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Abstract

The Danjiang River Basin (Henan Section) is the water source of the Middle Route of the South-to-
North Water Transfer Project. Its ecological environment quality has received increasing attention. In
this study, on the basis of the ecological environment of the study area, we constructed the evaluation
index system from four aspects: ecological basis, ecological structure, ecological stress and ecological
benefits. The variable fuzzy set model was improved by using the central point triangle whitening
weight function and the relative difference function. The ecological environment quality of the
Danjiang River Basin (Henan Section) in the past 20 years was evaluated, and the evolution patterns
and causes of ecological environment quality were analyzed by combination with land use changing.
And the results showed that the area with better ecological environment quality was significantly larger
than the deterioration area. The area with poorer grade was decreased from 441.22 km? in 1998 to
3.93 km? in 2017, and its proportion was correspondingly decreased from 2.23% to 0.05%. The area with
the ordinary grade was decreased from 4528.79 km? in 1998 to 2636.47 km? in 2017, and its proportion
was correspondingly decreased from 53.67% to 31.24%; The moderately graded area was increased
from 3132.7 km? in 1998 to 5206.88 km? in 2017, and its proportion was increased from 37.12% to
61.71%; the area with good grade was increased from 319.58 km? in 1998 to 579.01 km? in 2017, the area
with the excellent grade of an evaluation rating was almost unchanged. Based on the evaluation results,
the spatial correlation analysis of changes in habitat quality was further carried out. The autocorrelation
index was 0.5122, which indicating that the changes in ecological environment quality in the study
area has a strong spatial aggregation characteristics. Combined with the change in land use changing
in the present study, we found that the human activities were the major factor causing the changes in
ecological environment quality in the study area. These results can provide certain theoretical basis and
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technical support for land development and utilization as well as for the ecological protection in the

study area.

Keywords: Danjiang River Basin (Henan Section), variable fuzzy set, ecological environment quality,

spatial autocorrelation

Introduction

As the main means of the carrier in the human
production and life, land resources are the essential
basis for human survival and development, and also for
the carrier of various complex ecosystems on the Earth
[1]. Since the 1980s, accompanied the acceleration
of urbanization, the continuous improvement of
industrialization level and the rapid growth of
population, people’s development and utilization of
land resources have been continuously strengthened
[2-3], which have triggered a series of problems in
ecosystem quality, including heat island effect [4],
water pollution [5] and biodiversity reduction [6-7],
having imposed more serious and negative impacts
on food production, human survival and sustainable
development. Ecological environment quality, which
refers to the extent of ecological environment affect
human survival and socio-economic development
within a certain time and space, and is the objective
existence of the basic attributes of the ecological
environment [8]. The distribution of water resources
in China is much imbalanced. The middle-route of
the South-to-North Water Transfer Project is of great
significance for relieving the water resource shortage
problem in northern China. As the main water source
of the Middle Route of the South-to-North Water
Transfer Project, which need to ensure and enhance
the ecological environment quality of the Danjiang
River Basin (Henan Section) and its surrounding areas.
Thus, it has become the primary goal of maintaining
long-term, stable and safe operation of the Central
Line Project of South-to-North Water Diversion.
Viewing from the current development trend, the
implementation of the project will inevitably lead to
the changes in the land use patterns of the region,
resulting in the changes in the ecological environment
quality of the study area. Therefore, analyzing the
changes in ecological environment quality is of great
importance in term of the protection of regional
biodiversity, and is the basic condition for ecological
protection and rational planning and utilization of
natural resources, in turn, which will help to maintain
the balance and sustainable development of regional
natural ecosystems [9].

Ecological environment quality evaluation, which
refers to the evaluation of the ecological environment
quality and its influence relationship based on a
series of the selected indicator systems and evaluation
criteria [10]. At the present, there are two main
methods of researches: the first method is based on the

various model evaluation methods, such as ecological
environment suitability index model (HSI) [11-12],
SolVES model [13], and MaxEnt model [14-15], etc, the
ecological environment quality module in the InVEST
model is the most widely used and mature ecological
environment quality evaluation method in the present
[16-19]. In recent years, a large number of related
researches which based on the model have been done
to evaluate and analyze the ecological environment
quality in different regions. The other type of research
is evaluating the ecological environment quality in
different scales based on the ecological environment
quality evaluation index system. The selected indicators
mainly include the natural state, slope, aspect, landscape
pattern and human impact of the study area [20-23].
However, in the current researches, the indicator system
of ecological environment quality is short of a unified
construction standard, and the evaluation method is too
simple, which is the main cause that affects the results
of ecological environment quality evaluation. Therefore,
in the follow-up study, it’s necessary to construct
an indicator system reflecting the characteristics of
ecological environment quality in the study area and
adopt a more scientifically reasonable evaluation
method.

