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The environmental quality of the ecological protection zone directly affects the water quality and air quality of the area, thereby
affecting the quality of people’s life. This paper constructs the evaluation index system of the environmental quality of the
ecological protection area and determines the classification standards of each index, proposes the extension evaluation method of
the environmental quality of the ecological protection area, and uses the entropy weight method to determine the weight of each
level of index. Its purpose is to understand the development trend of environmental quality in all aspects of the ecological reserve
through the dynamic evaluation of the environmental quality of the ecological reserve, so as to take corresponding counter-
measures to promote the healthy development of the area. The constructed model was used to dynamically evaluate the en-
vironmental quality of the ecological reserve in Zhangjiakou City from 2008 to 2019. The research results show that the
environmental quality gaps in different aspects of the ecological reserve of Zhangjiakou City are relatively large, and the overall
regional ecological environment characteristic value is decreasing year by year, reflecting that the environmental quality of the

ecological reserve of the region is getting better year by year.

1. Introduction

Ecological reserve refers to the area that plays an important
role in water and soil conservation, flood regulation, wind-
proof and sand-fixing, and maintenance of biodiversity. It
also selectively delimits a certain area for key protection and
restricts development and construction. Domestic and
foreign scholars use different methods to study the quality of
ecological environment from different angles. Dong and Mu
[1] constructed an evaluation index system from three as-
pects of economy, society, and environment to evaluate the
environmental quality of Beijing’s ecological conservation
development zone. Xu et al. [2] selected a multilevel weight
analysis decision method (the AHP method) to quantita-
tively evaluate the water conservation area in the southern
mountainous area of Jinan, China. Lin [3] constructed an
evaluation index system from five aspects, ecological
function, ecological structure, and ecological stress, and
evaluated the ecological environment of the ecological
function area of water conservation in Fujian Province,

China. Gan and Zhang [4] evaluated the ecological function
areas of the Yangtze River Economic Zone in China by
constructing three indexes: ecological function, ecological
structure, and ecological stress. Zhang and Du [5] used the
extension comprehensive analysis method to evaluate the
ecological function areas of glaciers and water conservation
in Qilian Mountains in China. Chai and Lha [6] determined
the key indicators of ecological environment quality through
a dynamic collaborative word network and constructed an
ecological environment quality evaluation model. Jia et al.
[7] applied the map overlay method to comprehensively
analyze the ecological reserve of the Daqing River Basin in
Beijing. Chai et al. [8] used the “pressure-state-response”
model to evaluate the quality of the ecological environment
in Beijing. Gao and Chen [9] gave suggestions for the future
research directions of ecological environment quality eval-
uation from four aspects: evaluation object, evaluation
content, evaluation system, and evaluation method.

This paper will build the environmental quality evalu-
ation index system of ecological reserve according to the
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characteristics of ecological reserve, determine the classifi-
cation standards of each index according to relevant stan-
dards and scholars’ research results, build the extension
evaluation method and weight determination method, and
apply the constructed model to comprehensively and dy-
namically evaluate the ecological environmental quality of
ecological reserve in Zhangjiakou China.

2. Construction of Evaluation Index System
and Model

According to the “Technical Specification for Evaluation of
Ecological Environment Conditions” and scholars’ research
results, the ecological environment quality evaluation system
of ecological reserves includes two categories: ecological
conditions and environmental conditions. The specific
composition of the index system is shown in Table 1.

2.1. Indicators of Ecological Conditions. The indicators of
ecological conditions include two first-level indicators of
ecological function and ecological structure. The first-level
indicators of ecological function include two second-level
indicators of per capita water source and population density;
the first-level indicators of ecological structure include two
second-level indicators of forest coverage and green cov-
erage of built-up areas.

2.2. Indicators of Environmental Conditions. The indicators
of environmental conditions include three first-level indi-
cators of pollution load, environmental control, and envi-
ronmental quality. The first-level indicators of pollution load
include four second-level indicators: solid waste emission
intensity, wastewater emission intensity, industrial sulfur
dioxide emission intensity, and industrial smoke and dust
emission intensity. The first-level indicators of environ-
mental control include three second-level indicators: the
comprehensive utilization rate of industrial solid waste, the
rate of harmless treatment of garbage, and the rate of
centralized treatment of urban sewage. The first-level in-
dicators of environmental quality include two second-level
indicators, the surface water quality index and the air quality
index. The calculation methods for these two second-level
indicators can be found in the relevant literature of Yu et al.
[10].

