consequently, we need to combine the relevant environmental 
conditions of the Seyhangba with the environmental indicators of Beijing to form a 
comprehensive evaluation system of Beijing's resilience to sandstorms. 

6.2. Data acquisition and pre-processing 

6.2.1. Data acquisition 

Question 2 requires an analysis of the benefits of the changes in the Seyhangba to Beijing's 
protection against sandstorms, hence we choose indicator data reflecting the changes in the 
Seyhangba itself to improve Beijing's dust storm weather. 

Part of the data is continued using the data from question 1 related to the Seyhangba, followed 
by the selection of indicators associated with Beijing's weather. 

6.2.2. Data pre-processing 

After integrating the data assembled from the major statistical websites, it has been found that 
some indicators are missing or duplicated. The main purpose of data Pre-processing is to clean 
out the missing and duplicated data. The known and correct information was selected to ensure 
the accuracy of the model evaluation, and some of the missing values were removed. 

Table 7 :Summary weather data for Beijing and Seyhangba from 2013 to 2020 

Ye
ar 

Da
ys   

Du
st 

fall 

AQI 
Forest 
Area 

Forest 
stockpile 

area 

Water 
content 

Carbon 
dioxide 

absorption 

Release 
of oxygen 

20
13 

1.
00  

10
8.1
0  

89.
50  

10.
70  

13
6.0
4  

104.3
0  

951.22  1.12  78.93  54.90  

20
14 

0.
00  

11
5.8
0  

85.
90  

10.
40  

12
4.9
9  

105.7
3  

965.47  1.18  80.11  55.72  

20
15 

1.
00  

10
1.5
0  

82.
60  

10.
10  

12
1.5
1  

107.3
9  

978.38  1.24  81.18  56.47  

20
16 

1.
00  

84.
00  

58.
00  

9.5
7  

11
3.3
7  

109.0
5  

990.18  1.30  82.16  57.15  

20
17 

0.
00  

84.
00  

58.
00  

8.5
3  

10
2.1
9  

110.5
0  

1001.10  1.37  83.07  57.78  

20
18 

1.
00  

78.
00  

51.
00  

7.5
0  

91.
77  

111.7
4  

1011.29  1.56  83.91  58.37  

20
19 

0.
00  

68.
00  

42.
00  

5.8
0  

86.
40  

112.9
3  

1020.70  1.94  84.69  58.91  

20
20 

1.
00  

56.
00  

38.
00  

5.1
0  

77.
37  

114.0
5  

1029.23  2.40  85.40  59.40  
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6.3. Modeling Analysis 

Following the idea and mathematical model of Problem 1, the corresponding change data of the 
forestry field in recent years and the meteorological indicators of Beijing were chosen to find 
the connection between the elements to represent the improvement of the environment of 
Seyhangba while improving the resistance of Beijing to sandstorms and mitigating the danger 
of these storms. 

6.3.1. Selection of factors 

With the development of the Seyhangba, Beijing's ability to resist dust storms will also be 
affected. The following indicators were finally determined. 

Beijing-related indicators: ① number of sandstorm days, ② pm10, ③ pm2.5, ④ amount of 
dustfall, ⑤ annual average AQI. 

Indicators related to Seyhangba: ⑥forest cover, ⑦forest storage, ⑧water content, ⑨carbon 
dioxide absorption, ⑩oxygen release. 

6.3.2. Modeling Process 

First of all, the data are normalized to obtain the following table. (Two decimal places are 
retained) 