With the implementation of the South-to-North
Water Transfer Project, the ecological environment
quality of the Danjiang River Basin (Henan Section)
has been disturbed obviously by human activities.
According to the characteristics of the study area,
it’s of great importance to screen out the ecological
environment quality evaluation indexes of the basin
and to construct a reasonable evaluation index system
for analyzing the changes in ecological environment
quality, which will include its temporal and spatial
evolution. Based on the above research objectives, in
this study, we construct an ecological environment
quality evaluation index system suitable for the study
arca based on the ecological basis, ecological structure,
ecological benefits and ecological stress. The grid
is selected as the evaluation unit, and the analytic
hierarchy process and entropy are used, and combined
the weighting method to query the weights of the
evaluation indicators, and the central point triangle
whitening weight function and the relative difference
function are applied to improve the variable fuzzy set
evaluation model, and, then, we evaluate the ecological
environment quality of the research area in the past 20
years. The temporal and spatial evolution of ecological
environment quality in combination with the land use
change is conducted.
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Fig. 1. The geographical location map of the study area.

Study Area and Data
Study Area

The Danjiang River Basin (Henan Section) is located
in the southwestern part of Henan province, as shown
in Fig. 1. It is adjacent to Hubei province and Shaanxi
province in the Qinling Mountains. It consists of several
townships in Lushi County of Sanmenxia City, several
townships in Luanchuan County of Luoyang City, and
Nanyang City. Xixia County, Luanchuan County, and
several townships in Neixiang County and Dengzhou
City, with a total area of 8438.29 km? including
6978 km? in Nanyang City, 1132 km? in Sanmenxia City,
and 328 km? in Luoyang City, geographical coordinates
were between and 110°52'E-112°E and 33°30°N-34°N.
The study area is located in the transition zone from
the northern subtropical zone to the temperate zone.
The forest land area is about 4280 km? and mainly
distributed in the western and northern mountainous
areas. The cultivated land area is about 1470 km?, which
is mainly distributed in the plains and hilly areas in the
central and southeastern parts. The urbanization level is
low, accounting for only about 3% of the total area of
the study area.

Data

The basic remote sensing data used in this study are
Landsat series remote sensing images, the sensors are

Landsat 5-TM and Landsat 8-OLI, respectively. The
imaging times were September 1998, September 2008
and August 2017, respectively, to avoid the errors of
different vegetation growth periods. Firstly, the image
was cut in ENVIS.1, referring to the classification
system of the national land use and in combination
with the actual land use in the study area. The land
use types of the study areca were determined as forest
land, grassland, water area, bare land, construction land
and cultivated land, as shown in the Fig. 2. The support
vector machine was used to classify the images and
obtain the preliminary classification results of the study
areca; Based on this, classification results are processed,
misclassified pixels are corrected according to relevant
data such as field surveys and current land use maps,
and finally land use classification results for the survey
area are obtained. Samples were randomly collected in
the study area, and the classification confusion matrix
and Kappa coefficient of the three-stage images were
calculated by ENVI 5.1. The results obtained were
0.82, 0.86 and 0.83, respectively, indicating that the
classification results are better. Various landscape
pattern indicators, ecological land use ratio, land use
intensity and other indicators were calculated based
on the image classification results; the annual average
rainfall index was obtained by Kriging interpolation
according to the meteorological data of the China
Meteorological Data Network; data, such as NPP (Net
Primary Productivity), were calculated according to the
data source of the International Scientific Data Service
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Fig. 2. Land use classification map of the study area.

Platform; the population and per capita GDP indicators
were obtained by looking up the Statistical Yearbook of
the study area.

Methods

Selection and Calculation
of Evaluation Indexes

Based on the theories of sustainable development,
landscape ecology and regional science, we selected
the following indicators based on the ecological basis,
ecological structure, ecological benefits and ecological
stress area according to the ecological status and socio-
economic development of the study area. An ecological
environment quality evaluation indexs system was
constructed for the study area, as shown in the Table 1.

In this study, a grid of 1kmx lkm was used as the
evaluation unit of the study area.

Land use type
- Construction land
- Watcrs
- Woodland
[ Barc land
Arable land
Grassland

048 1624 32
s Kilometers

(I) Remote sensing ecological index (RSEI): This
index can quickly monitor and reflect the regional
ecological environment quality, which including
inversion indicators such as greenness, humidity, heat,
and dryness [24-27].

