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Abstract: [Objective] Ecological environmental quality is a fundamental component of regional
sustainable development and ecological civilization. Given that most of the existing studies rely on linear or
single-scale models, which are difficult to reveal the nonlinear response and spatial heterogeneity

characterizing ecological processes, and pay less attention to the long-term dynamic evolution of driving
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mechanisms. Therefore, this study aims to establish a dual-model coupling analytical framework
to systematically analyze the spatiotemporal evolution of ecological quality in mountainous cities and
its driving mechanisms, providing scientific support for differentiated ecological governance.
[Method] Taking Nanping City in Fujian Province as a case study, this research evaluates the
spatiotemporal evolution of ecological quality from 2000 to 2023 based on Google Earth Engine (GEE). The
XGBoost-SHAP model is then applied to quantify the nonlinear contributions, threshold effects, and
interactions of driving factors. Finally, Multiscale Geographically Weighted Regression (MGWR) is used to
reveal the spatial heterogeneity and differences in the action scales of these factors. [Result] (1) From 2000
to 2023, the ecological quality of Nanping City showed a fluctuating upward trend, with the mean RSEI
increasing from 0.649 to 0.671. Spatially, a pattern of lower values in the central area and higher values in
the surrounding areas was observed. (2) The ecological quality of Nanping City is mainly improved during
2000—2023, and its area share is 41.62%. In contrast, areas with ecological degradation were mainly
concentrated in Jianyang District, Shaowu City, and Yanping District, covering 33.56% of the study area.
(3) The XGBoost-SHAP results indicate that the driving mechanism of ecological quality in Nanping City
shifted from being dominated by natural factors to a combined pattern involving both human activities and
natural background conditions between 2000 and 2023. In particular, human-related factors such as the
proportion of cropland and built-up land showed a marked increase in importance and became key negative
drivers of ecological quality. (4) The MGWR results further reveal that the effective scales of different
driving factors are not uniform and that their spatial influence scales change over time. Among these factors,
elevation, slope, and population density exhibit the most pronounced spatial heterogeneity.
[Conclusion] This study identifies the key driving factors of ecological quality changes in Nanping City
and clarifies their threshold values and spatial scales by the XGBoost-MGWR dual-model coupling
framework. The findings provide theoretical and data-based support for ecological spatial optimization and
targeted governance in Nanping City and other mountainous cities.

Key words: remote sensing ecological index (RSEI); XGBoost-SHAP model; MGWR model; coupling of
dual models; Google Earth Engine; mountainous city; spatio-temporal dynamics; multi-scale driving

mechanism; spatial heterogeneity
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BLED T 0 XA A5 22 A SR AR P RF S K
BAELER X
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Tab. 1 Data sources and descriptions of driving factors

LA LI Hdi kI 23[9y Fhy
~ GRS LN http://loess.geodata.cn/ 1 km 2000- 20234
A
K E http://loess.geodata.cn/ 1 km 2000, 20234
AR 7 = (DEM) https://www.gscloud.cn/ 30 m
T i 3 FDEMIt5E 30m
o GDP#*[a] 43 Afi https://www.resdc.cn/ 1 km 2000+ 20204F
T E
Y INEE; https://www.resdc.cn/ 1 km 2000, 20204
bR 2 A https://www.resdc.cn/ 30m 2000, 20234
AP/ NPP-VIIRSA A KT ™ il 500 m 2000, 20234
FHAE N
T % % 1 OpenStreetMap(OSM) 100 m
M2 (LST) BFGEET G 30m 2000, 20234
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J 220 Horh, g FE B A — A R 4 48 #X (normalized
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K H Tasseled Cap 48 ¥ (V% & 7 & R ox, HTRIE
MRIRIE R TR A— =R T EREEER, %
A SRS LR O EA ), H T R
iy 5 ANE K T 5B T R0 s 45 DR B o B
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B AT PR AE AL AL B . B 208 TS o vk
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AW T T GEE 7 & #% RSEL A AR 4
F: (DT GEE ¥ &£ 2000—2023 4] Landsat
RANEIEFAZ s (O BNZF & H 1 Landsat 2 #E/iE
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(modified normalized difference water index, MNDWI)
FEMEERI 5T X S5 (1) 7K A, 8 SR R A 52 7K 3B i
BREFCRM 1 778 SR B G AR T 2000—
2023 N m BAR, BIEFARPEE N 30 m.
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1.3.2  XGBoost-SHAP #£ A 547
NIRRT T 2000—2023 4E 48 S A5 R
AL ) E IR PR S F AR LR At s ma AL, AT
5T K H XGBoost 5 SHAP J5 V540 45 & 1) /0 BT HESE .
XGBoost A& — Fit & T 6 BF 4 F+ 4 (gradient boosted
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2 23 CRNARE, DUIIARCER s 77 &I H b ek 28,
SEL RS FETRNCT . I H bR e ] R IA (D