3. Classification of Evaluation Index Categories

3.1. Basis for the Classification of Evaluation Index Categories.
When evaluating the environmental quality of an ecological
reserve, it is necessary to scientifically classify each evalu-
ation index. The classification principles are mainly based on
the following principles:

(1) Based on the assessment standards of relevant na-
tional documents, combined with the actual situa-
tion of the ecological reserve, with reference to the
national ecological evaluation index system, the
main reference basis is “National Forest City
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Evaluation Standard,” “National Water Ecological
Civilized City Evaluation Standard (Trial),” and
“National Ecological Garden City Standard”

(2) Based on the classification standard of scholars’
research results, the classification standard of envi-
ronmental pollutant discharge is based on the re-
search results of Liu et al. [11] and the classification
standard of solid waste discharge intensity and
wastewater discharge intensity refers to the research
results of Wang [12]

3.2. Classification of Evaluation Index Categories. To com-
prehensively evaluate the environmental quality of the
ecological reserve, according to the research needs, the in-
dicator categories are divided into five categories, namely,
very good, good, general, poor, and very poor, and the
corresponding categories are Class I, I, III, IV, and V. See
Table 1, for specific classification criteria.

4. Construction of the Evaluation Model

4.1. Selection of the Evaluation Model. For the evaluation of
ecological environment quality in ecological reserves, the
choice of evaluation methods is particularly important for
the accuracy of the evaluation results. The extension eval-
uation method considers the uncertainty of the ecological
environment in the ecological reserve and pays attention to
the ambiguity of the index boundary, which can reflect the
evaluation level and reflect the degree of the evaluation result
to the evaluation level. In this paper, the extension evalu-
ation method is used to evaluate the ecological environment
quality of ecological reserves. At the same time, the weight
determination method in the traditional extension evalua-
tion method is improved. The entropy weight method is
used to determine the weight of the evaluation index, which
can effectively avoid the influence of human factors on the
weight.

4.2. Construction of the Evaluation Model. As can be seen
from the evaluation index system in Table 1, this index
system is a multilevel index system in which the first-level
index is evaluated first, and then, the overall evaluation
object is evaluated.

4.2.1. Extension Evaluation Method for First-Level Indicators.
The extension evaluation method is an evaluation method
that establishes an evaluation model that includes multiple
index parameters and performs cluster analysis by con-
structing an extension correlation matrix to reflect the
comprehensive level of the object being evaluated. The
following describes the evaluation steps of this method for
the first-level indicators.

(1) Determine the same characteristic matter element R,
in the classic field. In the extension evaluation
method, the evaluation objects and first-level indi-
cators are divided into m categories. Assuming that
the first-level index has n second-level indicators,
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TaBLE 1: Environmental quality evaluation index system and index classification standards of ecological reserves.

Index category First-level

Second-level indicators

Class T Class 11

Class III

Class IV Class V

indicators
; 3
Ecological Per capita W;éizorrf)sou“es (M7 5000~2500 1500~2000 1000~1500 500~1000  0~500
Ecological function Population density (person/kmz) 0~25 25~50 50~75 75~100  100~125
conditions . Forest cover rate (%) 40~50 30~40 20~30 10~20 0~10
Ecological Green rage rate in built-
structure cen coverage I7C M DUTUP 40~50  30~40  20~30  10~20  0~10
area (%)
Solid waste emission intensity (ten
thousand tons/100 million yuan) 0~0.8 0.8~1.6 1.6~2.4 2.4~3.2 3.2~4.0
Wastewater discharge intensity o, o 50 40 40460  60-80 8.0~10.0
. (10,000 tons/100 million yuan)
Pollution load Industrial sulfur dioxide emission
. . s 0~5.0 5.0~10.0 10~15.0 15.0~20.0 20.0~25.0
intensity (ton/100 million yuan)
. I.ndustrilal smoke and d.us't emission 0~8 816 1624 2432 3240
Environmental intensity (tons/100 million yuan)
conditions Corr.lprehen.swe u.t1hzat10n rate of 85~100 70~85 55-70 40~55 2540
industrial solid waste (%)
Environmental ~ Harmless treatment rate of garbage 90~100 80~90 70~80 60~70 50~60
control (%)
Centralized treatmenot rate of urban 85~100 7585 65~75 5565 4555
sewage (%)
Environmental Surface water quality index (%) 90~100 80~90 70~80 60~70 50~60
quality Air quality index (%) 90~100 80~90 70~80 60~70 50~60

according to the ecological environment condition
standard and evaluation index of the ecological

[N

N,

reserve, we construct the same characteristic matter
element R, in the classic field:

N, N,

m

NN, N, - N
lcv, v, vV

Cy (ay, by Cap, by
C, {ayby) (ay,by)

LC,, £a,1,b,1) {a,,b,,)

e <a1m’ blm
b

<a2m’ 2m

)
)

e <anm’ bnm> B

(1)

where N, N,, ..., N,, are the classification levels of
the same characteristic matter elements in the
classical field, that is, the classification level of the
evaluation index, C; is the ith evaluation index, and
{a;j, b;;) is the value range of the jth category of the
ith evaluation index.

