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Research advances in the influence of vegetation

on urban heat island effect
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(School of Landscape Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: Heat island effect leads to the deterioration of urban residential thermal environment and the con-
sumption of large amount of energy. How to effectively alleviate the heat island effect has become an urgent
problem. Vegetation can reduce air temperature and increase humidity through long-wave and short-wave radia-
tion and transpiration. Therefore, urban greening has become an important technical means to alleviate the heat
island effect. In order to continuously promote the research on the impact of vegetation on urban heat island ef-
fect, this paper reviews and summarizes the relevant studies at home and abroad from the aspects of research
status, research content and research methods, existing problems and prospects. Firstly, the research progress of
urban heat island effect at home and abroad is reviewed from the perspectives of research origin and observa-
tion methods. On this basis, the regulation mechanism of vegetation on urban air temperature is further ana-
lyzed, and the mechanism of vegetation cooling effect is further summarized from the perspectives of vegetation
vertical structure, horizontal structure, canopy structure and vegetation remote sensing index. Among them, veg-
etation canopy structure contains parameters such as leaf area index, canopy width, canopy density and three-
dimensional green biomass, while remote sensing index contains parameters such as normalized vegetation in-
dex, vegetation coverage and greenness vegetation index. This paper not only summarizes the research status at
home and abroad, but also concludes the main problems in the current study of the cooling effect of green
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spaces, and puts forward suggestions for future research directions, which aims to provide references for follow-
up research. [Ch, 75 ref.]
Key words: heat island effect; vertical structure of vegetation; horizontal structure of vegetation; canopy struc-

ture of vegetation; remote sensing index of vegetation

PR A 5 2, KPR Z I B AR A AR 5 A0 AR 7 i = AR R A R T AT o
OB 2 TR TR X A O, AMTIE R AR A BLR AR A RO, o T3 i K B, T
T JSUA B FARIRET, R W8 ke TIRA RS M, N Ty e, Lok, Wik . 4.
P LA Ja M 45 R S0 | TR AN B K S SFUA R A T RO A AN AR A B S ) R ST R
WEHE 22 UF i A0 H AR AL, RIS T NS PREE M BT ST, 2 R A o A B SE IRRE, U RL A Oy i
NJERIRET (L0 T B, A URA BT RER SR, e A IR A TR ™, [ oha 2 23 5 A BE
SYCBRMTSE AR, AEAR O T G RO M DT TR T ORI

1 FFRI;:E

1.1 HHHRBRYMKYREHR

1833 4F, HOWARD® B IR T “IE RO " MABEERE, f8 e o v R R B 2 R
1958 4F, MANLEY“H2H T “BHi#4&” (urban heat island, UHD . 1982 4, OKESME bk X < il fie
FAH 540 DA 1 22 (8 8 SR 3R # 5  BE 0T B A0 Y SR IR 9 O JE S T AR AL T R A M
filt, ARy R e AR HE B T 1
1.2 FAERMFXTHETHRBHR

3T A ) F 5 AN T B AR T, AT sk O 2K ) 328 BB A B2 255 1 F 5 ) Rl P ) R, R 5 2
BEUL M ARG R I SR S A, RS TS a0 25 s A R R ] AR AR LA . 40 MORRIS 45 ©1%
TSI S G AAE S R SRR A | 56 [ A SRR B rEE TR AY, A IR R R E S ma . K
B YIA OG5 W T AU 2 8] 48 B 5 32 e v o AECR B2 H T8 A ARl B, B — o 14 5[] Jmy R
PE, P, —Se2=2 35 05 R R S I . OKE %57/ 1975 AF7E i & K i A i i 1 4 1 19 R 48 i
SO, AT RN EE R TORE, B I S U B R BRI R S 3 s Wk LAAh N
AP I R ] TR 8 AR T T oY . F T b 3R TR B 5 T M SR G S R PR 2R, — St R IR R
FH 3 % TR BB AR AR B 2 B, DA Hb 3% 35 B 0% i A A0 A O TR A 5 B8O 58 . RAO™'TE 1972 4F55 1
U R TIROS-1 T35 38 JER 52 AR 0 F Ik B S it b R B, DT 9 310 3k i b3, 3 3k o 7 3 080 1 K
S T B T T A M R B 2R AL RN A O IR TR XTI BT SIS R B OC RBEATIESY, T
PE LAl L g S T AR A A R B AR SN ] Landsat TM6 I BEBIF 9% #b 1R B B3, 4R T RERS X
e LS R Y B B
1.3 HEEITEHHRBREZMAFRFE