RSEI = f(NDVI,Wet, LST,NDSI) ,

..where NDVI represents the greenness index; Wet
represents the humidity index; LST represents the heat
index; and NDSI represents the dryness index.

(2) Topographic index: A comprehensive index
describes the topographic relief of the study area.
The terrain index can effectively reflect the combined
effects of terrain elevation and terrain slope on the
spatial distribution of landscape [28]. The calculation
formula of the terrain bit index based on DEM data is
as follows:
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Table 1. Ecological environment quality evaluation indexs system in the study area.

Criteria layer

Index

Attributes

Ecological basis

RSEI

Positive indicator

Annual rainfall

Interval indicator

Effective soil thickness

Positive indicator

Terrain index

Positive indicator

NPP

Positive indicator

Ecological structure

Diversity index

Positive indicator

Uniformity index

Positive indicator

Fragmentation index

Negative indicator

Dominance index

Positive indicator

Ecological land use ratio

Positive indicator

Ecological stress

Population density

Negative indicator

Urbanization ratio

Negative indicator

Land use intensity

Negative indicator

Ecological benefits

Per capita GDP

Positive indicator

Ecological service value

Positive indicator

+1 [x S

meam meam (2)

T =log,,

..where T is the topographic index, H and § are the
elevation and slope values of the study area respectively.
H  and S  are the average elevation values and
average slope value in the study area.

(3) Diversity index: The diversity index reflects the
quantity of land types in the study area, the uniformity
of land types with different proportions of land types

[29]. The calculation formula is as follows:

..where Pi is the proportion of land type i; m is the
number of land use types.

4) Uniformity index: The uniformity index
was mainly used to describe the uniformity degree
of distribution of different types of land use. The
calculation formula is as follows:

E = H/ Hmax (4)

..where H = In(m) refers to the diversity index in the
maximum uniform state, which ranges from [0,1].

(5) Dominance index: The dominance index was
used to reflect the deviation between the land use
diversity and maximum diversity, indicating the extent
to which a certain land type dominates the land use
types. The calculation formula is as follows:

D=H, -H=H_+>" (p)xIn(p )(5)

..where H = Inm. The greater the dominance degree
is, the more obvious advantage of certain land types

have.

(6) Fragmentation index: The fragmentation index
was used to describe the complexity of the spatial
structure of land use and can reflect the interference
degree of landscape types by natural and human factors.
The calculation formula is as follows:

F =(NP-1)/NC

..where NP is the total number of plaques of land
use type and NC represents the area of the study area
divided by the minimum plaque area.

(7) Land use intensity: This index reflects the
degree of human use of land under social and economic
activities. The calculation formula is as follows:

L=Y" A4C x100% o

..where L is the land use intensity index, 4, is the
indicator which describe the classification factor of a
certain land use type, and C, is the percentage of the
land use type to the total area of the study area; and # is
the number of land use types.

(8) Proportion of ecological land: Ecological land
types are mainly divided into forest land, grassland,
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waters, tidal flats, wetlands and other ecological land
[30]. Its calculation formula is as follows:

..where Z is the proportion of ecological land, C is the
total area of ecological land in the study area, and Q is
the total area of the study area.

(9) Population density and per capita GDP: Data
from the township population and per capita GDP of
the townships in the study area in 1998, 2008, and 2017
were obtained from the statistical yearbook of the study
area, and assigned to the Danjiang River Basin (Henan
Section) by ArcGIS. In the administrative division map,
the population density and per capita GDP data are
calculated according to the area of each township.

(10) Eco-service value (ESV): ESV refers to the
direct or indirect acquisition of various products and
services through different land ecological environment
values in the process of human transformation of land,
which can be quantified by the value of ecological
services [31-32]. The calculation formula is as follows:

ESV =" AXV,

©

..where ESV is the total value of ecological service
value; A1 is the area of the i-th land use type in the study
area and its unit is hm?; and Vi is the ecological service
value coefficient of the i-th land use type and its unit is
Yuan/hm?.

Determination of Index Weight

The weight of the evaluation index can reflect the
importance of the evaluation process, and different
weights often result in different evaluation results.
The commonly used index weighting methods include
expert scoring, analytic hierarchy process, coefficient of
variation method, and entropy weight method. In order
to improve the accuracy and objectivity of weights, we
used analytic hierarchy process and entropy weight
method in combination with weights to determine the
index weights.

