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Abstract

This study systematically analyzes the spatiotemporal characteristics and driving mechanisms of
the urban heat island (UHI) effect in the central built-up area of Xi’an during different seasons in
2019 and 2023, based on multi-source remote sensing data and the geographic detector method.
Surface temperature was extracted and thermal zones delineated using multi-source data, while the
geographic detector quantitatively assessed the influence of factors such as NDVI, air temperature,
road density, and nighttime light intensity on the UHI effect. Results indicate that high-temperature
zones are primarily concentrated in the urban core, with the UHI effect most pronounced in summer
and showing an intensifying trend from 2019 to 2023. Air temperature and nighttime light intensity
emerged as the main drivers of the UHI effect. Landscape pattern index analysis revealed that build-
ing density and shape complexity significantly affect surface temperature, while green spaces and
water bodies potentially mitigate the UHI effect during autumn and winter. The study recommends
enhancing green space development and water body protection in the urban core, optimizing urban
spatial layout, and improving urban ecosystem services to support sustainable urban development
and effective thermal environment management.
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Figure 1. Location map of the study area
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R TAMERERAE A RBEEREIRETHAREAESNAES RS
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Figure 2. Technical flowchart
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Figure 3. Extracted built-up area boundaries. (a) 2019; (b) 2023
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Table 2. Criteria for temperature zone division
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Table 3. Basis for indicator selection
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Figure 4. 2019 four seasons LST results. In the figure, (a) Spring; (b) Summer; (c) Autumn; (d) Winter
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Figure 5. 2023 four seasons LST results. In the figure, (a) Spring; (b) Summer; (c) Autumn; (d) Winter
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Table 5. Area statistics of temperature zones in different periods (2019 & 2023)
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Figure 6. 2019 Temperature zone classification results for different seasons. (a) Spring; (b) Summer; (c) Au-
tumn; (d) Winter
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Figure 7. 2023 Temperature zone classification results for different seasons. (a) Spring; (b) Summer; (c) Autumn;

(d) Winter
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Figure 8. Trend of urban heat island area change, 2019 on the left, 2023 on the right
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Figure 9. Trend of heat island area ratio change

9. RBEMGLLENESE

5.3. RBHPIHIME R4

5.3.1. ETHIBIRNRAIKE RS

w2 6 fuws, SRR RN 7532250 1 DU/ 7E SR 30 DR %o b 2 0 B2 P s e R 82 (LA q BT &) - 2019
A, DUASBK ) BR] 0] R SR B R R R ) BRI SSAK . AR (0.178) > TE %% B (0.155) > RIEIAT Ok
(0.079) > NDVI (0.023), AT @ AIX SR mi sk . 2] 7 2023 45, XS T I RERINT K&
FEARAL, BT H6(0.23 1) BN R LST (1 B R 2, HUCASIR(0.157) NDVI (0.085)FIE 4 15(0.016) .
X ELPRAE R T L, SRAE N BRI R RN LST HIE R FFAHX AR E, NDVI X LST MR 25R
55, TWREAT G A0 TTIR B R A, RO NS 5 BE (BT X T AR S R s e AR B IR . S e RN,
TE 6 FE R WS R B, TR T A T 5 M TR S B A SO A 9 13] [24] . 45 AR T T
Sy IR R R S A BARFE . AIRAE VIR B AR AR &, e MR IR E R e S 5 A A
SEHFIA[20], S T A5 S5 A I T A B I SRR o BRAT e N NS SR FE AR,
M) 3 ) S 25 2 T 2 WA 3 T AR A i NIV Sl R RS R Dk H 25 IR [8] [15]. 32 2 B el g (¥ T B mp
RE S T 3 T A8 8 A RN SR A H Bt e, (BT Tk — 2 B A AR A @ T B RN SRk A BUE AT IR N S
Hre

