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Abstract

Taking the main urban area of Hohhot as the study area, this study analyzed the interannual day-
night variations of surface urban heat island intensity (SUHII), its outward gradient pattern, and its
statistical associations with built environment and background factors based on summer TRIMS
LST data from 2013 to 2023, combined with GUB dynamic urban boundaries, GAIA built-up area
data, MNDWI, and ERA5-Land-derived relative humidity (RH) and wind speed (WS). The results
showed that the mean daytime SUHII was 1.7779, ranging from 0.3867 to 3.0729, whereas the mean
nighttime SUHII was 2.4887, ranging from 1.9135 to 3.2499. Nighttime SUHII was higher than day-
time SUHII and showed relatively more stable interannual variation. Daytime SUHII exhibited no
evident linear trend and was mainly characterized by interannual fluctuations, while nighttime SU-
HII showed a weak decreasing trend. Along the 0~10 km outward gradient from the main urban
boundary, both daytime and nighttime SUHII decreased significantly with increasing distance, with
the most pronounced changes occurring within 1~5 km, indicating a typical spatial structure of
stronger heat island intensity in the urban core and weaker intensity toward the periphery. In con-
trast, MNDWI varied only slightly along the gradient. Correlation analysis at the annual scale indi-
cated that daytime SUHII was relatively more related to RH and ISA ratio, although these relation-
ships were not statistically significant, whereas nighttime SUHII showed clearer negative correla-
tions with landscape pattern metrics, especially Al Overall, the summer SUHII in Hohhot exhibits
evident day-night differences, and the statistical associations between SUHII and environmental
factors differ between daytime and nighttime. These results provide a reference for thermal envi-
ronment monitoring and refined regulation in semi-arid cities of northern China.
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X IO FZIHR T Hh R 3 T #4598 B (surface urban heat island intensity, SUHIN) B Z 7« IR X 7 40 EE OO AA B
B, DAERASE . KA SN SRR FM 2RISR KRG E BT B E . R, ERs
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AT FH#GE 1 B FE TRIMS LST (H FEI R824 8 058 H 1 km 4 KA 03808 B 204 45) . GUB (T
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FEIFHARAEA B, A0 GUB 5 GAIA #ATDIREIX 43 : GUB sha&id 5 H T SUHIL F4§IX G i
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Table 1. Main data sources and their purposes
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5 i ME RN T 2 S X2 E U
AT, =T, ~T,,, i=0,1-12 @)

Hep, i=0FK W ESTX. HIL, SUHI A KRN:

SUHHP,}' = fu,p,y (By ) - Tf,p,y = A]Z),p,y )
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4. ERESH
4.1. EWXB X% 8 SUHIT FREFHE

FTF GUB 7 BB WX A E L Gt 45 5, 2013~2023 PRI RE T 390 X H 2= 4 K SUHIIL %
8N 1.7779, Z24EVEHE A 0.3867~3.0729; i8] SUHII ¥J{E K 2.4887, ZA{LIEFEIN 1.9135~3.2499, ik
b, A SUHIL ¥ = T R, HIshia BN, 200 T30 X 2 ZE A AR [A) BoA S sm e 2
HAFEFRAAL WA 1, St & 2.
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Figure 1. Interannual variations of daytime and nighttime SUHII in the main urban area from 2013 to 2023

& 1.2013~2023 F£EHX BX 5% 8 SUHII F£FRE L

LRI A SR LY, AR SUHI 341 8-0.0084, R2=0.0012, p = 0.9206, UMM AR
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2021 fEEIFF 2 2.7662, Z 2023 404 2.3218, WANRHMEREAWI & . %8 SUHIL E#H R} % 5-0.0661, R* =
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Figure 2. Spatial distribution of daytime and nighttime SUHII in Hohhot during typical summers
2. BEVEGIFER T EZEHX5&(E SUHI =85

Table 2. Summary of interannual variations in daytime and nighttime SUHII in the main urban area of Hohhot, 2013~2023

%% 2.2013~2023 F£EHX AKX E5®(E) SUHI FREHLHE

fabs X SUHIIT 71 SUHIT
I /ME 0.3867 1.9135
=N 3.0729 3.2499
¥I1E 1.7779 2.4887
2013 4 3.0729 2.5935
2023 4E 2.3218 2.3394
FiE -0.0084 —0.0661
R? 0.0012 0.3654
pfE 0.9206 0.0488
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4.2. X ISA Ratio, =MIEH . MNDWI, RH F1 WS BIZE{LEHE