Analytic Hierarchy Process

AHP mainly obtains the judgment matrix by
evaluating the evaluation indexes, calculates the
normalized eigenvector of the judgment matrix, and
obtains the weight w, of the i-th evaluation index.
Finally, the consistency of the obtained results was
tested [33].

Entropy Weight Method
Entropy is a concept derived from thermodynamics.

In 1948, Shannon first introduced information
entropy to describe the uncertainty of the signal from

the source, which is a way to measure the order of
the system in the first order [34]. The smaller the
information entropy of an evaluation metric, the greater
the degree of change in the metric, the greater the
amount of information provided by the metric, and the
greater the weight. The steps to determine the weight
of an index using the entropy weight method are as
follows:

(1) Standardization of Initial Indexes

The original evaluation index matrix X was
constructed, a total of m evaluation indexes were set, n
refers to the evaluation objects and the index matrix is:

X Xyp e Xy,
Xy Xy e Xy,
X =Xy =
Xt Xma o X (10)

After standardizing the matrix, P = (P;j)mw where
pl_j(OSp[jSl) is the standard value of the jth criterion on
the index i.

(2) Define Index Information Entropy

The entropy of the ith index was defined as follows:

e = _kz;;lzij In Z,.j.,(l <z< m) an

Pij 1

Zij = ~ k=— :
..where Zjeapij , k inn, and when z, = 0, given
z In z,= 0.

(3) Determination of Index Weights
Based on the index information entropy, the entropy

weight of the index is defined as:

e,.
=1 (12)

..where 0<w, <I, Vit Wy =1
Combination Weight Calculation

AHP focuses on the subjective preference of
decision makers. The entropy weight method focuses
on the objective information contained in the data itself.
Therefore, it is necessary to consider two methods to
determine the index weights. Its calculation formula is:

..where, a is focus coefficient and 0<a<l.
Comprehensively considering the relationship between
the indicators, the value of a« was set as 0.5.

Evaluation Method

Based on the fuzzy mathematics, the variable fuzzy
set theory calculates the pros and cons of each evaluation
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index from the perspective of relative membership
degree, and in combination with the weighting method
to evaluate the ecological environment quality of the
study area [35-38]. The main process of variable fuzzy
set theory is to first establish the opposite fuzzy set and
relative difference function of each evaluation index,
then the relative difference function and the central
point triangle whitening weight function was used to
calculate the relative membership degree, and finally
carry out the fuzzy variable evaluation. The specific
steps are as follows: 1.0pposite Fuzzy Sets and Relative
Difference Functions.

Chen [38] proposed that the source and motivation of
the movement of things originated from the opposition
and unity of the contradictions according to the
contradictory principle of movement in the dialectics
of nature. According to this proposal, the nature of
the contradictions was given to 4 and A€, and the
occurrence of things was given. The equilibrium bound
of mass change is defined as: the relative membership
degree p,(u) of the attraction property A of the fuzzy
concept and the relative membership degree u () of
the repulsive property A€ reach a dynamic equilibrium,
ie. () = p,c).

Definition 1: The opposite fuzzy concept (things,
phenomena) was set on the domain U, and the attraction
and exclusion properties were dented by A4 and A€. For
any element u in U, ueU is met, reference continuous
interval [1,0] (to A) and [1,0] (to 4°) at any point. The
relative membership of attraction and exclusion are
w, (@), p,c(), and p, (u) + p,c() = 1 (Fig. 3). Given that

A={u, 1, (u), pr,c(u)|ueU} (14)
Meet p, (@) + p,c = 1, 0< p, <1, 0< p,cw)=I,

A is known as the opposite fuzzy set of U.
Definition 2: Set

D, (u)=p,(u)=pric(u) (15)

D ,(w) is known as the relative difference of u to D,
map to:

D,:D—[-1,1]
ul>D,(u)e[-L1] (16)

The formula is known as the relative difference
function of u versus A4 (Fig. 3).

[ B

Definition 3: Let U be the domain, u be any element
in UueU. p,(u) and p,c(u), the relative membership
degree of the property 4 and the degree of A repulsion
property of the thing u satisfy the definition of the
opposite fuzzy set formula (14), respectively, given that

V={(u,D)|ue U,D,(u)=p,(u)—p,c(u),De [—1,1]}
(17)

V' is known as the fuzzy variable set of U.
Relative Membership Calculation

(1) Relative Difference Function Model

Set X, = [a,b] as the attraction domain of the fuzzy
variable and set V to the real axis, ie. 0<D ()<l
interval, X = [c,d] is set as a range of upper and lower
bounds, including X (X, < X), as shown in Fig. 3.

