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Abstract

With the acceleration of modern urbanization, the problem of ecological environment degradation is
becoming more and more prominent. The rapid development of the city is closely related to the change
of the ecological environment, and the dynamic change of the ecological environment quality has a
very important influence on the sustainable development of the region. As an indicator system that com-
prehensively considers four ecological factors of greenness, humidity, dryness and heat, Remote Sens-
ing Ecological Index (RSEI) has been widely used in ecological monitoring research. This paper takes
Baiquan County of Heilongjiang Province as the research area and uses Google Earth Engine (GEE) cloud
platform to select Landsat remote sensing image data of seven representative years from 1990 to 2022.
Four ecological component indexes of Normalized Difference Vegetation Index (NDVI), Humidity In-
dex (WET), Normalized Difference Built-up and Soil Index (NDBSI) and Land Surface Temperature
(LST) were constructed. Principal Component Analysis (PCA) was used to comprehensively construct
RSEI and analyze its temporal and spatial evolution. The results show that the ecological environment
quality of Baiquan County shows an evolution trend of “first fluctuation, then recovery, and gradually
stabilizing” on the whole. From 1990 to 2000, RSEI decreased significantly due to the expansion of
agriculture and the enhancement of human activities. After 2000, with the advancement of vegetation
restoration and ecological protection measures, the ecological quality has gradually improved. The
results of principal component analysis showed that the contribution rate of the first principal com-
ponent PC1 was more than 60%, with an average of 72.67%. NDVI and WET were positive factors that
had a significant effect on the improvement of ecological environment quality. NDBSI and LST are
negative factors, which are the dominant factors of ecological degradation. This study not only ver-
ifies the effectiveness of RSEI in regional ecological quality evaluation, but also provides a scientific
basis and technical support for ecological environment management and land use planning in Bai-
quan County.

Keywords

Google Earth Engine, Remote Sensing Ecological Index, Ecological Changes, Principal Component
Analysis, Baiquan County

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

ARG RN S A EUR G, JOHAE R NSESE ) H i MR 5, X
BAS RGEMENS N 5L A0 E S, TREBRREOR F G V) IR e HA
FAMTEE WA EE ST, O 2N T ARSI SR AT ST 2] 10 FRARIRAK 3] 52 H (V3 ek A 2 i 4L
(RSEDVERN—RIERE % EAEPCIRDL . M. TRMMAELMASR TRZRETEEE4], REWs N4t
J52 e DX A 45 o R ) A TR AT TR AR . oK, Bl = 1H 50T 5 W Google Earth Engine (GEE) [S]HIA
J&, IR AR RIS A B ORIRER T, VR R I IR 510 (A 2 A I R A 1 B S dE

FRoR EL AL P B ZR AR X SRRV T AR U, SRR TSR TR R, R SR AL B, R LUK
RIS BN E. X BA W ERFRREAEE, 2FRATE, HFRRRE, kS

DOI: 10.12677/0jns.2025.134078 739 FIAR R


https://doi.org/10.12677/ojns.2025.134078
http://creativecommons.org/licenses/by/4.0/

£

TR . AFNE K EEMRE MRS —, FREKEIDCRUANC AT, HAESHEAMUEZE LR
XA AT RESE A S, X R BT S5 () A A 2 i SR P AR R s . SR, IEAER, BEE AT R R
PR R 7 200 B DA KSR IR 2 , iZ X AR AS A ER G 1 2 6 77, gty sk . Jgih
FYE . KT RS 0] 2 I

R, SR E R SR B R AR SR (AR, SR LA AR, ST X A 25 S e
WS AR R B EE R . AXIHET Google Earth Engine “F-4, M Landsat R¥3ZKE G EHE, F)
F{ NDVI. WET. NDBSI Al LST PUAMEZRE T, ) EEAESTEE RSEL R MR E N 1990 2
2022 FEMAE ARG 2 ] o AR, DHh 7 AR A RS R bR AR SRR AR S R S

2. IRXENR

FER B SRR T BT RT, AT BRITA R EE . F5r e /KT AR08, M er IR A2
HFEARFRA TR E 125°30'~126°31", b4 47°20'~47°55'2 [d]. ZRLLBEH N, Sigeni. bz,
AR EL; TSk Bl b L BRI R E . MALIRL 55 TK, RATEL 66 Tk, B
3599.15 5 TK. FEREH X EALEIE 1 Fs.