(2) Determine the segment field matter element R,.

According to the same characteristic matter ele-
ment R, of the classic field and various segment
fields, the segment field matter element can be
determined:

PC V, P Cy (aypbyp)
G, Vy, G, <a2p’b2p>

RP:(P’C’XP): A : : ’
Cy, Vi Cy {aup byp)

(2)

where P represents the entire category and V;, =
{a;p,b;,) is the value range of the ith evaluation
index of P, that is, the section domain of P.

(3) Determine the first-level index e as the matter ele-

ment to be evaluated R,. The determination of the
matter element to be evaluated R, is based on the
first-level indicators to be evaluated and the specific
data of the second-level indicators contained in the
first-level indicators. The matrix is

Re = (Pe’C’ xie) = . . > (3)

C, x

n ne

where X, is the specific value of the ith evaluation
index of the evaluation object e.



(4) Determine the correlation function of the second-
level index. For the ith second-level index in the first-
level index, which belongs to the correlation function
of different levels, the calculation formula is

P(xie’vij>
P(xie’vip) - p(xie’Vij))

kj (xie) =
p(xie’V‘j)
, (4)
(B _“zp)
p(xie’v'p) - p('xie’v'j) #0,
p(xie’v'p) _p('xie’V'j) =0,
k(e) = kj(e) = [al’aZ""’an] ’

(6) Determine the evaluation level of the first-level index
e Ifkj (e) = max;eq,,  mk;(e), it is determined that
the first-level index e belongs to the j level:

kj (e) — mjin kj (e)

LetEj (e) = (7)

max k; () — mink; (e)’
j j

o _ Zj;l J_kj (e)’ 8)
7K (@)

where j* is the characteristic value of the e-level of
the first-level index to be evaluated, which is used to
judge the degree to which the object to be evaluated
is biased toward the adjacent level.

4.2.2. Extension Evaluation Method of Evaluation Object.
The extension evaluation method for the first-level indica-
tors is introduced above. Assuming that the evaluation
object has g first-level indicators and the weight of each first-
level indicator is W = [w;, w,,...,w,], based on the eval-
uation results of the first-level indicators, the overall eval-
uation object can be evaluated. Multiplying the first-level
index weight vector A = [w;, w,, ..., w,] with the first-level
index eigenvalues, the eigenvalues of the overall evaluation
object can be calculated:

BN

H
J =

w;j; . (9)
1
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where X, is the specific value of the ith evaluation
index of the evaluation object e, where p (x;,, V;;) and

e’

p(x;, V;,) are determined by the following formula:

p(xieo Vij) =|ie = (4 ;r bif): _ (b, ; au),
4 (5)
. p(%ieo Vip) =xic - (4 ;r bil’)l _ (bip ; ap)

(5) Determine the comprehensive relevance of the first-
level index e. Multiplying the second-level index
weight vector A = [a,,a,,...,a,] with the correla-
tion matrix of each level of the second-level index,
the correlation matrix of the first-level index can be
calculated:

kl (xle) kZ(Xle) km(xle)

ki (x20) Ky (x5e) -+ Kk (22) 6)

kl ('xne) kz(xm) km(xmz)

4.2.3. Determination of the Weights of Indicators at Different
Levels. The extension evaluation methods for different levels
of indicators are introduced above, but the weight deter-
mination method is not introduced. The following describes
how to determine the determination. The original weight is
determined according to the relative value of the index of the
evaluated object, resulting in changes in the weight. If the
evaluation object is in different periods and the weight of the
same index in different period changes, there will be con-
tradictions in the evaluation results in different periods.
Therefore, this paper selects entropy method to determine
the index weight.

(1) Determination of the weights of second-level indi-
cators. Assuming that a certain first-level level in-
dicator contains m second-level evaluation
indicators, there are a total of n years of data, and the
original data matrix is formed as X;; = (x;;),x5 the
steps of using the entropy method to determine the
indicator weight are as follows:

(i) Dimensionless processing of indicators: for a
positive index, that is, the larger the index value,
the better the index; the formula for the non-
dimensional processing of the index is

X — min Xij ) )

, ((=12...,mj=12,...,m).

x,‘j =T
max x;; — min x;;

U

(10)

For the inverse index, that is, the smaller the
index, the better the index; the formula for the
nondimensional processing of the index is
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max x;; — X;; .
xf=— 9 Y (i=1,2,..

