M E4FS: 1000-0283(2026)03-0094-11
DOI: 10.12193/}.laing.20250312003
HRE 525 TU9B6

SCRRARAERD: A

IFEEHA: 2025-03-12

& E B 2025-09-03

ZEEE

2000 4 / &/ REMA /TR LA E /
HRABANSEHAL ST

S

2004 &4 /2 AT RN A (R R 7 B A E
1B A

s %

1979F 4 /B ITABMA MEL/HBER. L
ESIH /AR AAARNSEMIL ST

+3@{5{E#& (Author for correspondence)
E-mail: shaofeng@zafu.edu.cn

9 | A%

FE#k, 2026, 43(03): 94-104.

ET LUR-XGBoost =R il L 3 F) A= AE /3T PM, 5
B9S2 R B s

Impact of Land Use Landscape Pattern on PM, - and Spatio-Temporal
Simulation Based on LUR-XGBoost Model in Hangzhou

ZEE kHk' IRV ERT BES OB %"
HOU Yuting! CHAI Yuyi' WANG Lingling® ZHANG Yinke® SHAO Jingnan' SHAO Feng"

(LT AR AR bk SEREFLBE, B 3113005 2.0 & FHIX Mol K Fm, BUH 3114005 3.bT M, B
310013)

(1. College of Landscape Architecture, Zhejiang A&F University, Hangzhou, Zhejiang, China, 311300; 2. Bureau of Forestry & Water
Resoure in Hangzhou Fuyang District, Hangzhou, Zhejiang, China, 311400; 3. Hangzhou Botanical Garden, Hangzhou, Zhejiang, China,
310013)

wm =

ISR (PM,s) CARFIA L ERE S RIET AR R A2, AEAERTE PM,s 1552, T3 LUE BT
53 BRI PM, s NP 228 1, RO e A PR A o M M SRR s, D 2014—2023 4R AT X T4
i e TR PM, o R HE SR8 e, 3T BRI ok SR A e e, 45 & L3RI EIA (Land Use
Regression, LUR) #7%, fREREGEESETE (XGBoost) FLILFIMTE /RBARSCHE D WA ST, SR A 5> 1,
10 52 P UEAN MBS EBAR I UEISAR I PERE, S I-HIRRE AL bt PMs TSZNRALHY, 53 BT PM, s 15 Jeftgiv 228 S
P, SRR, RABRIRIMREEI, ROFIARER AEECIO0LL L, XIS MSE(H, RMSE{{FfIMAE
{65y 310132 ng/m®, 115 ng/m*F11.08 ng/m’, 500 mEEihx AFKHBBEHIER & 241011 000 mRi% K IfF
BIFERIIRE PM, s ARG 5 M, BRBATIZE R ITTExE PM, s IO TRINGE 153 51k 44%, 33% F123% ; 4f:
BI R R AR L A T AP, RS, LR A A Ak R 5 RBLT AR [ U7
TEFRCRE, ARG T, S RM, mfEX A THEEX, XS,

ES 47

PM,s 5 - HFI ISR 5 LUR-XGBOOSUIERY 5 I 2541 5 B

Abstract

Ambient fine particulate matter (PM, ) has been ranked as the sixth most important risk factor for death and disability globally. To
accurately prevent and control PM, pollution, high-resolution spatiotemporal characterization of PM, variations is imperative,
prompting the development of modeling approaches based on limited monitoring stations. This study used PM, concentration
(2014—2023) from seven state—controlled stations in Hangzhou’s core area as the response variable, with urban land—use land-
scape patterns as explanatory variables. A Land Use Regression (LUR) model, the Extreme Gradient Boosting (XGBoost) algo-
rithm, and Spearman correlation analysis were employed to develop the model, while data splitting, 10-fold cross-validation, and
external data validation were used to evaluate its stability. This framework was designed to investigate the mechanistic impacts of
explanatory variables on PM, and analyze the spatiotemporal heterogeneity of PM, ¢ pollution. The validation results showed that
the hybrid model performed well, with R? and adjusted R® above 0.90; the cross-validated MSE, RMSE, and MAE were 1.32 pg/m®,
1.15 pg/m®, and 1.08 pg/m®, respectively. The shape complexity of the forests patches within 500 m buffer and the 1000 m impervi-
ous surface average patch area are significantly correlated with PM,; predictive capacity rankings were: woodland (44%) > crop-
land (33%) > impervious surfaces (23%); the annual average concentration showed an overall fluctuating downward trend as well
as a spatial distribution pattern of high in the northwest, low in the southwest, and increasing from the south to the north; reflecting
the “U”—shaped seasonal change characteristic of “high in winter and low in summer”, the low value area was located in localized
areas of Xihu and Gongshu districts, and the high value area was located in localized areas of Gongshu and Binjiang districts.
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Tab. 1 Details information of state-controlled monitoring sites in Hangzhou core area
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Tab. 2 Calculation methods for landscape pattern index
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External data validation Norm LUR model LUR-XGBoost model
R? 0.61 0.91
A% R 0.61 0.91
20224 MSE 3047 6.50
RMSE 5.52 2.55
MAE 3.89 1.68
R 0.59 0.93
Ak R 0.59 093
20234 MSE 3411 7.90
RMSE 5.84 2.81
MAE 412 376
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Tab. 6 The screening results of the target variables
TREH t{é pE  RHE VIF (&
Variable name t value p value R? value VIF value
500 m—A~i% /K |E—PD -1.97 0.0961 0.39 165
500 m—#Ath—LPI =317 0.0194 0.63 2.67
500 m—#Ajh—LSI 5.76 0.0012 0.85 4.53
500 m—#tJh—DIVISION 313 0.0204 0.62 2.63
500 m—§tih—LPI -3.88 0.0081 0.72 351
1000 m—AnZ& 7k i—AREA_MN -4.71 0.0033 0.79 470
1000 m—#£ith—PD 4.16 0.0059 074 3.89
1000 m—#£ith—AREA_MN -4.31 0.0050 0.76 4.10
1500 m—Aig 7k —LSI 197 0.0967 0.39 165
1500 m—#§#—DIVISION 3.28 0.0169 0.64 2.79
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Fig. 7 Simulation distribution map of annual average PM, 5 concentration in Hangzhou core area from 2014 to 2023
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Fig. 8 Simulation of cumulative quarterly average PM, concentration distribution in Hangzhou core area from 2014 to 2023
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