ANTRIRI 77 20 A 44 S SR IS8 35 A B . T A T 2H B S R AR R I LR R, AR R A A R
SEAE R ) —Fh R 2SR R SY ik B LIS R 2, CA UV L AT H AR R S0 X ] R
b TP ) TR RIORE 2 B . ok b R R A5 R R o Ml T AT — o G R, A B P AT B i A BTS2 2.0
C, M o PR B AR AR & DL SR T 7 AN B iy, 56 F B IBGE AR H R s ok i £ |
4 CHEN 45"/ H} Landsat TM 1 ETM+5% % 5 {6 1o 2 i B2 & 90, U — kAl B 45 £ (NDVI) 55 b 5% 3 32
(LST) 7 —E N R AR . B T 3047 5200 B3 SRR I 25 0F 55 5 ik A0, R A 400 12 3 W 1ol ok o 22
T T Bt Z — . ENVI-met B2 BUEBILIL AR, B8 12 0 T4 s B R SOn B 58, n
ZHANG %53 5 ENVI-met BT 5 200 A 8 6 22 SR B I 52 0 2 30, A Xt A PR 355 56 i 5 4 174
H . mE AR R, AR A G,



537 B 1 R A5 - ARG Sl T A 5 20 5 T ) BT 5 3 173

2 EEFRNEAT &
21 HEHMBHSRMEFHE

flisti 2R 2SR G — M — IR BRI E AR RS, WA T R G2 ] K5 R AUM 4
Z BRI 2 B A B AR AN R B HL ] . SCHULZE S5t TR # A S R G S K & M ES &

SRR JE AR SR R REGE R E R A R, BRI S B S A R R R A, O
PUEA 1 O 2 AR S B R A A2 30 4 e i

FWOE JZ 5 41 5 RE B 5240 DL B0~ A RO S A A, i 7 D 2 4 P A 45 I e A o i 5013
SMITH"™ 7t 1986 4F4% th 1 it Ao/ 4 P 5 RE B A /s T 8T, I 48 AL & A1 RUR S Dl B iy e e 1
90% L LAY A BERE , LABRAS S i 0 043 AR AR 7 g i R WA B4 01 R — 23 AR A A B T U
R, R g LA RS S 0 T ORI, R A3 R i LA 2R I 1 9 7 OB RO AR Al 2, R
A R e LUA ML 7 X E TR, Ml e & 1E SRR HISe B T 5 = e i g i, B
BELLAL, FER 2, i i R 2 ok A T S R M P R T B, TR A S 0 R ) S B R A, IRt
— DB ARAE B AR T T, MO TR AL, IR AE—E R b R A R R T A O Y A SR ORI DL i Y
S AR 7 A BE ) R I b s A i, R BRI B S A W BT AR DR R A A A
By7 BGNE, I 3 6 1 A4 N\ AR
2.2 HEH S 8] 454 X T P B SN O R T

AHOS RS E B AL WU RE I 00 T 2R 2 — J2 B — E RS A4 0, REDs vh 45 b A W e 25 1) b g TiE iR
PRGBS (A1 G5 R R s () 2354 B0 45 3 5 4 MK 454
22.1 AiARE A A RBOTE E A SRR VS 7R TR BT R R BC BDIRAS , HiR R E MR IE R UE LR
— e A K AT A BEAS A N TR BRI 0 N AR | BERJR | WARJZ TR 4 M EARR R, HATH
WFE ERARTPTE 2 D Jr T — 2 B J2 U IO B IR AAONE 2 W B RIS, 2 B2 J2 U 5 0T I U R
WA RHTIE . X TR, R BRI AR FHAT, [E A SRR Sk 2, HSIEH 45 P05 i
S SR A TR R AL JS R B, R R D b AR BN IMK A K Cinnamomum camphora, F64 Fir-
miana platanifolia, 7KX12 Metasequoia glyptostroboides ., T HE#5 % 3@ 1 SEI 12 Ff K 2% Bl Magnoliaceae 7+
A8 13RI AL LI RE 48 i T v AR b L S o ) 2 I s R, T A I I R (1 L fE
THERTARL,, M E SRV LITT | HE . R 8 WA 3 FhEAR oS HA i 2 A & DAL H.T
LA D0 T AR B ot A3 AT LU0 A, R 9 A S M o 2 BT 5T O 3k, [l A ) 22 SR S0 5 4 77
S-S BT BTG . i TAARTE M AR 05 7 i ) 2 s THER . R, JLZRIB AR 5 e /E Y
SRR, DI BEIS b IR AR ZE X FAPR B 4 19 RE 7 VR oi , AN [RS4SR AR ] T I — s, (T
SEOS SR AR AR AR P E T UM T AL X IR SR RO R I, T S i 3l R O AT L B A e
KB, AEREIR RN EANR BRI O TR A L R B i . SODOUDI 45 205 i 5 W 25 5 ENVI-met
TR AR AU L S DUNCAN 45 BV 5 328 2 A0 T 5 A (R AR 90 28 R0 Y okl A B8 4 2R B TIE 52 17 X — 4598 T X
TIv-B | TR-HE G T - R BRSOV LA, SR 225 FRILIAE A . FR-RER MRIRAE 0K
TIr-HE-HE, XIWRIRAE DA TR -HE-FAL T -5, MR G RESFE P A TR -HEIL T 7r-

