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Abstract

It is of great significance to explore the influence of landscape pattern evolution on the urban
thermal environment effect, which is of great significance to alleviate the urban heat island effect,
improve the living environment, and realize the sustainable development of the urban and
ecological environment. Based on the multi-phase remote sensing image data of TM and Landsat,
the land surface temperature inversion and landscape pattern index analysis methods were used
to explore the temporal and spatial evolution characteristics of landscape pattern and urban
thermal environment in the process of urban expansion in Harbin from 2000 to 2020, and the
relationship between the two was analyzed by Person correlation method. The results show that
from 2000 to 2020, Harbin has obvious expansion in the early stage of development, and the heat
island effect is obvious, showing a trend of first intensifying and then gradually stabilizing. The
distribution characteristics of thermal landscapes in various districts of Harbin have a certain
correlation with the comprehensive development and zoning adjustment of each district. The
correlation between landscape pattern characteristics and temperature in different temperature
zones showed different significant relationships, and the overall landscape pattern index and
surface temperature in the heat island area showed a significant positive correlation. The average
patch dimension and aggregation index of low temperature area were significantly positively
correlated with land surface temperature, and the proportion of landscape type was significantly
negatively correlated with the maximum patch index.
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1. 5|15

WA &% HaREES RS £ HILTF, FEEH 7R m R, # (2018
SERRTH SO R B ) A B o, AL 55% L BN DAEVEFEIR T HBIX , 3X— LU AE 2050 43
hn# 68% (L&, 2018 4F). PRE IR T HERE, A B AR AR HRE g E R A, S8 KE
YN RFHE, RIS 80T 30T SOU R B ORAR A AIAR G 1) Tt B, 3 A 3 T 8 50 2R ) T R R HY
[1] [2] [3]e 37 B 0% T B R T T e il il — RV R AR S AL R R, B35 5 G5
ToRRIGIN . SR AYIREVE S5 R 3E 4 BRAZRE [4] [5] [6]-

AT, B RO S T S R S 3T IR S R I 1 — R BT . Balling 5FH AVHRR
PG 0 A ] ZE 7 58 b X8 SRR RS 10 40 A, R B0 3R AR O R R A A 5 s R A SRR B B A SR [7)
Bastiaanssen |/ Landsat TM 5 HAth T2 2R, AU FR) 3SR ) S s H B b3R5 AN R [8]
Yasser Ghobadi Z5AR ¥ 2 i AH 2 B G 50 oA 1 Hh SRR S 5 TR 2 ) ) 23 8] 56 &, B 98 R IR 4
B0 b 2R P A Bk R 2 P R 28 R S VR 9]0 A SR 7T 2 W - R FE A SR et 3 3R 5
i) 52 Z 3, 1 5 SR Hh PR 25 AR AR R R AT = B BR ), ELAS R HB X A e e SR 2 [ ) SRR BEAN =i 10]; B R SS
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55T Landsat TM/ETM + BRIEGUAR, BETC 7 I3 it #5228 R AR A B e, IR R MR IR 2 S5
Pefadh. MPESIE . ANEKEEEYEESE L A E R, 45 FRFN DR T S0 AR 2§25
U AR F B R[11]0 2 800 085 R AE — FhEl DB UM BRI B 35 282, A IZRE MR E &
ST EIE BAFARE .

W R T A P B AR AL X S oI T, I AR SR AL T T D Tk A R B, 3k T s R R AR
IR, XCEAIRE = A T — e AR Ak, AN 1] RUBE (R 3R T o0l Jm) 5 2 Ui B2 2 T8 1) 56 R T IR AR Bl = o
A SCLARGRIETH 9 AN TTEE ORI U B, 38 SRR B2 S 8. S50 R 1R 500 i 71 & Person #H JG2%)
G JREETH 2000~2020 ERIHBZRIREE . SOMAE SR ARk e 938 2 TR] B AH DG o8 REAT o8 &0 B Jvi A, DAMERN
T P 1ok S el 2> JFC e D3R T R R B R A SRR, I T R AN i NS E PR T AR B s e
BAEHETER L.