Opi= Y 10T+ Y 2 ()

e 1y, yi) PSR BRH, F T P B T A8 37 55 LS
1B y; Z B 22 QU0 N ES ke BRAR I TE A 35, FH
TR G AR, k& . 8l 5N ke
JE{5 B, XGBoost {EA ALK 5 1+ H AR LT
TG HIRR EE SR T Al

TEARBEILA, DL 2023 455 1) RSET{E{E N
[R5 &, e B f S MO . 2 BFEsh A AR T4 4 A
YEREIL 11 NIRBE AR N B A B A ek
T Python ¥ Scikit-Learn &, $4 £ 4 42 19 80% Xl 7
NINZREE, 20% 1 I3l dE . HUGE L ENLIE 205
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FERE B ORIR L B B 27 21 3 /N EI AR
L1 5 L2 IEWAE S 3, 7715 SO0 s e/ MUE L B AR

®2 ERAESIEH (RSE) HEAR

Tab. 2 Calculation formula of remote sensing ecological index (RSEI)

LN iR AR
3 NDVI NDVI= (oNIR ~pred) / (ONIR*+Pred)
EFJ WETtMm= 0.031 SpB +0.202 1p0+0.310 2pR+0. 159 4pNIR—O.680 6PSWIR1 -0.610 9,DSWIR2
s WET WETor1=0.151 1pg+0.197 3pG+0.328 3pr +0.340 7poNirR—0.711 7pswir1—0.455 9pswir2

T
o LST LST=T/ 1+(Q)-lns -273.15

o

IBI =2pswir1/(Pswir1+ONIR) = [PNIR / (PNIR +0R)+PG / (PG +pswir 1]/ 20swWiR1 /(PSWIRT +PONIR )+
) [oNIR/(oNIR HOR)H0G /(PG +PswIR1)]

TR NDBSI

SI= (pswir1+PR) — (OB +PNIR)

" (pswiR1+PR) + (0B +ONIR)

NDBSIHIBIS ST S A S A

7 : NDVIRR A — LA B EG WETR IR : LSTR RN MR FE s NDBSIFR R I — 22 53 T B4R 4 IBUSFE T HR 8 s SR 4G SDy L4
Pred> PB> PG> PNIR™ PSWIRT™ pswmz%ﬂ”ﬁﬂi\‘Landsat 5 TMLandsat 8 OLIFAAR 41, W 4% IEZLA1 FEUR LT FIAT IR A1 4023 B (V) I O 285 TSRS
TR, T BARIN SRS e Afs 2 IREL A I s p N IBUR L B H HUE 1438 x 107 mK; ey LLAR ST %
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&R 3 2000—2023 SFRAE RSEI B 4 MEBEFE —EM S (PC1) BB RTHE
Tab.3 Loadings and contribution rates of the four indices characterizing RSEI in the first principal
component (PC1), 2000-2023