FE SR B DB AR P A e fe o, M3 B A rE i AR LR}, s IriE . oK. B3
A KR RS E, TWZE5H, EBSEYS 2.3°C, BRMN 125~135 K, ERKEETTES, A
400~500 =K, IEE A A,

ZEREFEEAREESX, KRR K. KRG, NENE, AR RS, 4B
HTIFRZ) N 375.3 Jiw, BJEMAR 17.8 i w, AKIRARL 8 Jimi. 4k, BEE LN K HI$
AURAT ORI SRR (3 0, FER BAE LU R R IR B e A SR T 0, Wi ith 2845, T4
IBAE . KBRS K 2 I T v B 1) R D R T

124° 30°0"% 125° 00" % 125° 30° 0”4 126° 00" % 126° 30° 0”4
2 /(_\“J\“_w/'\:> N 2
o //w m?fL °
(=3 1o
=Wa i
. —tma e e
f T L
uz‘;laﬁﬁ; pe -

% \
3 g o
< (e <
of S °
K] ?
N | A
N N
L= o
o ﬁ o °
- —® 349 Ny
S - ]

R 17
0 10 20
124° 30°0"% 125° 00" % 125° 30° 0”4 126° 0’0" % 126° 30°0"%

KR arcgis il &,

Figure 1. Baiquan County research area overview map
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Figure 2. The mean line chart of each index in each period of the study area
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Table 1. Statistics of each component index in each period of the study area

F# 1. R EHR D EBIERRIT

Ay =070 NDVI WET NDBSI LST RSEI
w/ME 0 0 0 0 0
I KE 1 1 1 1 1
1990
¥E 0.581 0.512 0.549 0.524 0.503
FrRfEZE 0.182 0.171 0.185 0.208 0.161
I /ME 0 0 0 0 0
I KE 1 1 1 1 1
1995
YA 0.688 0.537 0.455 0.394 0.593
i 0.169 0.171 0.176 0.195 0.144
I/ ME 0 0 0 0 0
I KE 1 1 1 1 1
2000
YA 0.472 0.382 0.660 0.588 0.400
P2 0.195 0.185 0.207 0.203 0.178
w/ME 0 0 0 0 0
S PNE] 1 1 1 1 1
2006
YA 0.634 0.438 0.562 0.464 0.508
bR 2= 0.176 0.179 0.179 0.195 0.144
I/ME 0 0 0 0 0
I KE 1 1 1 1 1
2010
WME 0.588 0.430 0.508 0.550 0.494
FriEZE 0.196 0.185 0.184 0.185 0.165
/ME 0 0 0 0 0
e KE 1 1 1 1 1
2014
¥E 0.678 0.502 0.484 0.541 0.467
bR 2= 0.175 0.209 0.200 0.199 0.173
I/ ME 0 0 0 0 0
I KE 1 1 1 1 1
2022
WME 0.689 0.478 0.488 0.552 0.472
FriEZE 0.179 0.194 0.201 0.201 0.167

VO BAR PR (E 20 A 1] 3. FEORELE 1990 DK, ZREEfRbR &2 0, RUVESBERG —E
R (EE BEIRII R PR AL BT S e A 1 T R A [ ARORN F e SR I DR A
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Figure 3. Spatial distribution of components in each period of the study area
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Figure 4. Remote sensing ecological index RSEI image
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AERSIBAL, RS AR S U RO R

FNESIZOAER, §7KIH(1990~2000 4F): RS atckR AL, Brh AR 22 3753 E, 9lK:
TG 55 N B MM/ FE R LB L S 2 NDVI 1 M 0.688 (1995 4F)[% 5 0.472 (2000 £F). TREMIE: Al
FE B A FE U (NDBSI M 0.455 F+ 22 0.660), 7K T3k KB IN. 212000 4F5): AR TRYBUR
AN EL: FEIRE: BHHEMAEE NDVI [FIF 2 0.689 (2022), 3X#h RSEI &3 . HiAMHE: MLtk
WD s, NDBSI RFLE T [£(2022 4554 0.488), ZEfRT1LET7.

BRI R o, AR TRET: 2000 45 B ZIBHHOM . =Jbp9 R TR ST, BT aRE
(NDVI 44 38.6%). IR ORI BRG] 7 /KIMZESR, WET 1E 2014 4 J5 B2 (21H 0.478~0.502). i
RIRAL: BRI/ B AR 25451 (201 7) A BRI B 5k, (2 3F RSEL 25 (8] 70 A “ A S 4 HH B A0 5 i)
I, EEBUR A A K R I Sh F v R %
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M 2 R LAE H PC1 UG LA S ik, X SFEA AR E PRI PCL faid(E ] LB, 24
NDVI 52 % WET (iGN IEME, —EHXESHESA EMPIoTEk, 11 NDBSI 5% LST faf #{H
RNGE, AT AESAE AR, X5 S2bREAR 1],