2. MREMAESHREE
2.1. FREHR

My R T A R E R AECE R AR AL X, BRI AE M, AR OXE, T RE
125°42'~130°10's b4 44°04'~46°40' 2 8] . W& /RIS H B 26 LRy . AURBUIRI RS TT, ia7RIE R < g8
H e KREPEZE SR, PUZRorE, AKER, AFBKES, MEFENEMAEERR. F. KEIR
FREARAR, BT R I, BRI . AORIETT XTI L R, REEZ L KR, Rl
TKITAW SR RE, AEEA/N I LXK, EE AR, RS, R, TR . PR
ETT R L, 9 MR 21 AT, 25 M EFE . M/RIETTHEYREE S, MR%L, s
KEVAEEEEY), e, @ Es: BEIIMPRESHERHLRZ .

M RVETT 9 AMTTEEIX . 2 MR 7 AN, B 53100 P K, A E Y 0.55%. A
TH FEX M RIETT N R X X, MK, FYIX . SFHEX IR, FFEX L BT, SOH X
o NEEX AT . B XS AR, N B4R, BRARRR %, 3T P 5t W B B g
8%, s,

2.2. WHEHRIR R FALIE

ASCHEEUE 25 TR 75X 2000 4. 2008 42014 4, 2020 4Ei75H7 /0 2 155 [F Landsat %1 L2 Landsat 4-5TM
J% Landsat 8 TIRS/OLI BEEHEAAR, /0 HERA 30 m, EdE K H #3285 2 (http:/www.gscloud.cn/) » 2000
. 2008 F IS N Landsat S TM $dE, 2014 45, 2020 4E 193845 N Landsat 8 TIRS/OLI %4
AR AR AL HE X P e R B A R A, AR BRI SR (] SR E 7 H 2 9 H 2 lal, i H IR v hRE
—8, HRAYIAWER, CAHBRE TR 2295 KRH & A R e 2 5 0 52

2.3. fIRGZE

2.3.1. #RBERE

AR S AR T AR R R R T, MO EAUE T Landsats TM #i#fs, Hi& T Landsat8
TIRS/OLI £ [12] [13] [14]o AR KA H 1H SEBT S ECRAG HOC RN R 48 1 s, S8 5 W R B TEqL
BREGR RRAEES SRk, MR RAR S R, A TR S B R R S 2, R
FAR I FR AR S BRIRFE[15] [16] [17]

156, B NDVI tHE R g %
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_ NDVI-NDVI,, O
" NDVI,,, +NDVI

soil

£=0.004*P, +0.986 Q)

Hrp, e AMRIESZR, P oMRAGCHELE, NDVI NS, NDVI, NEE R
MR BRTCHE W 8 XA NDVI A8, NDVI,,, WARSE 58 Wl P A s G o i NDVI ., B 2035 o0
(¥ NDVI f. &5 {H NDVI,,, =0.70 FINDVI , =0.05[18][19] [20], RI4FEAMZITHI NDVI KT 0.70
i, PEUEN1; 2 NDVI /N 0.05, P HUEN 0.

Fex, MR¥E Landsat Hh BOIRELAMB B BB OTIE THEAR B AR ST 0 (L, ), TR AR AR 3 1Y
ILAMEG A L, =8 s KA BN L, MR SR e R A KR R BIE
TRALRISMRER: KA MRS L, B E RRAEE . SEMTH AR (T, BRI R
JERAL IR, TH RO AR W

L, =[&B(T)+(1-¢)L,,, |t+L, (3)
B(T,)= [t _:E: o) @)
Te—— ©)
In X, +1
B(T,)

Horp, TR ESSREEK), B(T) NBERGERNE, ¢ WRRERINEERNZELE. K MK, N
TIRS10 P HERRHE B 5T TM, K, =607.76 W/(m*umsr), K, =1260.56 K; % TIRS Band10, K,
= 774.89 W/(m’umsr), K, = 1321.08 K. HRAEM/RIES Rul AL B R, xgs RRATRS BEI0AE, Al
ARRFFETT K

2.3.2. HuFI AR5

SEAWEAIX IR T N ETARAE, SR M o 2 b (B O SRR T 5T X 353 KA. it bt
Bt WM RFI L 6 N FMERANE 1). ERE R T, MR AR — S AR/ NP, @
ARG JE AT 2R [21] [22] [23] [24] [25]. FI ARG /RVE T Lt R FH IR B &2 Google Earth 12 55 J7 2%t
bR R S AT RS FE SR, R R R ZEFERE AT RS FEVEA, SR G BEAE 75% LA b, T R I ST (AR
R,

