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Abstract

This paper analyzes the change of ecological environment quality in Ordos City, Inner Mongolia Au-
tonomous Region by using remote sensing method, and provides theoretical basis for ecological
protection in this area. Using Landsat series images of Ordos City from 2000 to 2022 as data sources,
four indices of greenness, humidity, dryness and heat were extracted, and remote sensing ecological
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index (RSEI) was coupled through principal component analysis to monitor and evaluate the eco-
logical environment quality of Ordos City. The results show that the RSEI index of Erdos City shows
an obvious improvement trend in 22a, and the RSEI of remote sensing ecological index increases
from 0.279 to 0.581, and the area of improvement is obviously larger than that of deterioration. The
improvement areas are mainly distributed in the east and south of Ordos City. The deterioration of
ecological environment is mainly concentrated in the northern part of Hangjin Banner. The results
of single factor evaluation by geographic detector show that evapotranspiration and annual rainfall
have important effects on the ecological environment quality of Ordos City. The interaction of evap-
otranspiration, annual precipitation, soil salinity and other factors has an important impact on the
ecological environment quality of Ordos City.
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1. 7

RAUFI ARSI R NSRRI EEIATEE, A2 N AP IARACRIIE[1], 8t b3S B
. ACHEL b, ATUAZA . AERA . RAFHLVEAN X AR SR, I X R R . R B S
YERI[2]. XTI T A S IR BE AL BE VAl 77 sUK 2 5 T 41 2 2 5F Ge v B [ 3] B C 278 56 30 7 4 3 X 3 ) A
P EHE, SERREREEE K. AT, TEBBIE I AR BT H B ) PEee ros. B e B
ANZHAL R IRE A, O 2 s AR A SIS I AR (4], ARIRAKIRH T — A e R TRBEEA,
DL E SRR 12 32 A58 B A A5 4R BU(RSEN) SRS 40k 117 1) A ARV AT PO S I S5 9P AR [5], Rl S me 73T 2k
AIIEAZ TR 1) S AR o

Google Earth Engine (GEE) &1 5 /&I A R A BT U RN = AR R 5 (6], 1L GEE AL K& RERs
I (8] 5 25 () Ay AR TR A 4, FERKI TR IR MR U AR 38 TE R K 4], 7T DATEZR AR KV BB I3 28 B s
REA ROIEE PR im0 T8 NS B A3 TAE gl ok, AR bR i T TAERE[7]. GEE =kt
BV G A M 2 MR A, BE T AT E R RE. RS R ARSI BRI [4] .

FRZHTT RN S o BRI NI, P50 b [F) R DX 3 2 0 A, 2 [ KRB v e
Betth, VR IX BRIEAR AR B MR TR, 75 4 IA 1244 {Z@mi ) e Kig s, (E4 X )2 2 E#HA )
=1 47 B8] 2005~2015 4FJE 58 /R 2 Wi & F il & FE 1 10 47, 2 Hm s ib i AR HERE 1Y) 10 4F
HURZHHER R AT ARERE, BRESEF. WAL R, ASHENEESESAN TR
A TR AR A [9]

Rk, A3CHEET Google Earth Engine (GEE) THE 18K A 2548 4U(RESI), it Arcgispro3.1. ENVI
5.4 FBITHE, PP 2001~2022 G258 /R 2 Wi il AR S PR R 1B AL, AN SRR 2 Wi AR A IR
AR S B, R X A SRRSO, ATRSEERE.