2013~2023 4, WX ISA ratio H 0.7102 #E % 0.7743, #&HA AN 0.0014, R2=0.0207, p=0.6731,
FOAHTE TN ANE K E ek 2/ E BT, (HRMEBRARE . M2 T, SRR E N —
. AT H 80.0490 18 % 83.4722, #a3ARIFE N 0.2969, R2=0.8706,p <0.001; LSI H1 154.3981 1% 166.3463,
BARIF N 1.3583, R2=0.8164, p=0.0001; PD H 0.5365 4 0.5893, #HARIF N 0.0068, R2=0.6923,
p=0.0015. FIRSEHFEM, BTN T30 X A BB AR AR L1324k, WARII N SO0 R
Frezise . BIEHB NI 3, gitai RN L 3.

2013—2023 FFEHIX ISA ratio TR 2013—2023 FEIHX MNDWI FFREE(L,
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Figure 3. Interannual variations of main environmental variables in the main urban area from 2013 to 2023
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MR SR SRR AR ARy — o R R ) ek 55 B 5l - MNDWI BH—0.2752 T [#22-0.3085,
BEHARIFN-0.0032, R?=0.1338, p =0.2686, UiHIREE Sk RRMORISES . HR RH H 48.0075
FR&EZE 38.1242, A RH M1 69.9265 FI4% 59.4315, Hrh#|a] RH i N FEIEEMHXTE A, AR WS H
3.2722 H84 3.5520, MAIA] WS H1 2.2545 B& 22 2.1197, BEAKRALIREEN ﬁﬁiﬂéﬁ, Eﬁ%ﬁﬁﬂlﬂ\]ﬁ@m
BT S R PUNANE K LL I AR B 48 AR _ETE . TR S AR T R KGR AR N P42, X
NGS5 T SUHIL 5 AH AR & 2 (A Gt ok R R T Skl -

Table 3. Summary of variations in main environmental variables in the main urban area from 2013 to 2023

5% 3.2013~2023 FEHXFENETETHHE

fabw 2013 4 2023 4 FRES R? pfE
ISA ratio 0.7102 0.7743 0.0014 0.0207 0.6731
MNDWI -0.2752 -0.3085 -0.0032 0.1338 0.2686
RH (HK) 48.0075 38.1242 —0.4088 0.1385 0.2598
RH (%]a]) 69.9265 59.4315 -0.5937 0.3022 0.0798
WS (HK) 3.2722 3.5520 0.0264 0.1502 0.2389
WS (1) 2.2545 2.1197 -0.0003 0.0001 0.9731
Al 80.0490 83.4722 0.2969 0.8706 <0.001
LSI 154.3981 166.3463 1.3583 0.8164 0.0001
PD 0.5365 0.5893 0.0068 0.6923 0.0015

4.3. EWXSMHEEH SUHIL 5 MNDWI B2 5Tk ¢

EFHRIN BEFER SUHI L EIRRIN BEEHRIE) SUHI St Lt
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Figure 4. Variation curves of daytime and nighttime SUHII along the 0~10 km outward buffer zones from the main urban area
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5T GUB 2Bl EWX A TR 0~10 km AN BEEEH 45 R E W, FIIX IR Z WL R4 )5
) 2 B R R k. 4% 2013~2023 FEZ A FHME TR, ER SUHIL HEED S 1 km 357 0.5200 FF#E% 10 km
A [-2.2486, #CIA] SUHIL U HT 1.1271 FF&E-0.5751. A& L, ARFRE SUHIL 556 HE 2 5 2 1
I RFSLIRES, Hob 1~5 km JEEN FREBONHE, 2GR T2, £HFIRIX MG 8N FEEFT
I R IR AR X . AR I FE L] 4, ST EE LK 4.

55 SUHIIL #H L, MNDWI fERR BT BRI 22, HIMEH 1 km 3F4519-0.3291 2246 % 10 km
W —0.3613, Ha] & PR R I /INESE B UL LE FE IR XA SN R, IR R OIS
BT, TR SR A A PR, AR e A R R, H IR RBUH R R AR R BRI
F W], 8] SUHIL ZEUT BRI N PREFEGS IR, HR B BB #E4E s R SUHIL D 5E FL 8 A A7 {8 X 1],
ViU R AFREE ) S g E B, A LA SRR A S . BRI S, I X AR R I A e A )
CHLEER ARSI .

