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Abstract. Saihanba Mechanical Forest Farm is an important sand source control project area in China.In 
order to promote the excellent case of Saihanba to other regions of the country and even the Asia-Pacific 
region, we have established a Saihanba ecological environmental impact model and ecological engineering 
construction assessment model, to provide suggestions for the establishment of ecological protection areas in 
China and even countries in the Asia-Pacific region. This paper determined the index of Saihanba ecological 
influence evaluation system using frequency analysis method and theoretical research method, determined 
the TOPSIS weight based on entropy weight method, to establish a complete ecological and environmental 
influence evaluation system. Subsequently, the paper introduced the data of relevant indicators around 1962 
into the evaluation system, which got good scores, indicating that Saihanba has a great positive impact on the 
ecological environment. On the basis of problem 1, this paper had redefined the index and weight, established 
the index system based on the sandstorm background in Beijing, and brought the relevant data of Beijing in 
recent years into the model, and the establishment of Saihanba had played a relatively significant optimization 
effect on all the indicators of the sandstorm in Beijing. In view of problem 3, this article was first divided into 
9 different ecological system service functional zones according to the National ecological function zoning 
(revised version) proposed by the Ministry of Environmental Protection and the Chinese Academy of Sciences. 
Meanwhile, based on the TOPSIS model, proposed a modified model based on DPSIR. The model fully 
omitted the impact of ecological, economic, policy and other factors on the construction of ecological 
protection areas .Meanwhile, multi-objective planning method based on genetic algorithm was used to solve 
the above problems to determine the best number and scale of ecological reserves in the region. 

Key words: Entropy power method TOPSIS principal component analysis genetic algorithm multi-objective 
planning BP neural network DPSIR. 

1. Restatement of the problem 
China has always maintained that clear waters and green 
mountains are the ecological development force of gold 
and silver mountains.In China's state-owned forest farm, 
Saihanba Forest Farm, as an environmental model, has an 
extremely high ecological civilization value.According to 
the relevant situation of Saihanba, a mathematical model 
analysis was established to study the following problems: 
1. According to the natural environmental conditions of 
Saihanba and relevant data and information, establish the 
Saihanba ecological environmental impact assessment 
model, analyze the impact of Saihanba on the local 
ecological environment, and quantify and compare the 
results before and after the recovery of Saihanba. 
2. According to the model established in Question 1, study 
the wind and sand fixation in Beijing.According to the 
existing data and established indicators, the impact of 
Saihanba on Beijing against sandstorm capacity is 

evaluated, and the role of Saihanba in Beijing against 
sandstorms is evaluated. 
3. Promote the ecological model of Saihanba, and 
multiple social and economic factors should be 
considered.By establishing which geographical locations 
are in China, ecological areas, ecological reserves are 
needed to be established, and the quantity and scale that 
need to be established. 

2. Model establishment and solution 

2.1 Problem 1: The Ecological Environment 
Impact Assessment model of Saihanba 

2.1.1 Study Area Overview 

Saihanba Forest Farm is located in the northernmost part 
of Weichang Manchu and Mongolian Autonomous 
County, Hebei Province. It is located in the semi-arid and 
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semi-humid zone. It belongs to the transition zone of the 
Inner Mongolia Plateau and the Greater Hinggan 
Mountains, and the terrain is relatively complex.Saihanba 
machinery forest farm in the national Beijing-Tianjin sand 
source management engineering area, after more than 50 
years of continuous cultivation and protection, part of the 
forest has been included in the national and provincial 
scope of forest ecological benefits compensation 
(Saihanba machinery forest farm forest resources quality 
analysis and evaluation), it has high ecological benefits, 
in wind resistance, environmental protection, maintaining 
ecological balance and stability have played an important 
role. 

