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TORR T 28 S5 YRR B S, O A EE R . &738 . BUm KOTRRER R AR IR B
EERM . PRS2 20T N PR o A A Rk O, R Asf 38 X6 3k i R
TEFKBEIHFE . AN RGE I FREAR | A=W DL IR T 28 0% PTRp 22 2 AT 46 TR ) 5%
M= 24T, T AR IR E R | IR RR s L BT AR L A R
WA Z 1,

] PN AT 3T SRR RN, S He g R R T J@ T8k 12 G . Bokaie S5 IA
R B H Rk R T AR A8 AN 335 7K TR A B I8 T Hb 3R 57 B M2 T B T A A AR AR
; Baldinelli 55T & B, 30T T 2 1 b 28 S IR 28 (14 98 /N J2 T8 B3 Tl 4 B 1) o 2 e
5 Yuan 551 FH 32 [E] Minnesota 3 7 3 /ME BRI 205 1 TM/ETM+24E, Kb RIEE S
TEREE T . B KT Z (] A9 B ¢ R T T HA s Grover %!"JE T Landsat 7 12 J8%
SAR IR K SR T AR T RIS, A3 Do 17 IS 25 (a5 A 22 O 5 13—
LB FE %L (Normalized Difference Vegetation Index, NDVI) #7414, KINDVI Sk
SO O P B O B o RS R A AT U S 3 T s A SR AR A A L, ST T3
Pk K LS AR JR) A A X 3T A S RN 23 R A A AR 9K/ REETE T Landsat
ETM+HECHE P2 B T IRV B A 25 . N AR A A R 55 B, JRa B B Z
YERIR A, DT RBAIR T $0E SO0 A3 B 52 43 mT . AERE 3 55 B e i 2 | L
T RIGE ISR, b O b R AR A RE I, 45 R e B U 18 JE S A R TR
LA O, AH ORI R B AK IR R H — b AN 35 K 1T 5 %X (Normalized Difference
Impervious Surface Index, NDISI) . H —fk % 3% 5 41 (Normalized Difference Building
Index, NDBI) . &k #f 13 — b 7K K 48 0 (Modified Normalized Difference Water Index,
MNDWI), NDVI, J&48 E NAMEE e N s IR ma bl 45 7 T R K EmE, I
PG TR FM SR, HOAMRZ NP R RNk, e 50, s, i
WS | A S 4P s sh A AR5 A SCA LG 2 . SR FEAE T, il a4
IR IE 00 LB 2E | S5 BT . THEDLRE L R AR, E
G 5T T BE R IR TG K AR 22 A b ST (A A R A 7 40 AL

R, ARSCERS, GISHARM LR, VBEGE G 5 . POLZS Bl KRB 5
FERHBEIR , 256 0N AR EZEMIR . 23 B R8T (PCA) S5k 2 M SBT3l
NJERABERN S sem N, HET R A SR— AN SC 2 4R K 75 3l IR 500 (1A 3K Bl ¢
., VU R B A o D R I T AR AR R T A
UL IR T PR B R Y AR R AL S IR B AL
i, SRR | 3 A AR T N IR
R SN SRS &

2

2.1 FEXIERER

RS TAL T W 48 AR It , T i A
WA VE 2%, WK AE-16.8~326.1 m (&1, [
2) KRIPTHT ARBTG5, ERR
W, ZFIES  HKARFEIRE N 172 C,
KAETHIGK 29 1361.6 mm., BFSEIX T4k ML RIERPR
hﬁfﬁ}iiﬂz[&?}“?{(iﬂiﬁ“‘”, &/%i{%ﬁi%ﬂyﬁfﬁﬁﬁ Fig. 1 Remote sensing image map of

