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Spatial distribution characteristics and influencing factors of eco-environmental quality based
on RS and GIS in Shiyang River Basin China. GUO Ze-cheng' WEI Wei'" ZHANG Xue—
yuan' LI Zhen-ya' ZHOU Jun-u' XIE Bin-bin® ( 'College of Geographical and Environment
Science  Northwest Normal University ~Lanzhou 730070 China; >School of Urban Economics and
Tourism Culture Lanzhou City University Lanzhou 730070 China) .

Abstract: Based on RS and GIS 11 indexes from three aspects including natural capital social
pressure and economic supports were selected. The natural capital index ( NCI) social pressure
index ( SPI) economic support index ( ESI) and environment quality evaluation index ( EQEI)

were constructed by using spatial principal component analysis variation coefficient method and
analytic hierarchy process. The spatial distribution characteristics and influencing factor of the envi-
ronmental quality in Shiyang River Basin were analyzed. The results showed that the overall environ—
mental quality was at poor level in Shiyang River Basin. The regions with better classes of environ—
mental quality were mainly concentrated in the upper reaches of Qilian Mountains and those with
poorer classes were mainly concentrated in the middledower reaches of low hills land and desert.
The EQEI value in Shiyang River Basin had polarization phenomenon from southwest to northeast.
With the variation of distance the value had large variation range with obvious spatial heterogeneity.
The environmental quality showed both high and low aggregation patterns with " fault" distribution.
There were highly clustered hot spots and highly clustered cold spots in the basin. Among the influen—
cing factors of environmental quality natural capital was the dominant one social pressure was the
second and economic support was the least contributor.

Key words: eco-environmental quality; spatial distribution characteristics; influencing factor; eco—
environmental quality evaluation index; Shiyang River Basin.
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Fig.1 Map of research area.
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1
Table 1 Results of multicollinearity diagnosis

( natural capital index

Index VIF TOL NCI) : '
Ve 2.427 0.412 NCI=r X +r, Xy +r Xyteee4r, X, (6)
E 6.562 0.152 Cor n X n
S 1.523 0.657
AR 6.066 0.165
AAT 2.870 0.348 =85%
DD 1.763 0.567 r .
ST 2.710 0.369 4
LUT 1.420 0.704
RND 2.473 0.404 92.7%( 2). 4
PD 5.912 0.169 (X,~X,) :
GDP
4.633 0.216 NCI=0.639X,+0.135X,+0.098X,+0.055X, (7)
VC: Vegetation coverage; E: Elevation; S: h
Slope; AR: Annual rainfall; AAT: Annual ave— 1.6.2
rage temperature; DD: Drainage density; ST: Soil
type; LUT: Land use type; RND: Roads
net density; PD: Population density; GDP: GDP Per
capita GDP. The same below.
( n” ik
11 : , 3
1.5
( social pressure
index SPI) .
Vi=0,/X, (8)
W, =V./>V, (9)
N ~ ~ i=1
: : GDP; SPI=Y WY, (10)
i=1
Vi i ; g, Xi i
17 ; Wl' L v 4
i SPI 3
Vo= ( X=X ,0) /(X =X,) (4) :
1.6.3
Yi=( X, =X) /(X =Xoi) (5)
Y. i v X, i
2
X X : Table 2 Results of spatial principal component analysis
1.6
Principal Eigenvalue Contribution Accumulative
1.6.1 I 8
e component rate contribution
(%) rate ( %)
1 0.139 63.9 63.9
2 0.029 13.5 77.4
' 3 0.021 9.8 87.2
4 0.011 5.5 92.7
5 0.008 3.6 96.3
ArcGIS 10.2 6 0.005 2.5 98.8
7 0.003 1.2 100
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Table 3 Variation coefficients and weights of three indexes

Index Standard Mean Variable Weight
deviation coefficient
PD 0.229 0.754 0.303 0.153
LUT 0.356 0.276 1.288 0.651
RND 0.228 0.588 0.387 0.196
GDP. GDP
( economic support index ESI)
GDP.
1.6.4 N
NCI.SPI  ESI
> > B

8 NCI.SPI  ESI

N = 3.039

max

CI=0.019 RI=0.580
CR=0.033<0.1 .

NCI.SPT  ESI 0.637.0.258.0.105.

( eco-environmental quality eva—

luation index EQEI) :
EQEI=0.637NCI+0.258SPI+0.105ESI (11)

1.7
. ArcGIS
10.2 ( 3D Profile)
EQEI
3

4

Table 4 Pair-wise comparison matrix
Index NCI SPI ESI

NCI 1 3 5
SPI 1/3 1
ESI 1/5 1/3 1
NCI: Natural capital index; SPI: Social

pressure index; ESI: Economic support index.

