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Abstract

The urban heat island effect is growing in importance due to the quickening pace of urbanization,
which poses a major risk to the health of the local population and the environment. Using Landsat
5/8 surface temperature remote sensing pictures, the spatial change features of the thermal envi-
ronment in the core city of Hengyang were discovered, using the central region as an example. The
urban core heat island landscape patches, thermal environment corridors, and significant node
regions were identified, and their spatial and temporal evolution characteristics were analyzed,
using the morphological spatial pattern analysis (MSPA) approach and circuit theory. The study’s
findings indicate that: (1) The central urban area of Hengyang City has a tendency to have concen-
trated heat island landscape patches, and between 2011 and 2019, the extent of these places rose
dramatically. (2) During the study period, the core heat island area comprised the largest percen-
tage of the heat island landscape area. There was a considerable increase in the connection and
aggregation amongst heat island regions. (3) Using circuit theory, 58 thermal environment corri-
dors, 86 obstacle point locations, and 106 first-level pinch point areas were found. To reduce the
heat island effect throughout the entire region, planning strategies that prioritize the protection of
the thermal environment network’s obstacle point locations may involve breaking the link be-
tween the pinch point areas. The study’s conclusions provide Hengyang City with crucial, actiona-
ble advice on how to reduce the impact of the urban heat island and advance the city’s sustainable
growth.
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B B E PO IR T A R, IR . N DR R DA @R R SN, 5 O T AR S i)
A R S, R R IR T S B AR AR T o 3T FAAN S e R L o R IR A T v e A £
HEEHMEGL]. (B R SR IECR SAT3h) R BT IE N AR AT T %, SRk T
BEAH it B B O ARV, E BN IE N AR, G AR AR T A RO AR D& A5 AU

ST R By )R O S E AT AR B . HAT, KT B RN IR R AR —FiEid <
GO AL, ]I A G o A T AR S N . AR AR T RE AR AL 2 JUR M SR, A B
TR E AR 22 R T AR R R R, AR TR RS AR R . S — R RiEid T
BB OEI IR, MRS BT, 5 ERE R TG RO, W] DA 55 R [ED M IX A R AR AL
(LRI

Bl PR AR — P R, XA U T A B AR, s SRR FE (Land Surface Temperature, LST)
1R BRI 3R 52 25 il 7 R ARRAE (O RE MR, T AR AT 2235 I 5835 LA LST N da b IR T 4 By 808 5 15 — AL A e i
#(Normalized Difference Vegetation Index, NDVI). Huift I9—1 2 5 /K A 45 % (Modified Normalized Dif-
ference Water Index, MNDWI). J1—4k & 455 #(Normalized Difference Build-up Index, NDBI). 317
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78 SR ST AT T 9C[2] [3] [4]- 385 [ R AL 8 & 404 7 NDVI A LST f S35 B B (0 7 AH G,
3R T 2 bt 2 R 6T 3 7 40 5 0 R 6 T s ) I 55 B8 F1 (5] R TM 38 BRES G 70 T 2 MR T 44 B 280
B 2 AHFAE, FFIFT T LST A1 NDVI. MNDWI 72755 B B i A<, 5 NDBI 2 1EAH < E[6].
BT REBGAR T, LST BB Z ) NDBI SR R FEMA[7]. tEAh,  #5 R0U8 52 30 T H R AR AE AR 0 1
SO, QR e s SR X ) 2 15 BRLRT 2L DA R i = R P 1) 25 B) 22 k(8] SRTT, T AR BE R i 4
FILL B BRI S 2%, BB B 3 i FABR B 58 B8 D00 2 T 0 i AN IR R R SRR IR R, X
AT I T A B B e 2 1] T2 25 R0 G5 AR AIE DA B R R T A e 2b - o DL T L /s T i R T I EE AR, A
M TR A LR FH T SR

