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Abstract; The evaluation of ecological environment quality and its changes is the key basis for ecosystem management, and
also an important indicator to measure the effectiveness of regional ecological civilization construction. The coexistence of
artificial oases, dry farmland, desert grassland, and flowing inland in the desert grassland belt of Ningxia, along with the

Yellow River and its coastal wetlands, presents a relatively complete landscape encompassing mountains, water bodies,
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forests, fields, lakes, grasslands, and sands. This area serves as a typical location for studying the evaluation of ecological
environment quality within multiple ecosystems coupling. Based on the Google Earth Engine ( GEE) cloud platform, this
paper optimizes the reconstruction of Landsat surface reflectance images from 2000 to 2020 for the desert steppe zone of
Ningxia. It calculates four component indicators of regional wetness (WET) , greenness (NDVI) , dryness ( NDBSI) , and
heat (LST), and estimates the regional ecosystem service value ( ESV) using land classification data. By applying principal
component analysis to weight the coupling of these indicators, an improved remote sensing-bhased ecological index ( IRSEI)
is developed, which monitors the ecological condition of the study area over a long time scale, and identifies the main
driving factors influencing IRSEI. The results showed that: (1) The first two principal axes accounted for 84.66% of the
total variance, with NDVI and WET being the main contributors to PC1; ESV was the main contributor to PC2. The
inclusion of ESV in the evaluation analysis of IRSEI decreased the clustering of component indicators in PC1, and enhanced
the diversity of IRSEI by spreading the component indicators. (2) The ESV in the study area showed a steady increasing
trend, with the order of regulating service>support service>supply service>cultural service. Spatially, the value was higher
in the northeast and lower in the southwest. (3) The mean value of IRSEI index ranged from 0.546 to 0.598 from 2000 to
2020, showing a unimodal fluctuating increasing trend, with a growth rate of 7.42%. In the past 20 years, the area change
shifted from mainly medium and high levels to mainly very high and high levels, with the high level area increasing by 84.
79%. (4) Precipitation was the main driving factor affecting the variation of IRSEI, and the overall driving factors were
ranked as: precipitation>population density >temperature >land use intensity >gross domestic product. Altitude affects the
IRSEI index indirectly by influencing climatic factors. This study objectively assessed the spatiotemporal patterns and drivers
of regional ecological environment quality in the past 20 years, and offered valuable insights for guiding regional ecological

restoration and sustainable development.

Key Words: ecological environment quality; improved remote sensing-based ecological index; ecosystem service value;

driving mechanism; principal component analysis
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PR A I8 R 58 285 R RS VM S0 45 [0S SRR IE 763 T4F AR 8 17T 32 W 5 80lE . Wang 555 51 A$R >
PRy 15 RSET FE B T 6 231 2000—2019 4F (4 A IR BE R, sk 26 SR AR Ok =
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Fig.1 Overview of the study area
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2.1 HdEhbH

Pl Landsat 5 55 Landsat 8 %1 3@ J&& K115 4 504 JR (£04E K A Google Earth Engine, https://earthengine.
google.com) , FHEEC AL T LML IE KA IESFFAL I T AR, FEE 715 BARHUT, B 24 >
1) 6—9 A& M BES I AT PG M, A 28k A T E R BT K i B A K 400 2K &
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FE<0.15) i ASFEZKIH BRI OKIR 10 25(F% 1) . @ERE ™ &H8IRIETERS IR, R KSR E
7 i SRR T AR IR T 7 B 8 (https ://nxdata.com.cn) , T 5 A1 F 16 DOR B YSOA 048 >k U5 T 77 B 1% A
R E YRR, HRRE 5SS R 2,

®1 TRLHMAALBERE SLL

Table 1 Area and proportion of different land use types

s 2000 4F: 2005 4 2010 4 2015 4 2020 4
e Hu I
Land use type HA/km®  fH/%  ER/km? /% Rk A% ERV kT GH/% R km? Y%
Area Proportion Area Proportion Area Proportion Area Proportion Area Proportion