3
Fig.3 Profile distribution of study area from the southwest to

the northeast.
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Table 5 Eco-environmental quality classes and area statis—
tics in Shiyang River Basin

Class Count Area Percentage

(km?) (%)

Extremely bad 7245823 6525.43 16.1

Bad 10946615 9858.29 24.3

Poor 8513918 7667.45 18.9

Moderate 9103876 8198.76 20.2

Good 5354548 4822.19 11.9

Excellent 3893842 3506.71 8.6
Total 45058622 40578.83 100

4

Fig.4 Spatial distribution of eco-environmental quality in Shi—

yang River Basin.

JC: Jinchuan; YC: Yongchang; 1.Z: Liang—
zhou; MQ: Mingin; GL: Gulang; SN: Sunan;
TZ: Tianzhu. The same below.
2.2
- EQEI
EQEI 0
1 010 ( 35). -
EQEI
- EQEI

2.13x10* m EQEI 4~8

5

Fig.5 Profile changes of EQEI from the southwest to the north—
east in study area.
a) Huajian; b) Hongxiang; c)

Dongba; f)
Donghu; i)

Zhuwangbao; d)

Huaeryuan; e) Shuangcike; g)

Yiliangtan; h) Public land.
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Fig.6  Spatial aggregation distribution of eco-environmental

quality in Shiyang River Basin.
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7

Fig.7 Spatial distribution of evaluation factors in Shiyang River Basin.

NCI:

6

Natural capital index; SPI:

Social pressure index; ESI:

11

Economic support index.

Table 6 Geographical detector results on 11 impact factors of eco-environmental quality in Shiyang River Basin

Factor Natural capital Social pressure Economic Support
vC E S AR AAT DD ST LUT RND PD GDP,
Qv 0.703 0.661 0.254 0.616 0.491 0.335 0.672 0.540 0.142 0.352 0.324
1Y% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
QR 1 3 7 4 5 6 2 1 3 2 1
QTR 1 3 10 4 6 8 2 5 11 7 9
QV: ¢ ¢ value; PV: p  pvalue; QR: ¢ ¢ ranking; QTR: ¢ q total ranking.
(MSI) . (WI) 4
. ( RSEDI)
: EQEl  1995—2016
_EQEI >
>
3
14 (3D
N 3 Kruskal-  Profile) . Getis-Ord G,
Wallis (X%)
2000.2005.2010 2015 30 mx30 m
. » InVEST
2005.2010 2015 N N
N N 5 NCI.SPI.ESI  EQEI
34
(DI) . (Gl) .


User
高亮


3084 30

) et al. Evaluation for regional ecological sustaina—

bility based on PSR model: Conceptual framework. Pro—

gress in Geography ( ) 2012 31(7):
933-940 ( in Chinese)
GDP 3 Malekmohammadi B Blouchi LR. Ecological risk

assessment of wetland ecosystems using multi criteria
decision making and geographic information system.
Ecological Indicators 2014 41: 133-144
4  FuB( ) LiuY ( ) . Global ecosystem
observation and research programs: Evolution and
insights for future development. Progress in Geography
( ) 2014 33(7): 893-902 (in Chi-
nese)
RS GIS 5 Hu X Xu H. A new remote sensing index for assessing
the spatial heterogeneity in urban ecological quality: A
case from Fuzhou City China. Ecological Indicators
2018 89: 11-21
. - 6 Ministry of Ecology and Environment of the People’ s
“ ( ) - ( Republic of China ( ).
) - ( ) » Technical Criterion for Ecosystem Status Evaluation
(HJ/T 192-2015 EB/OL . (2015-03-13) 2018-
0928  http: //kjs. mee. gov. cn/hjbhbz/bzwb/stzl/
N 201503/120150324_298011.shtml ( in Chinese)
“ ” 7 Ministry of Ecology and Environment of the People’ s
Republic of China ( ).
Technical Criterion for Ecosystem Status Evaluation
(HJ/T 192-2006) EB/OL . (2006-03-13)  2018-
0928  http: //kjs. mee. gov. cn/hjbhbz/bzwb/stzl/
200605 /120060501_74874.shtml ( in Chinese)
N N N 8  Wang S-Y ( ) Zhang XX ( ) Zhu T
0.5 . ( ) et al. Assessment of ecological environment
q 0.540 quality in the Changbai Mountain Nature Reserve based
on remote sensing technology. Progress in Geography (
; : ) 2016 35(10): 1269-1278 ( in Chi—
nese)
9 Man WD ( ) Liu MY ( ) Li XY (