A NDVI WET LST NDBSI TURREE /% E NDVI WET LST NDBSI URRAE/%
2000 0.51 0.53 —0.61 -0.29 70.99 2012 0.47 0.55 -0.59 -0.36 68.79
2001 0.52 0.53 —0.60 -0.30 63.02 2013 0.51 0.56 -0.61 -0.22 67.81
2002 0.50 0.58 —0.64 -0.07 64.90 2014 0.51 0.58 -0.60 -0.22 65.57
2003 0.53 0.53 —0.61 —0.26 71.44 2015 0.47 0.60 -0.62 -0.19 65.53
2004 0.48 0.53 —0.59 -0.37 74.69 2016 0.52 0.57 -0.61 -0.19 64.16
2005 0.47 0.57 —0.64 -0.19 64.30 2017 0.50 0.58 -0.62 -0.17 71.32
2006 0.48 0.56 —0.62 -0.25 69.40 2018 0.47 0.58 -0.60 -0.30 71.21
2007 0.52 0.57 —0.64 -0.11 66.99 2019 0.51 0.57 -0.60 -0.24 71.45
2008 0.47 0.48 —0.49 —0.55 78.59 2020 0.50 0.59 -0.62 -0.17 72.63
2009 0.46 0.56 —0.66 -0.19 57.40 2021 0.49 0.57 -0.59 -0.28 68.35
2010 0.47 0.56 —0.62 -0.28 63.64 2022 0.49 0.59 -0.61 -0.21 76.68
2011 0.50 0.58 —0.63 -0.12 70.09 2023 0.49 0.57 -0.61 -0.24 70.08

KAE B LB SRR L 55 2 8. A IR A
RandomizedSearchCV T H SCJti AL %, R H S
1538 IR vH Al A R 2 8 H & I PERE, DAOIRTS il
BRI 25K o AR A R o YoE RE(RDO NI J7
i % % (root mean square error, RMSE) %S¢ §5 A5 147
WAL, BENE R G E MR ESHHAGTENL 4. £
RN GRTE BT, Tt — 0 AT & SRS PR 76 AR 2
JiE s m AL, 51N SHAP J7 %% XGBoost 45 %Y
HEAT O] @B 0 AT . SHAP J7 v 3E T AR ZE e
(%) Shapley 8 i B, K A5 00 45 5 73 i 9 25 S N AR
PR TTER, AT E B E R AR AR R
AL IE g2 . Hoh R L (2) .

g(x)=¢o+ ZZ] oix; 2

X : gQONFEAR x I TAE ;s g R LT E,
BAE T AR TR AR S A 25 1 AR 2 e i 5 ¢ R

INER | ANMRFIER Shapley fE, FH T & 1% 48 500 Tl
g R broTwk . 8IS AR B SHAP {E, Af
SR 25 BN 42 R 5 R S AR

TES Mk R, B eI~ 3 4a Xt SHAP {8 3T
% X3 R ) B 2, U = RS EART
KagAr . IR, T 4] AR B SHAP MM ¢ &
K, #57~ RSEI X & PR () AR Se 1t i AR o f Ji5 )
F SHAP =& H.43#1, TR E AN [F] R 1 2 18] 1) Bp [) 5 4
PiER, 7 BRI RN 3 5 N K36 3l 2 TR 2 %
AL o

155 1Y ) 74 8 55 ff B 35 7 Python 3.10 A 55R 58
%, f# FH xgboost 5 shap AT 1HH 5 AT AL4L 0 H7
o 24 2 S A B R SRR AR B MR HE Y T AR e Y
2k 52 HAE S, a5 MGWR B8 1) 7 [A] 57
M AT R AL AR S ik S B KR . i8I XGBoost—
SHAP J7iE M & RLH, AMUA B3 7R &

x4 BSERARER
Tab. 4 Hyperparameter tuning results

e YUY 2R
FRFE LA FERRRIN SR F R AR LA, TR TSR A 0.806 8
L2IEJ{6 245 (Lambda) A _E L2 IE AL TE, 385 FR 9 3.754 1
L1IEMEZ% (Alpha) BCE _FILIE NI, 85 N 0.177 4
R IBATMEETFHI B KL, RO S (N 725
/T AR F AT N SR AL, AR A RN T AR 9
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