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Monitoring and Analyzing Driving Forces of Ecological Environmental
Quality in Taiyuan Urban Agglomeration

Liu Jin, Chen Tianwei, Liu Peng, Jia Xiangping
(College of Geomatics and Geoinformation s Guilin University of Technology . Guilin, Guangxi 541000, China)

Abstract: [ Objective] The changes in ecological environmental quality in the Taiyuan urban agglomeration
from 2002 to 2021 were studied in order to provide scientific recommendations for sustainable urban development
and green transformation. [ Methods] We used the GEE platform, MODIS images. and principal component
analysis to construct the ecological remote sensing index (RSED) by coupling greenness, humidity, heat, and
dryness. The spatial properties of ecological quality changes in the Taiyuan urban agglomeration were studied
by using combining stability analysis and spatial autocorrelation analysis. The influence of various factors
on RSEI was quantified by geographic detectors. [ Results ] The contribution rate of the first principal
component was greater than 75% in all years, indicating that RSEI values extracted based on the first
principal component could comprehensively characterize the ecological environmental quality in the study area.
The ecological environmental quality of the Taiyuan urban agglomeration showed an overall upward trend from
2002 to 2021, increasing from 0.433 to 0.488, with a growth rate of about 0.0029/yr. The ecological improvement
area accounted for 17.1% , mainly located in Lanxian County and Jingle County in the northwest. There was
obvious spatial autocorrelation in the change of ecological environmental quality in the study area, and the

Moran’s I index was 0.729. The high-high and low-low aggregation areas basically coincided with the
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ecological improvement and degradation areas, respectively. The ecological environmental quality of the

Taiyuan urban agglomeration was significantly correlated with the climatic factors of relative humidity, air

temperature, and potential evapotranspiration. [ Conclusion] The ecological environmental quality of the

Taiyuan urban agglomeration has improved from 2002 to 2021, and the vegetation coverage and urban

expansion factors have had great impacts. RSEI can effectively monitor changes in the ecological environmental

quality in the study area.

Keywords: Taiyuan urban agglomeration; ecological environmental quality; RSEI; principal component

analysis; geodetector
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Table 2 Principal component analysis results of each index on PC, load value
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2021 0.633 0.306 —0.531 —0.478 0.048 77.22
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Table 3 Statistics of ecological quality grade area in study area
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Fig.2 Spatial distribution of ecological quality grades in study area
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Fig.3 Distribution of ecological quality difference change in study area
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Table 4 Statistical results of ecological quality difference change in study area
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Fig.4 Significance and local spatial autocorrelation of study area
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Fig.5 Factor detection result (g value) in study area

A 25 BRI 14 AR Ak A R T PR B R Kk B L [
6 R T 4 T X% RSEL 2 B F1., MN&—17
F PR RSET #5200 1 2 1 5 HA K 7 19 22 5.
S /N Hd 90,9 %0 B S WK T R, 9.1 %0 #
BN AL PESE SR . ANAEFEM S RE N T, S E
(V1B T B OV AS Bosg e ) de R, g {635 50,902,
EPIE 1 AR A 1 55 B DX A 18 A KR B R ) O Ji I Tl
ikﬁﬁmmaoﬁikiﬁ@%KMHﬁﬁﬁiﬁ

TR ) Fe 55, H 2 5 H A PR BT R 28 B e ) K
Ta5%%ﬁ%%ﬁﬂ5m@%%ﬁ@ﬂﬁﬁ&%%
B XA 25 AR AR i ] e R 2

5 W

ORI T R 2 L2 A Ji A ok B A X AR
IR SCTHT RE  3 T 1 PG 4 v AR 2 B R R s ) ML T
B REATH IR o A R ATS 5 2 A 7™ b 45 48 A i1 3

e 1) G UR T 2 RUR IR AU R (A kT RS O . AR
kﬂﬁﬂmﬂﬁiiﬁﬁﬁﬁiﬁﬁﬁﬁghm
Fh U BN X 3 B AR S R B BOR 1 B 0 R B ek
LA B &P R IR TR Y A S R 5
ACH B FAT NS AR B B AR AR S IR .