LB 1) B T RAONE AT 9 T S P A 1 RN B, (AR RIS ) Bl AR B RS R R A K, R
R AE W 18] BRI RE 1) AT 1 SIEIAIE S S A o 5 P40k o A DX A AT o S b R R B S I o i R B, H
TF1] 77 PR A I St 255 R AR X T vy, T8 ) O 52 T s o TR AR B 3 S0 3K o o TR A0 I A 18 22 5 114 i DR
FEAE 1 RS O Bt LB [ BT B, R 3R %, AR — O T 18 e Dl & 15 2 B A T 552 B 5 ) el 2
AR AR B [ N e e e S T RIS T R A SR TR, ORI P R AR AR T A AR EE 5 T
TEBEAT A BH BRI, ST 8 T ) ) 35 T A e e R S i D7 AU B B R s, X R R A i vy R
SRAEARBR IR, X T BA TSGR PREE S TR S S AR R A R A, B
T RIS R A R BRRSS, XA BT RN RE T B0 R A R L D, A 3 R A B B
LR ATTIN R, R BRI 2 AR TR <HER <WEARRYZEIR . HAT, BRI IR N B T B AR R A
YR H TG AR BERITEN S AT, JEHR A T AR R R RIS, I, BRSO



174 IR N S N N S 2020 4£2 /1 20 A

T A A E T R AR ST A B RO S A R ML R AR T
222 AEAOKRF LA TEOTTER KT G AA 0 3R T AR B RN I, B S e AR R 04 ] R G e PR T A
BRI b (A K- 25 (5 B . BT, REBCEE R BGE R I AR ff Peax — a5 A % 4 R
PS5 ENVI-met HH45 A 09 F BORIEATIFZE Y, BRILIAE | S0 58 %5 1435 LA Landsat ETM+i% J& 5
BB, PR T b B AR | R RIS RS R, D 1) AEPE i Landsat OLI/TIRS 5
Wi B AR R T IR R A B SR U E— 25 3 AT AR Bk K T 25 4 1 AR IR R Y BE T B AL T 4K
P S BR T KOS5 K 05 B AR BRI AL Rl K - 5 40 5 8 4 R S 500k S e SO D — A G ] 8
HT, RAHMSHEEABEYILRIEE . B m B BEd R A5 (A BEBOR IR 8 800 8 L H A7 A
Ay, AR VLA S R R RSOy . TR IR EOR BB A K R B, T S X 5 A S R T R e X
Shy BRE e J A B DA TR) AR A S o KOS R AE B S B0 U SRR 1, 2 E TR Z R S mE 2 B
B, WA B K - 5 K X T A 0T ) R B AR R A X bR T R b AT R Y
T, SEENRERE N —3, WaRBEe A RO, HRR RN Ry, (AR AR 48 H B I AL
P BIEGE ENAFAE R R0 . BT X525 JAGANMOHAN 2540550 Ny . JEARFE BOB Ak, &k i BE B [ 8 2000 e
Gf, BDRIEMOCE R, M0G0 s . TR I8 805 R AR 7] 9 T8 B 3 A SC M, 1T FEYISA
EWIHIUE I, SR BEH A B RN SRR PR B R A e R