Changsha city
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FE R AW I T4 R BN AR5 ] i 5
W, o PR AT Z—. 1951—20144F 45 %
BEs, KPR EY SR E 30.6 d, FFHm
EPGREFFL 206 0k, IR RN B, W sz
FERIR T AR, BGEIRT AN JRIR B i a, &
F VDT IR 22 J T s #3070 7 0 S ) ) A
Kbmi s 6 X 3 5, o & i Fn BH
M5 FW X A AR, AR SGEFER T
M6 MTH X (ERIX ., JFMIX ., ZEHEX ., Mg
X, KDIX BRI AV EAERIFEIX, b
F12)3903.39 km?, 20184FAKFH AT 535.59 71 A,
2.2 HEFRIRK AL E »
AR SCHEHGE 55 I ) SR 16 5T ] 2000 47 22 M2 KPTEDEM
F 10:33AM. 20094E8 H 21 H 10:46AM, 25t Fig: 2 DEMof Changsha city
H123, 4540, 41 5% Landsat 5 TM % 20164F7 A 23 HAtRTHHE] 10: 58AM, &5
H123, 45 40, 415 Landsat 8 OLI 251 S INLL Mk BE i IR GE A% . @ B AR i
BHE A RIE Z, KAWL, W8 K= BN T 10%, 8 ER & rsly, (58h
ENVI 5.3 #{4x i BEAAR A T iR S b . KA IE J TAE X BT S Ak B . HAb L
£33 2016 4K V0T POLELHE, I Geosharp 1.0 #{47E &5 it 18] ISR A T 2016 4EK Vb
13 R POLEYE, ALK, ATEER . KoM REIX . A eSS &t . AR, Y
b BHECUR . SRR . WS BURPLA . E1E . WERE . BT AR RS R
Xk WEEEEA (DEM) $0dE, 78 ArcGIS 10.5 b r# s e . it . T/EX #ah
& UKAKWDTITBEA R R R, EFIHE, S HEdEEo S R4t (UTM)
P52, WERIR I WGS84, 43#E%R K30 m, HuG—MAE GISEIEZE T, FEILRIATFST
AR BARRRMER 1R,

F1 HEEERIR
Tab. 1 Data sources
LG E G/ IEA S BRI i Fif ]
1R Landsat 5 TM, Landsat 8 http://www.gscloud S RIS . HEHL 2000 4F 7 ;5 2009 4
OLI TIRS A5 S 8 H;20164E7H
DEM ¥ds http://www.gscloud AR, HE 20164F

JedE KRUMITEGL R R R PR R SR R RIS X S 20164F

3.1 HFREERE
AR RAMIED:, Landsat 5 TM R LT AN BL 6, Landsat 8 OLIR FH TIRS 10
W B AT R R R, T3 LA IR AR T R B A AL AN S S BEAE L, Ly Lo
FRIHb TR S 2800 KL R 5 BIAAL AR B HR S 58 B 3 i il . Ha AT .
L=[eB(Ty)+(1-¢)L,,,|t+L, (1)
T.=K,/In(1+K,/B(T)) (2)
K. BT) WEBAPERS T TRHMFRE; L, W R AT RE; Lo PR
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T, K. KOoNH . Hi Landsat 5 TM 3L AN BE6 L, 4 0.38W/(m’« s+ um),
Linn 9 3.65W/(m’+sr-pum), K,4607.76, K,41260.56. Landsat 8 OLIFALLAMEEL 10 L, N
1.25W/(m?+stepm), L, 2.37W/(m’-sr-pm), K,}774.89, K. Jy1321.08,
3.2 HFRESIKE

(1) H—fb2A{EAEKIFEEC (NDISD), AiE/KIHZ R 2, &
A IE A SR A, v RIBH 1R /K BB 216 LR o NDISTAH A .
TIRS1 - (MNDWI + NIR + SWIR1)/3 (3)
TIRS1+ (MNDWI+ NIR + SWIR1)/3

(2) M#BEERE (FVC), RIMmEs A i B0 mA S T S AR e e,
HRAAN:

NDISI=

NDVI-NDVI.. T
Fre= [ND VI, —ND Vlmj 4)
NDVi=NIR~Red (5)

NIR+ Red
(3) BGHRYIH— KT8 5 (MNDWI),  REX A KRR B 0 2R Bk T IH — 1k
2., HAHRAXIT .