Set M as the point value of p,(u) = 1 in the attraction
domain interval [a,b], where M is not necessarily the
midpoint value of the interval [a,b], x is the value of any
point in the interval [a, b]. When x falls to the left of the
M point, the relative function difference model is:

D, (u)=(r=af )" xe[a,M]

D, (“):‘(j:ZT xeleal o

When x falls to the right of point M, the relative
function difference model is:

DA(“)=(;;__bb )ﬂ xe[M,]

DA(”):_(;—:Z)ﬁ xelbd]

When x falls outside the X interval

D,(u)=0x¢[c,d] 20

..where B is a non-negative index, usually f = 1, that
is, the relative difference function model is a linear
function. Therefore, the relative membership degree u,
(u) of the index x can be solved by the relative difference

e}

a

Fig. 3. Relative function difference model.

M b

(oW
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function, and the calculation formula is as shown in the
equation (21).

1+ D, (u
My (u)z 2A( ) 2l

(2) Center Point Triangle Whitening Weight
Function

Grey whitening weight function clustering is a
clustering method that uses the whitening weight
function of gray class to divide the research evaluation
index into several defined categories, which can more
accurately determine the gray interval attribute and
make the evaluation result more scientifically reliable.
It mainly determines the strength and weakness of
the evaluation object by measuring the gray clustering
coefficient of the index, and then performs the grade
discrimination [39-40]. The central point triangle
whitening weight function calculates the membership
degree of each index by determining the center point of
the gray class, and the evaluation result was calculated
by combining the index weights.

The procedure for calculating the relative
membership based on the whitening weight function of
the center point triangle is as follows: according to the
evaluation requirements of the indicators, the range of
values of the evaluation indicators is defined as having
a difference interval. For example, the value range
(a,, a) of the indicator was divided into [a, a,], ...
la,, al, ... la_, a]l], [a, a_,], among which
k=12, .., s. Set 4 as the center point of the kth interval,
ie. 4, = (a,a,)?2.

In order to ensure the integrity of the whitening
function of the observation interval in the S
interval of the first interval, the interval is extended
to the left and right direction, and the 0 interval
and the s+1 interval were added to obtain a complete
center point sequence.. A, A, .. 4, 4. Then the
sample observation value xi of the index i was
calculated by the formula (22) to calculate its relative
membership degree:

0 Xé& [lk-l '/?‘k+1]
Wypw)=1(x=A4_ )/ (4 -4,) xe [Ais 4]
(A =)/ (A —A) x€ (s A

(22)

Therefore, the relative membership of the index is
the following:

ﬂA(u):(ﬂAl(u)+#A2(u))/2 (23)

Fuzzy Variable Evaluation

Let the evaluation object u establish the number of
indicators to be considered in the evaluation system as

m according to the actual analysis, and the index feature
value vector is as follows:

X=>(X,%500%, ) =X, X = (X1, X2, e, X)) = X;
24

..where i is the evaluation indicator serial number,
i =1,2..m. Then the relative membership vector /(1)
of the object u with respect to m indicators is as follows:

A =(a, (), () ot (1),,) s,

Set the weight vector of m indicator to
= (01w - Wp) = ;) and  satisfied

i=1%i = < then the evaluation model of the variable
fuzzy set is:

< IR

P

. (l_lLlA (u),)
o (1, (u),)

v, (u)= 1+2Z1
(26)

v,(u) to evaluate the relative membership of
the object u with respect to the level R, where a is
the model optimization criterion parameter and p is
the distance parameter, the value can be selected from
1, 2.

The appropriate a and p parameters are selected,
and the comprehensive relative membership degree
of each evaluation unit with respect to each level R
is calculated, and the evaluation result was calculated
by combining the level feature values. Its calculation
formula is:

- T
H=(0.2,04,..,1) *%(”)h o)

In the improved variable fuzzy set theory, the
introduced central point triangle whitening weight
function provides a new idea and method for the
calculation of relative membership degree. The
comprehensive relative membership degree obtained by
these two methods can avoid the deviation caused by
the calculation process and ensure the calculation result
is more reasonable and accurate.