S

. 4198.70 22.44 4261.16 22.78 4438.73 23.73 4824.72 25.79 5055.38 27.02
Rainfed cropland

I
%+ 1—% . 9.23 0.05 9.30 0.05 9.37 0.05 9.44 0.05 9.50 0.05
Coniferous forests
&l
A 15.73 0.08 16.28 0.09 16.21 0.09 16.52 0.09 16.75 0.09
Broadleaved forests
A Shrubland 28.19 0.15 30.78 0.16 33.49 0.18 36.93 0.20 40.23 0.22
HEJ Grassland 5087.14 27.19 5526.12 29.54 5160.65 27.58 5821.16 31.12 5420.11 28.97
H#EHN Shrub grassland  3672.64 19.63 3959.22 21.16 3696.82 19.76 3886.12 20.77 3937.16 21.05
it Wetlands 21.77 0.12 25.71 0.14 27.94 0.15 33.05 0.18 43.15 0.23

N ‘7‘7
A kﬁ 16.92 0.09 24.11 0.13 32.81 0.18 49.35 0.26 78.77 0.42
Impervious surfaces
#RHb Bare areas 5648.85 30.19 4843.80 25.89 5277.36 28.21 4012.35 21.45 4081.72 21.82
K& Water body 9.12 0.05 11.81 0.06 14.91 0.08 18.65 0.10 25.50 0.14
®2 BIRBARERIE
Table 2 Data name and source

Budln 4 pk PR Hodl A v
Data name Resolution Data source
i DEM 30m https ://www.gscloud.cn/
A B %K B Annual total precipitation lkm https://data.tpdc.ac.cn
AEHRE Annual average temperature 1km https : //data.tpdc.ac.cn
N FZ5E Population density 1km https : //hub.worldpop.org
22527 B Gross domestic product lkm https:// github.com/ thestarlab/ ChinaGDP

DEM : U7 = FE A Digital elevation model

2.2 EBRRGMSMES IS

TE Costanza %5 8 (0 2R 25 R G0 IR 55 THRE PSS IR ERE [ i b 2 N7V ek 227 Ak 252 3 dEA T 4 )
G M T b E R AE S RGE RS ME S R IR BRI UL AN [R] A0 B A 19 25 Sk A X A
FEIX IR AT 23 & AR L, o X dsk A 245 2R G0 M 45 A (RR FH AAC B A SR OB TT ik b A 81T IR ks R
FH 2020 4E585

1
VC=7m><H><CF><F (1)

A, VC FRAZS RGNS O (E R K, m W5 DR B 7 ThI AR & (kg/hm® ) | H O BEET WO 1 4% ( ST/
kg) ,CF RIXIAETERL F AR A SR GRS M E S B (O0/hm?) . A EBIERECH 0.94, BF5E X
1A i A A S R GRS M EZ 5 R 2068.67 J0/hm’ 425 1R A 54 B R G e g5 B2 = 3R
RPN, ORI K T (BT M) 1 2 D TR A S R GRS (B Y R B St B IS LA A
—, IAWFFOR S 0, kA BI0FE XA ARA S R IR 5 M E R E(K 3) .
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R RGIRS M AR
ESV = Z A, x VC, (2)
X ESV NS RGMRGF W A, RR 5 kA A A VC, KRS kA L b A ISR A R R G R 55