HE— 25 R 28 BARM AT DA RS R 12 [ A AR F (] 10). Z5 3R EIR, 2019 IR 58 %
(19728 HAE F X R R iR, 2 H. q fHIEE] 0.275, B ERIAEE 530 S Al 8 e 1) 4 2 2500 2
Fo 2023 4, WS HARR 7RIS BAR R MG mES, KR e 5 RNACH q [
(0.337), HICHRIAAT 6 518 B 5% 5(0.267) LK A1 XT 65 NDVI (0.25). K AZKES) S AR ER R
FA XA NI H 28 2K [ 7] X —BLR A S S Br L R BEASE: (1) WIS HFEsh g
IS EERIRHFEA OO BT, AT OEAU B 7 N F3% FER A GHE R, & B IN 1 3k
WG 28]; (2) AR S SIEIR T RRIR T K, D HES S R EHA R A DI, TER “H - B
- B IERGALHIN13]: (3) AIRIAT a5 AR B W [F) 4 F AT R it 5O 3ok vl oy b A . 38 s A v B 5
T, HERIA B RN E[18]. 5 Zhao 55(2021) A WAL IR ARA[28], AHF ALt — B ESE TR 5 S
TR FLN # R RS SR o SR T AR B VA BN 25 6 5 1 AR 5L S DR I RER, R 655
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TR 3R AZ ELAE F S W 7 7 1) N 205 80 5 S M 25 A ) B 3 T IR B R B S, S N 5 8 1] e 75 4% il A
REVRE B, DAZRARIN G RON[23] [30].

Table 6. LST influencing factors detection results
3 6. LST MEFRMEER

2019 4F 2023 4
NDVI 0.023%* 0.085%*
SR 0.178%* 0.157%*
TH 2 0.155%* 0.016%*
RIEAT e 0.079%* 0.231%*
VE: **E q [HAE 0.001 KFEEH(p <0.001).
(a) 2019 (b) 2023
X1 X2 X3 X4 X1 X2 X3 X4 03
X1 III X1 | 0.085
X2 0.194 0.1776 X2 10203 0.157 0.15

X3 0.176 0.155 X3

0.209 - X4

Figure 10. LST Driving factor interaction analysis

& 10. LST A FRE LR

0.104 0.169

X4

53.2. RMEEEESHARYBM XA
AR RS MAEECS 2019 5. 2023 FAN[F B AH ) 76 2 T 2 X 2R 15 EE /Y Pearson #H ¢ R %L,
gERR 7 . Bk L, BEEMEZAHRGPNHE, MAKEMAENRIH—2mE 2L,

Table 7. Correlation coefficient between landscape indices and land surface temperature

® 7. RYERSHREERNEXERY

H CA ED LSI LPI NP SHDI
2019-03-25  0.90 0.13* 0.90 0.87 0.53 0.53 0.35 0.58 0.19
2023-03-22  0.06** 0.12 0.06** 0.02** 0.07*%*  0.13%* —0.19 —0.09 —0.09
2019-06-30  0.85 0.11* 0.84 0.83 0.50 0.47 0.30 0.52 0.15
2023-06-22  0.06** 0.13 0.06** 0.02** 0.07*%*  0.12%* —0.20 —0.09 —0.09
2019-09-27  0.89 0.15* 0.89 0.87 0.52 0.52 0.34 0.57 0.21
2023-09-21  0.06** 0.12 0.06** 0.02** 0.07*%*  0.13%* -0.21 —0.09 —0.09
2019-12-22  —0.89 —0.12* —0.89 —0.86 —0.53 —0.54 —0.36 —-0.59 —-0.19
2023-12-21  0.06** 0.12 0.06** 0.02** 0.06*%*  0.12%%* -0.21 —0.08 —0.08

E: FEAREL: 2019 4E: 3700; 2023 &: 3944, *P<0.05; **P<0.01. F[HE.
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Table 8. Correlation coefficients between landscape pattern indices of buildings and land surface temperature

8. BHYISVUREERSHREENEXRY
BS8esReNEA P RORBER R BOWSEEEE a .

PRI 1) H A CA PD e LPI FRELSI DIVISION REEAI
HE 2019-3-25 0.799%* 0.799%** 0.796** 0.800** 0.800** 0.793%*
2023-3-22 0.885%* 0.885%* 0.886%* 0.885%* 0.885%* 0.885%*
S 2019-6-30 0.736% 0.736% 0.733* 0.736* 0.736* 0.731%
2023-6-22 0.886** 0.886** 0.888** 0.886%* 0.886%* 0.886%*
*®ZE 2019-9-27 0.786* 0.786* 0.783* 0.787* 0.787* 0.780%
2023-9-21 0.876%* 0.876%* 0.878%* 0.876%* 0.876%* 0.876%*
K= 2019-12-22 —0.800** —0.800%** —0.797* -0.801 -0.801 -0.796
2023-12-21 0.850 0.850 0.852 0.850 0.850 0.850

