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Abstract

The construction of ecological civilization is related to the sustainable development of the Chinese
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nation. Rapid and efficient monitoring and evaluation of ecological quality can help promote the
modernization of the ecological environment governance system and capacity. Liaoning Province is
located in the southwest of Northeast China and is a key area for ecological protection and restora-
tion in China. This study used the Remote Sensing Ecological Index (RSEI) to evaluate the spatiotem-
poral evolution of ecological environment quality in Liaoning Province from 2000 to 2023. The re-
sults showed that during the research period, the average RSEI of the whole province showed a sig-
nificant upward trend, and its spatial heterogeneity was quite obvious, forming a spatial pattern of
“East West excellence, Central difference”. The Sen MK trend and Hurst index analysis show that the
eastern mountainous areas will continue to improve in the future, while some areas of the central
urban agglomeration have a higher risk of degradation. The driving force analysis of geographic
detectors shows that land use type is the core factor dominant in spatial differentiation, and the
interaction between natural and human factors exhibits a nonlinear enhancement effect, with the
interaction explanatory power between land use and precipitation being the strongest. The re-
search results can provide scientific basis and decision-making support for the coordinated ecolog-
ical protection and high-quality development in Liaoning Province.
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Figure 1. Overview of the study area
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Table 1. Data sources

F 1. BiEKIR

Hodls 25 Kl KR [ GrHEE
ITEIA AR A [E H B AE B BHR H R RS R4 https://www.webmap.cn/
DEM 22 B https://www.gscloud.cn/ 30 m
IR
GEISIC /N FHIR RFRLFHIE 0 http://www.geodata.cn/main/ 1 km
BIEAT 6
PM2.5
| 5 el v SR 2 i o https://data.tpdc.ac.cn/ 1 km
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ARUT:

RSEI, = PC1[ f (NDVL WET,LST,NDBSI) | (1)

A, NDVIAREREEE, WET ARKIEE, LST {URMNE, NDBSIAEK T, AR EM A THH 7 =00]
225 BARSCHR[6]

3.1.1. #g¥RYA—4L

7£ 58 1% RSEI A4 2 Al 75 19 WA A= S5 VR F8 AR (ND VI, WET, LST, NDBSI) i+ 5 )5, N T # G EN A
G E ARG R, BN LR 4 NSRRI T IH 1k, AN RAR R
[0~1]2 8], AT
I—-1

Mt ”
A, NLE @ MEVRIE S HME: LS i DARIE—ACHIE: Loin B Lo 73595 § AN FERRARIH— AL

f R/ MELAT e R AR

3.1.2. RSEI #8405
[EIRES RSEL 4T VH— 4L AL BE, 2155 RSEI AR :

DOI: 10.12677/aep.2025.1510146 1311 LR AT U


https://doi.org/10.12677/aep.2025.1510146
https://www.webmap.cn/
https://www.gscloud.cn/
http://www.geodata.cn/main/
https://data.tpdc.ac.cn/
https://landscan.ornl.gov/
https://zenodo.org/records/12779975

AR

RSEI, — RSEI

0_min (3)
RSEI

—RSEI

RSEI =
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AR
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n=1 n=l

Y. Y sen(RSEI, ~RSEL)+1

n=1 n=1
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Table 2. Sen-MK trend classification
5% 2. Sen-MK #4343 3

SRSEI Z HaA| HAUFIE
2.58<Z 4 ST E
1.96<7Z<2.58 3 EEm
Srser > 0 PR
1.65<Z<1.96 2 T 2B RS
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Srser =0 V4 0 FARAk,
Z<1.65 -1 AN ZE >
1.65<7<1.96 -2 Tl 2
Srser < 0 s
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Table 3. RSEI change level and persistence level classification standards
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Sen &}2 1Z] RSEI 3R 1E Hurst $5%¢ RSEI AL K& 1%
1.96<2Z e 0~0.5 HH AR AR RIR I
~0:0005 72196 e 0.5-1 Py
-0.0005~0.0005 Z<1.96 FREAE 0.5~1 e
0.0005 Z<1.96 NTESEY 0~0.5 HBAR R R e
1.96<Z EE S1EYi 0.5~1 FRERAL
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S R AEF ) GeoDetector (GD)ELR SEHUBR (IS4, £E 4% G 77 ik AR Al _EH N 7 Z i,
GRAN T LAAEXS RS A5 RS20 X RONEE TERIAS 2, R LA A 3l SEBIL A A2 Bl 10 e B U ik i e B 5
PAT, FBOR BT LA R O RE ARG HEYE . AR T AL SR BRI A8, AR 1 SN si K i) 734 2
AE LA RO ¥ RS TE 30 e 2 2 3 e 500 AR B AT AT AL (R (SR 1, AT REE EAT BEAT Sk R st B S0 20

