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Abstract 
Based on the ecological conditions of Saihanba before and after the restoration of 
ecological environment in recent years, this paper collected relevant data such as forest 
coverage rate, forest area and number of trees before and after the restoration of 
ecological environment in Saihanba, and established a mathematical model to 
quantitatively evaluate the ecological conditions of Saihanba before and after the 
restoration of ecological environment. Firstly, several factors that have the greatest 
impact on the ecological environment of Saihanba in the process of ecological 
environment restoration are analyzed, including 8 factors such as forest coverage rate, 
vegetation abundance, number of trees and influence of water resources. After data 
pretreatment, Principal component analysis model is established to extract the forest 
coverage rate, forest area, the number three to quantitatively evaluate the 
comprehensive indicators of greatest impact, the three indicators into combines time 
series features of AHP model to calculate score, according to the characteristic value 
method for weight calculation after get their weights are three sihanba region ecological 
environment recovery before and after each score, Finally, the two scores are compared, 
namely, the quantitative change value of ecological status before and after the 
restoration of ecological environment in Saihanba is obtained. 
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1. The Introduction 

China gives top priority to conserving resources, protecting the environment and restoring nature and 
resolutely implements the strategy of sustainable development. At present, with the help of the 
government, Saihanba Forest Farm has recovered from the desert and become an eco-friendly green 
farm with stable sand prevention function. 

Since 1962, 369 young people with an average age below 24 have come to plant trees to fix sand and 
conserve water. Builders have planted more than 400 million trees on 1.12 million mu of plateau 
wasteland, 400 kilometers north of Beijing, creating the world's largest plantation. But behind the 
glorious mission, there are new problems. The higher goal of sustainable development is to restore 
the ecology. 

From the aspects of selecting indicators of sihanba ecological environment, selected to multiple 
indicators and then through the principal component analysis to extract the forest coverage rate, forest 
area, the number three comprehensive index, the three indicators into hierarchical analysis model 
calculation sihanba ecological environment recovery before and after the score, can be quantitatively 
obtained sihanba ecological environment impact on the environment before and after recovery. 
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2. Principal Component Analysis 

2.1 Case Assumptions 

(1) It is assumed that ecological environment changes are not affected by the epidemic, because the 
impact of the epidemic on ecological environment restoration is only temporary, so the establishment 
of the model is still of application value. 

(2) It is assumed that the impact of the improvement of the ecological environment in Saihanba on 
the anti-sandstorm resistance in Beijing is evenly distributed, and the differences of climatic 
conditions, precipitation and air quality in different areas within Beijing are small, so the impact of 
Saihanba on the anti-sandstorm resistance in Beijing can be ignored. 

(3) It is assumed that the establishment of ecological reserves in each region is not affected by local 
economic development, the establishment of ecological reserves is supported by national policies, 
and the restriction of local economic conditions can be ignored. 

2.2 Selection of Indicators 

After analysis, eight indicators were selected to have a great impact on the comparative analysis of 
saihanba ecological environment before and after restoration, including forest coverage rate, forest 
area, number of trees, water resource impact, animal impact, vegetation impact, climate impact and 
plant abundance. 

 

 
Figure 1. Impact of Saihan dam on ecological environment 

2.2.1 Role of Forest Resources 

(1) Forest coverage rate: refers to the proportion of forest land in the total land area. Forest coverage 
rate directly reflects the good and bad impact of environment on ecology, and this index is positively 
correlated with the impact of Saihanba on ecological environment. 

(2) Forest area: This index directly reflects the impact of Saihanba on the ecological environment, 
and is positively correlated with the impact of Saihanba on the ecological environment. 
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(3) Number of trees: this index reflects the achievements of environmental governance in this area 
and the quantity of the ecological environment. This index is positively correlated with the impact of 
Saihanba on the ecological environment to a certain extent. 

(4) Plant abundance: This index directly reflects whether Saihanba has a sustainable impact on the 
ecological environment. This index is positively correlated with the impact of Saihanba on the 
ecological environment. 

2.2.2 Impact of Interlocking Other Resources 

(1) Impact of water resources: this index reflects that water resources also have a decisive impact on 
the ecological environment of Saihanba; 

(2) Animal impact: This index reflects whether the ecological environment of Saihanba has a 
relatively high species richness and reflects the activity degree of this area. This index is positively 
correlated with the ecological impact of Saihanba; 

(3) Wetland impact: This index is composed of aquatic and terrestrial species, reflecting the 
ecological diversity, species diversity and biological productivity of Saihanba Area; 

 

 
Figure 2. Index data of Saihanba Mechanical Forest Farm from 1962 to 2021 

2.3 Several Main Indexes Were Selected by Principal Component Analysis 

In order to avoid information repetition and data redundancy among the 8 indicators, this paper uses 
principal component analysis to extract comprehensive indicators, which is convenient for later 
analysis and processing. 