£ 2019 4, &ZTTrh, SR (CA)FI SO TR TE £ (L ST) S5 H 2 IR B2 A AH O I R I A 0k . 2=
HZE, CA M LSI 5 RIEE A K IEASSE R E. 201943 H. 6 A9 H, CAMLSI GHRFEEE
FAEAHDG, WTE 11 H, FrafesisthREE Y 2 AMEC, R R 36 AR T Hh R R 2
LT 2019 4, fF 2023 EFF. EEAKZE, CA. L% (ED)A LSI 85 H BTk, RHIXLA
FAT R E MG TS AT 2019 G FTEITE, B IARIG SON A BTk, Stk
FE SR BEBA A K

Table 9. Correlation coefficients between landscape pattern indices of agricultural land and land surface temperature

F 9. RUAFIIXEHEHSHFREENEXRY
e BEB AR P mOKPEE SRR BWAEEER a

PRI Y CA PD FEHLPL  fRHCLSI DIVISION R Al
HF 2019-3-25 0.198 0.198 0.197 0.198 0.198 0.173
2023-3-22 0.398 0.398 0.397 0.398 0.398 0.397
FE= 2019-6-30 0.174 0.174 0.174 0.174 0.174 0.146
2023-6-22 0.408%* 0.407%* 0.406%* 0.408%* 0.408%* 0.407%*
e 2019-9-27 0.214 0.214 0.214 0.214 0.214 0.189
2023-9-21 0.360%* 0.360%* 0.359%* 0.360%* 0.361%* 0.359%*
KZFE 2019-12-22 ~0.198 ~0.198 ~0.197 ~0.198 ~0.198 ~0.172
2023-12-21 0.339* 0.338* 0.337 0.339* 0.339* 0.338*

Table 10. Correlation coefficient between landscape metrics of water bodies and land surface temperature

= 10. KIFERUBBHIEHSHRBEERIEXRY
e BEBIT AR prEEm R BORBEHC O FOWBIR RWAEEEE oo

REBFRRE I CA PD 5% LPI 5% LSI DIVISION A AL

HE 2019-3-25 0.174 0.174 0.173 0.174 0.174 0.173
2023-3-22 0.135 0.215 0.136 0.216 0.237%* 0.232%*

HZ 2019-6-30 0.147 0.147 0.147 0.147 0.147 0.146
2023-6-22 0.140 0.232%* 0.140 0.230%* 0.250%* 0.243%%
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R
V& 2019-9-27 0.191 0.190 0.190 0.191 0.191 0.189
2023-9-21 0.127 0.232%* 0.127 0.231%* 0.253%* 0.242%*
X7 2019-12-22 —-0.174 —-0.174 —-0.173 —-0.174 —-0.174 —-0.172
2023-12-21 0.084 0.181 0.085 0.178 0.203 0.189

Table 11. Correlation coefficient between vegetation landscape pattern indices and land surface temperature

=11 ERSUREHEHSHREENEXRY

MR s N EWIAR S A g

CA PD fRECLPL  fHECLSI DIVISION

B 2019-3-25 0.106 0.105 0.106 0.106 0.106 HE
2023-3-22 0.120 0.120 0.119 0.120 0.121

FES 2019-6-30 0.118 0.117 0.118 0.118 0.118 S
2023-6-22 0.109 0.109 0.108 0.109 0.109

k= 2019-9-27 0.092 0.090 0.092 0.092 0.092 eSS
2023-9-21 0.137 0.137 0.136 0.137 0.137

K 2019-12-22 -0.096 -0.095 —0.096 —0.096 -0.096 K
2023-12-21 0.146 0.145 0.145 0.146 0.146

AN SR B A% R FE 2 S MR FE AR S AR TR R ZE 5, A BSOS SR FR BRI T 4B B 1)
TN AR ZE . W3 8 FR, ERIUMICEA [FZ= 7 AR A ¢ REOR SR, HAE—FNITE
SOWTEHY RILEAR G, H 2023 SEIH S RECH AT LIE, SR BAIR T E X B ok on) i 2R I AR A 1) R
BHTNK