ERT, V2T 0SS S50 1 A 5t R A3 1T A B RO, AR - b R FH 2R B3] 9 - 07 5ol
BEHL, g YR -1 2R SE ISR AR A S BN 9] HoH MSPA S i 23 F 6 AR 2 (] ) 2%
BRE R EE ik RICERE[L01KH MSPA ik T R SE A S BEEL 4548 7, W T A% BB
Z AN, R AR P BRI OGRS, AR S BN H . TRIASE[LL]RIH MSPA i
AU T 0 B T A AR 2 (8] I 2 R s 1 DGR T I s Y R, S 3 33 SRR I T R
BRI B . N _EIRHE TR, IR 4% A A R P Al 2o X s A L B RS R, b iR
B R R R A R AR AR M S R . R, G fa) A IA) RO X A PR A R, AR
FEAR I 3 B ) R

K 5T LA BE 17 O 3R X N, # landsat 5/8 S iEIRAFHIHLRIRE LST, SR FH o i 45 44 v B 12 10
MSPA 75 i i #0 B R b SORL BB, 398 B2 i b 3 3080 P58 1) DR 3 9 R FH 2 R G AT A A T 23 ) & o
Mg a2 aIBE Jomi, R B FE S linkage mapper T L BREUCAIAEIEIE, JFiR AN B X 0. A
FURE X H LI T B IR N 28 U SR A A, DUAIA BRI . A 5 (0 0T e it AR B2 AR 3 T A58 XU
HAHEBI T AT FELE R

2. MEXESHIERIE
2.1. WRXEHR

BT AL T b4 26°07'057~27°28"24", %4 110°32'16"~113°16"32", &M 25 KW . 8T #
WENEE, BRERNEE, XFEATER, FKEMEZN, FPWIRE 17°C, FRKEZ 1300 mm.
A FL AT BE T A O ORI AN &, BARVERAEE: MBI, AEIX . BRIEEXFIZEMX . F03 X
%) 105.20 km?. XIMAKRER, #MIIL, #K, RKZKZIL. EMXEERFERERREXK, A0
R, AR MREEHE. EFR, Wil EEGEET K%, HhsmiREA 41.3C, mE
1R

2.2. BHRERSRIES AR

AU EEAHE: (1) 2011 4E 7 H 26 H. 201548 H 22 H. 2019 4£ 8 H 17 H Landsat OLI fI
TM 5218, ok H 3 2 (B 2508 2 33 (https://www.gscloud.cn/); N ENVI5.6 #4F 4 1 i 5 1745
ShEbr, KARIE, JURIRIE, #BTEmAIE G RIEFRE L (LST); H—ibEgFEE(NDVI). St H—
KRR EL(NDMWI) R FEFRE(WET) H— L STFEE(NDBI). @ik ENVI #fF X} Landsat8/5 & &
BIAT B BB B e AT A — AR B . (2) ZE[E #5205 30 m () DEM 7 s i 8ds, ok B b3 =3 [A]
Bl = Wk (https://www.gscloud.cn/), JEit ArcGIS AbFEIFFREUS A G . (3) LR R A B 3L T
Google Earth Engine 15253 ## 2 74 30 m (1) LR S BB, 4 70 X A bS8 AY 23 f . AR, BEHh
KR 32 JE R AN AR - 6 AhA,
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Figure 1. Spatial distribution of land cover types in the study area
1. MR BHABN=ESH

3. MRF*E
3.1 AR RBERAGIRA

(1) LST #1 RLST A5

BT RBIR AL, T SR B R M08 B LST [12], B ks s, HitE AR T (=RQ)):
LK (1)

1

In{l+ B(TS)}
Kb B(T,) WEBARGES FEE, K KB &, Landsat TM w1 K, = 607.76 W/(m*-um-sr), K, =1260.56
K: Landsat TIRS H1{] K; = 774.89 W/(m?um-sr), K, =1321.08 K.