B LR e mAF oAb, A2 e B T kb B B 1 AR S R G AR 0 BB RO 1), R PR AR Oh
L3 b BEHLTH AR 0.055 km?® B 6 JE 320 A B R KR A5 B0 AR AE VAR . S b BE B T RUR T 1.5 hm?
BF 0T ] 3 T 4 5 T S BT R T o T AR R T RS o F ] D gk e R B i ARUX
TR ] BB W A7 BB RN, R b ARG 0N, R R S R N, R b B B BEAR 4 ) & HE IR AR
TR K, gk b B e %) ok T A0 0] R 3R B — e BB S S T 28, 3 4h, kb BEHxt 5 8 3 38 5% 14 [
T S A A — 5 J B 2 T 5 S 0 T AR 680 hm? 1Y b 5 HEBR DT o 28 bk 2 Bl K% 2 Bl o i1 B 5 R R
B, B BE A e i SRR B ARG, R R A T A T b R £ T R B AR — S 0 R IR AL
JO7, 3 A A T RO T S A B BN B A 1 km DASR A IR, S5 AN, AN [R] b 28 AR 1) B 8 7 Mg KON 1) B
WA A2 — SR BRI A FAE o AR R 2SR A AT i | o X Skt | A5 4k . HoAlh
ERLAE, TERRIRAON T, B ) AEPHE . RRTRAON AR B /IMKR R R Hofh gk i | A B SR | R AR X
i Bronidih, HAT, X TARHiBEHLS BIRAN R R L, (MRS RS A AN, Xz RE
BH X T S i TR e [ TR 255 17 1) BB AR S R A R B, T — AR R T
2.3 1EE R 45 M X i P B R A9 B

0 T L 25 4 5 7K OF- 25 4 25 IR P R AR RONE | 3 — BRSO = 2 A AR 1 S A A 1A 2
23 3 9 2 P R WA ST R S S A B S R e AR B 11 28 T R R BT AR DR, A O R 4 ) X %
IR T P RN A 2 T AR AW )2 G5 R S B Il T P I A A R M L R AR SR SR RN O
JESHF EALSE M I RREE R, e | AR R R ke A
231 rr@ARagE M E R A (LAT) 38 507 4 i AR AR A e R R R e e R A R, e AR
TR DU o 5 38 R Oy B R R . EEER R IR ORE L . SRR KOy . RS R
JRTED s TR R A 4 T i AR AT 4T, R A A C I 8 0ok IS A3, RIS Blola A8 B R i
i, HErERE H S R 2 A 7E LRI R TR L, IR R A . YRR
R TR AR 5 0 T R SR IE A SESE FR B B I T AR 50100 /I T AR UK P 3 071 2 A 8% b it T
14 AN FEYRETE EAT T IR BRI 8 B, A 4 R R A 5 T AR AR SR R IE A G E R, A AR B
JEHE 77 A2 3 — 25 Y o KR AP 78 I FE R | R8R UK 60 S A R0 ) Dl L U P S 48 Bt 55 5 IR 2R 5 2 A,
PESEWSE A R AT 18 AR M AT S AT — 2R T AR B R TR R AR 2R E A
K F B A it T AR B R RO I R DG OC R AN, AR 2 xR R A e ML X ) AT R
Voo R IRAE O5E A 7 IR A KA T AR R X i PR S e R B, AROMRORE L 7 A i T R B
AR TR B DX TR] 2 0.23~2.305 7K i 45 15058 2 XoF oA D o7 43k i 2o b, XE e 14 o8 k2050 07 AF 5 B . b T LA K
R HE BB 1 B Ry 2.1~4.5 PR3 1 B0 {1 DX () 7 7E 22 55 2 TR A TR S X AN TR) 58 45 1 A 98 )
GOERRAR, MR A — RO TR, R D A ST R T BUR N T 1 hm? (SR, AR T ST, HE L