_ Green—SWIR1
MNDWI Green+SWIR1 (6)

(4) H—fb 22 (E R 5 B8 50 (NDBBI) : K538 B AS B 12 22 5 /K R R A w15

B, X R A R AR B T — k22 (B A3
_ 1.5SWIR2 —(NIR + Green)/2
NDBBI= S sira +(NIR + Green)/2 (7)

AW Green. Red. NIR. SWIR1, SWIR2. TIRS1 %} ¥ 4 Landsat8 & JE 5 AR th 1946 3.
4.5, 6. 7. 10)E,

(5) SRS RHERL, BISEULAS R B TR ST, 0% 5 U045 F4) 4 o RN s TR s S 45
Febr, RIS e 48 B 5% 55 Lo AR e S H ARk, A 2 A4 5 23 (R4 Jsy 2 [R] i)
KEE, SRR ST P i B AR, i bk, ASSGEBELLT 4 Fh ST 0 56
1IN B O e (= 8

O HATE%0 (CONTAG) : RS A Jy HAS [R] BEBR S 70 ) SRR AR B ule i S g .
AL

-3
;gz/\}

2 In(m)
A p EIBEERISH 1y g BIBEERRA i kAGICZ [RERE 2R 50 m ol M BRI
Q@ BEARZHFEEAEEC (SHDD) : HR B R i &2 = fe i . A F

SHD[z—i(p[) xIn(p,) (9)

A n BRI p ol SOULBERRIETY i TR o R A S LB B e T AR L 491
@ BHUEZ (DIVISION) : JE—S2E R ih A BRESR M R 0 0% . Ha AT

DIVISION= % (10)
. DENZEAY i (YRR RS ARPSSAY BT AR

X

iﬁ[(p,)

In(p)| -2
zgl,(

k=1

CONTAG =1+ x 100 (8)
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@ BEHRAN R II16%0 (COHESION), RV i 25 RESR Il o My Pdsa v . TH3E 0K

el o7
COHEWON—I—,/L"X@—JZ}XIM) (11)
ZZP,Ja_/

o p BV i AN BEHRE R S s @, RIES i D BERAOIGOT A A BTk

DU 4 8B T A58 X B9 = R SRR Y Fragstats 4.2 718, 1 R F 28 B 7
ENVIS5.3 Hffi IR - ik il ERR i, HARAKE 3K 91.20%, Kappa R2E0H 0.88, 1 2l
FHELR

(6) LSRR (Albedo), AN KIHFRSIAE T Ipl 3R I S0 HEoR R stk
WK FH 4R B E AN b R RE eSS Y S0

Albedo=(0.356a, +0.13a, +0.373a,+0.085a, +0.072a,)/225 - 0.0018 (12)

. @M Landsat 8 215 A% i I B RO K EEAH .

(7) @R, JEiEHbm s 2 R A TE B, IRE S SRR, RER
B EFF100 m, JREEFER0.6 CLA

(8) I, FeHH X HFSARAIIRE, 75 ArcGIS 10.5 80k B T B A 551,

(9) thSg g shTa sk, ZAET TP DI N At 2 550 sl X T AR % 1) 5
Wi, AR SCR R VDT POTAR S FAF AL 2 20510 sh48 40, POLEIE AR R A IR T A S0 ]
B2 AL B, AUAT DUIRIE A RGEE R B 25 (A% S i o, 11 FLRES PR L & 76350
I EZ I NG B Bt 240G oG B, WFoE s mA I A JE sh i 28 (B o3 {5
SPEHERTHE™, A SCHE ArcGIS 10.5 FF il % B o3 b TR Ut 28 50 is shFe 4k
3.3 BEERS S

ARSC MG M I T b 3 R A A A R Y FAR R R R SCR R E T, A SPSS 24.0 1
ArcGIS 10.5 FAFHATA M B 23 18] = Wi or AT o 25 6] R Al — Al s A i 22
AFERRAE R LS EE B TRFR I TR 20078 i R 50 h 0 45 32 o0 BIAH B 57 1 45
bR, TR TTER A fh R B MR HE R
3.4 FREEHE

T 20 150 e S I 2% ) 5 20 A R AT 1) 25 SR 2 )R e M vk, Rl
FREAR R ZS [ A 07 In) SRR B BB S, % A AR B o 2 VB AR A i) 2 St BT 1™,
A SCAE FBRUE W0 1R A R 92 X 2000 4 . 2009 4F . 2016 41 3 AN IR B A i 22 4 15
RS, IF RIS R ey ) R RS L