H 9y R 10 R 1 H, BTOAMEAMEA, RV AKARFIREE A RECEARER, B
AR AR, KRR BTN RS . M2, LA CA FsW o e Eu(LPDER &, Ul
BF 55 R IR RS (R A AE — 8 I IEAH DG OG R o /KA SR A 1) S5 A% Jm 418 405 1 2 0 P PR A O R UFE 2019 48
Bl BoR AN, AR 2023 FAKEEE A ZAHOCHEA B st . (H i TIX A ¢ KA, R\ EIEE S5E
B SR EC (R 2RV DG R AR, DRI /K A RO w4 50U S i B0 mT B AN 2 T B e b 35 i P A
I SR TR AR

AW TR, AN A 0 S0 o0 H R B s AR R M S A R T . ) SOW AR 2L
S5 IR R (A e, VR B T A 0 [X AR RO A2 2 b B I A B B T I K, X5 Yao
S5 (2020) AT L5 FEE[6]. Zhou Z5(2011)FRH, HHhFE o5 2570 (1 25 [a) fic B P S R0 8 A5 ), G
HE R A E S (2 ST T 5 T iR X [3 1] AW 7RI, A AR 2 76 K 28 25 5o 2 10 B 2808 (A
M RRE, XEPREZEQ014) M T I (2017)EAL I I STUE 45 RAHRF[32] [33]0 I& BOX TR 1% 2 7 1
JRER, AT RETE T RK & 2245 728 R v H RN AN G b ) FAER /B FHE D SR H T 28 v i B 4 Tl A 47 Ao B
ERYFIIER T AT, AR KR BIAH SSPEAR A )N, 0B FEAE 30 7T A2 2 A %o 2 Ui
(R 428 4 B AT R A A SR 5K T 5

6. &5t

ARSCEET 2 P8 AR A BRI 25T, RGN 1o D KIX 2019 £ 2023 FEARZE
BT AR ORI SRR S LR BRI R, A5 HH PR RS iR

S
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(1) P92 T i X B AR R T AZ O X Sk, BRI X . RRARIX . RS X FBIM X o I L X 4l 7
P AOEEN HAIESINE, BT A S BN Bk BACkRE, BN R X A e,
H 2023 4EHHEE 2019 45, AZFEARB AN RN, AHm X A A Fragn, T HREME R K
PRI o

(2) il FEN I AR A Y E RN R 3., FL e JAE 2019 4FAN 2023 FERIRFFFRE « Hh &Pt
PR, R RIAT 6B EETE 2023 4 A M F4 5 38082 6 32 B AN 77, s ittt N S 20 56 3k 117 AR 355 11 2 1
H a2 o TR L see A B R, HEDN 5 30 117 28 188 435 4] 1 A B S A 50E A % . 2019 FE RS
T I 2 P8 () A8 LA FH W AR5 3 B BTk AR R, T 2023 SRR IAIKT Y6 5 A28 AR 3G 5i, Uiil AN 2953h 5
H AR IE R R I 2 28 & 00 R T A A B B S5

(3) HOUAS = H 3 BT H8 7~ AS [R) S W2 B S6 b R Bk P S A7 S 2 2 o R A P MR A A
N E TR ZR . RO KPR FIREAE A S PEAR N B, AE/K AR AR RS 7E 2023 AR RK & ZRAH G i
B, S IR K AR TE S AR AR B BN R R P TR E VR VE D o SEUURS JR) I 21T P R A PR S e T 3%
TR FEXT AR ASIABE 2, SR T A AR SR AR AR . AR 4 () B

VO 22 T3 T #40 B BB T ot E AR AR 54 @ IR R ILFME A IS5 B, B W R B 2 o 1k
ZETPE AR o SO AARIE T 5 SR I TIT AR R AR B A5 B B B SE B R e TEARSRIR T ALK
oS R RN R A O3 X ) G VR KRR, & B ) R A A R AT S, D IR 5 g, T
Wi A RGNS A EVTEB AL O XY RIELL AR TR, S5 5587 1“5 AR
=, DIRTHRTTAES RGNS TIRE[34]; RIS R & B E ) @ 5 1 SR 26k, TR IE %A R, sk 34
BREXTIERG TR E SR M58 TAEM, AT s 8] gedi & B ays ez, BSaaR
BT el ST R BER BN A5 A 1R, e 22 A ISRV IE B S5 KR TR s, St
BRI A V5 B R A KT, (R HEI T T RS8R 2 [35].
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