2.3.1 Consistency Test 

In this paper, consistency test is used to test the original data to verify whether the data can be used 
in factor analysis model. The test results show that the original data can be used in principal 
component analysis within 95% confidence interval. 

2.3.2 The Establishment of Principal Component Analysis Model 

By standardizing the original data to eliminate the dimensional influence, it can be seen that there are 
8 index variables for principal component analysis. Establish correlation coefficient matrix R between 
variables, correlation coefficient matrix R=(𝑟 ) ∗ , 

 

                      𝑟 =
∑ ∗

                                (1) 
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Table 1. Correlation coefficient matrix R 

1 0.774784 0.993397 0.916012 0.818511 0.667834 0.9902 0.990164 

0.8114 1 0.982696 0.903409 0.774592 0.658582 0.993397 0.982696 

0.842411 0.780512 1 0.954506 0.85931 0.716841 0.916012 0.903409 

0.855424 0.820168 0.954506 1 0.93465 0.841044 0.818511 0.774592 

0.925267 0.913927 0.85931 0.93465 1 0.923183 0.667834 0.658582 

0.791188 0.874072 0.716841 0.841044 0.923183 1 0.774784 0.780512 

0.780176 0.885768 0.820168 0.913927 0.874072 0.885768 1 0.842411 

0.946514 0.946514 0.855424 0.925267 0.791188 0.780176 0.8114 1 

2.3.3 Calculate the Eigenvalues and Eigenvectors of the Correlation Coefficient Matrix R 

2.3.4 Write Down the Principal Components and Calculate the Overall Score 

Call the variance contribution rate of 𝑦 as the main component of 𝑏 : 

 

                   𝑏 =
∑

(𝑗 = 1,2, … , 𝑚)                           (2) 

 

𝑦 , 𝑦 , … , 𝑦                                 (3) 

 

Call alpha main component 𝑦 , 𝑦 , … , 𝑦   the cumulative contribution rate of 𝑦 : 

 

                     𝛼 = ∑ 𝑏                                  (4) 

 

 
Figure 3. Annual temperature distribution and wind direction in Chengde City in 2021 

 

When the eigenvalue is less than 1 or the cumulative contribution rate is greater than 85%, the first P 
index variables are selected as the main components to replace the original index variables, so as to 
carry out a more comprehensive analysis of the principal components. 
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The comprehensive formula is as follows: 

 

𝑀 = ∑ 𝑏 𝑦                                (5) 

 

 
Figure 4. Contribution rates of different ecological impact indicators 

2.3.5 Number of Definite Factors 

In this paper, three common factors are extracted from the turning point of gravel map and the 
cumulative contribution rate of variance interpretation table. The variance contribution rate of the 
extracted three common factors is: 87.41%, 7.883% and 3.358%, the cumulative variance 
contribution rate of the first three common factors has reached 98.651%, that is, the first three 
common factors can contain the information of the original index 98.651%, so the first three common 
factors are selected to reflect the overall index data. 

 

 
Figure 5. Temperature distribution curve of Chengde City from January to December 2011 
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3. AHP Comparative Analysis Model of Environmental Conditions before and 
after Saihanba Restoration by Integrating Time Series Characteristics 

By analyzing the forest coverage rate and forest area of Saihanba area from 1962 to now, a time series 
analysis model was established. 

In this paper, the stationarity and white noise are used to test the original data, so as to judge the AR 
model with time series analysis. Time series analysis refers to the numerical sequence of the indicators 
of a certain phenomenon arranged in time order. 

In order to reduce the error caused by personal subjective judgment, consistency test is carried out on 
the matrix constructed by AHP model to verify whether the judgment matrix is within a certain error. 

3.1 Establish Autoregressive AR Model 

Autoregressive AR model was established according to the forest coverage rate, forest area and 
number of trees from 1962 to now. 

 

   𝑋𝑡 = 𝑐 + ∑ 𝜑𝑖𝑋𝑡 − 𝑖 + 𝜀𝑡                         (6) 

 

Autoregressive model is a common form of time series.Considering the establishment of a time series 
for the indexes affecting the ecological environment of Saihanba 𝑋 ,  𝑋 ,𝑋 …𝑋 , The p-order 
autoregressive model shows that 𝑋  is a function of the linear combination and error term of the first 
P sequences. 

Among them, ∅  is constant, ∅ , …, ∅  is the model parameter,e  is white noise with a mean of 0 
and variance of σ. 

State space form of AR model: 

Make 𝑍 = 𝑋 , 𝑊 = 𝑒 , 𝐻 = 𝑥 , 𝑥 ⋯ 𝑥 , 𝜀 =(∅ , ∅ ⋯ ∅ ), H=Id, 𝑉 = 0; 

The system equations: 𝜀 = 𝐹 𝜀 + 𝑊 ; 

The observation model: 𝑍 = 𝐻 𝜀 + 𝑉 . 