4

4.1 YT HAIE R I FE

4.1.1 WHMRBESRFE N T BRI IT X SRR 1) 22 500, ARSCRH
ArcGIS 10.5 FRIfE2E ol M R BRI AR X AIRR X, BRI . PRI, &
TEIX . EIRR SR X 7N R, BARSNE 2 R, HE 2016 ARG8T 46 S
H RSP EA(E M 36.9 °C, 92% 1 XS b F IR B 7 31~42 CZ 0], 5 H SR (29~
37 °C) HAW 8, FIHIZ05 kS A I R A5 A &R . IR R g R
N, ARG PRI BRI I DX IR e v DX Ay b 3 TR 3 e T s e v
SERE R DRI, AR SOKE I B DX S A A IR T B0 X
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Tab. 2 Classification of surface temperature in Changsha city

WESR HRARRX IR IX. BRI X X B IX fe X e X
BEKE  T<u-2.5std u=2.5std<T u-15std<T u-05std<T u+0.5std<T u+1.5std<T T ut25std

<u—1.5std <u—0.5std <u+0.5std <u+1.5std <u+2.5std
e u AR XU T 3MH , sed RFHBRIR AR HEZE

4.1.2 WHHRREBESAEFME  20004E . 2009 4F 5 2016 4F 12 8 S 5 K v T S 25 ] 43
AME3 AR, RETTLIAE S, H S R BRI A ERIR A, M eI o0 i)
DU JE AR R, e TR BRAE oMb SR R R AR P i X, IRV R IX . 2
A V51 1 o = B 1 (1 = B B2/ 8 P W B ) R | 1 36 7N P R R B
T 2 R AR IR AL, BRI GG (1 4 R X S E e s . AR
A 308 T S DX AR T S G T 2 s B RTR R B A AR VLI S Pel et . P R X
DAY I A T S ARl 7 s DI s T AR YRR B L, X 0 5 A s A i R BIR AE 18 i
5, RIBHER B RNV REE =R EX L EZ B, 20002016 4F HE X
AR, R, B IR D ST AR X ORI R, 3T B 7 6 3 PR A AE R T )
SRV XY R Ty AR A

2000 4FK V0TI T A B R TE RN, ST A X b B IR R 34.5 °C, AR
MR EE IG5 432, MR AE T TR (EHIX . WX, KO, FFHEIX
EREX) DUREEIRIX , Kb BT d X, IRIX b e e IR A E] 52.5 °C, IRIX N
VR ARSI EE A 32.2 °C, SR R B IR AR 22 20.3 °C, WiKIK S Z A2
22.3 °Co 2009 4 i X 7 55 v Bl 452 2000 4F 2 AR HLM FRR A J , 25 b e 7R 45 2000 4314
K 1.4 °C, 0 X/ X S i B 55, R AT XS b IR 35.9 °C, IRIX PN
IR SR RIRERE 2 32.8 C531.3 C, KIPAEIFIX . B Ub = b F b f K 4 vl g Bl b BH i
MR B IX, MR i 59.8 °C, 2 20164E, Ky S X 404 sk — 45K, ©F
FE X M- BRI A5 36.9 Co AL TOFERE B R VAT K X AR = b 3, ek
ik 63.3 C.

RAE VTG KT S i aE B (E4), 2000—2016 4735 23 0] & i F2 4k
FEPEARIL—VERE 7 n], 2000 4F £ 2009 4F 4 5 FH.O W PE R RS T 2.7 km, fRF% M BN
54.9°, M TZNWEESHIX , CHeE A X mEl kR, S0z X 25 E T+
o 2009—2016 4E S FLO M RIS T 4.8 km, (wbs /15 60.9°, FE BT LXK
K, BURTHIABE AR . Bk b, RKUPTTAIEE A A J5 A A8 A0 Rk Tl i 152
58 JIE A AR A AT AE — B R B .

b. 20094F:

c. 20164F

&

3 20004F 2009 4F 2016 4K Vb ik 2 ] A
Fig. 3 Spatial distribution of heat island in Changsha city in 2000, 2009 and 2016
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4.1.3 WHHAIRER EETISME
TEAN T VD 3R T #0052 i AR
SEGEit20004F . 20094F . 201644
TS AR e, 45 3
o 20004F . 2009 4 M 2016 45K vb i
AR DX T AR B A5 43 3 R 59.57%
36.64% M. 32.34%, BB ARG X 4 A1
T AR K L ) 2 D, ek e 4

n |
2T
| # 4sim

FRIEZEAIR

50%, 5 BAIR IR DX ) rp il DX v AR T eE

B4 T K VDT 3% D R e

AR AR, S RETER 2000 45k '%fb
2 2 :