. & 0270 35 B R 51
‘(r\*},%@’ F 0.580 0.601 0.9040
_@/‘3’%@@ r 0.518 0.615 0.542
fi%fﬁ% R 0.438 0.583 0.591 0.462 0.7296
WA
?’ %{I\@:&\ [ (W%E] 0.567 0.564 0.613
0.5552
?i%_@\ H 0.03370.263 (U267 HOERTNOET3Y 0.298
@4» H 0.407‘0.429 0.523 0.452 0.579 0.594 0.431 03808
og%x r 0.810 0.889 0.816 0.867 0.888 0.858 0.893 0.868 ’
Q
é %& 0.685 0.902 0.700 0.689 0.729 0.695 0.728 0.714 0.691 0.2064
v .
$Q)& r WA 0.847 0.814 0.775 UE12) 0.648 0.784 0.690 0.794 0.682
$94‘\ 0.863 0.891 0.887 0.902 0.868 0.865 0.867 0.870 0.873 0.876 0.866 0.0320
S &
S O @%%g&@ Q@%& %
%
%
6 HBETF RSEIMZEFMNLER
Fig.6 Interaction detection results of RSEI
among various factors
TETT J& I il AR A PR 58 A2 AR Y IF 58 ) Sl 2%
PR R ) A AR R %E% » M 5 i H”—ﬁ%
K. GEE =V £ W18 i = 15 b (8 & 55 31

RN SRR TE & B AR L RAN T N 2 B 5 1)
U E AR BB i GEE ~F & Pl 58 il
RSET [ #5573 2 112 50, 382 i R [ AR S 30 5
AR . 1R LERBF S 2 LURE 4F 03 2R AT X



5 43

R 5 ORI ST T A A 5 O W % TR 8 g a3 161

A AR IR B T AE O 2 B A A AR Ak ks i R A
GEE fe%8 st Bl AT B 0 LUAE L F T 45 R ) s i) R
BETF MR

KTt RSEL i H 2 (9 48 45 43 2, 38 % 8 H
NDVI.WET. LST.NDBSI. #§ 5 ] #1 3¢ ¥ & 4% 48 #5
XF T RSET 19 3% 2 /E H 5 i A BF 58— 3, (352 me #3 E
AN, ARG R AT AR R D IR TR Y AR S B
FL NDVI 5 NDBSI 520, RV R #F38 #k 7K £ 3 2% i
A DX TR Al AR R A A IR BT AR Ak 1 I PR A Ak i B
81 DX SR L G B A 2 O R X R —
A AL 28 5 DX, 0 A DAy 1Ly G e 95 3 T R O R T R b S
KIS T U AR 25 R AT R B
7 A 2 R 2D s NS0 Sl i B ok, 5 200 M AR
BB AR T M., OO0, Hah B3 A S
550X, 3 % 19 a ], BB S0 K7 1 AR sk b TR
PR R AR BURHESh T . 2020 4R 9Z ELAK
O 55 RN 4390, A S IR K R

AH B AF A7 [ - b A1) FH S Ak AN B 8, (R A3 1
AT REAAAE B R 2210, 20042005 4E 6 H H YRR &
i 730.17 mm FREF] 417.52 mm, [6] TR 42.8% ,
[ B A ¥ H 19.3 C EFHE] 21.7 °C, 34 iy 3]
VR i 1AM T 15 B L 0 AE 4 B8 4 B 1 ) i
% 20042005 4F RSEI{H & A= KR T B . H b 2R
D25 AT 0 6B A B, NGB S F )R, KB
FEAEH A XS RSET 5200 77 8¢ & 09 7=, 10 3 3400 X 0
LR B L  WET &, BT LW T 6 By
b P X8, 7 2 BRI AR [R AR 2 v 48 B0 BURT 9 25
ASPREGRSEL IR A I v, 2R A4 SR8
FEA 715 B AT LA WA 3 (32 B 43 43 AT A A2
A AH RS 43 A A AE R AR 1] A AN E — L
R TCVE 25 FEAR Ar 8] 9 B 1) 52 ), 7T RE A7 7E AL 2R &
(AR L o BRI OG T G 5 iR T Bl — 2B R

g5 L RTIR  WF 5T X AR FE MO S5 4, 7P AR S
PRAP LT 2R (R LR L i R B K R A T B M A
SR, KRB EAREI) TR, Aol 4 7= X
B HELE R L T R B, AR X Y kg
T v I N R A B A (R A R A A BRI L 4k
b ) A TR ASE 498 i 3nk T A S T b R T SR R L B
R PRI BE L 38 A5 B i A S TR T o

6 45 i

(1) 2002—20211 4F K T T A 28 245 35 85 o o
ST B3 R R R R AR A R O B 1) 4
B 7 1) K2 JEE

(2) ZIX RSET 715 W] 1 /9 25 (8] 5 B 1 45 25 1) [

FHOEHE o A 25 PR3 o 5 2 ) DX Bl 0 A 7 LD K
T M T G5 S R v DX A A P I O A 2 M IX
A TE Z 0 S5 M 3T 22 X 4% A 25 BRI oo A AR
R,