2. MRXHSA

SRR 2 Wi (] 1) Hakb v b B3 (db 4 37°35'24"~40°51'40", 5 4% 106°42'40"~111°27'20"), M HIFH 8.67
JP Tk, BT M 2 X[10]. HE RIACEEG SR, AL AR R, AR @I A, P

][l
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XA B #2214 1000 K, ¥k 1000~1500 m. S fi @i L T8 KRS g, ¥R 6.2°C, %
IKEAE 400 mm [8]. 5i P43 A1 6 5 2 VD I (R H8) A EE AT FLyb B (AL ), LI DISAN b AR5 5 SR ik
FAUDNE, LR AERMY N B R

PR PG AR A ) B LRI T, SRR 2R . R, WSS, B E KA T
Setth, HRABFREERIZOX[11]. TERED AR CERRWMT " Sh5, HERERENE
GRS AR JE R [9]. PPl AR SR A R St AR A B TR R A HE R R

108°E 110°E
1 1 1 1

200N |-a0°n

38°N— |-38°N

T T T
108°E 110°E

Z T E RN A SR bRk B AR 55 WXk 300 8 58 GS(2020)4634 5 (1) bR it
BIIE, JERD A& (http://bzdt.ch.mnr.gov.cn/)

Figure 1. Ordos city
1. SpREHH

3. BIREFH*
3.1 BERIRRALHE

ZRFEFRbR RN E GEE “F- &) MOD13A1 V6 %44, ~%[H 43 ##% 500 m, i#id 16 KRG R T &
Bo FAEEFRARRINE GEE “F 511 MOD11A2 V6 ##i4E, %™ it 1 1km ZF (A3 3 8 RE T3t
RIS . WA TRE R8T GEE “F 4 () MODO9AL V6 ¥if, BRIt 1 5% KA &M (/R
) IE TerraMODIS Bk 1 2 7 MR HDGHE Sttt E, PL 8 RAIARAT R RGN, H P
500 m [12]. ¥ ™= dhRER 3 AFRF 8 H 1 H~8 H 31 H.

H1[E 30 K DEM (ASTER DEMV3)¥ 7 mfE 44 i 4% NASA ASTER Global Digital Elevation Model
V003 R AT 8tk AN BT Ja E T AR, SR IR T 2019 4E R AT IHT—HM ASTER 43k DEM 7=, SKIA
T FRH AL S AT & —— [ S R R SR H0E 0 (http://www. geodata.cn) .

FEBRE ET $0dl ok NASA Ji F MOD16A2.006 Terra {751 8 K L4 4%k 500 K SIN k4%, MOD16A2
FEam PR AL T H TR S AE(ET). WHAGER(LE). AL ET (PET)RI AL LE (PLE)ZE DA & E H
i) ET 3% Bt (LP DAAC-MOD16A2 (usgs.gov)).

AT Ye ¥ K 1 GEE “F & 2B A NOAA/VIIRS/DNB/MONTHLY_V1/VCMSLCFG (VIIRS Nighttime
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Light (mines.edu))#1 NOAA/DMSP-OLS/NIGHTTIME_LIGHTS (NOAA/DMSP-OLS/NIGHTTIME_LIGHTS)
Hth e

35 e W R AN A2 i e Dy LA R e ks AL A< O 0.0083333° (29 1 km). HidE 2
f5 CRU K AT 4 ¥R 0.5 K LA L WorldClim o Af ) AR 20 M S Kt , @3 Delta %2 1] B Ry
SEAE T DB RO e B R R T I SRR i 2K R P — — B SO R R GRS G

(http://www.geodata.cn) .
32 fIxFZE

3.2.1. BEESEN

A HEF Google Earth Engine z 40P & 1H 5 NDVI.WET.LST.NDBSI >k #4 2 12 J& A4 545 5 (RSEI),
S i 3 AR ARG [13] - Horr, NDVI S48 1 A R 4 78 5 P 25 TR R B DA ¢, FH LASROR SR FR bss WET
NS B IR R S B, AR RO IR A I BK R, R DARRIBEEFRAR: LST NthRIEAE, ERHK
FEFEHR; NDBSI A#E L fa SO SR HOIME, A AN A 2 i sl b R i T4, 3k 0 K AR 3
BRI U IR, F AR 7R T BEFRAR[14] o A8 SR I MRAE AR HEAVERT AT A — A AR B, 28 )5 04T 2 3 40 4T
FIF 26— E s #  RSElo (3U(1)), AT IHLEEHATIA— 1k b A5 3] RSEI (3X(2)), HHUA L M[0,1], {HBEK,
TR S [14]