Table 8 : Table of environmental indicators 

Ye
ar 

Da
ys   

Du
st 

fall 

A
QI 

Forest 
Area 

Forest 
stockpile area 

Water 
content 

Carbon dioxide 
absorption 

Release of 
oxygen 

20
13 

1.0
0  

0.
87  

1.
00  

1.0
0  

1.
00  

0.00  0.00  0.00  0.00  0.00  

20
14 

0.0
0  

1.
00  

0.
93  

0.9
5  

0.
81  

0.15  0.18  0.05  0.18  0.18  

20
15 

1.0
0  

0.
76  

0.
87  

0.8
9  

0.
75  

0.32  0.35  0.09  0.35  0.35  

20
16 

1.0
0  

0.
47  

0.
39  

0.8
0  

0.
61  

0.49  0.50  0.14  0.50  0.50  

20
17 

0.0
0  

0.
47  

0.
39  

0.6
1  

0.
42  

0.64  0.64  0.20  0.64  0.64  

20
18 

1.0
0  

0.
37  

0.
25  

0.4
3  

0.
25  

0.76  0.77  0.34  0.77  0.77  

20
19 

0.0
0  

0.
20  

0.
08  

0.1
3  

0.
15  

0.89  0.89  0.64  0.89  0.89  

20
20 

1.0
0  

0.
00  

0.
00  

0.0
0  

0.
00  

1.00  1.00  1.00  1.00  1.00  

  

Secondly, the data table after forwarding was then brought into the knife MATLAB model for 
processing according to the criteria of selecting the optimal value of each indicator as the 
reference series and the other years as the comparison series to derive the gray correlation 
coefficients. The data are obtained as follows. 

 Table 9 :Data list 

0.975003 0.835135 0.915503 0.992367 0.779221 0.964635 0.732419 0.998464 0.970636 0.97941 

1 0.855279 0.84969 0.98485 0.728614 0.926595 0.589511 0.996933 0.945461 0.961306 

1 0.618097 0.553223 0.971764 0.63245 0.891441 0.500289 0.995406 0.923523 0.945461 

0.975003 0.618097 0.553223 0.947375 0.535368 0.862847 0.438825 0.993631 0.904045 0.93124 

1 0.564431 0.503258 0.92418 0.468412 0.839811 0.393692 0.988845 0.88678 0.918305 

0.975003 0.493079 0.450899 0.888395 0.440011 0.818831 0.359543 0.97941 0.871328 0.906777 
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1 0.428132 0.430971 0.874454 0.399341 0.800021 0.333333 0.968226 0.857724 0.896564 

After that, the corresponding weights are then calculated using the entropy weighting method. 

 Table 10 : Empowered Data Sheet 

Year Days   
Dust 

fall 
AQI 

Forest 
Area 

Forest 
stockpil
e area 

Water 
conten

t 

Carbon 
dioxide 

absorption 

0.15  0.08  
0.1
1  0.08  0.09  0.08  0.08  0.17  0.08  0.08  

 

Finally, the weights obtained from the entropy and gray correlation methods were brought into 
the formula to obtain the combined score as follows. 

Table 11 : Information sheet by year 

2013 2014 2015 2016 2017 2018 2019 2020 

0.8924 0.8812 0.8611 0.8153 0.8129 0.8138 0.8115 0.8249 

According to the comprehensive sort, it is clear that the score of the comprehensive index is 
decreasing year by year, with the highest position of 0.8924 in 2013 and the lowest of 0.8115 
in 2019, which is 9% lower than that of 2003.  

This indicates that the situation of sandstorm disaster in Beijing is alleviating year on year, and 
the establishment of the Seyhangba Ecological Reserve can effectively alleviate the impact of 
the meteorological disaster of the sandstorm in Beijing and improve the ability of Beijing to 
resist it. he water content is the key regulation to mitigate the Beijing dust storm disaster. It can 
increase air humidity, improve soil density, effectively reduce the source of sand and dust from 
sandstorms and shorten the duration of sandstorm disasters. 

7. Mathematical model of problem three 

7.1. Brief Background 

Combining the conclusions of the two problems mentioned above, the ecological reserve has a 
great positive impact on the improvement of the quality of the surrounding environment was 
able to be concluded. Therefore, the area is selected to establish an ecological reserve to 
effectively improve the local and surrounding environment.  