Table 2. The results of principal component analysis of RSEI indicators

5% 2. RSEI BIEHEM A DITER

GR Ei=tan PCI PC2 PC3 PC4
NDVI 0.501 -0.210 -0.690 -0.478
WET 0.423 —0.446 0.698 -0.368
NDBSI -0.527 -0.829 -0.176 0.065
1990 LST —0.541 0.265 0.078 -0.795
FRAEAE 0.097 0.023 0.010 0.002
TUERE /% 74.11 17.23 7.48 1.19
NDVI 0.500 —0.194 —0.661 -0.525
WET 0.469 -0.279 0.744 -0.386
NDBSI —0.466 —0.882 -0.060 -0.042
1993 LST —0.560 0.326 0.082 -0.757
FREAE 0.076 0.027 0.013 0.001
DTEREE/ % 65.27 22.75 10.75 1.22
NDVI 0.484 —0.412 0.672 -0.379
WET 0.466 -0.180 -0.719 -0.483
NDBSI -0.490 -0.859 —0.141 0.057
2000
LST -0.555 0.247 0.107 -0.787
FHEAE 0.118 0.017 0.009 0.002
DUEREE/ % 81.38 11.49 5.93 1.19
NDVI 0.497 —0.246 —0.694 -0.459
WET 0.507 -0.181 0.719 —0.440
NDBSI —0.428 -0.901 0.045 —0.048
2006
LST -0.559 0.307 0.000 -0.770
FHIEAE 0.074 0.030 0.014 0.002
DUBREE/ % 61.58 24.62 11.85 1.96
NDVI 0.538 —0.259 -0.670 —0.441
WET 0.478 -0.274 0.742 -0.383
NDBSI —0.443 -0.895 -0.030 0.030
2010
LST -0.535 0.237 0.013 -0.811
FRIEAE 0.101 0.018 0.011 0.002
DUEREE/ % 77.05 13.37 8.29 1.29
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NDVI 0.420 -0.306 -0.763 -0.384
WET 0.557 -0.204 0.636 —0.494
NDBSI —0.452 —0.885 0.109 -0.004
2014 LST —0.556 0.285 -0.028 —0.780
FHIEAE 0.111 0.021 0.011 0.001
TR/ % 76.98 14.63 7.79 0.59
NDVI 0.446 -0.376 0.713 -0.389
WET 0.535 -0.091 -0.664 -0.515
NDBSI -0.437 -0.875 -0.206 -0.034
2022
LST -0.569 0.292 0.093 -0.763
FRIEAE 0.100 0.027 0.009 0.001
DUEREE/% 73.33 19.39 6.52 0.77

M 2 R, B R (PC)FIRFIEE LA 28 S 4 32 S, KT R 60%, HmiAH]
81.38%, “FYITTHREE N 72.67%, PiH PC1 BEMSAARASHIENILEA NI, H &M% RSEI [ H 7,
IR T A AR S Wt DX 3 A 25 T 8 T AR e R A e 1k

1990~1995 4E: PCI1 DiEREH 74.11% % E 65.27%, LSRG ZE|—w /NS T, S48tna £ S
T, RELEME ZAk; 2000 4E: PCI TRk HRILE] 81.38%, NAeWifm, RMZNMBAESRAZENLZ
DR G R, w RS R R AR S SR TR R IR S UIAN DS 2006 F: PCL DigkE N EZE
61.58%, NIAK A, PIAERMRE W BUAES KRGS T I I s sh ], A8 R &R 2 6k 2010~2022 4
PC1 ST E A ELE 3%/, BB RGBPIE T4, FMEW, SfatrEkREaT i, R
RIUFIESRE -

I A T DUR e, R B AR RGN A5 R & R ARRE ) AR X 43 B2 . NDVI 5
LST MR EMEFHET, B RPEPCRG I SCEN RS RGMERHER, 53 W R IR A&
B ) T Rl 1A AE 1) DT RRI 58 1 0T = i 7K ST 2% A AR A IR S R 7, T T B R ) 7 ) s e A B
TR R A A KU

i LRTR, FRREASABREET A SR RN, ERE . BORENED B, A%
RGZ NN EN G S EIAEERCE M, H I AR I s A S R 5 LR RS, XSRS R EIE D
$&Tt, RSEI &I A& 2

6. &5i8

ACHET Google Earth Engine 74, 4 %I ] Landsat 1% 5 RSEI B, 5757 1990~2022 4EFF
SREVESIAEE “Ush - E - R EA . BRI R SR RAESESIN ARSI, TR
FFE T A T FR B (LST) M1 B (WET) A0 53038 Ak s A5 2 ARSI IR0, 1990~2000
SRR 5K B 5 B 7 55 T FE(NDVD S L HBAREE(NDBSI), 1M 2000 4F 5 L &8 5 A A4kl
HRR BRI BORRERIE T Uee R, BBHEAKR. B S TR ARG T8 E 58
B, HESAEZS R E R AL R R .

FARFREFTHE G OFE=ERR: © [EPHEEE— R PR E AR A RE T, @ &
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M AE S ——HE) fRA PEBFE ] NDBSI EJH; G BURAEHEVE b——45 & RSEI i k2 A&
BEASEX . AWFFLIAE T GEE 55 RSEIfEFE IR A A PP P & bk, H “ B8 - A8 - BoR”
WA BE AR AT AR AT O SR L X R i S %
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