Results and Analysis

Ecological Environment Quality Evaluation
Results

Based on the grid evaluation unit, the evaluation
indexes of the study area was extracted, the information
of each unit’s indexes were statistically evaluated and its
relative membership degree with respect to each level
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was calculated, and the generalized weight distance
of the index was calculated according to the index
weight. On the basis, each evaluation was obtained.
The comprehensive relative membership of the level
and the final evaluation result was calculated by using
the level feature value. The evaluation results were
divided into five levels of difference [0-0.2], ordinary
(0.2-0.4], moderate (0.4-0.6], good (0.6-0.8] and
excellent (0.8-1] at equal intervals in ArcGIS. The
ecological environment quality level distribution map
of the study area (Fig. 4) was produced, and the arca
and proportion of the ecological environment quality
of each grade were counted. The results are shown in
Table 2.

It can be seen from Fig. 4 that from 1998 to 2017, the
overall ecosystem quality of the Danjiang River Basin
(Henan Section) showed a clear trend, and the change
was the most significant in the central part of the study
arca. In 1998, the ecosystem quality in study areca
was generally poor. The areas with poor grades were
mainly distributed in the northwestern, northeastern

C.2017

and southeastern parts of the study area. The ecological
environment quality of most parts of the study areca
was of ordinary grade, and the moderate-level land
was mainly distributed in the central and southwestern
parts of the study area, while the area with good
evaluation grade accounted for the smallest proportion
of the total area of the study areca and was scattered
throughout the study area. In 2008, the ecological
environment quality evaluation result of the study area
was significantly improved as compared with that of
1998. The poorly graded area was distributed in the
northwestern part of the study area, and the arca was
significantly reduced as compared with that in 1998. The
ordinary grade area did not change as compared with
that in 1998. The area of the moderate and excellent
arca was slightly higher than that of 1998, while
the area with excellent grades was almost unchanged.
In 2017, the ecological environment quality of the
study area was changed most obviously. The arca
with poor ecological environment quality almost
disappeared. The ordinary grade area was significantly

Level

I:] Poor
- Ordinary
- Moderate
B Gooa
- Excellent

0510 20 30 40
sy Kilometers

Fig. 4. Ecological environment quality evaluation results in the study area.
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Table 2. Ecological environment quality grade area and proportion in the study area.

1998 2008 2017
ECOloﬁif:;li t?/nl\:\f(e)ln ment | Area/km? Proportion (%) Area/km’ Proportion (%) Area//km? Proportion (%)
Poor 441.22 5.23 122.14 1.45 3.93 0.05
Ordinary 4528.79 53.67 4139.65 49.05 2636.47 31.24
Moderate 3132.7 37.12 3644.09 43.19 5206.88 61.71
Good 319.58 3.79 520.41 6.17 579.01 6.86
Excellent 16 0.19 12 0.14 12 0.14

reduced and mainly distributed in the northern part of
the study area. The area with moderate grade accounted
for the largest proportion of the area of the study
area. Compared with that in 2008, it was increased
significantly, while the areas with good and excellent
grades were slightly increased as compared with that in
2008.

It can be seen from Table 2 that in the past
20 years, the ecological environment quality of the
study area was significantly lower than that of the
general grade. The area with moderate grade was
increased in a large area, and the change in area with
the good and excellent grade was smaller. The area

with poor grade was dropped from 441.22 km? in 1998
to 122.14 km? in 2008 and has dropped to 3.93 km? in
2017; The area with ordinary grade was decreased from
4,528.79 km? in 1998 to 4,139.65 km? in 2008, and its
area was 2,364.47 km? in 2017, and its proportion was
decreased to 22.43%; the area with moderate grade
changed significantly, and the area in 1998, it was only
3132.7 km?, rising to 3644.09 km? in 2008, and has risen
to 5206.88 km? in 2017, with a rising proportion being
24.59%; the area with good ecological environment
quality was increased from 319.58 km? in 1998 to
579.01 km? in 2017 while the quality of ecological
environment of the study area was almost unchanged.

A.1998-2008 2 B.2008-2017 ¥ N
s o) i
=9 , A
‘“'I / ) e
m i ﬂrll
HIRRRRR.= AR i L il
L ML é '?4 i “i LHIH 1ri'
I . Hi tiltsant]. P
W it H | w1 I I
i il T 4 il ot , i
) - il i WL
| o R ! I il i b 1Y
" [ il il
s i HE 4
aat i H FTE R T Hl
: s ; i
H l; i g B
= & i i i
Change level h- B !5!: ) § 1 :
Il Obviously worse 4§ EL LT K A g g
N il b i
[ slightly worsc » " 3 G
o . p: e & 4
:’ Unchanging S%;f": bRl R Ao Lo
o A f
Slightly better j{xj 048 16 24 32 ’
: e Kilometers