2.1.2 Construction of an ecological function 
evaluation system in Saihanba 

3.1.2.1 Design and analysis of Saihanba ecological 
function evaluation system 
In order to evaluate the impact of Saihanba on the local 
environment before and after its construction is a 
relatively complex process, which involves many kinds of 
influencing factors. Therefore, we especially combine the 
function of the ecosystem and mainly consider the 
following aspects in the process of designing the Saihanba 
ecological function evaluation system: 

Tab 1. Selected indicators 

Target layer Code layer 

Forest natural 
ecological 

space 

vegetation coverage 
Total proportion of wetland area 

Forest land area (forest 
accumulation) accounted for the 

total ratio 

water 
conservation 

Forest area 
annual precipitation 

The annual steam dispersion of 
forest 

Annual water conservation 

Conservation 
of soil 

Woodland soil organic matter 
content 

Forest maintain organic matter 
content every year 

Forest fixed soil quantity in 
different years 

carbon fixation 
and oxygen 

release 

Net productivity 
Annual carbon fixation of soil per 

unit area 
Annual oxygen release per unit area 

wind 
prevention and 
sand fixation 

wind speed 

Solid sand quantity 

bio diversity 
protection Shannon-Wiener Diversity index 

 
1. Forest natural ecological space.Forest natural 
ecological space is the most basic condition for forestry 
ecosystem consideration, mainly including plant coverage 
rate, wetland area, nature reserve area and woodland area 
(accumulation area). 

2. water conservation.Water conservation is particularly 
important for the treatment of Saihanba wasteland, which 
refers to the ecosystem interception, penetration and 
accumulation of precipitation through its unique structure 
and water interaction, and realizes the regulation of water 
flow and water cycle through evaporation. 
3. Soil conservation.The benefits of conservation soil in 
the recovery of Saihanba are obvious. 
4. carbon fixation and oxygen release.Absorbing carbon 
dioxide and releasing oxygen is the most basic biological 
function of plants and an important ecological function of 
forest plants. 
5. wind prevention and sand fixation.Wind protection and 
sand fixation is a kind of ecological construction activity 
carried out in arid and semi-arid in areas to maintain soil 
and water and prevent dust-arid storms. 
6. Biodiversity maintenance.Biodiversity is the sum of the 
ecological complexes formed by organisms and the 
environment and the various ecological processes 
associated with this, including three levels: ecosystem, 
species, and genes. 
 
3.1.2.2 Selection method of indicators 
The establishment of the function index of the forest 
ecosystem system is the key to affect the ecological 
environment evaluation system. The relevant literature 
and data foundation of Saihanba in the forest evaluation 
system are relatively weak, so the determination of the 
evaluation index is particularly important.In this paper, 
theoretical analysis and frequency statistics are used to 
determine the ecological function evaluation indicators. 

2.1.3 Saihanba ecological function evaluation 
indicators are determined 

For the selection of evaluation indicators, we fully 
consider the impact of the system on the system, taking 
into account the data that we can find, and the indicators 
that we choose are as follows: 

2.1.4 Determine the weight of Saihanba 
ecological function evaluation index 

3.1.4.1 Computational steps of the TOPSIS model based 
on the entropy weights method 
The TOPSIS method is a common comprehensive 
evaluation method that can make full use of the raw data 
information, and its results can accurately reflect the gap 
between the evaluation schemes.The entropy method is an 
objective empowerment method, which determines the 
weight of the index by calculating the index according to 
the influence of the relative degree of change on the 
system overall. The index with a large degree of relative 
change has a large weight.Organic combination of the two 
contributes to the more scientific determination of the 
weight. 
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2.1.5 Assessment level and classification of 
Saihanba ecological function level 

According to the range of ecosystem functional level 
numerical scores derived from the TOPSIS model, the 
functional level evaluation level can be divided into 6 
levels (A is the best, F is the worst), and the classification 
is divided in the table: 

Tab 2. Evaluation level and classification of ecological 
function level 

grade A B C D E F 
score >80 60-80 45-60 30-45 20-30 <20 

classi
fy 

Supre
me 

functi
on 

Good 
functi

on 

Intermedi
ate 

function 

Prima
ry 

functi
on 

Low-
level 
functi

on 

Lack 
of 

functi
on 

2.1.6 Environmental impact and its evaluation 
before and after Saihanba recovery 

3.1.6.1 Environmental evaluation before and after 
Saihanba recovery 

Tab 3. Level of ecological function after and before the 
recovery of Saihanba 

metric 

2021year 1962year 
Comprehe

nsive 
weight 

fracti
on 

Comprehe
nsive 

weight 

fracti
on 

Forest 
natural 

ecologica
l space 

10.76% 9.46 16.51% 1.37 

water 
conservat

ion 
11.19% 9.84 16.57% 1.38 

Conserva
tion of 

soil 
13.74% 16.26 15.7% 1.31 

carbon 
fixation 

and 
oxygen 
release 

2.11% 7.436
0 16.8% 1.39 

wind 
preventio

n and 
sand 

fixation 

36.35% 31.99 12.4% 1.03 

bio 
diversity 
protectio

n 

9.79% 8.61 15.6% 1.30 

total 
points  88  8 

 