3.2 Solution of AR model 

AR model can be solved in the form of Yule-Walker equation. 

AR characteristic polynomial: ∅(𝑥) = 1 − ∅ 𝑋 − ∅ 𝑋 − ⋯ ∅ 𝑋 . 

AR characteristic equation: 1 − ∅ 𝑋 − ∅ 𝑋 −. . . ∅ 𝑋 =0. 

 

            𝜌 = ∅ 𝜌 + ∅ 𝜌 + ∅ 𝜌 + ⋯ + ∅ 𝜌                   (7) 

 

In the above equation, ρ is correlation coefficient. Take k = 1, 2... ,P, take 𝜌 = 1 𝑎𝑛𝑑 𝜌 = 𝜌 , 
The general form of the Yule-Walker equation can be obtained: 

 

   𝜌 = ∅ + ∅ 𝜌 + ∅ 𝜌 +. . . +∅ 𝜌  

                𝜌 = ∅ 𝜌 + ∅ 𝜌 + ∅ 𝜌 +. . . +∅ 𝜌                          (8) 

⋮ 

   𝜌 = ∅ 𝜌 + ∅ 𝜌 + ∅ 𝜌 +. . . +∅  

For a given the data of ∅ , ∅ , ⋯ , ∅ ,solving linear Equations (8), can get the numerical 
of  𝜌 , 𝜌 , ⋯ , 𝜌 . 

Due to :E(𝑒 𝑦 )=E[𝑒 (∅ 𝑦 + ∅ 𝑦 + ⋯ + ∅ 𝑦 + 𝑒 )]=E(𝑒 )=𝜎 , 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202202_8(2).0079

 

614 

Multiply both sides of equation (7) by 𝑦  and take the expectation to get the autocovariance function: 

 

                 𝛾 = ∅ 𝛾 + ∅ 𝛾 + ∅ 𝛾 + 𝜎                           (9) 

 

The decision-making problem is decomposed into three levels, the top layer is the target layer M, that 
is, the ecological status analysis score before and after the restoration of Saihanba is the target; The 
lowest layer is the scheme layer, which is the ecological status of Saihanba before and after restoration. 
The middle layer is the criterion layer, namely, the three main indicators selected by principal 
component analysis (PCA) : forest coverage rate 𝑌 , forest area 𝑌  and number of trees 𝑌 . 

4. Hierarchical Model 

The decision-making problem is decomposed into three levels, the top layer is the target layer M, that 
is, the ecological status analysis score before and after the restoration of Saihanba is the target; The 
lowest layer is the scheme layer, which is the ecological status of Saihanba before and after restoration. 
The middle layer is the criterion layer, which is the three main indexes selected by principal 
component analysis (PCA). 

4.1 Constructing Judgment Matrix 

A judgment matrix is constructed for three main indexes, that is, a pairwise comparison matrix is 
obtained by pairwise comparison of every two indexes. 

 

Table 2. Index pairwise comparison matrix 

1 7 7 

0.143 1 1 

0.143 1 1 

4.2 Consistency Test 

Calculate the consistency indicator CI: 

 

𝐶𝐼 =                                        (10) 

 

Find the corresponding average random consistency index RI. The corresponding average random 
consistency index RI can be directly found in the table according to the number n of the index. In this 
case, n is 3, and the corresponding RI is 0.52. 

Calculating consistency ratio: 

 

   𝐶𝑅 =                                          (11) 

 

Otherwise, the judgment matrix needs to be modified. 

4.3 Eigenvalue Method to Calculate the Relative Weight  

(1) Find the maximum eigenvalue of the matrix λmax=  = 3 and the corresponding eigenvectors; 
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(2) R=
𝐵
𝐵
𝐵

=
𝑏 𝑏 𝑏
𝑏 𝑏 𝑏
𝑏 𝑏 𝑏

   , A=[𝑎 𝑎 𝑎 ], 

A=[0.7778 0.1111 0.1111] 

4.4 Get the Final Result X 

Two scores of saihanba before and after ecological restoration can be obtained by calculation: 

 

Table 3. Scores before and after recovery 

1962-2010 𝑔𝑜𝑎𝑙 = 𝑎 𝑟 + 𝑎 𝑟 + 𝑎 𝑟 =56.8 

2010-2021 𝑔𝑜𝑎𝑙 = 𝑎 𝑟 + 𝑎 𝑟 + 𝑎 𝑟 =965.6 

5. Conclusion 

Through the establishment and solution of the above principal component analysis model integrated 
with time series, the score of Saihanba before and after the restoration of ecological environment is 
finally obtained. The score of Saihanba before and after the restoration of ecological environment is 
56.8, and the score of Saihanba after the restoration of ecological environment is 965.6. By 
comparison, the score of Saihanba after the restoration of ecological environment is 17 times that 
before the restoration. The score of Saihanba is higher after ecological environment restoration, 
indicating that the ecological environment of Saihanba has been greatly restored. 
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