1060 km®, 2009 4F H % 1481 km?’, . s

2016 4F 15 %] 1607 km’, 2000—2016 4F
BN T 547 km®, H R K 51.6%
1E /& M S EE . R X AR 2000 4F 4 20004F 2009 4F 2016 AF K YD T K JRE D7 1]

4 781.76 km®, 2009 4F-34 i 871.76 ‘ 55\%@&%, I ‘
s " K. 2000 Fig. 4 Development direction and centroid migration of heat island
km?*, 2016 4 ik 852.05 ; — in Changsha city in 2000, 2009 and 2016

2016 4F r i X5 S 18 S a1 ik Bl AR

b, B ER S S, WE] AR K T 70.29 km?s HE TR IX TR 2016 4E45 2000 41
T 251145, 2009 4F 45 2000 4 i B N2 100 km?; i i X 52 45 2 P 1 K 3
2000—2016 43 /il T 213.46 km®, 2016 4F42 2000 438 0 1 3.3 /%, AF3438 1R IK 9.5%;
o L XA R S B i 2 A, 2009 A Y TR 2000 4 A 3 /5225 20002016 4E3E i T
72.27 km®, 20164F45 2000 4E45 /i1 T 2.19 4%, {H 2009—2016 4F- 14 i 52y /D (1 25 5

&3 2000 4.2009 £.2016 F KD RIBEERK LG
Tab. 3 Surface temperature area and proportion in Changsha city in 2000, 2009 and 2016
AR X G IX BRI X i X Bl fE X e i X
O TEA B mAl BT @R Bl mel Rl met Bl mAl Bl mRl Hh
(km) (%) km) (%) Gkm) () km) %) Gm) (%) (km) (%) (km) (%)
2000 76.04 1.93 456.42 11.59 2346.89 59.57 781.76 19.84 180.58 4.58 64.75 1.64 33.07 0.84
2009 11.67 0.30 1003.43 2547 1443.27 36.64 871.28 22.12 280.12 7.11  227.68 5.78 102.07 2.59
2016 149.68 3.80 908.47 23.06 1274.13 3234 852.05 21.63 371.64 9.43 27821 7.06 10534 2.67

MR ASATEC A R R SR ARG TR (R4) KIS, HPmEX . KX . K
O 16 4E 3 1A P T AR I T 80%, IS RLN M35, 2009 4EAHHE T 2000 4E 445
T FE KIEEETE, 11 2016 4EAHEE T 2009 4F, B 7b B40S A I 241, HAb AT IX.
FTE VAR AR R e e i 3 . X —iHY, Ky By mass g 2 m)i A, EEz 810
LV HARI K XA IR d% GEBIERE S . Srirs . Tabfb%) Pkl Ba EE
M), A A% 2 TR R X o A L PR S 3
4.2 WHAIMERIMEE
421 S5ZMMEZAEREIT  AT(TEYNRZ IS H NINAPMNEFE ORI, LA
FEIR TN IR BE RN (952 0 DR 25 R0 Sh AL 2 43 W 3k 7 A SRR B R0 7 73 2 ) Ak
TR N B AR, MASRE BRI 22, — 2 S B e IR T
TR, IR T AR A5 Y TE ) PR o AT R X A IR AR TR B RIS, B T
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Tab. 4 Statistics of surface temperature grade area in each administrative district of Changsha city (km’)