4. EREDH
4.1. RSEI £ 591

HRAE o 7 i 45 T AR 4), &9 PCL IMDTHRZE IS 70%, 2P 72.16%, £ PC1
BHRELT 4 MEFFRIBMER[15]. AN, NDVI. WET 7E PC1 "B N IEME, 1B e 78 o A
TR AR SRS B B ;. LST. NDBSI £E PC1 HH & H A fufl, R FRIREF S Agth, &5
TR It A A PR B 7= 26 A T2 T« X — 45 AT & AR A S B AU, BRI A B TR AR S &,
T e il R 0 PT R 5 3R A5 IR A o i — 20 LU BiAmr 46 %6, WET AT LST FI 48 {8 K T NDVIAINDBSI,
W] WET F1 LST %} RSEI 5B N i 2. 45 b, PCl AEGEE. B A4S 75 BfF e A &
B, BT PC1 #% RSEI if A RAGRIEL TH SR & .

DOI: 10.12677/aep.2025.1510146 1313 LR AT U


https://doi.org/10.12677/aep.2025.1510146

AR

Table 4. Results of the first principal component analysis and contribution rate for each year

* 4. BEEMBE—EMT PTINERRTBER

y il S Tk
NDVI WET LST NDBSI

2000 4 0.504 0.551 -0.615 -0.255 0.048 72.68%
2001 4 0.511 0.46 -0.598 -0.411 0.062 71.55%
2002 4 0.473 0.49 -0.52 -0.514 0.057 74.00%
2003 4 0.545 0.415 -0.491 -0.536 0.055 77.99%
2004 0.441 0.561 -0.523 —-0.464 0.044 73.51%
2005 0.544 0.48 —-0.531 —-0.436 0.065 72.28%
2006 4F 0.492 0.469 —-0.55 —0.484 0.063 73.80%
2007 & 0.602 0.52 -0.49 -0.355 0.057 76.65%
2008 0.498 0.496 -0.626 -0.337 0.048 75.02%
2009 4 0.55 0.493 -0.509 -0.44 0.063 77.09%
2010 4F 0.591 0.506 —0.494 —-0.384 0.052 72.39%
2011 4F 0.497 0.442 -0.529 —0.525 0.073 75.81%
2012 4E 0.571 0.477 —-0.404 -0.529 0.037 72.25%
2013 4F 0.521 0.422 —0.465 -0.576 0.054 80.63%
2014 & 0.559 0.501 -0.367 —0.546 0.055 76.57%
2015 & 0.652 0.583 -0.304 -0.375 0.046 77.17%
2016 4F 0.489 0.483 -0.459 -0.56 0.047 71.13%
2017 4F 0.569 0.475 —0.483 —0.464 0.043 77.17%
2018 4F 0.553 0.469 -0.376 -0.574 0.043 78.02%
2019 4F 0.531 0418 -0.467 -0.567 0.067 77.51%
2020 4F 0.537 0.55 -0.226 -0.55 0.033 76.91%
2021 4F 0.617 0.408 -0.174 —-0.646 0.034 75.49%
2022 4 0.529 0.444 -0.554 —-0.464 0.053 74.63%
2023 4 0.568 0.449 -0.45 -0.521 0.044 73.63%

Yl 0.517 0.462 —0.448 -0.460 0.049 72.16%

4.2, UTHESHEREZTELS

42.1. ITEESHEREZDIHIES
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WALFERE R, ARG &S, R 7 IER AESHERERERX . EEEmeinE, 80
R R 53R PAT A R A REE o RS/ U RO X i T i A e e, AR SRR
TR 05 B AR 2 S Tm v b DX S U SR B S el R P2
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Figure 2. Spatial distribution of ecological environment quality levels from 2000 to 2023
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Figure 3. Temporal changes in ecological environment quality in Liaoning Province
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Figure 4. SEN-MK trend and Hurst index of RSEI in Liaoning Province
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Figure 5. Future trends of RSEI in Liaoning Province
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MR Sen-MK %M Hurst $5EAIZR A 0T L T8 ARRZES (K 5), ILT4 ARK RSEL 4L
PR RS ] 2 AL ARSI X R IO SRRRS R Yy, X B AT a8 T DR IR A o
AR BCRRR S50 DL A SIE BT P08 s 10 PE AR o A T X g 2 s Rp kiR L s, R
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TS E S
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BRBN TR ZORE AR BN AR R A AL, 7 A [ DX AR ST i 22 e e A 2 B SRS