RSEI, = PC1( [(NDVI,Wet, LST,NDBS!)) 1)

RSEI = (RSEl, ~RESI,_i, )/(RSEls_max — RSElg_pin ) )

O A TR B S 78 55 . M AR TR BORAE Y AR e S A o5, R B AT SN2 B

*E‘i&o /Aiﬁgu—l::
NDVI = (bNIR _bRED )/(bNIR +bRED)

A H: bnr A brep 73 A NI A AN . AHCIER

@) hFIREZFIH PIE F &8t A KRR IE IRk, AT

LST =0.02x DN —-273.15

A DN Ay b 2 08 R IR A o

B B A m AR, AT

WET =0.1147b1+ 0.2489b2 + 0.2508b3 + 0.3132b4 — 0.3122h5 + 0.6416b6 — 0.5087b7

A bi(i=12,3,+) 7 mIAUER SR SR B

@ R bRk AR 305 SIMESTIRE 1Bl &K, ARAT:

NDBSI =(SI+1BI)/2

SI= I:(bs + bRED ) _(bBIue + bNIR ):|/[(bs + bRED ) _(bBIue + bNIR ):|

_ st * (bs + bNIR )_ [bNIR /(bNIR + bRED ) + bGreen /(bGreen + bs )]
2b5 * (bs + bNIR )+ [bNIR /(bNIR + bRED ) + bGreen /(bGreen + bs ):'

A H: bs. breps bnirs Deiue A1 Doreen 77 A NFEI LA 2006, DL, WIS GH B .
) NT R 4 NMEFRENAG — S EBE I B, 7E TR ARG, TSR bR e Ab
], AT

IBI
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NIi :(Ii - Imin)/(lmax - Imin)
s NEA 4 DMEBIBRE AR OESTERRES | METTEHE: Ina HRKMES  Tmin AFD
18-
R RSEN HEAT AT, ot e SR AT LR, 75 %1 A AT T T P 4 R M4, BRZERS
396 A A DR 1) 4 ) e R AL R e/ IMEL U — AL AR B[ 15]

322. TRAY
28 5 R A(CV) 73 W 73 T DA ROt R s B 3 [16], BB, R IIBOE /- AR B 5, s i 4R Bn i
AR Rz, MUt EEE A, HURFERR RN, B PR E[15]. AR 2001~2022 588 %

1T RSEI #EAT BN 70 #r, AT
CV = 0y /RSEI

mean

K, orser N RSEI $0di HIbREZE, RSElmean A RSEI FISEHIME, CV AJ H T & Bk SIS A8k,
CV {H =R B RSEI B8] F¢ 51 (3 sh PR, e 2 kAR e

3.2.3. @B HE
NG HTER R 2 W Tl 2001~2022 4F RSEI [ 25 ARALRFAIE , AN SCR A — o2 v [ )72 4% ol 43 B RSEI
PR #IA[17] [18], HEARWT:

0 nx> " ixRSEL - " iy " RSEI,

" LI DI
S, 0, FyTEAPEEIET AN, | WEGH, RSEI W i 10 RSEL n HV/E 6 &KL

3.2.4. Hurst 35 %

AR Hurst F8 5007 i, W] LLE B RAESE /R 2 W7 2001~2022 4 RSEI I 8] F7 51 i RF 22 11 5K
R, HEAR. RIS YT ILHME[19]-[21]. 24 H=0.5 1, FAREHLE, FRKEL S,
RKAVBWREARNZIIET W : H £0.5 B, FHIEAKYIMECH, RROBIBAZIIELM. XK
AR OPERIR T P 2 I BEALYE, 8157 5 R A T A48 5, JEH 2 H W ES 0.5 Bz, /5741 AaX Fh s s i B 2
Hurst 230 T 0 B, 7800 EFELMERE 3 Hurst REGEA T L, FPAIRIERSEESE. 24 H >05
B, FORFHIEA RSN, RRMBES SIER R ESEME; H<05 K, FRTFHIEARFFLE
P, RRAVREA SIIERM B EAM R . 2 HBBET 1, RFFIIEREEME; H BT 0, &£
B 7 8 I Rt g . DRLIEG, AR 7 51 Hurst RELIVIUE, PTLARBIF 5@ S 2B, RIFPFR SR AE
TAR. [, HRYE Hurst REURES 0.5 MIFLRE, 7T LLHISIF 51 28 R FERE[19].