Obviously better

Fig. 5. Ecological environment quality change map in the study area.
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Analysis of Change in Ecological Environment
Quality and Spatial Correlation

Analysis of the Changes in Ecological Environment

Quality

Based on the results of ecological environment
quality evaluation in the study area for a period of nearly
20 years, change map in the ecological environment
quality of the study area from 1998 to 2017 was drawn
(Fig. 5), and the change types were divided into five
grades: significant deterioration (-0.4, -0.2); slightly
worse (-0.2, -0.05), unchanged (-0.05, 0.05), slightly
better (0.05, 0.2), and significantly better [0.2, 0.4), and
statistical changes in various areas (Table 3). The land
use change condition and other basic data in the study
area were used to analyze the causes for the changes in
ecological environment quality in the study area within
the past 20 years.

It can be seen from Table 3 that the area of
the Danjiang River Basin (Henan Section) with
significantly worsened ecological environment quality
between 1998 and 2008 reached 27.57 km?, and the area
with significant deterioration from 2008 to 2017 was
4 km? Compared with that in the past 20 years,
the study area of the ecological environment with
significantly degraded ecological environment quality
was only 2.77 km? The area with slightly worsened
ecological environment quality ranged from 748.90 km?
between 1998 and 2008. The area was decreased slightly
to only 705.61 km? between 2008 and 2017, while the
slightly degraded area in the past 20 years was only
425.63 km?. The area with slightly better ecological
environment quality was 191536 km? in the first
10 years and was increased to 2231.76 km? in the last
10 years, and slightly improved in the last 20 years
to 3121.12 km? The area that was obviously better
was also increased. From 54.41 km? in the previous
10 years to 140.03 km? in the last 10 years, the area
with a significantly better ecological environment
quality in the past 20 years had reached 164.19 km?.
In summary, over the last two decades, the ecological
environment quality of a larger proportion of the
changed area in the Danjiang River Basin (Henan
section) has been slightly improved. This change
indicates that the habitat quality in the study area has
been continuously improved.

Spatial Correlation Analysis

Spatial statistical analysis mainly used statistical
methods to classify and comprehensively evaluate
spatial data, which core is to analyze spatial positional
relationships through spatial data [41]. In this study, the
changes of ecological environment quality in the study
area in the past 20 years were taken as spatial variables,
and the spatial distribution characteristics were
studied, which is helpful to analyze the change trend
and evolution mechanism of ecological environment
quality. Spatial autocorrelation analysis measured
the autocorrelation and correlation of a variable in
spatial distribution and was usually calculated using
the Moran’s I index. To further reveal the local spatial
heterogeneity of the variables, the spatial heterogeneity
distribution was represented by the Local Spatial
Correlation ‘ndex (LISA).

GeoDa software was used to perform a spatial
autocorrelation analysis of changes in the quality of the
ecological environment in the study area over the past
20 years. The results were plotted as Moran scatter plot
and LISA index spatial aggregation map, and combined
with the land use transfer matrix of the research area for
nearly 20 years. The causes for the changes in ecological
environment quality in the area were analyzed.

The spatial autocorrelation calculation of the
change in ecological environment quality showed that
the global Moran’s I index was 0.5122 and the Z-score
was 7.4368, indicating that the ecological environment
quality variation distribution in the study area showed
a significant and spatially positive correlation, and
there was an obvious spatial aggregation distribution
phenomenon, that is, the area where the ecological
environment quality was better, the ecological
environment quality around it is also getting better,
and vice versa. It can be seen from Moran’s scatter
plot that the H-H quadrant represents an increase in
ecological environment quality while the L-L quadrant
represents a decline in ecological environment quality.
The L-H quadrant represents showed that a portion
of the ecological environment quality was reduced
with elevated ecological environment quality, and the
H-L quadrant represents a portion of the ecological
environment quality. The areas with high ecological
environment quality were surrounded by areas of
reduced ecological environment quality.

Table 3. Area of ecological environment quality change in the study area (unit: km?).

Change level 1998-2008 2008-2017 1998-2017
Obviously worse 27.57 4.00 2.77
Slightly worse 748.90 705.61 425.63
Unchanging 5692.05 5356.90 4724.58
Slightly better 1915.36 2231.76 3121.12
Obviously better 54.41 140.03 164.19
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Fig. 6. Moran scatter plot of ecological environment quality
change in the study area.