537 B 1 R A5 - ARG Sl T A 5 20 5 T ) BT 5 3 175

SRR, XIS TR T R A 5 R X I T R e A A T L DX R A TR KR
232 Aba GRS R AL RN AR TG J7 1] T8 B V- M . W AT DA RSO R R BRI, SRR, AR
Bl MRERMb LR D B, A K PR G e L 0 Y ROR R, R A A 18 25K b
(TR ST 7 0 & N3 (YA = 0. N 24 i S @ 1 (Al B R O A e = 1A S R T
Wk — i, ZEaEs ) AR REAEDY ) Fak | R IE S I AL s AR Y Y L R T T AR A
W BT R . MR T AT R A g i AR AR AT SR, BRI AT L X BRI A HE
F AT TR 2 AR AR 56 W -5 W 0 A R R0 22 0 S IE A DG OG FR, DRIk, 40 s X 8 3R 0N ) L 5% W) -
BER, AN, FaRSERIA . YR AR R R AR Y R R IR AN N R, MR T
SEEE S BRI RET )2, ST (A 0 e Rd X6 AL P i o TR 80 L )5 T 2 A PR . A ) el )2 5 S
11 I NS0T R s N 2 B S N o e e o1 DT = N N7 L I a1 S
8 KA R ZE B K VRN B B, (A5 A 0 9 A 4 o TR 80 1 B ) TR
233 AREE HREABETE AR P TR ORA R AE PR ELS R, E b DA S TR bR b B T AR B
BT MR B AR B A I Tk R A H L S Ik SEIE O R TE L REAUE L W R
Sk RGN B AR Y R E I R 2R IR AR I s K K e S i, DR T IR Sc e, AT
RG2S AR AR P BB R I S M, A 2% IV P P AR, o) ¢ il S 1 1) 1 4G5 0 LA 358 i 1 2 i A
FH, QIN 55 XTAO S5 15038 ik 52 I AE 9 1 7 A8 PAD 8 5 A TR AR 0 1 G R UE ] 13X — S50, D34, A%
XoF AU T ) AR R T T 5 A 1 AR R A5 I SIS o T e B, IR AT X AR R SN ) ) A e A L X R] R
FBAAECTIN Ny . MRV AR I BEAE 44%~67 % R AN 2, KT 67%0 Bl a8n; 3% Bt TR0E 5
T B AN . AR A B B 50%~85%, 1R T 85% W B T AN AN T IR S AR R L T A R K
D AL A 2 3 i A5t ) 80 {1 DX TR A 22 5 ] i 2 PR Ry 2R 36 PR A 0 9 1) 28 B S LR AE IR IX PN, L — )
SEIA P, — O R T DR M A A AR TR A T A T A AT R ) e L R A X ] 2 A R AT
234 %% g (LVV)$E A A Kb i 25 ik B b 6 10 s AR, Hisgfe =i, HAar, XWagEn
W EEA 2 A, — BRI T, TR Sk SR R RSN 2 OGRS, X T
B, FEA 2T, — R R R, B SR B R, AT LRI R ARORE AR
—E AR S i AT AR T SR AR — R R B DR A 3 R AR ) T e SR 4 A R R ) R 2SR AT I
FEAE—E WRIME, T H Tk =4 2s M S50, Fali k5 8 R R J0 1k 1 A2 = 2 S 8 17 M 0 ) 220K
PR 3 i — M AR AR R W S 9 b 59 — R vk 2 Sl i o Sl A A i ik AR L M
1, R SRR, W R BT R R AR, SRS AR T A A R AR X
FpO7 ARG, B T/ERE R, WREAG/INENSG RN, MFEE, BRMIRS RN —
B}, MRERED ., WEESES ZFED | RIEF G HIXERA AR, dbatrg AR | SRS
VRN FEAE /N AEHEAT T S 40 B, & IRk — 4 5 5 R4 19 B IR AN, Z (8147 B35 i IE M DG R . Btk
AT DL, Gt S AR IR R ) LE A S B e RS TR M, | M R B 22 S A X, A DA RIE 5 R AT L
Xif g AR BT BT, S RRERE I | 25 R SO ik
2.4 HEHEBIEHSH TR R EX RO R