3.2.5. MIBIRMS

23 () 43 S A L B A 0 PO AR A 2 — o O ER O 2% 2 PRI AN R F 2 1) o ek 0 TR RS R IX
RN TTFIXIR, W7 XIRE5 2 2 RN T IX ka7 25, MIAFLEAS A4 bk s B 0 A8 8 (0 4 1A) 40 A
T3, WP H ARG R [22]

OS5 R FARI: BRI Y (st o s DARERINE N 7 X 2 KRR R T et Y (s o 5
H q B &E[22].

AZFAE AR SRUAIAS R RS R T Xs Z R s AR, RSPl R X A X 3 A/ FH IS 2 15 23 38
SR T RAR Y MR ST, BUXEEDR XY R T A AR [22]
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4, RS54
4.1 EBTERENZESR

4.1.1. BB RENBIRERHE

MR F R T 25 R (G 1), & E R PCL I STHRZRIIE 3 | 65%LA F, RIS — F UM ERNK 4 4
NEERFIRZEEE[23], KikitH PC1 il PC2 &nsrtr. &5 E R, 2000~2021 S4H#AE], NDVI.
LST. WET. NDBSI 7E5— F s b EAM A IER 7540 . Hr AR R NDVI AR IR L WET
NIE(E, ARERHRIEEM LST AR RAR - Hhisi (L FE B 1Y) NDBSI 5 74, X 550 At se st ;i —5,
YRASE /R 2 Hi i NDVI A1 WET F3 i Rl T o A 283082, 1 LST A1 NDBSI FI38 InASF] T A S PR B 1)
M [24].

Table 1. PC1 principal component analysis results
= 1. PC1 ER ST R

2000 4F 2001 4 2002 4 2003 4F 2004 4 2005 4 2006 4F 2007 4 2008 4= 2009 4£ 2010 4

NDVI 0.47 0.56 0.54 0.51 0.54 0.62 0.59 0.52 0.56 0.59 0.49

LST -0.74 048 -041 050 -048 -059 055 -044 -058 046 -0.58
WET 0.41 0.49 0.50 0.59 0.47 0.52 0.48 0.51 0.47 0.54 0.48
NDBSI -025 -046 -054 -037 -050 -0.01 -035 -053 -037 -038 -044

PC1 }¢iFE 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
PC1 TiBRE (%) 7227 7746 7875 7454 7508 8117 7890 66.65 7444 7640 7755
2011 4F 2012 4F 2013 4F 2014 4F 2015 4F 2016 4F 2017 4F 2018 4F 2019 4 2020 4F 2021 4F

NDVI 0.54 0.51 0.51 0.58 0.56 0.62 0.42 0.59 0.54 0.62 0.59

LST -049 -052 -061 048 046 -048 072 -047 -050 -0.34 -0.45
WET 0.48 0.47 0.45 0.51 0.49 0.51 0.33 0.39 0.52 0.45 0.49
NDBSI -049 -050 -041 041 049 -035 044 -053 -043 -054 -0.46

PCL }5fiE{E 0.03 0.03 0.04 0.04 0.03 0.04 0.05 0.04 0.05 0.04 0.04
DTHRZE (%) 73.17 74.1 7715 7757 7938 7984 72.04 77.26 80.9 77.6 79.08

2000~2021 5 /8 Z Wi RSEI H—4k-F34{E 43 724 0.358. 0.271. 0.316. 0.347. 0.408. 0.365. 0.332.
0.336. 0.380. 0.402. 0.334. 0.364. 0.357. 0.428. 0.371. 0.293. 0.448. 0.395. 0.406. 0.331. 0.360.
0.348, &fllf, WEEESIBEOARRE FFHER(E 2), RUISERZ T ARSI R EE 21 458 BA ¥
3, EAEARN S .