Through the analysis of the spatial aggregation
characteristics of the LISA index of ecological
environment quality change in the study area in the past
20 years, there were 998 high-high clusters, accounting
for 11.21% of the total area of the study area. It can be
saw from the figure that the areas with better ecological
environment quality in the study area are mainly
concentrated in the northeast, west and southeast parts
of the study area. Combined with the land use change
map (Fig. 1) and the land use type transfer matrix
(Table 4) in the study area, we found that the main
land use types in the northeast and west were forest
land, and the implementation of the policy of returning
farmland to forests was the cause for the improvement
of ecological environment quality. From the land use
transfer matrix of the study area, it can be found that
the net conversion area of cultivated land to forest land
in the past 20 years was 392.55 km?, and the increase
of vegetation coverage in the lower slope area led to the

Lcosystem quality
change aggregation

l:] Not obvious
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Fig. 7. LISA aggregation map of ecological environment quality
change in study area.

improvement of the ecological environment quality of
the area; The land use types in the southeastern part
were mainly the cultivated land and grassland, and they
are located in the main canal area of the South-to-North
Water Transfer Project. The cause for the improvement
of ecological environment quality may be related to
the overall ecological planning of the region. There
were 909 low-low accumulation areas, accounting for
10.31% of the total area, which was mainly concentrated
in the northern, western and southeastern parts of

Table 4. Land use type transfer matrix of study area in 1998-2017(unit:km?).

1998-2017
Years
Types Woodland Grassland Arable land | Construction land Waters Bare land
Woodland 3814.74 206.49 61.64 12.89 14.07 5.67
Grassland 419.87 1028.85 400.15 69.20 14.39 98.92
Arable land 454.19 43.59 943.90 122.15 37.31 136.39
1998 ;
Construction 0.64 11.95 28.10 43.82 23.83 9.55
land
Waters 0.69 1.81 9.69 3.66 320.23 1.03
Bare land 0.53 24.76 27.27 14.89 10.37 21.06
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the study area. At the same time, there are also some
areas where the changes in the surrounding ecological
environment quality were abnormal, that is, low-high
type and high-low type areas, which were scattered
in the study area. Among them, the low-high anomaly
area represents the area where ecological environment
quality declines was surrounded by the area where
the ecological environment quality was increased.
This change indicates that the ecological environment
quality of this area is abnormally decreased. On the
other hand, the high-low anomaly area represents the
arca whose ecological environment quality increases
was surrounded by the area where the ecological
environment quality was declined. This change
indicates the ecological environment quality of the area
is abnormally increased.

Conclusions

Based on the data for land use type, natural
conditions and socio-economic development of
Danjiang River Basin (Henan Section) in this study, we
selected the ecological environment quality evaluation
index of the study area based on the ecological basis,
ecological structure, ecological benefit and ecological
stress. The evaluation unit of the study area adopted the
improved variable fuzzy set model, and used ArcGIS
software to quantitatively evaluate the ecological
environment quality and the level and area of the
ecological environment quality in the study area. The
results show that the ecological environment quality
of the study area has shown a good trend in recent
years. Among them, the area changes in the ecological
environment quality in the central area from 3132.7
km? in 1998 to 3644.09 km? in 2008, and has risen to
5206.88 km? in 2017was the most significant one. The
area with ordinary grade was dropped from 4,528.79
km? in 1998 to 4,139.65 km? in 2008, and to 2,364.47
km? in 2017, a decrease of 22.43%. Furthermore, the
autocorrelation analysis of ecological environment
quality changes in the study area showed that the
global Moran’s I index was 0.5122, indicating that the
distribution of ecological environment quality changes
shows significant spatial autocorrelation. It can be seen
from the spatial aggregation feature map of LISA index
that the change in ecological environment quality in
the study area is closely related to human activities.
The expansion of construction land and the increasing
population are the main factors causing the decrease
of ecological environment quality in the study areca
while the area with improved ecological environment
quality was closely related to the increase of vegetation
coverage in mountainous areas and the protection of
cultivated land.

As the water source of the Middle Route of the
South-to-North Water Transfer Project, the ecological
environment quality of Danjiang River Basin (Henan
Section) in the past 20 years has been gradually

improved, indicating that the ecological status of the
study area has been gradually improved. However, its
ecological environment quality in some other areas
mainly with the expansion of construction land was
declined. The declined ecological environment quality
is related to disturbance of human activities. Therefore,
in the process of urbanization development, it is
necessary to pay particular attention to the coordinated
development of the economy and the ecological
environment, further promoting the coordination of
human-land relations, and continuously improving the
ecological environment quality of the research area and
achieving sustainable development.
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