Figure 1 Distribution map of ecological function scores from 
1962 to 2021 based on topsis calculation 

2.2 Question 2: Instance study of windproof and 
sand fixation in Beijing by Saihanba Forest 
Farm 

2.2.1 Construction of Saihanba to Beijing 

3.2.1.1 The index of Saihanba to Beijing 
Problem 2 is an example analysis of problem 1, and in 
combining the indicators in the problem 1 windproof and 
sand fixation function, we expand the index of problem 1 
through the theoretical analysis method and the frequency 
statistical method. The specific analysis is as follows: 
First of all, according to the sandstorm cause, we choose 
temperature, wind speed, annual sandstorm frequency and 
vegetation coverage, in order to improve the 
representative of sandstorm, meteorological and 
vegetation elements, we according to the seasonal 
distribution of sandstorm (Beijing and Tianjin sandstorm 
source management engineering area sandstorm spatial 
and temporal change and its vegetation recovery 
relationship), the occurrence of Beijing sandstorm has 
obvious seasonal, namely spring sandstorm frequency.In 
spring, the surface is bare and the vegetation is sparse, 
which provides sand source material for the sandstorm. At 
the same time, the air is dry and windy in spring, which 
provides conditions for the occurrence of dust storms, so 
we have narrowed the scope of meteorological indicators 
to spring. 

 
Figure 2 Distribution of Beijing sandstorm season in 1962-

2021 

3.2.1.2 Dust storm resistance to Beijing based on 
correlation analysis and nonlinear fitting 
Correlation analysis is the analysis of two or more 
variable elements with correlation to measure the 
closeness of the two variable factors.The influence icon 
was quantified by establishing the cause of sandstorm in 
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Beijing and the vegetation coverage data of Saihanba 
forest farm. 
Nonlinear fitting mathematically fits the vegetation 
coverage rate of Saihanba with the Beijing meteorological 
indicators, determines the correlation by fitting the slope 
of the fitted curve, and then quantitatively analyzes the 
impact effect 

2.2.2 Longitudinal impact assessment of 
Saihanba on sandstorm resistance in 
Beijing 

3.2.2.1 Data 
The meteorological data came from the Climate Data 
Center of the National Meteorological Administration, 
including the monthly average temperature, precipitation, 
average wind speed and frequency of dust storm of 
multiple weather stations.Vegetation coverage data were 
obtained from the Saihanba Mechanical Forest Farm.Data 
sources are accurate and reliable. 
 
3.2.2.2 Relevant judgment of annual dust storm 
frequency and vegetation coverage rate in Saihanba 
According to the established fitting equation, the annual 
dust frequency is negatively associated with the Saihanba 
vegetation coverage rate, that is, the increased vegetation 
coverage rate in Saihanba contributes to the decrease of 
the annual dust frequency. 
 
3.2.2.3 Relevant judgment of spring average temperature 
and vegetation coverage rate in Saihanba 
According to the established fitting equation, the annual 
temperature is positively associated with the Saihanba 
vegetation coverage rate, that is, the increased vegetation 
coverage rate in Saihanba contributes to the annual 
temperature increase. 
 
3.2.2.4 Relevant judgment of spring monthly wind speed 
and Saihanba vegetation coverage rate 
According to the established fitting equation, the monthly 
wind speed in spring is negatively associated with 
Saihanba vegetation coverage, that is, the increased 
vegetation coverage in Saihanba contributes to the 
decrease of wind speed. 
According to the comprehensive evaluation of the above 
data, Saihanba is of great help to the wind and sand 
resistance capacity in Beijing. 