MRIF R R, U RIEZRLST) KT 2CER RS X [13], FILAT# RLST < 0°C 4 MK
X, 0C <RLST<2CAHHiEIX, RLST >2CHmEiRX . HitHEARW FGER(2):

RLST = LST, -LST )

Kf, RLST AR 22 LST, AMEAERT XA i BRI, LST J9WF ot X (0 F 4 Hh 215 1 -

LST =
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(2) F:T MSPA FEAY [ SOUAME =73 #

ASCHFIF ArcGIS B4 U ) i DX S e oy —EEE (RI R X ONTT S, HARAE R), HE/RHE
Ay —ABEAE, SRH )\ QB 30 m S AT 0 A, i B AR B HAHAE S 7 KRS SR,
Tt IS, FLB. 1%, IRl . Mo gi[14]. b, U R00 X Rl A% 70 Hh TR AR 0 4 5 55
SUBEHR, WA SR B85 X 4 o (1 Y

(3) FWLIEIE M b

FOULEBME, 2R SR BRI 7 P [RIAH B SN R E, B 0 T AR /N d P A R
THA RGN PAT[15] 0 38 b B2 U % AR R A% O X BEHR AT S5 e 3 P 4 BT [16] o SR P R A 22 3
i % (integral index of connectivity, 11C). 7 fgiZ i 145 £ (probability of connectivity, PC) 1t H = £ 41 d,
SEFRHOIAT 8 T VPAL A XA ) SV @ M [17]: A B Conefor2.6, KU b i i 2 25 1 4 (distance
threshold, DT) ¥ & A 2000 m, 5t i% i HE = (correspond to probability, CP) 1 & A 0.5, /3Bt 55 H Bt e
11 11IC 5 PC, ¥/ A E LG B XIS W diyc 5 dpc P BUZE @ VE T 20 18], 7EMEFEA FoE o0 Hr #05 5ou
PEP AR A . TR AN IR I8 B 8] {f (distance threshold, DT)#% & 24 2000 m, JithiE
JE M (correspond to probability, CP) 1% E 4 0.5, 7 HlvH HIRHWEEEL K 1IC 5 PC, 570 LG & X 35
M 5 ZOOEEVERE R, IR boE B AT 1A SO b RS B AR . T A R

n i A x Aj
i=1 j=1 1+ Cij
dnc =7 2 3)
A
anzn: A x A x By
dpe = = AE 4)
d, =0.5d,; +0.5d, (5)

A due TR XIS SO PR BRI s dpe 7 DX B SO BEH AT BEETEE ;s d) TR IX I &
SOWPLH N AL Dy DX A A B B ER A ELTTAR s n SRR XIS 4 5 S WL BEB A s A A R
FOWBEY | FIBEH j pTHRL: Cy R R SOWBEH | MIBEH j 2 ARG PRI SOWBEE | FIBEE
j TR R TR

3.2. MAOmEE

TR 0 2 4] 2 PR B SORLRHL D THT,  SEEBT Semt 1 IX S SOUA S AN e SR B I IS L. MR R 2
2 TR T M S AR AR DR 3R I SE R [19],  ASCE U R S 40 i 3 — A M FR B(NDVI) . B0k A — A 22 57K
A(MNDWI). H—Ab 545 E(NDBI). T E(WET). LB . SR e 8% 6 AN e R 7 1E N
e “HIREE” A RHERR. Hrh, NDVI. MNDWI. WET 5[/ AIEA% % NDBI. 3 50 /12
PO I o 2P0 A R A S i A T A B RORE (1] 2) 0 P SRAT 700 A0 2 U0 3 W (AHP) Tl % P A
EARALE, 4> 3% NDVI. MNDWI. NDBI. WET. 178 #2580 fa {4y 0.24. 0.23. 0.12. 0.16.
0.1 F10.15 (55 1), FIH ArcGIS B HIH—1b b3, 2415 2254 BH 7710
Table 1. Weight of resistance factors
#F 1. EAOBRFRER