Many indicators can reflect the ecological environment, and four indicators are roughly 
selected: forest cover, air quality, average annual precipitation, annual carbon dioxide 
emissions, and. To calculate the final comprehensive environmental index of each area, we 
chose to use the hierarchical analysis method to calculate its score, and finally selected the areas 
with low scores and poor ecological environment, and established ecological protection areas 
of different scales according to the actual situation. 

7.2. Data collection and pre-processing 

7.2.1. Data acquisition 

To ensure the accuracy of the model, the data required for this problem were obtained from 
official information platforms such as meteorological websites and government annual reports 
in different regions. For the validity and fairness of the comparison, the data we all selected 
reliable data in 2020. 
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7.2.2. Data pre-processing 

Due to the existence of data mutilations in some regions, To ensure the accuracy of the 
conclusions, we eliminated these data and finally integrated the data in a unified manner, to 
ensure more accurate subsequent software processing. The following table was obtained. 

Table 12 : Environmental Data Sheet by City 

City Forest cover Ambient air quality composite index Precipitation 2CO  

Taiyuan 25.00% 6.39 547.1 38.89 

Tangshan 39.30% 5.87 532 77.30 

Anyang 25.00% 6.09 523.5 35.70 

Zibo 30.54% 5.64 640.5 41.43 

Hebi 32.60% 5.74 510.8 12.03 

Weinan 37.85% 5.35 535.6 34.95 

Xian 48.03% 4.34 550 45.60 

Xinxiang 23.10% 4.451 574 42.55 

Jiaozuo 35.00% 5.056 603.5 26.61 

Handan 34.10% 5.68 580.1 54.82 

Liaocheng 30.46% 5.87 540.4 38.09 

Binzhou 31.80% 4.41 564.8 43.53 

Xingtai 34.10% 5.65 373.1 81.49 

Baoding 33.66% 5.32 550 6.52 

Yuncheng 29.10% 7.14 559.1 35.98 

7.3. Modeling Analysis 

The assignment of multiple index weights is transformed into a comparison between two two 
importance degrees between the indexes through the comparison method of experts or their 
own subjective, which makes the assignment more reasonable and precise. The hierarchical 
analysis method needs to construct a hierarchical model, which is divided into target layer, 
criterion layer, and solution layer. 

7.3.1. AHP Hierarchical Analysis 

First of all, this problem needs to select a suitable area to establish an ecological reserve, and 
the indicators affecting its selection are forest cover, air quality, average annual precipitation, 
and annual carbon dioxide emission. For the target layer, we selected urban areas with similar 
climates and environments to Beijing and Hebei by reviewing relevant professional literature, 
including Taiyuan, Tangshan, Anyang, Zibo, Hebi, Weinan, Xi'an, Xinxiang, Jiaozuo, Handan, 
Liaocheng, Binzhou, Xingtai, Baoding, and Yuncheng, a total of 15 urban areas. 

The weight of each criterion in the target measurement is generally different, and its judging 
criteria are in the mind of the decision-maker, which is highly subjective. Assuming that n 
factors X = {𝑋0、𝑋1……𝑋n} need to be compared, in the case of using hierarchical analysis, the 
impact of two different factors 𝑋𝑖,𝑋𝑗 on K can be noted as 𝑎𝑖𝑗  each time. finally, the results of all 

comparisons are expressed as matrix A, then A is the judgmental evidence of the opinion of K-
X. 

7.3.2. Modeling Process 

To make the judging more objective as possible, we choose to judge the criterion after 
consulting a large amount of professional literature. And the bias is negligible because of the 
small number of influencing factors chosen and the reason for the two comparisons.To 
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determine the comparison value, we introduced the "scale" concerning the professional 
psychology knowledge, and the result is shown as follows. 