HAREL,
25 R G SS M B AT/ N X R R 43223 () v Ak 5 ST TRSET A9 5 ZERTHE , (F 245 50U AE 252 vhouf SOULRE
AR B ESR 5 HTABFST , BEAS RN R S BEB AR A 2—5 351202 G5 A IFSE X 0 -5 8t Ab B I B9 IX
P 3 kmx3 km B IE T TEA% AT R4) , e 245 51 2306 S Ho0/hX, THEAAROT/NMX A S RS IRSS M E,
HRFZAENE R Pt S E
2.3 P FE PR IRSEL 1316
TEALSGE REST HAY (R JE Al ARBFSTIM ARSI AR S R GRS i, AR .
IRSEI=f( WET ,NDVI,NDBSI, LST,ESV) (4)
P IRSET 26718 SO R 38 8 4550, WET i@ 21 NDVI R g @) NDBSI /R T2 | LST
FORIMPE P SR ESEA T R —8ESV FRAE B RGMSS M E.
2.4 MBS
FEXF Ay bR A B AT B T 2 0, BT NDVILLST WET NDBSI DL & ESV My 40 AR 58—, B %k
11 F B8 2 S SO A, T 2 8 — 1k, NG —AE[ 0, 1] 208 & i — 1 AUh
NI=(I-1,,)/(1,.~1,.) (5)
1 R AR AE, 1, T 1, 0 5 o AR R iR s/ MEL
FIF A 3 T 7 R A — A5 1 & AR AR AT A ATa 58, 8 T AR = JE i T BRI R o5 B
( Rt oTik#>80% ) , L IRSEL 7£ 3 i3 40 A it B AH LE T 42 RSEL A 25 5%
" Per,, ..
IRSEI = ) {(m) X PCl.j (6)

g Per,. + Per,_,
A n FR IR BRUA R 80% LA F Y0t Per,, 28 PC I 2t 51k R, PC. 3R PCh YA
T1H,
2.5 HhikgJr Y

TEARWIFEH 383 R 4.3.2 RS2 2546 )5 PR ( Structural Equation Model , SEM) R EE %45 BIKFEHF
FEE S HT IR TPE 0 25 8 R R A AR BAE A, NITIPA BT T Z M B SCIRRR B . Ik ik Re g i o 1A 74
ST RIAR R ) B TR DL R SR AR JE SR AR R AT I A S TG Y STk, AR SCE T SEM AR
RS BT ML B AR Ay PR 2N B S R Uy A 2 PR I 118 L AR (R R i, i o R A A () 8L
oL RSB i A 50 (P B S5 R PP B A 58k

3 ZBREHSH

3.1 IRSEI M 4ME

FIFH R 4.3.2 SHATZ B0 REOTE S B E R I, WA - AR TE PCA BB 45 R ok B (& 2,
£ 4) o ETaPr LIS &TE RSEL IS IRSEL Hr 1 5 2 (I A A FR (P<0.01) , IRSEL AHICHESS
5 RSEI P4 8 bR R LS AL, 5IA ESV ZJ5 , IRSEL 4385 2 8] 5 A B K R 5 R 3a
BAAR . PCL g far m) & R 1E , R X3 A A IABE T GE RS R R, PCL R i, S AR A IR I i % Ak
MIERSHN 2 . AR ESV 5 H A 43 46 bk 19 AH JCPE IR, 2000—2020 4 AH G FR (48 XHH) 1Y fe R AE A i ik
0.40,{HJ& ESV W IARG I T AE PR BB VPN A 46 5, (AR 25 S s i & 221 38 R GRSk A, AN
Hi PC1 4 FZ Tl L, b, N PCA [0 SERFAE 43 7R B (8 5) , 78 IRSEL 7, PC1 1 231 STk A i
70% , 5| A ESV J& ,ESV 7E PC2 H 545 0 4 H oy 8 im 6 KT HAth 4 i 8 An HLAE PC2 1) ST oTmk Rk 5] 15%
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PI b, PC1 5 PC2 ZFIEARIRAEY I TE 80% L I, F A TE T IRSEI 246 S dR1E . X — 25 BARIE T 51 A
ESV X A= IR B RN A B

20004 20054 20104¢

RSEI
IRSEI

WET NDVI LST ESV NDBSI WET NDVI LST ESV NDBSI WET NDVI LST ESV NDBSI

20154 20204 ** P<0.01
RSEI -
aER N A
WET NDVI LST ESV NDBSI WET NDVI LST ESV NDBSI FHXEB

2 #¥EHR5 IRSEL RSEI X RH R BE
Fig.2 Correlation coefficient and significance test of each index with IRSEI and RSEI
IRSEI; et 78328 J8 A 2545 8K Improved remote sensing-based ecological index ; RSEI: 3 /8% /E 253841 Remote sensing-based ecological index; WET ;{2
JE Wet; NDVI; I3 — {45 95 45 54 Normalized difference vegetation index; LST: #b I & Land surface temperature; ESV . £ 35 & 48 IR 55 i (&
Ecosystem service value; NDBSI: [ — #5544 +#54 Normalized difference built-up and soil index;

