Advances in Environmental Protection ¥ {R37Hi ¥, 2026, 16(10), 1636-1645 Hans X
Published Online October 2026 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2026.1610164

BEETHE A T KIDTR S RSB
ALHISE

RE, PER, FAX, #EL
K H TR SYOE G5, I KD

ks H . 20264F9 H16H; FHHM: 2026/F10715H; KA H#: 20264¢10H26H

HE

PO 5] RO T AR R, SBORT RS BPRREMR], TEHABTAESEEE. RN
B AR AR T T T AR GRS, B IAE I A= X IS BRI 5 IR MRS I R G B ALAET .
KD AR S, ETF20224F. 2025FEHHBREGSHESERTEIEHKIE, HWEDID-SHAP +
LightGBMEX A HTHESE, RAIRFTIFELRINT B BEHR T H S 2M T SR b LH . S RERH: KDmH
BN BRI SR Z FIERIGE, 2022~2025F KW TR LIBX G EEEME. BEXAEFERENE
FrAb A, @Rt i X N R XY ik PR 3EE, RSELRERILT RIS, BERTRRK
AR EERERNN, HREREXEASRERNIBAETY TR0.55C, EFEEEFRRERME, £
BXFEMRERTRRX; FNEKE. BRE G HAROHERT, S, KIRSHESERM B A <%
BRF, ERASHEELRRMER. FARTAKDTESRTRAET. #SRPOEHEEER AR
S, HARISRTTASHAERIZRES .

K §Eia

W, WMATHSRS, DIDEER!, LightGBM, SHAPHEBMAT, KFZEHLE

Study on the Spatiotemporal Mechanisms
of the Urban Heat Island Effect in
Changsha from the Perspective

of Sponge City Construction

Qirui Sun, Changle Ye, Xuwen Luo, Shengguang Hong

School of Mathematics and Statistics, Changsha University of Science and Technology, Changsha Hunan

Received: September 16, 2026; accepted: October 15, 2026; published: October 26, 2026

NES|I M MR, WEIE, PRI, 06 BT BT I T B RS LRI ). PR AR
{7, 2026, 16(10): 1636-1645. DOI: 10.12677/aep.2026.1610164


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2026.1610164
https://doi.org/10.12677/aep.2026.1610164
https://www.hanspub.org/

INEE 5

Abstract

The surface hardening issue induced by rapid urbanization has exacerbated the urban heat island
(UHI) effect, severely undermining urban ecological livability. Sponge city initiatives can regulate
thermal environments by optimizing urban underlying surfaces; however, existing studies lack sys-
tematic quantitative dissection of their net policy effects and nonlinear driving mechanisms. Taking
Changsha as the research object, this study constructs an integrated analytical framework of DID-
SHAP + LightGBM, leveraging remote sensing images from 2022 and 2025 as well as sponge city
construction data, to systematically explore the spatiotemporal regulation mechanisms of sponge
city construction on the UHI effect. The results indicate that: (1) The UHI effect in Changsha exhibits
a strong spatial agglomeration characteristic. From 2022 to 2025, the UHI intensity was signifi-
cantly alleviated in the main urban area, while localized warming emerged in rapidly urbanizing
suburban areas, with high-value zones transforming from contiguous clusters to fragmented distri-
butions, and the UHI centroid migrating northeastward. (2) Sponge city construction demonstrates
a significant net cooling effect: the UHI intensity in high-intensity construction areas decreased by
an average of 0.55°C compared to the control group, with notable spatial heterogeneity—cooling
effects in the main urban area outperformed those in suburban regions. (3) Impervious surfaces
and the proportion of built-up areas are core warming factors, while blue-green infrastructure such
as green spaces and water bodies are key cooling factors; contiguous green spaces exhibit the opti-
mal marginal cooling effect. This study provides scientific support for the optimized construction of
sponge cities and precise governance of the UHI effect in Changsha, and also offers a reference for
ecological thermal environment regulation in similar cities.
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