N T RS R 2 B A ST & RSEN (LR AR S, 43 %) % 43 RSEI B PUAN A A FRFR 115
— AP IE AT et 5 B (15 3).21 418 NDVI $5EUR K200 0.498, KA 7F 2018 4, it /ME L1 0.394,
RAEAE 2001 4F; LST 585 KMEZI N 0.687, KATE 2015 4F, F/MEZIHN 0.471, KAAE 2004 4; NDBSI
T HER KA L8 0.990, K AETE 2005 4, fe/MEZI N 0.589, & AEFE 2006 4F; WET 550 KE 210 0.399,
RAEAE 2004 4F, F/MEZIN 0.244, KAELE 2001 4F. FETLMERA SR T UIER, X RSElEIEH/EH
2k EEFRAR AR FEFRARAE 21 AT & %A, X RSEI 2 G/ H AR BEFRARTE 21 4E AL T
TR, BENLS RSEI FMARAS b3 (& 2)HH [ .
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Figure 2. RSEI normalized average of ecological environment quality in
Ordos City from 2000 to 2021
2.2000~2021 FS/REHHESIERE RSEI [3— L FHE

0.42 7

—— NDVI — ET
0.50 1 ZEMEAl A 0,40 et a
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Figure 3. Normalized average of indicators from 2000 to 2021
[E 3. 2000~2021 £ FIEHRVI— L FEHE
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NASTH T RS R 2T AR AR B AR, K SRR 2 AT RSEN 45 5 K4y 5 MERSR: #
(0~0.2]. %#(0.2~0.4]. H1%(0.4~0.6]. K (0.6~0.8]. f(0.8~1]. %tT ik orgush Bk S A0 A B m
FUG ORI RIS O HEAT SRt (8] 4), IR E RSEI #5502 2R (1] 5)-

30.00%

20.00%
10.00% I I I
0.00%

NN N N NN NN DNDNDDNDRNDNDDNDRNDNDNDNDRNDNDNDNDNDN
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(A)

Figure 4. The proportion of ecological environment quality area in Ordos City and the area transfer between different levels

from 2000 to 2021
4.2000~2021 EESPREPTFESTERETA AL NI FREEIRERIBER

2002 2003

2000, 2001

Figure 5. Ecological environment quality classification of Ordos City from 2000 to 2021
5. 2000~2021 FFEPREMIHESIHERE R

A(A) R T 2000~2021 4F B AR AN AR 5 EbAR M, Siitai R ES/RZ W 2000~2021
ER 22 ASHIERE S, SRR SIENNEZ > 5% > 2 > B > ), FEUREMH
SN, 4300 T AR ) 48.52%F1 30.15% . 5 /K 2 Wi T 21 AF AR AR A T s AR A A Bl #] 4(B) R

DOI: 10.12677/aep.2025.154075 661 IR R AT IR


https://doi.org/10.12677/aep.2025.154075

LZNE]

SN “CE” BIARILEERE 7483.0km?, Hh EERN R AN 7452.797 km?;  “ELE” SR ILEE
% 2295.9 km?, AN “HEE” mAN 2056.5 km?, AN “ %7 g 238.93 km?, EAAMGE AN N 2056.9
km?;  “HpEE” JLEEEE 172255 km?, Hrpiilal <z ORI “BzE” THAIL 17219.79 km?, WA R HAN
5.6 km?, MARGEMIAA 5.7km?; K7 JLEARE 6237.9km?, HARRIE 7 L “RrZET ORI AT T
B 6237.7 km?, A “AR7 THAA 0.1 km?; “fi” JLEEE 691.3 km?,