Table 1. Land classification in the study area
F 1. ARE LA

i RAY 5E L
BLAEK AL, RAR AR L (7K T BA S N T 3 i KT s R IR BN TR0
IKAE ORKTH o AFE—EPR AL LU R e, A TCHEBER . KT 30 KRB . ook,

AL RS 1 T 2

AREML U, AR, S, 2k, FACRMSE, A N TAME AL E B GRL A E p 5
b, EA SRR L E

it AW, BLIERE AR AR

ZEAERAEY, ERE. PEEELET, BABhEEEY, WEREREPAEEY.
TR 78 75 B N 4%~20% 53,

Bt

B
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Continued
BEEEFY. WAL, e FeMAEER, Ty M, s8Ik, @, KF.
e BESEIERE L, TR R, FEFAS, AH—e® B kR A, i TR
FB, NGRS Tt (R Sk gE B s A a), A CUS A = SO R 2
H FIH H
A FH ARGV, $RE. EEM. a5

2.33. SMEFHER S

T & SOWA R AR B [BIAATE — 8 SRR, AT R VRS 2 R I 5o R, 2255 DUAEAR G SCHR[18]
[25] [26], MBRUKF5F/KF EILIEI 6 A8 5ol RARHE AT 7E (% 2), RAUKP L U
KA LLAI(PLAND) ft KBEHIERU(LPY) . REEIEE(AD. THIPEH ) 4ER(FRAC MN); S0P ik
HPE 2 2 (PD) “FIIBE LI FI(AREA_ MEAN). J8id ArcGIS 10.2 B fF, Guit &A% L IuHI P LST
HFMIRH.

Table 2. Statistics of selected landscape pattern indicators

2. EHMRNEHIERSET

B AR P o
ST BI(PLAND) PLAND =103, SEBAT A B T L E
EPNE SR )] LPI =max(a,,a,,++,a,)/(1004) 0 240 [ ST S e
- o S B BRRRRE, 26 A SO0
R EE(PD) PD=N/(10°4) TARGRE, BT, B A
SEHPERT A (AREA. MEAN) AREA,,. = A/N SRR BT R S P

2In(0.25
PRI REERACMN)  FRAC,, =352 (0257,%)

BEHLIERAS P9 B A A i F2 (0 52 i
Py Alnau

B i UL AT, RSB
RAARHAD Al =100a, /max(a,) M, LR, R

e i AURBIIIAL,; jACKRIEBUT ST a, AORE 1 250 j KBERMTIR; g /25 § FRBTHA FIZRA AW BEREL: Giiman
NE | RPN MBER S VR —RURE R EE ;. E A BRI A RS K 4 RN

2.3.4. Person ¥X 547

FA SR S B9 A B ML AS B 2 R 2R M AR DGR o LB AL T—1~1 Z 18], MR T 1, IEAHSGHEMEE; X
2, FARSCHEREE; HBEHE T 0 B, WO B ARG 2 . IEMCR I E R B 2 A AR
EA FF RS, GRS )2 B 3% 22 18] AR SR8 A BLAT AR IR [ 34

ZHJ,ELUZMK
2
\/NZI 1 i l 1 ’ \/NZI ly’ 1 lyi)

A, x B EEXPE i ANE; ) RRERE Y MR, NRREERH.
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3. 5RESh
3.1. WREERESH

T ME - ARAEZEVE[27] [28], AR B IE H 1 M 2R B K I A IX 34 S il X R X R X
R X R IRIRX . RIRX 7 NS RA, HdEiR X s s X e SO X . 8
ArcGIS FRELT 2000 ££. 2008 5. 2014 £, 2020 M /RIETT SRR (K] 1), DUl s 4 SR
o GEREIR, 2000 X ER T A AMMIE R IIX DAAL, T HIERAREE, SRS FHRIAE, B HAATE
BB R YD M, 3T RS R AR S H . 2008 AE T (X IR EE LR LA X IR v, T R R ]
L AAAE DGR B R B 2. 2014 SE @R AR T X HR OB IX PR B S, 3T B S RSN . 2020 AR IX
78 P 0 et XSG, AR O IR R IR X A AT A B A A S B T R X DX, TR X A A
IKAAR . BB RIAR R, 2 B A R b 5 KA S SR T A S5 5 A — E ) PR R

(a)20004F (b)20084F N

. ‘ P A
Lo ik )