 

 

Figure 3. Plot of data fitting between sandstorm frequency in 2-
2 years and vegetation coverage in Saihanba 

y = 53.249x-0.731 

 

Figure 4 Plot of data fitting between mean air temperature in 
spring and vegetation coverage in Saihanba 

y = 0.001x2 - 0.0616x + 6.4333 

 

Figure 5 Plot of data fit for spring monthly wind speed and 
Saihanba vegetation coverage 

y = -0.0003x2 + 0.0087x + 4.3702 

2.2.3 Horizontal impact assessment of Saihanba 
on the sandstorm resistance capacity in 
Beijing 

Subsequently, we plan to evaluate the evaluation of the 
dam on the sandstorm resistance ability of Beijing in the 
form of a pie chart. The predicted data results are as 
follows： 

 

Figure 6 Preast of sand resistance of three lines of defense 

 
Although Saihanba is of great help to Beijing against wind 
and sand, it is still relatively weaker than other lines of 
defense. 

2.3 Problem 3: Saihanba mode expansion model 
and carbon neutralization evaluation 
analysis 

2.3.1 National ecological function division 

The content studied in this section, to explore which areas 
of the country need to establish nature reserves, in order 
to simplify the model and let the model has wider 
applicability, we according to the national ecological 
function division (modified), the national divided into 
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nine kinds of ecological service system, and select each 
functional area representative 9 regions, analysis and 
evaluation. 

Table 4 The National Ecological Function Division System 

Ecological 
function 
category 

(Category 3 
categories) 

Ecological 
function type 
(Category 9) 

Example of 
function zones 

Ecological 
adjustment 

Water 
conservation 

Daba Mountain 
Water 

conservation 
functional area 

bio diversity 
protection 

Biodiversity 
protection 

functional area of 
the Lesser 
Hinggan 

Mountains 

soil 
conservation 

Soil protection 
functional area of 

loess hills and 
ravines in northern 

Shaanxi 

wind 
prevention and 
sand fixation 

Horqin Sandy 
Land windproof 
and sand fixation 
functional area 

Flood 
regulation and 

storage 

Wanjiang Wetland 
flood regulation 

and storage 
functional area 

Product 
delivery 

Supply of 
agricultural 

products 

Sanjiang Plain 
agricultural 
products to 

provide functional 
areas 

Forest 
products are 

provided 

Lesser Xingan 
Mountains 

mountain forest 
products provide 
functional areas 

Living 
security 

Metropolis 
group 

The Yangtze 
River Delta 
metropolitan 

group functional 
area 

Key town 
groups 

Wuhan urban 
group functional 

area 
 
 
 
 
 
 
 
 
 

2.3.2 TOPSIS ecological environment evaluation 
system with carbon neutralization index 

Table 5 A TOPSIS model introducing carbon neutralization 
metrics 

Target layer Code layer 
Forest natural ecological 

space 
vegetation coverage 

wetland area 

water conservation 
precipitation 

surface runoff 
Lake area 

Conservation of soil 
Soil contains nitrogen 

Soil contains 
phosphorus 

carbon fixation and oxygen 
release 

Vegetation solid 
carbon 

Soil solid carbon 
wind prevention and sand 

fixation 
wind speed 

Flow sand index 
bio diversity protection Total biomass 
Carbon neutralization carbon emission 

 Carbon absorption 

2.3.3 Gray forecast for correlated data forecast for 
the next 20 years 

3.3.3.1 Implementation steps for gray prediction 
1. Data inspection 
Modeling using GM (1,1) requires testing of the data, first 
calculating the ratio of columns 

 
If all level ratios fall within the allowable coverage 
interval, the columns x (0) can build a GM (1,1) model for 
gray prediction.Otherwise, you need to transform the data 
appropriately, such as translation. 
2. Build a gray model 

 
Define the gray derivative, define the gray differential 
equation, define the bleaching background, gray action 
quantity, development coefficient; listed according to the 
matrix, GM (1,1) can be expressed as, Y=Bu, the next is 
to seek the value of a aa and b bb, can use linear regression 
or formal equation to find the value according to the least 
squares principle. 
3, calculate 

 
The corresponding whitening model gives the solution of 
x 1 (t) to make t + 1 = t have 

 
That is the value that we predicted. 
4, checkout 
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Table 6 Data predictions for the next two 0 years 