Table 13 : Indicator judgment matrix 

Indicators Forest cove Air quality 
Annual 

precipitation 
Annual carbon 

dioxide emissions 

Forest cove 1 0.5 0.667 0.3333 

Air quality 2 1 1 1 

Annual 
precipitation 

1.5 1 1 0.5 

Annual carbon 
dioxide 

emissions 
3 1 2 1 

  

To check whether the obtained matrix data are reasonable, we need to perform a 
reasonableness test. If the results are within a certain range of reasonableness, the matrix does 
not need to be modified, and if the results of the consistency test are not within the range of 
reasonableness, then we need to adjust the matrix to be logically accurate. The consistency test 
can reflect whether the weight of factors in the influence on the target is true. 

we need to calculate the consistency index(12): 

CI =
𝜆𝑚𝑎𝑥−n

n−1
 (12) 

Then determine the corresponding average random consistency index RI , and secondly 
calculate the consistency ratio(13): 

CR =
𝐶𝐼

𝑅𝐼
 (13) 

And judge whether the consistency of the matrix is acceptable according to its result. 

Generally when CR<0.1, we think the result is acceptable, otherwise it is 
unacceptable.Following the above steps, we used SPSS to process the matrix of Figure 2 to 
obtain the weights D of each factor, and the results are as follows. 

Table 14 : AHP Hierarchical Analysis 

AHP Hierarchical Analysis 

Item Eigenvector Value Maximum Eigenroot CI Value 

Forest cove 0.5774 0.1355 
 

 

 

 

Air quality 1.1892 0.279   

Annual 
precipitation 

0.9036 0.2183 4.0458 0.0153 

Annual carbon 
dioxide 

emissions 
1.5651 0.3672   

Since the CI was <0.1, this result was acceptable.Finally,to eliminate the magnitudes we used 
SPSS to normalize and normalize the raw data and the results are as follows. 

Table 15 : Table of values after elimination of dimensions 

City Forest cover Ambient air quality composite index Precipitation 𝐶𝑂2 

Taiyuan 0.08  0.73  0.65  0.43  

Tangshan 0.64  0.55  0.59  0.94  
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Anyang 0.08  0.63  0.56  0.39  

Zibo 0.32  0.46  1.00  0.47  

Hebi 0.40  0.50  0.51  0.07  

Weinan 0.60  0.36  0.61  0.38  

Xian 1.00  0.00  0.66  0.52  

Xinxiang 0.00  0.04  0.75  0.48  

Jiaozuo 0.48  0.26  0.86  0.27  

Handan 0.44  0.48  0.77  0.64  

Liaocheng 0.28  0.55  0.63  0.42  

Binzhou 0.36  0.03  0.72  0.49  

Xingtai 0.44  0.47  0.00  1.00  

Baoding 0.44  0.35  0.66  0.00  

Yuncheng 0.24  1.00  0.70  0.39  

 

According to the formula composite score is derived: 

𝐼 = ∑  n
i=1 𝐷i𝐿i (14) 

The composite index for each district is: 

Table 16 : The composite index for each district 

City Exponent 

Baoding 0.30 

Hebi 0.33 

Xinxiang 0.35 

Binzhou 0.39 

Jiaozuo 0.42 

Anyang 0.45 

Weinan 0.45 

Xian 0.47 

Liaocheng 0.48 

Taiyuan 0.51 

Xingtai 0.56 

Zibo 0.56 

Handan 0.60 

Yuncheng 0.61 

Tangshan 0.71 

  

Since it is a selection of areas in need, we choose areas with a composite score below 0.4 to 
establish ecological reserves, i.e. Baoding, Hebi, Xinxiang, and Binzhou cities. 

8. Summary 

In terms of data sources, this essay selected the data from the official government data websites 
of various countries to ensure the accuracy, authenticity, and reliability of the data. 

Based on the analysis and conclusions of the above model, it is clear that ecological reserves 
have a positive effect on the environment. Nowadays, the natural environment has been broken 
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by man, we must attach importance to ecological protection. After all, "lucid waters and lush 
mountains are invaluable assets."The establishment of ecological reserves in areas with low 
ecological quality is an extremely feasible way, thus the establishment of ecological reserves is 
imperative. 
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