43. UTHESHEREBEN DO

43.1. BRINEFHESSEXREMRKL

NT RARFAHIL TEESHRES W 7 EEISIE R, A SCRAH SRS E b o 28 77
%, XS0 97185 5 B AT AR R . B FE 550 T AR T s (natural) « AHSE 8] 7 23 2K (equal)
35y 2 (quantile) JLAT (] 7325 (geometric) FIARHE 2 73 5 (sd) 3 5 Far KI5V, FEALE 4~10 DRSS
(AT BN TE, P q (B E R ONARAER E & K7 I B L7 2507 2 (15 6). Bl T X 45K 7324 100 x 100
(7 ) ) e, SR sl K5 RSET AR & UL .

Hor X1~X8 4058 DEM. fF¥i - A BEK . BTEZARUR . NDS . RE4T Y. GDP fil PM2.5,
X9 Fy LRI HER, TF DA 2023 RIS RFRE, DEM & T 9 AN X A 1 LA 1] W43
%%, FEWIRERT 10 M A EZE 2K, R EKER T 9 MK bRMEZE 2, IBERBURER T
7T AKX FIARHEZE 4325, N DRI B AT et f 1 10 AN IXE L]k 4328, GDP $dii& A1 10 4
X R sy 95, PM2.5 s&@H T 8 ANMX A RIARHEZE 2. 25 b, SRAVEE RIS S SOt BRI 35 75
%, Ref ERF AR R & RS KL T AR A PR 8 () 4 R R SE PR R 7 fELIRAL b, 2P
T B IR TR0 5 52 ELAE FARIN, RGPS AR S S B R 0L 7 48 AR S PR B i 4 1] 43 2 (R kT
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Figure 6. Classification method of optimal geographic detectors in Liaoning Province in 2023
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FIFAAL L 748 RSEL 21> S 1 SR 4B B ACREE LR BIAL 51 55 — R85 =($EH) q=0.369 I
0.290), LB H AR ME A 75 AR S B EAS et HAA B . DEM. PM2.5 RE 7R 25 HUR B T R S5 d R /)
B F(FF3 q {8 0.225~0.272), WA RSB IE BN E . gt E T, ANHN%E. GDP
R ) AT e B AR 1A i AR (FE Y q 18 0.033~0.220), KB A& AT M AE AR IR, (B4
AR, WA M GDP ) q fE7E 2023 4F5 2000 44 B & ETF, R L 5 2 50 E 0 A2 4547 ]
o S B IR IELE I 0 . BT IR AR, 280 SR (K B TEZRBUR) MIfRRE JI1EE A BT
B, 1 PM2.5 Al DEM 46K 3 7E 2020 F 535 B, AT g5 i m Ao <% AR slis JeHE oL e o6
b, ARETFRIIRENER & TS E T, BEAREISEFREm )2 B as, W TEES
IR R Y ot B SRR 5 N TR BN SL FIE I 45 2R

Table 5. Single factor detection results from 2000 to 2023
% 5.2000~2023 F B FFIHRMLZER

2000 4F 2005 4F 2010 4F 2015 4¢ 2020 £ 2023 4E WE HE7

DEM 0.230 0.163 0.273 0.234 0.353 0.329 0.225 6
ER 0.265 0.368 0.312 0.424 0.240 0.423 0.290 3
K 0.458 0.536 0.438 0.484 0.312 0.356 0.369 2
TR 0.337 0.354 0.308 0.378 0.246 0.286 0.272 4
NOEE 0.303 0.253 0.239 0.272 0.218 0.259 0.220 7
IRIAT Y6 0.005 0.027 0.042 0.029 0.059 0.069 0.033 9
GDP 0.071 0.043 0.074 0.076 0.108 0.100 0.067 8
PM2.5 0.252 0.196 0.315 0.169 0.439 0.220 0.227 5
TR A 0.512 0.439 0.490 0.426 0.486 0.456 0.401 1