BT NDVI WNDMI NDBI WET Wi LA

B 0.24 0.23 0.12 0.16 0.1 0.15
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(1) H— AT E(NDVI)
A B S WA 78 5 AR IO AR, T LIS Pl [X 3 Py A 7 P I O, LR A R T 2 N
@, AEKRLE, HIFEARN:

NDVI = Prir ~ Pred. @)
PR T Pred

(2) B A—Ab 7 R KRR £ (MNDWI)
IR B R HE I R S KIS @B R, AT T Y P B KRS R X [20] . H S A K
Wet(TM) = 0.0315p5,, +0.2021p5,,, +0.3102 g4 +0.1594 9z —0.6806 0y, —0.6109 oy

Wet (OLI) = 0.1511p,, +0.1973 ¢ o1 +0.3283 g +0.3407 pyr —0.7117 pyyey — 0.4559 0,10

(3) MSEFBEH(WET)
ZARBCERON I AR, R RIB S A AR, AR S B b v, A

MNDWI = Pcreen ~ PMIRL (8)
Pereen T Pmirt

(4) H— L HIEH(NDBI)

ZAEE) 2 N TR A R I, BB, SBERT 0 I, RORUE AR . I
T AR

NDBI = PMR ~ PN 9)
Pmir T Pnir

F: Lo Poeen > Pred > Pk > Puire > Puire 7 HI4 Landsat 8 #5717 1) i b e A543 R Landsat 5 #5717 ()
L B PR AR W B AR ZLUBR. IEZLAME B RHALAMEE 1. LA 2.

(5) +HbEAET

ANTR] ) A 1 78 7 2RI T A JER G I I B AN R RE ), P A (21 ] S S TR AR B
B, ASE L A F SRR BIE FE X A BG4 P 22 5 o AT 8 X A 2R T 3 Bkt . AR BEHBL OK
. 32 JE R AR A 1 6 2R . ARG R UAF 2210 78, MHuiemiy 100, BUON'E BA i
WG 7 55 B A D I N3, LRk, D 50, HUG@Hh, Sy 25, 25 8 B BH 7 AR A L o fn g
B N AT MEOR, SRR, HX R BE 7y 22 5050 ) B /MA 5 A L (3 2).

3.3. ETFHEEILHIEREEI

BT WSO X PR S (B At 0L, 51N B ER S, ST P T O I X IR B A (R N 45 .
WX EE—AFHZE, R T BB P I BELIE B RRE, K SRR (1) B B A% it i 72 55 80 HRUR
DA HEL I 2 A S e B 7 S5 AR (R B4 A% (T BEL R0, 3 T 3 S5 W™ et T (1) sy L AL 5 UL 031 HE 0 X 8 35 0
HERRC AR M2 [23). ASCHE T HEK R, FIH Linkage Mapper #5571 Linkage Pathways Tool 1T
BT O 71 Hp 0 3 X (1 AR B JHR I

“IE R JRPEELZ W) RIE N OB E ) A, FEYERE PR A (] N 4 Il M T TR A EEAEH .
T depn” BRI RN O A, WO — B2 BINR,  BRUETH BR AR BT I 4 RO R, DR
THER “Jepm” SRR BN IR 23 6] 25 R B A . R Linkage Mapper ) Pinchpoint Mapper T. &, ¥
/ISR B AR R R B BEAS M 45 4, 1 56 R Circuitscape B0 3 U HL It 25 15 i 18 (X 35, SR J5 36 Pinchpoint
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Mapper §7i it H %o X 3 a8 PR AR X 38, 3E— 2D e A e INBHL 2 B g 42 B 2R
BT 70 X AR T8 FP ) B R S i X 3. A SR All-to-one (2246 — 1) IR BB 7T X« ey Eﬁﬁ[24]