s FEHEIX R X TEHEIX FHAgIX
20004F 20094F 20164F  20004F 2009 4F 20164F  20004F 20094E 20164F  20004F 2009 4F 2016 4F
AR X 0.15 000 049 0.00  0.00 6.12 0.00 0.00 17.67 685 0.09 7.86
IR X 0.79  0.39 0.95 742 615 185 2741 4335 160.79 2827 1624 15.77
AR X 553 140  0.80 2341 412  3.64 30421 19452 14528 105.07 40.88 36.57
R X 891 445 2.30 17.06 1168 9.72  139.86 162.65 80.28  28.03 62.51 50.41
BEIRK 1339 9.15 8.78 1402 1626 1652 3494 5574 6231 1359 37.60 4248
X 898 1699  16.29 9.85 2646 28.14 1031 4748 4548 677 27.05 3225
W e R X 593 1130  14.06 375 10.86  9.53 333 1633 826  7.61 11.83 10.86
—_— FMAEX EHIRIX Kbl
20004F 20094F 20164F  20004F 2009 4F 20164F  20004F 2009 4 2016 4F
AT X 163 000 024 1.04  0.02 6580 6637 11.55 51.51
IGIRLIX 7.96 030 1.30 83.00 213.84 24937  301.57 723.16 478.44
BARMLIX 3820  3.20 3.70 582.09 361.73 347.29 1288.38 837.42 736.84
X 2450 13.72 9.03 275.08 304.85 211.57 28831 311.42 488.74
B IX 1844 2157 2415 3562 68.61 69.31 50.59 7120 148.09
R X 12.87 4228  51.56 6.04 27.05 3225 9.92 4038 72.24
MR X 7.48 30.00  21.09 261 939  9.89 235 1238 31.64

FKHR, T AR, K. & . 7. WERK. Tl kA% A Kaw ik shit
TR B O IIE . IR TT S SN 2 S BRI IS AN AMETRA , (AR 2R E RS
PR TGRS | e . MR R IR S T B IR A . 2k
SRR TT D FEURLEE | SRR T B RN B S e T R L KA . R
R 22 1A 6 S0 RUAEHT T LA A R I AR B 25 254k, 2455, N AMIRSE
SIHTAN T ST TR 2 AR s AL RN R . 280 . PB4
A5 . HESA R AN AR R A SO I 2R R AR AR g T 0, A SRR K
YOI M A 1 X (AR HE S IR G [ SRR 2 5 A SC IR AT 40T . ELUARSS BRI 5
Fis . o, (AR IA 2GR Sk

. HiEHE, ACHZaiEauss 0

SIS RRAL s AP e Bt

KB
HEC ORISR tammag | 2200 :
A ORI IR O . Bk =06 o/ [ §
RS, BOniHe R, BERIR R R € e :
i R R AR & i= :
B A EE SRR, R R e E s

KIS 4

NE

KE

B

ME

I T

B ]

T

»*'# AN, |

] e ]

PR e N T S R B2 2 kAR 20 g
BT R0, POI %8 FE PR BUR R 5
I, VT 3 ANAE B IR B 500 43 X WK 8K FOK Kb
Mrigss, 2016 4F 500 S Il g, PRI

L2016 5 AT =2 R &= 5T . El5  20004F 2009 4 . 2016 4F K VT 54T HLIX

SRR AR B ) T 5 e AE B I

“on N NI Fig. 5 Percentage of heat island area in administrative districts
e al g~ ) % S
HEZ ARG, AR SCE TS ArcGIS 10.5 of Changsha city in 2000, 2009 and 2016
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Tab. 5 Index of urban thermal environmental impact factors in Changsha city

— YRR YRR ZYARRR
AR LSRN MW S (FVC)
BRI — 1k 25 KRS B (MNDWT)
I LS 71 % R (DEM)
R
AXCHE SO R R AL WA E(CONTAG)
A Z R 4 (SHDI)
BB (DIVISION)
BEHe Py 3 146850 (COHESION)
TR R JA—Ab 25 {E A 15 /K T 45 B (NDISI)
IH—fb 22 A b 5 A FTFE EU(NDBBI)
Hh 3% R (Albedo)
AR 2N S| DL 2 R (PO

TEAE 5T X ] A Data Management Tools B3 HoRAE T HBEALEERC T 700 A
IE53 RIS A~ AL B Ak A8 B A 3R IR B2, PRI S 5 A 21 SPSS 24.0 itk AT
Pearson FSEE /0T, 15548548 505 H VR B 1Y) Pearson HIE R E (K 6)., HRMEETEER
I FVC, MNDWI, @2 YR DL e A SCE R b 5o A Jm ) S BORE . Bk ZREPESR
B, WA S AR R 2 () S I E A OGO R, Bk e s i, 522 X0
P IR BERRAIG, FEBAEAE . AR M 4 e A SR A 3l IR S R BB AR, X581
HREBDFTREE R B H— AN BK ISR, H— 2= AR5 #5550, POL. B
Hep 138480 MR R R SRR B 2 (] S B P IE A G OC &R, X BB R R W
) g TR R N S0 Sl 6 IR T A\ IR SR N A2 0], A e 5ok B R X ARG Bl AR
PaE, MELUESTREGR, S5 R s g
Fo6 HWETF5itRIEEZ BRI Pearson 18K EDHT