by 755 23 A0 A A i R T MR T Y B SRR, R R e A A ) SR A DA R R A
2 (G Bh R B A, RT A ATTR A TT IS ON s EE, R A B R A A — A b
SEC(NDVI) | & 1E - e w38 B (MSAVI) K s Ak o (8 FE 9 45 %% (RSR) %5,
241 )2—AeHAR IR (NDVL)  FEIEIEEZA T, w20k By S B -5 200 ik Be iy s Sl =2 255k
Fon A — AR EC(NDVI) . HET, TRMLAMNE (G BIE 2 A NOAA KL T EME 4 W B (10.5~
11.3 pm) FI%E 5 P B (11.5~12.5 pm) ., Landsat TM 3% ETM+/ %8 6 2B (10.4~12.5 pm) , FY RIIL T
B . R A IRMSS £ & MODIS #5441, #5858 JH Y /2 Landsat TM 3 ETM+52 45 %%
Pt o fFH Landsat TM/ETM + /5 78 Hb 26 6 B 098 FH O 345 4 B, r 0 A g8 3k . UmGE SRk | Wl
2 R R A Sk, o A B o R L TS BRI AE L Landsat TM FTETM+ 32T 21 %5 45 ohy 2
filt, SR FH B0 S B U M e R B, U — AR R E (NDVI) 5 ik (LST) &2 1 3 A G G &R . NDVI
5 LST 2 A RO 2 HE & INF % H W Z B AF7E R R BOC R A Fr i, W55 855/



176 IR N S N N S 2020 4£2 /1 20 A

ARSI . PE Z A2 W M ARG, Mk E A S Z 2R “S” B C R,

A, AT NDVIAE Ry a8 i i 3k i 0 5 %00 (9 16 A 4 10 T B8, PRORAE B 32 2= 1 %2, NDVI
HiG TP . RN R A8 0, T2 A =5 TF 5 38 A 48 Ar R A 58 3 iy $4 5 2kns o 491l
w, H— AL T FC(NDBI) 5 03—k K 735 B (NDMI) 5 #3809 A 6 HE 4 T NDVI®?! ) NDBI 54 4%
T M F R AR AE W R MR IE A OC L &, 1M H LST 55 NDBI £k 3¢ 2 (10 434 3 1 88 A1 B AR 435 7% A ]
2 T A A SR BE Y NDMI 55 Hl 2 L B 5t 0 3 AR DG OC &, 1T HL NDMI 5 b 3% 3 B 9 4 OC P A 1
NDVI 5% 7', NDBI 5 NDMI W] D55 47 b sz i AN [ 25 75 36 T #0280 07 (9 5 B . 25 [l A Jeg B L I sk (i) 11 %
b, AT M I b R T AR AR I AT S T S — A B IR AR X NDVI #EA7 4R 78, 2 a0 0T 5 30 T 44 5 3007
IORSEYE R I
242 HAMAIgH S5H—RgIEEOH L, ME SR (FV) | B IE SRS S (MSAVL) | A
FEBEHEEC(RVI) | 2% BE A A 46 20 (GVI) Kok b (B AR B 4 200 (RSR) RO BIF 8 AR XA /0 o FE3X 5 A B 48 4
W, R R A2 TR MR B VR BRI R M X b R B SO AR AR, RV &L 0.1,
LST FREZ 3.5 °C; 5K IBEFTZETF) H V6 75 1 Landsat 328 85 15 5 1 M 26 16 )% 20 A R B, FV 43440 0.1,
LST FFE2 1.2 °C, J34h, A XA LA 8 BT T |0t oE . B SR 8. RSR A 20
{H R 0~3.2, 4 RSR /NT 3.2 W), Hb 3 Uk 5 Fif AP o 38 o BE 3 NI 5898, >4 RSR KT 3.2 B, Al 9 7 6 i
dkerygin, wEREABTEE, EMEERIRAN AT S, B, Hud I — R s B i
FEH Nz, BRI, ©5 MR R AR YRR AR SR AR o D A 3 o X I R g A
X b F IR E R L RSP A . NDVI, FV, MSAVI, GVI &% RVI ¥ 5 LST £ MKk FR, H, FV
(A OC R B R, RV e/ AR 52 0 45 70 A9F 9 P RIS A 17 S [ A 48 4545 b 2 TR B 1) i 3 R OC R
BF&IL, RVI e, NDVIIRZ, FV i/, X SeiFox 00 . M 3R B 5 he i 8 B0 o) 1) O R A 5 1
— ARV, O T H AR B B0 MR IR R 2 ) 0GR 8 B IR AT