RS A7 R 5 M Y5 ) R U ) PR A X A, A PR A 1] ) 2% TR ) e DX
PELRS FAJRRIE 2 (A %2, 2 TR ORI I X3, B A R RS2 22 Fh DR 2R 52, 5 6T 9 IX R R I 28 2,
B SX AN [ i) R AN [ R O P 1 i, AT RE PRI SO R R 2 TR e . [ Linkage Mapper it~
() Barrier Mapper A5 T E 347 FafG XS iH 0, SR BARBRED N 5 9, B — s s A i e
HTT HH o 0 DX AR A58 215 1] DX 285 B g o X 33

/n\

Table 2. Land cover factor resistance values

F= 2 THBHEFHENESR

+Hh 7 2 b Si 7Kk ) B A L4 W
A F T AE 100 50 30 25 5 1

N

A

) 1
NDVI MNDWT NDBI
IKHME Bt B a4
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e ESIE
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Figure 2. The method for the rapid extraction of disaster information based on target feature library
E 2. &mEFENEE

4, R
4.1. WA R R PIHRAT 2R T HFE

FET MSPA ({14 BH T AR o3 X )R B SO BEBR (1 I B AR R A ] 3 B S5 53 HH, 2011~2019
A, I SO BT B RG22, A EIRIX P, MR PG AL, RS BN 54.96 km?. 77.76
km?. 106.82 km?. 2% HHFFTIX A 6.95%. 8.24%. 15.14%. Jrbk%.C X B 5 #9 BES AR &K,
KO X BEHL 3 5] o5 4 I S BRE L () 65.400%. 55.04%. 73.58%. 2011 4EHESMBEHARN &N,
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FMEAEFOIRX . Hih 2015 AEAZ O X BESAR AL 2011 4E & ELURD, (H IR BEH SRR . R0 X BE
Byl b LU R R AR X . S22k IUERIBRIE A 3 2, S BEL Rl GE P SOl v o, &30 5 =
MBEHE T JR . 2019 AL S BE L R EFZE INoE, 20X B L . T 20 g,
2011~2019 4, FRiZ0XEAAN, IRTH S SO BEE )0 & X AR K, O 27.78%. 25.66%. 18.40%. it
FRAX — B G 1) 32 B R PRAE T 3R 3 2 X — M A DA O XA Gy, BT DAAZ O X TSRS 12 2% X 1 AR Ar
AR KM . VLR O X PR A — @ faEtt. YRmB G HE=, RSB 2 [FE R
W, ISy FLERANERIE & PG, TE— @ FRE LnT DUME AT, 38 5m A0 5 ST BT B () a1

Bl Lo . 5
[ v I 2% 0 2 4

I v [ ==RES
| B Ei
. L s 20114 20154 20194F

Figure 3. Results of urban heat island plaque classification distribution from 2011 to 2019

[& 3. 2011 £ = 2019 FIHHHABPRS L I HLER

4.2. ZMEBMEDIER

HEHY 2019 AFEAZ L XA BEHOA ORI SRR VP AR (6 G, A B B B MR AR 40 d I HUHE 44 AT 25 B
BefE i, HAABUEWE 4 5% 3 BoR, XX EEEF FMmaE&X . i, Btk 11 d EHEK
N 64.75, TR 25.36 km?, AT 2 X 75 BH AL B -5 M ORGE L X DL SRR Rl AR X, H
Prgrp R Z AL, BT A KA S SR SR AT TEAL, PG A fE, 5 BE A [ DA RSP A E % . B
Be2 Wk, dfih 4459, RN 12.76 km?, AT 408X 248 KiE 5 2 AL R R AR X K ik X,
AR X DR T Y, KA 9%, B3, d {4 21.51, RN 9.66 km?, A7 T EIEX ) Tl
X, dnEyb TolkpE, vz e LS %, B4, d {4 20.01, HRA 7.72 km?, A7 T Ek
HEE X487 9] 2K 230k T 300 PR el DX R A2 X, S B e sl 3, 8 B T 58— N R B A ST P T 25 = b 25 B
Be5, dff14.59, WM 6.31 km®, AL FAEX A TALFEX, EEAA A28 AL TAR . AR
A /NT 1 km? BAERD, E8A PR AR 2 7], XX B B X FkX K& Tk
X, NKHEAAE K.