Tab. 6 Analysis of the correlation between factors and surface temperature

TRZ T PR iR
R IREC s IR

SR NDISI  FVC  MNDWINDBBI POl @ife  BeE gy

Pearson . w - . - " o o o . - -
P 0.3697 -0.508" -0.326" 0.8157 0.5197 -0.514" -0.270" -0.276" —-0.373" -0.338" 0.433 0.395

B RN 0.01 KT B35 (RUL I ; o HEAE 0.05 KT 835 (RU ) .
HRBIFISHAENAG —, HA M ER D], 250 i BRI 45 25

HATIEMACAL R, S A TEES — 3] 0~1 Za], A0h:
N- ]Vmin

\,gﬁnﬁ?lﬁﬁ%‘lgﬁﬁljﬂééﬁj, NV:l_W (13)
SR TSR ERLE, N = e (14)

L NORIEMACAL S RUE, BUEAE 0~1 Z 1) NAJFAE; Nu HE/NME; Now HER
KiH-

K 6 Sy £ 18 OB EA T IE AR AL RS i 25 ) o3 A . sl 6 ml g (D A= 25 FR R 45
bre FERCE S SO RSO A BB BRI EUE R, RRIXEUEBCR,
R — b 22 S K RSB 3 A SRS DRI KRR —8G @ #IB SR R . e
FERFFE X DU AR, EIRESE XD Z )Y, e 5 @ B A IR I A DG s B 5ol
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Fig. 6 Spatial distribution of urban thermal environmental impact factors in Changsha city
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Tab. 7 Characteristic value and contribution rate of principal components

o A%Dizﬁ%ﬁﬁ A PRI A7 A
FRIE(E TR (%) BT (%) BE FZEASH%) RRTTRR (%)

1 3.557 29.644 29.644 3.557 29.644 29.644

2 2.637 21.978 51.622 2.637 21.978 51.622

3 1.893 15.778 67.400 1.893 15.778 67.400

4 0.991 8.254 75.654

5 0.786 6.554 82.208

6 0.762 6.354 88.562

7 0.514 4286 92.848

8 0.428 3.569 96.417

9 0.259 2.159 98.575

10 0.134 1.114 99.689

11 0.030 0.246 99.935

12 0.008 0.065 100.000

=8 EWMAEHEHLIERE
Tab. 8 Principal component scoring load matrix
A SRS 551 RSy 552 B 553 ERLS

POI% 484 0.085 0.207 -0.295
IH—fbAK A % -0.506 -0.470 0.136
T Y T AL 0.395 -0.457 0.284
B 0.930 -0.175 -0.219
A2 M 0.936 -0.188 -0.227
[CEERA 0.511 0.054 -0.180
BEHL P 3R 184K -0.918 0.193 0.004
H— bR K FEEL 0.431 0.687 0.243
a3 -0.206 -0.600 0.432
e 0.086 -0.269 0.762
Hh e AR -0.144 0.817 -0.125

Ak 22 (AR 5 A SR A 0.192 0.699 -0.331
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Fig. 7 Spatial distribution patterns of the first three principal components
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(EFRI, SRJEHE A E MM RO AR GUE S H — R IR T A 1] SPSS 24.0 ik
Fr A A4 o FER 9 MY 1A SR BRI B 25 SR mT 0, VDT RIREE 5 3k H AR
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Tab. 9 Regression coefficient and test results

e ERIN T L R %L ; e B etswaN
B PR 2 Beta K% VIF
it 0.361 0.010 - 35.175 0.000 - -
EAEN T 0.116 0.007 0.327 15.442 0.000 0.625 1.601
EVESN O 0.012 0.008 0.031 1.471 0.000 0.644 1.553
53 EMS -0.289 0.011 -0.640 -26.032 0.006 0.463 2.159