©2014%F (d)20204F

1451 I i [ ] i [ kR 0 10 20 40 Km
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Figure 1. Harbin heat grade type
1. RREMANFRAER

3.2. HFIRAE S
i ArcGIS ZREL T 2000 4E. 2008 4E. 2014 4E. 2020 SEM /R R 2022 E (4 2). 3 20 4
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SRATEFE X VU [ Y B A AR, ARIR RN, R R RS MRih . BRI R A F
BEARRFFFEXFRE, KR 2K &S, @AM SRS nEs, xR /RETIR T
R IR O . 3T 20 AR 78 X SO RGBT, IR T sk BON A L . 7E 2008~2014 4 [A] [1) 48
IRFEIROR, X5 “F T i GG PRod e J it T T 50 v A s sk R O .

(2)20004f: (6)20084 A

(©)20144F (d)20204
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Figure 2. Harbin city land use classification

B 2. MRET AR

33. ENERTL S

HIE 3 A, BT X ARt SOULRE X AR AN S P AR BBl ok, v B3R, R
VM bt 752 SOAE X P B e BOK P LU AR T, R TR BB AIRE A K . A S Y
F RIBF Y, B KPEH R EUE Se 8N E e > (K %S B 3t SO SR B 5] S B A S i 3.
B K PESRAE B2 5B N e i a5, RSO b ) S S I s b R 3, o KRS R AR
SE A D S . 2000~2014 4, W 5T DX B B HAE RIS AN R &, BT AR AE AN
Wrimtk. 2014~2020 ¢, T ALERREEAK A LI KAGES . & 4 WS, AR K EE X oF
T XSO BEAT 70 HT, 2000~2020 A SR X BEER B B2 B89 0 Ja b IR TR e npass, 7
B BERmEA LB 1S . 2008 NN TIOR ST IEOR, Xt ARSI RE IR i K
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Table 3. Landscape pattern index at the type level
3. REKF LRV EIEH

E4 e 1 it PLAND LPI FRAC_MN Al
B 1.2223 0.6203 1.0481 88.9004
i) 5.5133 3.4259 1.0435 93.3464
KA 0.9711 0.1425 1.0546 88.0271
2000
Bt 31.8555 20.4624 1.0498 95.4592
iy 3.4028 0.2097 1.0442 77.975
AR H b 0.1551 0.0034 1.0413 74.4102
R 2.9598 0.9051 1.0529 83.5345
R 6.1513 3.0752 1.0411 89.6104
KA 1.6039 0.3629 1.0465 80.1617
2008
Hith 31.3837 20.8181 1.0467 94.2958
LN 3.5246 0.2426 1.0474 78.2327
R I Hb 0.5941 0.0121 1.0408 87.9074
AR 5.4824 1.9302 1.0539 87.7158
b7l 4.8723 1.0797 1.0543 94.5421
KA 1.1501 0.0017 1.0379 68.4122
2014
it 29.2568 17.1767 1.0472 92.6193
i 3.0775 0.113 1.0505 80.7877
AR H 5.3915 0.8765 1.0514 96.0447
UL 7.2196 1.457 1.0508 87.811
it 3.6724 2.1865 1.0449 92.0669
KA 1.9605 0.9428 1.0506 92.8087
2020
HHt 27.2892 13.115 1.0495 95.087
Eiith 3.1918 0.0026 1.0418 69.1714
R H b, 4.5481 0.3035 1.0551 82.1476
Table 4. Landscape pattern index at the landscape level
4. BYKFELEZWIEEEE
FE4 PD AREA_MEAN
2000 3.3116 462871.3933
2008 5.2295 324575.6575
2014 3.276 295249.2579
2020 3.2888 268625.2332
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3.4. RYBESHFRIREOEXME S

3.4.1. FEIFEMAERZ LST #0g

N P HBERAEAS [F) SO R AL X LST (A zm, Tk GIS S AN [R50 A (11 2 Hh 3 T (e ik
ITGiit. B 5 AP HTA A, 2000 AT MR T Ay, SRR Hr b R AR, 2 K B4R S R
H; 2008~2020 RS FHIRECH AL > B > SRR > KM > B > bRih, @b
PR R R R, MR 2 Hh 2R R T R 2R A R AR