4.1.2. HTSHME R E AR RHE

K 5 NSRRZ I ASIHE R R, Hrb, ASMEEGOY “ 27 KX T ZE RN IE
DXANSRIE FO T A HR s AR IR R 2 DR T AR BN SRR 2 W rh G 0. 3T RS0 /R 22 i v A X
SRR, B SRR L An i ATy AT X E B T R
BRI A X AR XAHERS /R HE, IR\ 2003 ETT4R,  H 58/ 20 0 i 25 A0 38 i) Hh M AR Rl BB 4R K
TAREE RS, SIRIIS A 2l AP B Dy R A X AR A SA R IE AL L AP < U IHE AT A% R T,
FEX A DR X AR SR R 2 A5, BRI 3 MHX B AR SR i B IEAE R AR LT ARSI BT
FEOAMRAIX B, B AT IR R AR MR ES, AT WOk R R AL o 0 A2 A A e B R ALY, (HIA
PORFHURHR . AR R R VE B AF AR AR AR R 22 - RS ROMIX,  H AT AR AN K S
e

L EPmA (1 4, 51 5), EAR RSEI REA U HA M BLY K - [B145 - FH 7K AOHS AL EAE R B IE
fEIA) AR AR, HSBALIM < S mmi, SIS E Y G .

413 ETMERERESHEE S

2001~2022 £ 50K 2 Wit AE SR EE R R4 5 RE(CV) B LN 0.063, RILHEACIE M, Fa
SEMERT . H, B SIXE AN TR 1%, T8I0 AR50 R 2 b A me il g s . (K9
BN 48 T 588 2 Wi M4 R X, SEHPTESR R 2 Wiia A AR . Hurst $8 50 K {E N 0.803, 5k
/IMEN 0.137, 251 FE RIS A5 e FE4: (0, 0.25), i R FF42714(0.25, 0.5], ik IERFLEAY(0.5, 0.75], 5
IERFEER(0.75, 1]PUAN 52 .

hurstig#g
[770-0.25
-0.25-0.5
0.5-0.75
0. A% o751

Figure 6. Hurst index distribution and trend analysis characteristics of Ordos City

6. SR/RZERTAY Hurst 589 71 S8 4T

MRAE A M5 Hurst Fa 80T 45 5 (1 6), SF/RZ Wil R ol X AR AE S IR B A B B A K
SRFFALTE, MAESHE R R BRIEL T — K. T 22 4 RSEI 2J8/M(Slope < 0)#a % 1) X 35, 5 [
X SR 20.1%, AESHEERARIHX EZ MRS R 2 Wi R, FIR, 280 X Hurst #8502 72 K
HRFFEA, HAmT 0.5 XA 4 24.5%, KT 0.5 KITHFA 75.5%.
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4.2. EFFEREZE SR

JTAESR, HbFR RN 5% A5 AU 7E 43 b 3 2 B0 o) Vo AR R 3 2 18] 4y S 257 TS 2 1 T2 B [25], B
MBI EIEE RSEI VKA &, B IRAEE B . R ACP X 3 EX BE T PEE . AR &
FEHRE. NOERE. BRI SR WA e, ZEBE. B, Yim . GDP it 15 WistrA T1EAN
B, ) FH R R PR 25 A5 20 AT AR S PR T B ) 43 S R 1 DA S 8% R 7 2 R) A8 LA P AL 1) 58 2 i
[11] [25] [26].

FORENR TR ZE AN 2% 2 B, 2000, 2010, 2015. 2020 4EfZEBUCE 1 q GoitE & m T Al 5
DR, e Bl 2 155 ot 0 R 22 Tl AR AS PR I S 1) 25 ) 0 S RO MRV RE B AR B SRR R 25 B D5 7~ 23 BT 4
b, FRERE. NDEE. SRR o [HAE T PRME, REPGX 3 TUHEFR AR AR5 1) 25 8] 7 5
E—ERImE R, %4k GDP. B X B 7F 2005, 2010, 2015 4EH) 3 Wb thm T M, HHr
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Figure 7. Interactive detection results of spatial differentiation drivers of ecological environment quality in Ordos City
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