Table 3. Calculation results of dl values for the top 25 heat island patches in Hengyang City in 2019
= 3. PR 2019 SFHEFAT 25 NMABBHR dI BT HEER

o _— o
S EAKm? ! d, PR e ! d

PC dIIC PC dIIC

1 25.367 64.702 25.872 64.751 13 0.709 1.157 0.020 1.216
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£

2 12.761 40.564 6.548 44.586 14 0.492 1.126 0.010 1.163
3 9.661 19.451 3.753 21.517 15 0.434 1.037 0.008 1.135
4 7.724 19.291 2.399 20.007 16 0.414 0.934 0.007 1.070
5 6.310 12.456 1.601 14.593 17 0.279 0.552 0.003 0.666
6 0.994 1.962 0.040 2.381 18 0.239 0.438 0.002 0.479
7 0.751 1.536 0.023 2.007 19 0.372 0.442 0.006 0.469
8 0.201 1.722 0.002 1.729 20 0.178 0.367 0.001 0.450
9 0.641 1.538 0.017 1.669 21 0.222 0.338 0.002 0.353
10 0.281 0.641 0.003 1.562 22 0.220 0.262 0.002 0.273
11 0.248 0.566 0.002 1.370 23 0.501 0.039 0.010 0.037
12 0.895 1.345 0.032 1.333 24 0.290 0.024 0.003 0.026

25 0.873 0.031 0.031 0.025

P 451

[ smansn

[ s umenes:
o HmUM

Figure 4. Thermal environmental source patches based on landscape connectivity analysis, 2019
& 4. 2019 FET RVEB M S TR AIMEIR IR
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4.3. REMEImE

PRI BE T T (0 2 [RD A SR S T I A DX PN R R B BTS2 B B A K/ o FE T AreGIS 23[R 43T, FRAE
NDVI. MNDWI. WET. NDBI. A . 355 55 K5 BH 77 1 28 0 23 A 49 B 256 #Aso0 BEL g T (1]
5), ZREIR, 2019 R EH SRR, SEXSMEMR. B, SR, KEXE
BEMAGLE FOIR X S TLIX

B
Eellivali)

™ W o:0.745222

- ik : 0.138742

Figure 5. Schematic of the integrated resistance surface of the surface thermal environment in 2019
[ 5. 2019 FitRAFREAENE REE

4.4. BT RIS (B AR ST R ST AT

BT 454 MBI T S5 He BR B A, {87 Linkage Mapper 34k 3E 5 H B 58 4% R 18 2EL A 4 ER 455 4% i) )
%, MK 106.66 km, 1 6 A Hd, BKEEKE N 8.81 km, BN 17 SUEh 5 22 i
My BEIE R, KON 0.07 km, LRGN 5 SIS 6 Yk, G R ESER . RERAMES
R . AR S, REEESMINA TN 4R, S T I XA BB R R 2, BN R B
REAC BRI MR, UEITZ DX IG5 1 I 2 (R @ A R T IR B IR sh . DRIk, ARZBUR HUHE i vk 555
X I B
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Figure 6. Spatial distribution of thermal corridors

& 6. HJEREZSE) 557 E

441 XEHRXFIRAIS

Lﬁmewm403#ﬁﬁ%$m%@ B 22— B, 7 R AL MEL AT 209 1 X 3 1E i 7T
0 Bl PN B S 25], BRI A X I, 106 A8 7), MTHAR 7.25 kmP. SEERFRE], XS A X
EREFEE . Hatn 1. 4, 5. 14, 20 SR AR AHRZ, MTHFRXER, FENREBEHE
BRI FLARYRHL A JE SR b . DA SR XN D A5 1 b — 5 Y L DX AT — e A F A B, 121X
AN R AL RN 5, A B e AR AR M T BRI 0 2 IRV BB e, 12 X AR AT R SR B Tt kAT AT
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