3 FREMFALERE

TS i R BN W R, FEABL O S T R 8 RO AR R DT D, BT i S T B TE AN T
WSS, WA A S R WAE AW . (BLR5 BT BT TS A7 7E LT . (D78 KRR
Fi T RO 288 SR AR X AR 14 AR I 2L 2 g AL BRI S 4R T T L W A R P A A L i BRE RO = 4
ik [B) A ARSCPE DT T, 2R PR 518 MORRTE 8 0L _E 5 | 5 iy R R B I JAPR B 38 0 9 OG3E:, (HEE B 45
IR TAE M AR AT 25 6], @ /NREMFFEREA LIRK E B AR R F, S FIEFSTEARE | £
PIERYERE LA R S AR AR AR RS2 e, B IR A RO AR R B S Bl 2D, A 4 T 7R A [ i
FETTRE AT A 10y PR AR S B R T T A R, B IR TR R M AR AR, DR TR Y H OB AR Y
AL, FFANTEE R TR BT AR IE S E, LA T 3 AT R R A SR AR S 0 S LA

% 18 H A AE A IR, 255 A0 BRI R R %, AR MBI nT 8 LU LA 5 il IF . (DAE I ] R
B b, 2B EBIREAR TN, W 25 v A0S T AR R S BN R Z= 74 B (2 1R T X
FEGURE L IR BE A B 50 QFE S B REE b, #E— 2D s i TAE A B oY e 2 MR H AU 2% 0
AFFFREARTNE | ARFRD T | SRR . S0 . BT SRR A S AR ST A R

4 5% Xk
(1] VA, IS, R, . T A ROR A SRR T]. B 5 ILH RTF5E, 2017, 37(4): 48
- 52.

HE Zeneng, GAO Yanghua, YANG Shiqi, et al. The characteristics and mitigating measures of urban heat island effect
of Chongqing [J]. Plateau Mt Meteorol Res, 2017, 37(4): 48 — 52.

[2] BALOGUN A, MORAKINYO T E, ADEGUN O. Effect of tree-shading on energy demand of two similar buildings [J].
Energy Build, 2014, 81: 305 - 315.

[3] HOWARD L. Climate of London Deduced from Meirological Observations: Vol. 1 [M]. 3rd. London: Harvey and Dor-
ton Press, 1833.

[4] MNALEY G. On the frequency of snowfall in metropolitan England [J]. Q J Royal Meteorol Soc, 1958, 84(359): 70 —



537 B 1 R A5 - AR Sl T A 5 20 5 T ) BT 5 177

72.

[5] OKE T R. The energetic basis of the urban heat island [J]. Q J Royal Meteorol Soc, 1982, 108(455): 1 — 24.

[6] MORRIS CJ G, SIMMONDS I, PLUMMER N. Quantification of the influences of wind and cloud on the nocturnal ur-
ban heat island of a large city [J]. J Appl Meteorol, 2001, 40(2): 169 — 182.

[7] OKE T R, MAXWELL G B. Urban heat island dynamics in Montreal and Vancouver [J]. Atmos Environ, 1975, 9(2):

191 - 200.
[8] RAO P K. Remote sensing of urban heat islands from an environmental satellite [J]. Bull Am Meteorol Soc, 1972, 53:
647 — 648.

(9] JAMT, sk, AR AR, WOl A S X A BT AR (M. 1 AR AR A AL, 1989,

[10] ¥idi%E, ZHANG Minghua, ARNON K, %&. FH fili i T8 TM6 $i 4 fa 530 i 2 5 B A9 B 5032 [T ). M P22 38, 2001,
56(4): 456 - 466.
QIN Zhihao, ZHANG Minghua, ARNON K, et al. Mono-window algorithm for retrieving land surface temperature from
landsat TM 6 data [J]. Acta Geogr Sin, 2001, 56(4): 456 — 466.

[11] CA VT, ASAEDA T, ABU E M, et al. Reductions in air conditioning energy caused by a nearby park [J]. Energy
Build, 1998, 29(1): 83 — 92.

[12] CHEN Xiaoling, ZHAO Hongmei, LI Pingxiang, et al. Remote sensing image-based analysis of the relationship be-
tween urban heat island and land use/cover changes [J]. Remote Sensing Environ, 2006, 104(2): 133 - 146.

[13] ZHANG Li, ZHAN Qingming, LAN Yuliang. Effects of the tree distribution and species on outdoor environment con-
ditions in a hot summer and cold winter zone: a case study in Wuhan residential quarters [J]. Build Environ, 2018,
130: 27 - 39.