. R*=0.805;F = 957.765; W EVERBUNT 1%,

R A RS O AN R AR AR VR RS, A SCR PR UEA [T A5
§=0.327F,+0.031F, - 0.640F, (18)
B R FERAS AL (15) ~AxL (17) ALK (18), HALME 5L R
§=0.223x, - 0.267x, — 0.068x, +0.439x, + 0.446x,0 + 0.284x, — (19)
0.444x, +0.007x, — 0.362x, — 0.468x,, + 0.058x,, +0.296x,,

H=C (19), Db 120 2ma R84 1 Eahr, Ryb iR 73 34216 0.223 . -0.267.
-0.068, 0.439. 0.446. 0.284. —0.444. 0.007. —0.362. —0.468. 0.058 }20.296, #f 4}
B, 58 XN SO Z MR T R B 2000, e 3 A4 5o 004 Jmy i 50 1E [l 5 45 R 28 1
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B 5E0H o

AV LR FERRRE, ML ASCHE R 124052 F PR 1AL, RS
TREARAL 1,753 Je—1.460 1B, FEIX 12 45200 KT B9/E R 2R THIR 0.293 ¢, B

PR 22 U 5 T 1 S L $10 TEEA TR
jtﬂ: E ?\}S ? ° Yﬂé E ?}5 *ﬂj\j{éfé E/‘J;j\: Tab. 10 Urban temperature effect under different actions
FIFEHT , MR AR s, R ST E: A%

2 s
TERRB AR B, AR, A e wiemmies e Shwpio) (O

AR £ IORM 80% ., AR — o 100 ~1.460 100 0.293

W EFORI20% 0, R TRERE. B 5 90 ~1.606 110 -0.0274
R 10 TR 1.4032 80 _1.752 120 0.3488
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Thermal environment effects of urban human settlements and

influencing factors based on multi-source data:
A case study of Changsha city

XIONG Ying"*®, ZHANG Fang"’
(1. College of Architecture, Changsha University of Science and Technology, Changsha 410076, China;
2. Hunan Key Lab of Land & Resource Evaluation & Utilization, Changsha 410007, China;
3. Research Center of Resource Environment and Urban Planning, Changsha 410114, China)

Abstract: In view of the lack of comprehensive evaluation and analysis from the combination
of natural and human multi- dimensional factors, the urban surface temperature patterns of
Changsha in 2000, 2009 and 2016 are retrieved based on multi-source spatial data (Landsat 5,
Landsat 8 satellite image data, POI spatial big data, digital elevation model, etc.), and 12
natural and human factors closely related to urban thermal environment are quickly obtained.
The standard deviation ellipse method and spatial principal component analysis (PCA) method
are used to analyze the effect of urban human residential thermal environment and the linkage
of its influencing factors. The results show that: (1) During the 16 years from 2000 to 2016, the
heat island area increased by 547 km’, and the maximum surface temperature difference
reached 10.1 “C. The spatial distribution of urban heat island was mainly concentrated in urban
built-up areas, such as industrial and commercial areas and densely populated urban centers.
The spatial distribution pattern of heat island is gradually decreasing from the urban center to
the suburbs. There were many high-temperature centers, such as Wuyi square business circle,
Xingsha economic and technological development zone in Changsha County, Wangcheng
industrial zone, Yuelu industrial concentration zone, and Tianxin industrial zone. (2) From 2000
to 2016, the main axis of spatial development of heat island maintained in the northeast-
southwest direction. From 2000 to 2009, the center of gravity of heat island shifted 2.7 km to
the southwest, and the deflection angle was 54.9°; the center of gravity of heat island shifted to
the northeast by 4.8 km, and the deflection angle was 60.9°. On the whole, the change of spatial
pattern of thermal environment in Changsha was related to the change of urban construction
intensity. (3) Through the principal component analysis method, it was concluded that the
factors affecting the urban thermal environment pattern of Changsha were landscape pattern,
urban construction intensity and landform. (4) The promotion effect of human factors on the
formation of heat island effect was obviously greater than that of natural factors. Under the
comprehensive effect, the temperature would rise by 0.293 units. There are many factors
influencing the urban human settlements thermal environment. Multi-source data could help to
reveal the spatial pattern and evolution law of urban thermal environment, deepen the
understanding of the causes of urban heat island effect, and clarify the correlation and degree
between human and natural factors, so as to provide scientific supports for the improvement of
the quality of urban human settlements.

Keywords: thermal environment; natural- human factor; multi- source data; spatial principal
component analysis; Changsha city