(3) FH BB 5 i P sk 2 HF ST X ) RSET 2 4
10 T PR 3R R T A R i R g — B R A BT s
() 25 44y 815 N HL P )i

(4) WA S IR TR B B I 3RO 2 07 Y, 4
PRV A AR FE B 5 W0 ) J5 B2 0 4 B 5 58 00 %
JEHIE M DL B s U A R

[ 2 % x @ ]

(1] A Bl At 56 T e 3ol i 4 S 55 4 0 1 T 0 o
K JEMFFL[C.2022 T 5 528 iz iy K 2 (WTC2022) 18 3
4 Giz iy B 45 52 3L R 2022:603-610.

(2] #EEZ. KD 40 4FH7 8 =28 b 3% 5 J I
ATV AR L), 4 e i . 2022,53(3) :514-523.

(3] SRERU, AR, AE 22 2 W — Y 90 pig b ol ol 2R 25 % 4
AR AL AR B FERE ma PR 2R ) . V0 3 B R 5 B B L 2021
30(11):2736-2745.

C4] ke S WL JRAN 45 = A 37T A A 25 SO I ik )
Rk Sy oe 5T 5 R B A0 L 3 () . A4 Y0 38 BT R
H5I55.2018.27(3) :463-472.

(5] B, 2k T b Th7 e > 185 AL 4 418 00 3R ok 0T e 1R 1 2 26
[DI. AN FERITE R 5l Rl ks, 2018,

(6] BRFME, BRI 5K IEE . 55 BT 3 MR By R AL &
FORA BB [T 0 R 2 4. 202233 (4)
466-476.

(7] WIRW, AN, BFREE, 55 5 T & BOZ A4 )1 iR &
K2 S AT T L) ] 0 R R 4 2 410, 2020, 40(3)
449-457,

[8] HouJ, Rusuli Y. Assessment of soil salinization risk by
remote sensing-based ecological index (RSEI) in the
Bosten Lake watershed, Xinjiang in Northwest China
[J]. Sustainability, 2022.14(12):7118.

(97 FRihBk. ol v 22 8 A= 25 4 B Bl S Ko [T AR 5%
#%.,2013,33(24) :7853-7862.

C100  AR[Te 8 . #4428, AR o 4. B 17 08 J A A 4 B0 IR T 0

b A 25 B AR AL IR DL AR A X R 1 [T ). A A5 3R
i 2F 4% ,2022,31(7) . 1417-1424.,

(11] 4w B T & AE B AU 2 I8 BO R U IR 5 I
DL AR B - 1R R, 2021,

(12] ki B s, 5T B 25, 46k 1 4% Tl 3R 5| 8 0 g ik Y
BRSBTS i g S I ] A
A .2023,43(5) :2114-2127.

[13] Liu C, Yang M, Hou Y, et al. Spatiotemporal evolu-
tion of island ecological quality under different urban
densities; a comparative analysis of Xiamen and Kin-
men Islands, Southeast China [ J]. Ecological indica-

tors, 2021,124:107438.
(F#% 210 ®)



210 7K R E

%43

(161 XU &A% [, SRAR I d5e /) SRR BH I B 78 $pf i =
A E B TEN A B DU T e L A A i
2010,30(2) :421-428.

[17] Lin Qian, Mao Jiaying, Wu Jiansheng. et al. Ecological
security pattern analysis based on InVEST and least-
cost path model: a case study of Dongguan water vil-
lage []]. Sustainability, 2016,8(2):172.

(18] K&, WEmn i, sk 46T Ak T A A5 0 A 10 A 8 4 s
SRS AL A = M X R B ] A 25 4, 2019,
39(20) :7525-7537.

C19] ek, Bk 1 225, 55 5 T GIS By G vk 2k 25 =5 1)
B LURS R A= S 2 0 KR B [T ] AR A5 % 4. 2018, 38
(16):5926-5937.

[20] BwiF, 2, X #4075 5 T i @t —%Ea
PEPRESL Y = 07 1 AR S 2 A% R d [T ). ot B0 5T
2017,36(3) :471-484.

[21]  FRigAR  FLEAE T 58, 55 5 T 48 ST T A 25 TR 45 Al 2t
5HAR[1] A A4, 2011,31(10) : 2863-2874.