Table 4. Summary of average values in the outward buffer zones from the main urban area during 2013~2023

3% 4.2013~2023 FEH XM B E T EHEHE

BF 2 5 R 2 /km X SUHII & ["] SUHII MNDWI
1 0.5200 1.1271 -0.3291
2 -0.0597 0.8106 -0.3412
3 -0.4931 0.5724 -0.3482
4 -0.8762 0.3441 -0.3517
5 -1.2105 0.1310 -0.3529
6 —1.4858 -0.0707 -0.3552
7 —1.7248 -0.2427 -0.3557
8 -1.9261 -0.3856 -0.3569
9 -2.0927 -0.4986 -0.3573
10 -2.2486 -0.5751 -0.3613

4.4. EWXRE L SUHI S58WEE. KEMERESKEFHSEITXR

AT RE M, EEWMXEHERNE L, AR SUHI 5&%HEA R B4 R BIAK . H
L5 RH H1 ISA ratio HIAH ¢ R &8 B AN &, (HHARILBEZE/KT; 5 MNDWIL, WS K505
BhR A SRR E RIS, BhBH IR SUHIL B4R FRA8 Ak 5 B — BRI IR - 22 8] v A W AR 8 ISR vk 5 Rk &R
FHELZ T, IE] SUHIL 5 500 Rfebr i) o8 RN, Hd5 AL 1) Pearson #1 Spearman AH2C 5505
AN—0.6377 F1-0.7727, ¥JEF|RE/KN-; 5 PD [ Spearman AH Gk 2 /K-, R E SUHIL 5
SOUME R, JUHAE AL AFERIIFRK Gt Rk, BAKE, FIMXEERE EARKER TS
SUHII M4ttt K RAFAEBRZER: FR SUHI 515 53 R0 F0 3 RO 855 Lo R A DGRE BEAR X B, ]
Guit WEMEA L WA SUHIL 5 50tk Riabs FIAHCHE R R H . &SI FIRMEL & 11 MEEFEA,
AL R FE R WA B A GE v OCRRRAE,  TAE P46 D R . MO i 45 R L35 5.

Table 5. Correlation analysis results between SUHII and main environmental variables in the main urban area

5. EHX SUHI 5 EFETEHESHER

(R4 & HA R Pearson r Pearson p Spearman r Spearman p
K SUHIL ISA ratio 0.3331 0.3169 0.1091 0.7495
H K SUHII MNDWI 0.1551 0.6488 0.2364 0.4841
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KK SUHIT RH (HX) 0.4390 0.1767 0.4818 0.1334
K SUHII WS (HK) 0.3094 0.3545 0.2273 0.5015
K SUHII Al -0.1921 0.5715 -0.0909 0.7904
K SUHII LSI -0.1332 0.6963 -0.0273 0.9366
X SUHII PD —0.1628 0.6324 -0.0455 0.8944
18] SUHIT ISA ratio 0.1805 0.5954 0.0273 0.9366
& ] SUHIT MNDWI —-0.0119 0.9722 -0.0273 0.9366
% 8] SUHIT RH (& [A]) -0.1987 0.5580 -0.1091 0.7495
% [E] SUHIT WS (% [H]) —-0.1660 0.6258 -0.1818 0.5926
7] SUHIT Al -0.6377 0.0348 -0.7727 0.0053
K18 SUHIT LSI -0.3997 0.2232 -0.4818 0.1334
7] SUHIT PD -0.5794 0.0617 —0.7455 0.0085

4.5. GAIA SRR KE RIEEH TS

111I°15' 111I°20' 111|°25' 111I°30' 111]°35' 111I°40' 111‘°45' 111I°50' 111|°55' 11|2° 112°5' 112|°10'

41°5'

TERIF AR
£ E ¥
] Bgurmix il .
FKKX 0 5 10 20 % FFRRE

FaE AR IX I T T N SO B |

2013—2023 A= AR T 8 ;e X 375K %6 El
Figure 5. Comparison of built-up area expansion in Hohhot from 2013 to 2023
[ 5.2013~2023 FAFFNEFF T E M XY KITEE

BT GAIA Z WX A A S ELE BTN, 2013~2023 WA R T E Al X Ak SRRy gk A% .
2013~2018 = 1], Fa e g e X AN 202.1135 km?, 75K X H AN 140.8594 km?, J/b X THIFN N 0.2816
km?; 2018~2023 “EHAE], FaE @A X AN 341.8377 km?, ¥ KX AN 47.5182 km?, Y/ X AR A
1.1353 km?; # M 2013~2023 FRARLLEL, Fag @M X AN 202.2036 km?, # 5K X IIAAE] 187.1522
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W5

%)

km?, TR X TR Y 0.1915 km?. 15 B 7830 A 2 B IX 3 7k 2 A, BT — B Bl sk i@ i i 2
TIE—Mr B XRS5, Gt fE L 6.