) et al. Assessment on the dynamics of eco-envi—
ronmental statuses from 1990 to 2015 in the ecological
function zone of Sanjiang Plain. Journal of Arid Land Re—
sources & Environment ( ) 2018

N . 32(2): 136—141 (in Chinese)
10 LuZW( ) Wu C¥F ( ) Yue WZ (
) et al. The assessment on residential ecological
environment in the central city of Hangzhou. Acta Eco—
logica Sinica ( ) 2010 30( 11): 2856-2863
(in Chinese)
11 Xu HQ ( ) . A remote sensing urban ecological
1 Wang]J ( ) Zhou W-Q ( ) Xu K-P index and its application. Acta Ecologica Sinica (
( ) et al. Quantitative assessment of ecological ) 2013 33(24): 7853-7862 ( in Chinese)
quality in Beijing-Tianjin-Hebei urban megaregion Chi— 12 Xie X ( ) WuT( ) Xiao C (
na. Chinese Journal of Applied Ecology ( ) et al. Ecological security assessment of the Dong—
) 2017 28(8): 2667-2676 ( in Chinese) yang River watershed using PSR modeling. Resources
2 Peng]( ) Wul-S( ) Pan Y ( Science ( ) 2014 36(8): 1702-1711 (in



RS GIS

3085

13

15

16

17

19

20

21

22

Chinese)
Liu Y ( ) LyuJ-S( ) Wu Q-Y (
) et al. Comprehensive assessment of regional eco-

logical environment based on object-orientation theory.

China Environmental Science ( ) 2012
32(8): 1521-1529 ( in Chinese)
Liang B-B ( ) Shi P ( ) Wang W

( )

quality of arid inland river basin based on RS and GIS:

et al. Integrated assessment of ecosystem

A case study on Shiyang River Basin Northwest China.

Chinese Journal of Applied Ecology ( )
2017 28(1): 199-209 ( in Chinese)
Zhou X-C ( ) Wang X-Q ( ) Jiang H

( )

analysis on change of eco-environmental quality in Jiu—

et al. Remote sensing based evaluation and

long River basin. Journal of Geo-Information Science (

) 2009 11(2): 231-236 (in Chi-

nese)
Wang L-H ( ) Huang J-4L ( ) DuY
( ) . Eco-environmental evaluation of niddle route

of the South-To-North water transfer project. Resources &
Environment in the Yangize Basin (

) 2011 20(2): 161-166 ( in Chinese)
Zhou W-Y ( ) He BB (

ronmental quality assessment of Ruoergai County in Si—

) . Eco-envi-

chuan Province based on multi-sources remote sensing
data. Journal of Geo-Information Science (
) 2014 16(2): 314-319 (in Chinese)
Liu Z ( ) Xie ZR ( ) Shen W-S (
). A new method that can improve regional eco—
Combining GIS with AHP.
Resources & Environment in the Yangize Basin (

) 2003 12(2): 163-168 (in Chi-

environment evaluation:

nese)
Chai Y-N ( ) Wei G ( ) Hou W (
) et al. Multiscale eco-environmental —quality

evaluation method from a spatial perspective. Chinese

Journal of Ecology ( ) 2018 37(2): 596-
604 ( in Chinese)

Xiao DN ( ) Li XY ( ) Song D-M
( ) . Landscape changes and ecological recon—

struction in Minqin Huqu oasis. Acta Ecologica Sinica
( ) 2005 25(10): 2477-2483 (in Chi-
nese)

Wei W ( ) Shi PJ ( )  Feng HC (

) et al. Study on the suitability evaluation of the
human settlements environment in arid inland river
basin: A case study on the Shiyang River Basin. Journal
of Natural Resources ( ) 2012 27
(11) : 1940-1950 ( in Chinese)

Ministry of Natural Resources of the People”’ s Republic
of China (
Land Use Classification ( GB/T 21010-2017)  EB/

) . Current

23

24

25

26

27

28

29

30

31

32

OL . (2017-0701) 2018-0928 . hitp: //www. mnr.
gov.cn/dt/ywbb/201810/120181030_2288891. himl ( in
Chinese)

Gansu Province Bureau of Statistics ( ).
Gansu Development Yearbook 2017 EB/OL . ( 2018-
0425 2018-09-28 . hitp: //www. gstj. gov. cn/tjnj/
2017 (in Chinese)

Fung T Siu W. Environmental quality and its changes
an analysis using NDVI. International Journal of Remote
Sensing 2000 21: 1011-1024