Ecol
ogic
al 

funct
ion 
cate
gory 
(3) 

Ecolo
gical 
functi

on 
type 
(9) 

Exam
ple 
of 

functi
on 

zones 

2020 2030 2040 2050 

Ecol
ogic
al 

adju
stme

nt 

Water 
conse
rvatio

n 

Daba 
Moun
tain 

Water 
conse
rvatio

n 
functi
onal 
area 

11.52
90944

6 

10.54
50597

2 

9.645
01461

1 

8.821
79042

1 

bio 
divers

ity 
prote
ction 

Biodi
versit

y 
prote
ction 
functi
onal 
area 

of the 
Lesse

r 
Hing
gan 

Moun
tains 

7.906
16740

9 

5.928
52619 

4.445
57027 

3.333
55953

8 

soil 
conse
rvatio

n 

Soil 
prote
ction 
functi
onal 
area 
of 

loess 
hills 
and 

ravin
es in 
north
ern 

Shaan
xi 

52.55
05372

4 

50.63
85694

9 

48.79
61656

5 

47.02
07947

4 

wind 
preve
ntion 
and 
sand 
fixati

on 

Horqi
n 

Sand
y 

Land 
wind
proof 
and 
sand 
fixati

on 
functi
onal 
area 

19.12
84027

2 

18.67
80674 

18.23
83342

2 

17.80
89535

7 

Flood 
regul
ation 

Wanji
ang 

Wetla

17.26
14061 

13.91
84038

9 

11.22
28381

4 

9.049
32038

3 

and 
storag

e 

nd 
flood 
regul
ation 
and 

storag
e 

functi
onal 
area 

Prod
uct 

deliv
ery 

Suppl
y of 
agric
ultura

l 
produ

cts 

Sanji
ang 

Plain 
agric
ultura

l 
produ
cts to 
provi

de 
functi
onal 
areas 

17.15
78097 

12.97
17014

3 

9.806
90663

8 

7.414
24849

8 

Fores
t 

produ
cts 
are 

provi
ded 

Lesse
r 

Xinga
n 

Moun
tains 
moun
tain 

forest 
produ

cts 
provi

de 
functi
onal 
areas 

7.906
16740

9 

5.928
52619 

4.445
57027 

3.333
55953

8 

Livi
ng 

secu
rity 

Metro
polis 
group 

The 
Yangt

ze 
River 
Delta 
metro
polita

n 
group 
functi
onal 
area 

187.1
24715

5 

162.4
92387

4 

141.1
02557

6 

122.5
28397

1 

Key 
town 
group

s 

Wuha
n 

urban 
group 
functi
onal 
area 

84.27
88419 

80.18
84667

9 

76.29
66132

6 

72.59
36462

9 
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Figure 7 Grey prediction renderings 

The data before the construction of the ecological reserve 
were brought into the model to get the corresponding 
scores.  
From the above data, we obtain that the region should 
establish nature reserves, and that the establishment of 
ecological reserves has had a good impact on carbon 
neutrality. 
3.3.3.2 A multi-objective planning model based on the 
genetic algorithm solves the number and model of 
ecological reserves 
Taking into account the economic, political and 
ecological elements, we use the multi-objective planning 
method based on genetic algorithms to achieve the 
solution.We propose to establish [3], an evaluation system 
based on the DPSIR model.DPSIR, that is, driving force 
(D), pressure (P), state (S), impact index (I), response (R), 
which covers social, economic, environmental, human 
beings and many other factors, and more fully reflects the 
interaction relationship between human activities and the 
natural ecological environment. 
The construction of the ecological protection area has its 
particularity relative to the construction of other projects. 
We obtain authoritative and specific calculation formulas 
by consulting the relevant information, [4], and 
supplement the calculation formulas of several other 
dimensions: 
net present value (NPV) 

 
Internal rate of return (IRR) 

 
Dynamic investment payback period 

 
Profit cost ratio 

 
This model comprehensively considers the three 
ecological, economic and social benefits of ecological 

protection area construction, reflects the unique attributes 
of ecological engineering construction, and is of good 
help to the solution of this problem.Based on this, we 
solve the multi-objective planning problem described 
above using a genetic algorithm. 
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