SEESOIREE R T I, AL LSI A1 PD fEWFFUA NI 2 EIHES, R RUIX FERR LY 5K 1 [F
FLAR A IRAERR L I R BRI PE  JE A R AR . BASRE, GAIA 23 R IX 45 5L 2 i3
BRI A B E IR X AR R kb 78, AN BB SUHI 4 iHid 5t .

Table 6. Summary of changes in multi-period GAIA built-up areas
6. GAIA ZHIZ R X THE

B € 12 1 X km? 9K X /km? PP X /km?
2013~2018 4F 202.1135 140.8594 0.2816
2018~2023 4F 341.8377 47.5182 1.1353
2013~2023 £ 202.2036 187.1522 0.1915

5. &g 51
5.1. &g

(1) 2013~2023 4, WPAIEHRT FX 2 Z= SUHII I BB R ZER, HKRAE 0.3867~3.0729 2 Al
B, BRI AT, WIAITE 1.9135~3.2499 Z A0 I 255 FRFa s Sk b, %A SUHIL $9{E & T
FIR, BRI X IR B AR AR () HAT S BRAF2R 1

(2) EIRXAMY 0~10 km BEEH b, A RMBE] SUHIL ¥ 8E 0 Fh B 8 i 03 3508, o 1~5
km JEE AR R E, RIUHEIR “duiaR . SMEDRSS” S M2 N, MNDWI 7E8)
Py AR R, U R T SV bR B A AR LB NP 2%

(3) EMIXEHERES TR, [A SUHI 5 RH M ISA ratio 75 #5745 & o SR B H AT 42 i A S 72
FE, HGit B EA L &IE SUHIL 550t Rifabn U2 AL 5 m SRR N . SUATT S, AFEE
BFF5 SUHI M4t RERTEBRE FAFEZESR, (HAE G I 4 R R AR

5.2. Wit SR RERYE

AICEERRW, 2013~2023 PRIV RRTT I X H 224 7] SUHIL 4k m T AR, HEARENEKR.
ZHHIE S T3 - 2T 2RI AR B TR AN SR — 8, B AR R AR B 5 52 4R . AR i i
FK o AR AT, 17 R FABR B U B ) 52 AN 35 /K TH] 5 AR ORI T T BT AR e . b7 T8
- 2RI I DL X, BN RO A S A R ], RS R NI A B R
FECNRE, WY TTIE AT R AR MRS B SR AR AR [14]-[16]. B, ARSCHTERT
CRAIBLR FRIEENIR” MR ERRE, B — 8 i IX I s & k.

TER TR T, ASCH ISA ratio 5 SUHIL IS iE RERAHRT BE N Bz, MR SUHIL 5 AL (1) fuAH
RN T . O TR ARY, S A 8 RIS 5 I U A7 IR s . A7 7E 2%
R, UL T A 2 R AIAEY, (HIX R B A B S R AR . AR SCR R IX R 54
JRUEFMFEEOEAT L, FEARY 11 45, Rtk AT (57 AH G BE B A R e I s R I N 22 TR 3
FAL AR ER, A ET hFaE L. M2 N, MNDWI. RH ZiRiE 1 5K 15 SUHIT
RRAR, HFF - LRI O T /K o AR 8 2 o6 $A A5 B B R R BE o — 8
[14].

A FAAFAE— PR . H—, EIMX Gt KA GUB 2015 #1 GUB 2018 {14 Bl ., BEA TS
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5,

B

7

FEBRHR BT EL I, R0 S E AR A 4x e SUHIL fliit: O FRIMmT et sacds ., AR S &
MR SUHIL i, HEWRSEEEIT AR SUHI EfS RAEEN17]. K=, AT
TRIMS LST iH5. () SUHIL J& T-Hi R B 3RAE, FFASEFE T R AR, HRREZESS
IR ESRBERI ¥ FIEA e 4 —80, LST A H UK T F I HE M2 [ 18] H=, AN AL
PD 1 LSI #/b & e 5t Rbs, WA — D SRS BMIEA . N IR 3 40 R 75 8] 7 5
P, R4 A V0 T 3 B BR VAR RS B GETT RIS LA, AN L AE B 5 1) DR SR 1T

E&WE

WEHMBRKRFE ERHESREH LTI (N
(KJIYZX2026015)) 3.
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