4.33. ZEERTEMSTH

HRHE 2000~2023 3L 748 1 3R FH R AR J R (2 6) 81 RSEL SR 5) K1~ 152 BLAE FH PRI 25 SR (4]
7y, BT AR A SRR A 8] 73 5 AR 0 (q (B SRR I R R R 4 5 ks, HLAZ ELAR o
FE e = R R AR, R TR A SRR R A4 7t BRI R 5 ARG B A gt 3.
R SRR S A PR 58 BRI R TR, AR H q EAERTA TR R
(2000 4F 0.641. 2015 4F 0.612. 2023 4E 0.564), St T35 7K 20 2 A4 10 [F) 2008 A2 BREh A2 25 4%
JRAZ AL o

HRAE 2000~2023 LRI AR HFE R LAE A% FE % 3 dd 150 FH b A2 X — I e 3 A1 L b R
BRI SEEBHRTERIR T, 12T R X G 46 4T A S i E B AR 7K
o DRI RT DAHENT, FEid 2 24 4REIR], DU F A% o v O 2 (0 R AR R, R i X
AEAE R E N EE RN . A8 BERIEE RR I A K SR . DEM 5K R0 H 58 (1) 1 56
TER, Ui BRI G RIHIE - SRR A X A B A B sl L. ASEsE i, PM2.5S &5
+HFIH . GDP 5 ADEEML EEHEE, H 2015 45 q 2 ETHAS, EHRESRELHF AN
LRSI H a3 58 . EAEERE, BAET5 ANEE TR H(F7K N GDP. DEM N & [RIAT
F) L2 RIUNIELE I 58, ™ B NI B TE B AR AR 1 1 S0 RNt — 2D JBOK 1 A 25 550RE f 25 ) S i o

1E 2000~2023 4F (], ANFENHRZL HAEMT q A S A, UlBAE S A5 B0 A5 il & R 1)
KN 1E RS . X — S5 FEIE T I T8 AR S TR AR 2 | ARl 5 AN iEshdL R 2, HobhIA
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Table 6. Land use transition matrix from 2000 to 2023

M o

2 6.2000~2023 F£ -1 F AT

T (km?) R H AR HEAR B 7KK it AR TS
A% H 6606.053 249.014 0.039 87.087 46.921 0.341 367.895 0.001
FEN 213.708 4794.022 0.106 6.868 0.530 0.021 24.631 0.000
HEAR 0.001 0.022 0.012 0.041 0.000 0.014 0.018 0.000
T, 224.607 194.629 0.012 416.084 0.669 0.001 0.871 24.051
7K 18.744 0.894 0.001 0.181 139.695 0.002 0.264 43.333
R 1.590 0.010 0.501 0.499 0.007 0.497 2.930 0.000
W 5.770 0.120 0.002 0.022 25.558 0.074 1090.544 0.000
B 0.009 0.002 0.001 0.001 0.021 0.000 0.000 0.000
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Figure 7. Interaction detection results from 2000 to 2023
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LTS BTREAE 2000~2023 SFE[A I “ZRIGIH, hilz” KB AaRE, HEa2 3R
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ILT A AERFERE, 558 TR0 AR S R AT e i (0 F%7K, RSEI RELRFELECE B, X5
DX AR AR AR AR A DR P BOR DI SC [ 1610 WETERI, 4R R KS 3R IS AR T q (eI DR 72
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IR, IRV U X R A R A T A S M g9 M ma [17]. NS sl S BUES R A0 7 57 MR AR A
PICEEIRAN R R . IR IR T L IX (PEPH . Ki%E $21L55)RSEI 2R TR, 5P iiihid
T H (R B b ok BLREAR DG . 2000~2023 4E[A], iz M X # X T AUE N T 2.3 1%, SEESS PR
18] PM2.5 WREEEEIX S TV REX mEEWIA, A, #0555 TV A X8 PM2.5 5 1
FIFMAEH q 3% 0.55 DL b, B Tolkyg 4 5 OB ARG B R SR s . (B e e, RIa4T
R 5 GDP (752 TLAE FHAERE J1 M\ 2000 4E £ 0.007 ETFZ 2023 4E 11 0.121, F L 5K 56U THAE
ST 47 K AR W [ RS A ZS PR BT A I 5 B0 R [19] e B R AR 25 TR ARSI Tt X o 8 DX SR A S e 4 T
MRAEA . “=db” BRI T B SR G IR BT H BHEdE, A i AR RN VD H R b X 1) RSET
BERT, W 53 IE M T 15.8%. Kik B N AEH X 1R E 8 TR0 ANE R RS ER
B, AT BURT BRIAMBCER 201, BF28 BAR 0 ide— B4R 7 IRShLEI e =84k, 3SR
T 5 NFIH BN AR LR 18 95 24 R (U /K NGDP . DEMNAY [814T 5'6) 2 BN K& 4 AR AR _E A9 B njsok
TEFH R . IR EARNIX,  BEBEAO S S5 A8 A0 3L [F] g me) - 49630 AN ER AL AR RE, o] 7 A3
RERINETITE21]; TAE LH R X, HE &5 T5 B0 B S 805 Y 8 54 B . 2015 )5,
NETE BN DA ELAE I RIARE 4R T, 15 B AL 2 40 B DR 30 AR 28 T 058 1D 5 M) 15 T ek | 98 B 7 1)
FRAEF