Zhang X-. ( )  Zhang Y ( ) Niu DK
( ) et al. Spatial-temporal dynamics of upland

meadow coverage on Wugong Mountain based on TM

NDVI. Acta Ecologica Sinica ( ) 2018 38
(7): 2414-2424 ( in Chinese)
Wei W ( ) Xie YW ( ) Wei XX (

) et al. Land use optimization based on CLUE-S
model and ecological security scenario in Shiyang River

Basin. Geomatics and Information Science of Wuhan Uni—

versity ( . ) 2017 42
(9): 1306—1315 ( in Chinese)
Wang Z-J ( ) SuY( ) . Analysis of Eco—

environmental vulnerability characteristics of Hanzhong
City near the water source midway along the route of

the south-to-north water transfer project China. Acta

Ecologica Sinica ( ) 2018 38(2): 432-442
(in Chinese)
Wang G-X ( ) Cheng G-D ( ) . Ecologi—

cal features and variance of soils in Northwest Arid Area
of China. Journal of Arid Land Resources & Environment

( ) 1999 13(3): 14-22 (in Chi-
nese)
Ma S-T ( ) TangJ ( ) Lin NF (

) . Synthetic assessment of eco-environment in the

western Jilin Province based on multisources GIS and

RS spatial information. Resources Science ( )
2004 26(4): 140-145 (in Chinese)

Huang M ( ) Zhang XX ( ) Zhang J
( ) et al. A multi-scale simulation of land use
change in Luoyugou Watershed based on CLUE-S model.
Resources Science ( ) 2012 34(4): 769-
776 (in Chinese)

Guo Z-C ( ) Wei W ( ) Pang SF (

) et al. Spatio-temporal evolution and motivation
analysis of ecological vulnerability in Arid Inland River
Basin based on SPCA and remote sensing index: A case
study on the Shiyang River Basin. Acta Ecologica Sinica
( ) 2019 39(7): 2558-2572 ( in Chinese)
Zhong SX ( ) HuP( ) Xue X-M (

) et al. MultiHfactor comprehensive evaluation
model based on the selection of objective weight assign—
ment method. Acta Geographica Sinica ( )

2015 70( 12) 1 2011-2031 (in Chinese)



3086 30

33 Wei W ( ) Shi PJ( ) Zhou JJ ( 64 (in Chinese)

) et al. Comprehensive assessment of eco-environ— 37  Wang JF ( ) Xu CD ( ) . Geodetector:
mental quality based on GIS and combination weighting Principle and prospective. Acta Geographica Sinica (
method in Shiyang River Basin. Journal of Arid Land ) 2017 72(1): 116—134 (in Chinese)
Resources & Environment ( ) 2015 38 WuP( ) Li TS ( ) Li WM (

29( 1) : 175-180 ( in Chinese) ) . Spatial differentiation and influencing factors analy—
34  Shi SE ( ) Wei W ( ) Yang D ( sis of rural poverty at county scale: A case study of

) et al. Spatial and temporal evolution of eco-envi- Shanyang County in Shaanxi Province China. Geographi—
ronmental quality in the oasis of Shiyang River Basin cal Research ( ) 2018 37(3): 171-182 (in
based on RSEDI. Chinese Journal of Ecology ( Chinese)

39  Wang B ( ) Zhao J ( ) Hu XF (

) 2018 37(4): 1152-1163 (in Chinese)

) . Analysison trade-offs and synergistic relationships

35  Chen P-Y ( ) Zhu X-G ( ) . Regional
inequalities in China at different scales. Acta Geographica amolng multiple ecorsyster.n.services in the Shiyang River
Sinica ( ) 2012 67(8): 1085-1097 (in Basin. Acta Ecologlca. Slm.ca ( ) 2018 38
. (21) : 7582-7595 (in Chinese)
Chinese)
36  Wang Z ( ) Yang S ( ) Wang Y (
) et al. Analysis of cold-hot pattern of urban spa— 1996 )
tial expansion based on minimum cumulative resistance GIS . E-mail: 18709424424@ 163.com
model: A case study of Suzhou-Wuxi-Changzhou area.
Economic Geography ( ) 2016 36(3): 57-
RS GIS . 2019

30(9) : 3075-3086
Guo Z-C Wei W Zhang X-Y et al. Spatial distribution characteristics and influencing factors of eco-environmental quality based on

RS and GIS in Shiyang River Basin China. Chinese Journal of Applied Ecology 2019 30(9): 3075-3086 ( in Chinese)


User
高亮