Table 5. Average surface temperature for different landscape types

5. PRISRMABHFIFRERE

A ik B it ZZS: L KA AR
2000 4 33.4 325 223 23.6 25.0 29.0
2008 4 31.6 33.4 21.0 24.8 25.1 28.4
2014 4 29.3 36.8 21.6 245 24.9 30.0
2020 4 29.4 35.1 22.9 22.1 26.1 29.4

3.4.2. =MRFBELTbREE R

DR R I B M R TA SR RS MR B I OC R, DAARIEAE 4y 2020 A5, SR HUSAE 25 Hh 3R IR FE A
WA RO BRI SR A b o 49 %A SO E) B R AE X B (1 2 A LST (A MO E AL EE . B2 6 /M Hrml %0,
P X SRR R AR E P SR LB KB A, PB4, REERECEWIER S
HRIR RPN IEAR S, WA X S, MR 5 R BE S, BRI BR . T
BEIX SRR R FEE P SO B L] e R BE R 2. TRAEFE PR s M P A0 5 Hh 3R IR P 3 R BN IF
FDG, “PRIBEH o e BN TRH0 S MR B R I SR DG Hhiia X (0 S AR SR Fa Bk, SOl AL
Bl HOKBEERIE R, PP AR AR EC S MR IR Y R IUNIEMI DS, REL BRI EE S %
TR ARG PRIR X A SRR R R da Heh,  SOW 2R A L) 5 7 35 B He oy 45055 oW R 40 1
FIRPEYIRINIEA N, RRPEHIRE, RAEE AR E S MR IR R ARG RARIRIX 5
EARKE SRR EF, MR, o RBEE S, RIS T B 4R SR 505 R R
BRI REX R WA RIS, TR 5. RERRE R MBS R R E Y
RUUNIERIS, SR LB 5 f K BESARHCR A8 205 Hh R BT R PN TR G

Table 6. Correlation between different temperature zones and landscape pattern index

6. TRIEE S X SRR BERENEXXR

E it PLAND LPI FRAC_MN Al
i X 0.217 0.112 0.03 0.21
PR X 0.2 0.21 —0.248 0.331°
R X 0.31 0.34 -0.01" 0.247"
HHE X 0.15 0.411 0.631 —0.144
HIRIR X 0.01° -0.252 0.314 —0.117
JARIRX -0.02 -0.121 -0.224" -0.23
fRIELIX -0.17" -0.1" 0.11 0.422

¥E: *P<0.05; *P<0.01.

DOI: 10.12677/gser.2023.121012 129 AL


https://doi.org/10.12677/gser.2023.121012

4. Z5ig

PARG /RYETH 2000 4. 2008 4. 2014 4. 2020 FFEAHRLHS B TM. Landsat % #2825 0 FEAl, 45
& GIS. ENVI AFOW /M4, 38 1 RV T3k i 47 5K o A% rh 50O SRy -5 908 T B 55 (0 B 2 VB AR RRALE
LU

1) WA RIS TTFERE U B P A7 08 B S AR B 0, ELAR RIS SR () 8 I AN [ o 2008 4F 34 5 [X 35k
1E 2000 AL FIF A ATY oK, 2014 3T A XY 5K BH 2, 2020 AE A Xk B AT,
EEY kSR il X AR @S 2 R T A X DX, (IR X 2 B S MSR B K A REHAN
Pth, FRBHECHN., MRHD S KA I T AR RN A — 58 1 BRI SUR

2) SOMAK JR) 5 e Hh 3 U E () N TEATLI BN A%, SOMAS R TE A [RIIRRE 43 [X 2 (8] 2 0L HE B 2 1) 40 S
fE, SRIHAFRBFIFEIK R SR X sOW AR R e oh oW LG s RBEIEE. Py
PR, REEIRBCOUIR B S R IR BRI ARG wh il X SO R A% R R b, Som 2R A el
IRPERAEEL, “FIBEE o 48R B 5 R B E R DU IEM G, RELBEC R SR IEE
RIUNFAIG: TARIER X S EERkg R AR 2, PB4, R ECIIREU S i RIR B2 Y
RIUNIEF G, SO LB 5 S KBEPRHCR MR 205 Hh R 5 R I FUAE G

ARSI R IR AR ST R T A RV TH SOUAR SR AR AR FABR B B S A AR 7T, 2 T 0 2R I R B
SO RIIARA . 3R T LR R S AR DGR I St TR S, R A A T 2 AR R
W RISt T — & Tt
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