®4 FESEHRREHEXE

Table 4 Correlation between different component indexes

B 2000 4 2005 4 2010 4
I A RS ERS ERE
Index WE g W TR W MR B R TR E&% . WA g W T E&%ﬁr{ﬁ
¥ WET 1 0.65 -058 -079 -0.22 1 0.68 -051 -075 ~-0.11 1 0.78  -0.64 -0.84 0.05
ZRIE NDVI 1 -052  -085 -0.16 1 -049 -082 -0.12 1 -0.67 -0.89  -0.08
U LST 1 052 0.36 1 0.58  0.40 1 0.62 0.10
FJ¥ NDBSI 1 0.20 1 0.23 1 0.11
BRGNS | 1 1
M ESV

201 202

s = ERRG = HERG
Index WE SR TR e, WE RIEORE T 00
1B WET 1 085 -0.72 -091 -0.15 1 081  -0.66 -091 -0.22
LEEE NDVI 1 -071  -092 -0.16 1 -059 -090 -0.28
U 1ST 1 0.71  0.40 1 0.61 028
T NDBSI 1 0.22 1 0.25
BRGNS . |
M ESV

WET {2 Wet; NDVI JH—fbAE# 84X Normalized difference vegetation index; LST: iR Land surface temperature; ESV ;£ 25 R GRS fH Ecosystem service
value ; NDBSI; JH— L @544 - #8650 Normalized difference built-up and soil index

3.2 BB RGMSS M E 2 AR E

T IX 3k 2000—2020 AF 81 17] A 745 2 40 R 45 (L A i 40 501 R 26.01x10° . 27.71x10° ,26.72%x10° 28.75 %
10°.29.16x10° 7T , B fR 21 ka4, 2000—2020 4FHEH K 12.11% (B 3) . HELA MRS IR MRS  SCHEIRSS
SALIRSS 4 D — G B R GRS M E A BT 0.46x10° ,1.95%10° ,0.62x10° ,0.11x10° 70, X IR 5% 1 —
G BRSBTS, R 619% LA L R S IR 45, S MR 10 229% L) L e A R it
2555 5 AR5
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LA 2000 4FA 25 R LM 55 M (E S E SR AR E] W o6 0o 5 A5G ( 4) o zS 18] A 2 3L
FA IR —PEAR AR R A 2 (] A Jey o AN PSR A RAIG v 25 SO (ELIXC T O =, B AR 509% DA E, s (e

X [H] 2000—2020 4F-HE T B4 5, 33 A 6.08%/10a.,

I I A DX 1) 2 B A AE AT 52 X 00 B | v 3 2 i

DB LA B PR R I L I (X 2R e 2L sp R S RO B IV OV SHE X 2 et &

x5 EESHTHRARDEERSERNESHEE
Table 5 Eigenvectors and eigenvalues of different component Indexes in PCA
el Vi gt B—EMS S E Y o= E RS EHUEN ) S E RS
Type of index Evaluation index PC1 PC2 PC3 PC4 PC5
WU A B SR B WET -0.52 0.19 -0.11 0.70 -0.43
IRSEI NDVI -0.50 0.11 -0.32 -0.69 -0.38
LST 0.44 0.12 -0.87 0.13 -0.05
NDBSI 0.48 -0.16 0.26 -0.06 -0.82
ESV 0.19 0.95 0.22 -0.08 -0.0004
FAEE 0.08 0.020 0.013 0.0048 0.0013
ESamities 68.66% 84.60% 95.06% 98.90% 100%
& A SR AL WET 0.58 -0.23 0.62 -0.48
RSEI NDVI 0.56 0.19 -0.72 -0.36
LST -0.09 0.95 0.30 0.04
NDBSI -0.59 0.1 -0.03 -0.8
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