[22] HAEW .5k 450, A BE 5L F B/ BB AR AL R o
i AR A 2 R A gt [T ]k £ R FE 38 2. 2020, 40(3)
282-288,296,325.

[23] Su Yongxian. Chen Xiuzhi, Liao Jishan. et al. Model-
ing the optimal ecological security pattern for guiding
the urban constructed landexpansions [ J]. Urban
Forestry & Urban Greening, 2016,19(6) :35-46.

[24] E4& WM. LR FHETESEARERS EEMES

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

A SRR 1 A A s ) R i AR s kR B o LT .
A5 ,2022,41(1) :166-173.

LT KT L Wi 166 . XU BT L 25 IX 4ok 20 25 P i 10 Ak 2 B 23 2%
[J].4: 252242 ,2009,29(3) : 1519-1524,

WA e, Bl ik e/ g, 55 3 T MSPA 5 MCR 48 A1 1)
RUL BB AL R ILRE TR 5 F 5, 2017,
26(8):1199-1207.

Tk HE, A%, I8 FE W, 43 T MCR B (9 38 7 A S
B AN Sy R g < LA H R A S T S 0 ) . R U R 2
(HRPBI2£ D ,2021,44(3) :54-62.

A0, W AR, i, SFLSE T /N B ORLRE Oy A
(MCR) #1125 [] 32 i 43 43 1 % (SPCA) 1 it & JL 8 28 45
AN SRR S [T ] AR S S RA IR B2 4, 2020, 36
(8):1036-1045.

RS AT T GIS By R AR S
B AN R i R AT LR = W R L] ] AR
TR UR 5 R, 2017,26(8) :1237-1250.

RS A R HE . FATESEEE RS EZRE
B A P A T A S TR R B )] A S 2R AR L 2019,
39(13):4720-4731.

TP TR GBS ETEERG RS ML
FCA BRI Tl A= 28 & A 4 R Mg g [0 0. 07 AR 38 2 4l
2022,33(9) :2475-2484,

AR X RE . 1 AE 30, ST I/ BB g 25 (E A
UL R A S o L O <l I N 7 1
2022,42(3) :95-102.

(k4% 161 70

[14] HZZEHT X HES 5. 1990—2020 4F BT f /R B IX A4
SR B S A WIS P L] K AR R e, 2022,
42(2) :122-128.

(150 23 BRENE 22860 5 3 T8 BAE SR B i R o
X 1995—2020 45 A= 25 B 5% 5 4 1) i) 25 718 A 45 AiF 23 A7
(10K + 4 Fpi 4 2021, 41(3) 1 143-151.

[16] Qureshi S, Alavipanah S K, Konyushkova M, et al. A
remotely sensed assessment of surface ecological
change over the Gomishan Wetland, Iran [J]. Remote
Sensing, 2020,12(18) :2989-.

(17] KA. T 8.4 5T GEE Il RSET# K =/ —
AR X A S PR 5 B i S ST A [T ) A B 4 3
2023,42(2) :436-444.

(187 il e FBR & WP AR 55 R Tl B = Az 45 8] i) =5
AR REAE S P REL T 1. K £ AR K7 1 41 . 2020, 40(5) : 310~
318,327.

(197 Ed B0 AtPh, 2 i 45 56 T MODIS I e 208 1 %2
B L XA A BT S5 2 A 0 A Bl g A3 # LT . 1
2#4%,2021,39(6) :830-841.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

BBk . 25 Ao L AR i RSEL B A 35 Bl 40 4 M ol A%
FRsr oA 1R (R BB 20D . 2023,
48(4) :506-513.

Li Ning. Wang Jiayao. Qin Fen. The improvement of
ecological environment index model RSEI [J]. Arabian
Journal of Geosciences, 2020.,13:1-14.

TE 5 2R SCER MR, 4519902020 4F 3 YAl 37 358 LR
A 75 DA A B A SO N 2 A JR) B B g A [T ). A 8
Bl .2023,44(5) :2518-2527.

ZENBE L FEHET L X BE AL, 55, 35 F Google Earth Engine
- 1 S0 A T R AR A PR I b A A AR AR [ AR
2 47K,2023,42(3) : 759-768.

T, TR R L PR RN A IS R B () ] B
#,2017,72(1) :116-134.

AR TR AN I e DX Bk J 5 3T S ) 4 ke A
HYEZ): Ll ve e B 25 & B B R YE X Oy 1 [T ] ik &
$1.,2021(S1) . 28-35.

TRAME B R Eh R R KR A R e Ak A5
NP H 4z, 2011-05-20€01).