Y maxx;; — minx;;

Lnj=12,...,m).

(11)

According to this, a normalized matrix is ob-
tained: X;; = (X; )

(ii) Calculate the proportion or probability P;; of the
data after dimensionless processing. Calculate
the proportion or probability of the jth index
and the ith data after dimensionless processing.
The formula is

!

_ i .
pij_F’ (1—1,2,...

i=1 Xij

7”,]: 1,2,...,m).

(12)

(iii) Calculate the entropy value e; of the jth index.
The formula for calculating the entropy value of
the jth index is

SR S i=1,2 13
ej— lnnizlpijnpij, (]— s ,...,m). ( )

In is the natural logarithm, e; > 0.
(iv) Calculate the difference coefficient ¢; of the jth
index. Define the coefficient of difference as
ci=l-e; (14)
The larger the c;, the more important the index.
(v) Calculate the weight a; of the jth index. The
weight formula of the jth index is
C:

a,==2— (j=1,2,...,m). (15)

! Z;il Cj’

(2) Determination of the weight of the first-level eval-
uation index. The extension evaluation method of
the first-level index has been introduced above. The
eigenvalue j* of each first-level index of the evalu-
ation matter element e is calculated according to the
degree of relevance, and the weight of each first-level
index is carried out according to the eigenvalue j* of
the first-level index. Assuming that the evaluation
object is divided into g first-level indicators with a
total of n years, the first-level indicator characteristic
value j* data matrix is formed as Ji; = (j{;),xg> and
the entropy method formulas (10) to (15) can be used
to determine the weight of each first-level evaluation
index W = [wy, w,, ..., w,].

5. Application of Comprehensive
Evaluation Model

In December 2019, China’s Hebei provincial government
issued a document to determine the “Implementation
Opinions on the construction planning of Zhangjiakou

capital water conservation functional area and ecological
environment support area (2019-2035),” and Zhangjiakou
was listed as China’s ecological reserve for construction.
Therefore, this paper takes Zhangjiakou ecological reserve as
an example to evaluate the regional ecological environment
objectively and scientifically, so as to provide data support
for comprehensively mastering the regional ecological en-
vironment quality.

5.1. Determination of the Weights of Second-Level Indicators.
In order to evaluate the environmental quality of Zhang-
jiakou Ecological Conservation Zone, 13 index data of
Zhangjiakou City from 2008 to 2019 were collected, and the
weight of each second-level index was calculated according
to formulas (10) to (15). See Table 2, for specific data.

5.2. First-Level Index Evaluation. Using the collected data
of 13 indicators in the ecological reserve of Zhangjiakou
City from 2008 to 2019 and the weight of each indicator in
Table 2, the characteristic values of each first-level indi-
cator are calculated according to formulas (4) to (9). In
order to fully understand the environmental quality as-
sessment results of Zhangjiakou Ecological Conservation
Zone, all the characteristic values of the first-level indi-
cators are listed in Table 3. It can be seen from Table 4 that
the environmental quality gaps in different aspects of the
ecological reserves in this area are relatively large. The
ecological function of this area is the worst, and it is in the
Class V every year. In terms of ecological structure, it was
Class II from 2008 to 2013 and became Class I after 2011.
In terms of pollution load, it was Class IV from 2008 to
2012, and it has improved year by year from 2013, starting
from Class III and then becoming Class I. In terms of
environmental control, it was classified as Class V in 2008
and changed the most to Class I in 2013. In terms of
environmental quality, it was Class II from 2008 to 2013
and Class I in subsequent years.

5.3. Determination of the First-Level Weight. Using the
characteristic value j* of each primary indicator in Table 3,
calculate the weight of each primary indicator according to
formulas (10)-(15). See Table 4, for specific data.

5.4. Comprehensive Assessment of Environmental Quality.
Using the weight of each primary indicator and the char-
acteristic value j* of the primary indicator, calculate the
characteristic value j* of the evaluation object in different
years according to formula (9). See the last column of Ta-
ble 3, for specific data. It can be seen from Table 3 that the
characteristic value of the ecological environment in this
area is getting smaller year by year. The characteristic value
in 2008 was 3.529, and it became 1.99 in 2019, reflecting that
the environmental quality of the ecological reserve in the
region is improving year by year.
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TaBLE 2: The weights of the second-level indicators of the environmental quality assessment of the ecological reserve in Zhangjiakou city.