5.2. ETEEIN

BT T LSRR RO, R R AL, B CREMRE . TEREIA . b
MER” R AR R AR L XSSl ™ A (A S ORI I, SR /KR IR AP 2 FEVE DI RE 5
FEIL T IR T R SR AR ML SR (T R TS Y VA B, TEAR IS HIR T TC K, BN A A AR AR A
RONE; AEXL VAL X PSR B v Vb AR L ORFF TR . R, BEssAl B OR AN A 7%, i+
A FIAR RS . St PM2.5 5 S P Rl . ORISR S K S8, DI AR SR fe S, et
T RSEI BGE R AESAME SRETE IR, JFHEsh ARS SRS MR, T MRaIs A S R AKXl
i, AT SEIUABEEN VA B EE AR R — BRI T R GRS .

5.3. RRME

AL FIE IR A ST E(RSEDRT, FEE TS IBE., TREMMEIAMZ IR, %5 EREA
RO B DX I A R B AR L, (BAEFR AR R 2T FAIEE—ERR, RSB ERES RS
ARSI EEA L o JE SR U R] RG T IF 5] NTE 2 15 ISR S IR I B B ARG a5, LR A .
ERF G SEBR ARSI BORGLI G 2 2 RSEL LAY, AT HFHPPAN 45 R vEmh It SadE v . sbsh, 7EBRE) )4
Pridiieh, ASCKRH BRSO BRI 350 & K7 170 K075 5 0 R H #0477 o, B3R T
Rl PR ST AT SE 1 . SR, 12O VEAE S (B RUEARA 7 A AR AE — € SR PR, R RER AN AR I A 8] 23 [ RL
B FEE T BRI 25 SR o JE AR STl aE— P 5 N2 REEAMHTHESE, S alAE AN A MRS ROBE BRAT X B 7t
AT H IR, R G DR B DR AR TR RUE AR S R e e, AT i s SR S AL R AR A R R A
HoRp A I IE TS e 3 =
6. &g

AW IE T 1B A S FEHU(RSED), 454315 H Sen-MK FA# 4656 . Hurst $550. IR B &5 070%, *f
T4 2000~2023 A Ao 2 I SRR LIRS AL AT T RSt FESRWT:

(1) IL75°48 RSEI $1H M 2000 E[F) 0.441 LFHZE 2023 £ 0.575, BEARA SR & 2B & 0GE
F, AHARE S I, B CRVEOL, T MR R . TR X R A A . AN SRR SS T oA AR
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SEMAESRRRE, AT ITRFRSE, AL R iR A L A rh X 2 R NS, AR
W] SN P FE e 2R E3 R A

(2) Hurst $5HCER B 73 X IH(H > 0.5) A 35 B AT BRI S o TR 1L DXORACRE 4R 8L R4 208
ASFh s 00 3L A R TR )0t D) T i SRR R RS, A S IR 518 R AR /5 B AT RS VE A B

(3) HEEGESA R BN, AR AESK R R AERNEL, Horb 3R 2R q [E31E 0.401,
&R SE RSEI 8] 73 5 1 B B3 A 1o A B PR AN AR I S5 UM R 7 th B AT S B R 0 . NS 1I1
BT AERE IR RS, (B S o8, JCHAIRST O, GDP S8 A 1 HURE M /I 7E 2023 SE 8% ETF.
TR BAR BN EE— 7R, A S KRS EAE f (g 24l 0.6), & T HAKKS AK
TSI TBOK B W [R] 280 BIX i 2 2 o 4 2 1) 73 St R R JE AL A

ZiEprid, 1T S EUEREA R B R 5 NSRS R RS E R, H S5
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