First-level indicators Second-level indicators Entropy (e j) Coefficient of difference (g j) Indez(avgelght
j
Ecological function Water resources per capita 0.6978 0.3022 0.5070
The population density 0.7058 0.2942 0.4930
Ecological structure Forest cover rate. 0.9108 0.0892 0.5100
Green coverage rate in built-up area 0.9143 0.0857 0.4900
Solid waste emission intensity 0.8863 0.1137 0.3710
Pollution load Wastewater discharge intensity 0.9405 0.0595 0.1950
Industrial sulfur dioxide emission intensity 0.9389 0.0611 0.1990
Industrial smoke emission intensity 0.9281 0.0719 0.2350
. Comprehensive utilization rate of industrial solid 0.8821 01179 0.5080
Environmental waste

control Waste innocuous treatment rate 0.9398 0.0602 0.2600
Centralized treatment rate of urban sewage 0.9460 0.0540 0.2330
Environmental quality Surface water quality index 0.9610 0.0390 0.2880
Air quality index 0.9037 0.0963 0.7120

TaBLE 3: The eigenvalues and comprehensive eigenvalues of the first-level indicators of environmental quality in Zhangjiakou Ecological

Conservation Zone.

Ecological Ecological Pollution load Environmental Environmental
Year function structure otution foa control quality Overall
i i i i i i i i i i i
2008 5 4.848 2 2423 4 4.062 5 4.253 2 1.835 3.529
2009 5 4.844 2 2.418 4 4.040 4 3.680 2 1.962 3.440
2010 5 4.814 2 2.119 4 4.016 5 4918 2 2.024 3.604
2011 5 4.804 2 1.994 4 3.758 5 4.406 2 2.006 3.398
2012 5 4.795 2 1.947 4 3.566 5 4.089 2 1.881 3.246
2013 5 4.785 2 1.926 3 3.754 1 2.114 2 1.835 2.947
2014 5 4.781 1 1.688 3 2.920 1 1.660 1 1.944 2.559
2015 5 4.780 1 1.508 2 2.417 1 1.619 1 1.865 2.334
2016 5 4.778 1 1.664 2 2.360 1 1.343 1 1.835 2.289
2017 5 4.773 1 1.658 1 1.970 1 1.438 1 1.832 2.171
2018 5 4.773 1 1.329 1 1.590 1 1.886 1 1.802 2.056
2019 5 4.779 1 1.365 1 1.574 1 1.607 1 1.697 1.991

TaBLE 4: The weights of the first-level indicators of the environmental quality assessment of the ecological conservation zone in Zhangjiakou

City.

Second-level indicators Entropy (e j) Coeflicient of difference (g j) Index weight (wj)
Ecological function 0.9272 0.0728 0.1330
Ecological structure 0.9007 0.0993 0.1810
Environmental load 0.8135 0.1865 0.3339
Environmental control 0.9027 0.0973 0.1770
Environmental quality 0.9068 0.0932 0.1700

6. Conclusion

According to the characteristics of the ecological reserve, the
environmental quality evaluation index system and the
extension evaluation model of the ecological reserve are
constructed, and the environmental quality of the ecological
reserve of Zhangjiakou City is dynamically evaluated using
the model. The conclusions are as follows:

(1) The evaluation of the environmental quality of the
regional ecological reserve through the constructed
extension evaluation model can accurately, objec-
tively, and comprehensively evaluate the

environmental quality of the regional ecological
conservation, and it can also evaluate different as-
pects of the environmental quality of the ecological
reserve.

(2) The improvement of the entropy weight method to
determine the weights of indicators at all levels not
only effectively overcomes the shortcomings of
subjective weight determination but also enables
dynamic comparison and evaluation of the envi-
ronmental quality of regional ecological reserves and
understands the trend of regional environmental
quality changes from a dynamic perspective.
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(3) Through the application of the construction model to
evaluate the environmental quality of Zhangjiakou
Ecological reserve, it is possible to grasp the status
and change trend of different aspects of the envi-
ronmental quality of the area. Based on the evalu-
ation results, relevant policies can be formulated, and
corresponding measures can be taken to continu-
ously improve the quality of the ecological envi-
ronment in the region.

Data Availability

In order to evaluate the environmental quality of Zhang-
jiakou Ecological Conservation Zone, 13 index data of
Zhangjiakou City from 2008 to 2019 were collected, such as
pollution load, ecological structure, and environmental
quality. All the data used to support the findings of this study

are

included within the article.
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