[14] SCHULZE E D, LEUNING R, KELLIHER F M. Environmental regulation of surface conductance for evaporation
from vegetation [J]. Plant Ecol, 1995, 121(1): 79 - 87.

[15] SMITH H. The perception of light quality [M]// KENDRICK R E, KRONENBERG G H M. Photomorphogenesis in
Plants [s. 1.]: Springer, 1986: 187 — 217.

[16]  ARUETR. GALxt =AM EZ A OF 5T [D ], dEat. 45, 2004
LIN Borong. Studies of Greening’s Effects on Outdoor Thermal Environment [D]. Beijing: Tsinghua University, 2004.

[17] RODERICK M L, FARQUHAR G D, BERRY S L, et al. On the direct effect of clouds and atmospheric particles on
the productivity and structure of vegetation [J]. Oecologia, 2001, 129(1): 21 - 30.

[18] WU Zhifeng, CHEN Liding. Optimizing the spatial arrangement of trees in residential neighborhoods for better cool-
ing effects: integrating modeling with in-situ measurements [J]. Landscape Urban Plann, 2017, 167: 463 — 472.

[19] MORAKINYO T E, BALOGUN A A, ADEGUN O B. Comparing the effect of trees on thermal conditions of two typi-
cal urban buildings [J]. Urban Clim, 2013, 3: 76 - 93.

[20] LAZAR T, TAIZ L, ZEIGER E. Plant physiology [J]. Ann Bot, 2003, 91(6): 750 - 751.

[21] BERRY R, LIVESLEY S J, AYE L. Tree canopy shade impacts on solar irradiance received by building walls and
their surface temperature [J]. Build Environ, 2013, 69: 91 — 100.

[22] RAHMAN M A, ARMSON D, ENNOS A R. A comparison of the growth and cooling effectiveness of five commonly
planted urban tree species [J]. Urban Ecosyst, 2014, 18(2): 371 — 389.

[23] GROMKE C. A vegetation modeling concept for building and environmental aerodynamics wind tunnel tests and its
application in pollutant dispersion studies [J]. Environ Pollut, 2011, 159(8/9): 2094 — 2099.

(247 RuN4E, B ie, 4= H1 T LD G A AR Fb 5 TR R R00 1 L[], U AR B 241k, 2009, 24(3): 46 — 48.
SONG Lihua, CAO Bing, WU Li. Comparison of air temperature and relative humidity adjusting effects for several
urban tree species in Yinchuan [J]. J Northwest For Univ, 2009, 24(3): 46 — 48.

[25] ZHANG Zhe, LU Yingmin, PAN Huitang. Cooling and humidifying effect of plant communities in subtropical urban
parks [J]. Urban For Urban Greening, 2013, 12(3): 323 - 329.

[26] HSIEH C M, LI J J, ZHANG L M, et al. Effects of tree shading and transpiration on building cooling energy use [J].
Energy Build, 2018, 159: 382 — 397.

[27] Tk, M4, SBEF. 12 PR 22 BE 5 A AR AR BRI B M BE DT ST [T ). T R AR, 2013, 40(6): 47 -
50.



178 FEITENA N C  NNI= e C ( 202042 H 20 H
YU Yaxin, HU Xijun, JIN Xiaoling. Carbon fixation and oxygen release, cooling and humidification of 12 Magnoli-
aceae species [J]. Guangdong Agric Sci, 2013, 40(6): 47 - 50.
(28] fu[ov i, 00, SRR, AF. 4 FhmTIo Sk b 2t T 22 fif 2 K RN LU R (T ). v B AR S# 3 4R, 2011, 27(16): 70 — 74

[32]

[40]

HE Jienan, XIAO Yifeng, WU Yaoxing, et al. Four types of green space in urban on the reduction of heat island ef-
fect [J]. Chin Agric Sci Bull, 2011, 27(16): 70 — 74.

Sk Re, AR, AR, AF. DO e S B A A B R RONE (). b R AR AR, 2014, 30(22): 238 — 245.
WU Zhineng, ZOU Min, Al Lijiao, et al. The heat island regulation effects of Chongqing parks in summer [J]. Chin
Agric Sci Bull, 2014, 30(22): 238 — 245.

SODOUDI S, ZHANG Huiwen, CHI Xiaoli, et al. The influence of spatial configuration of green areas on microcli-
mate and thermal comfort [J]. Urban For Urban Greening, 2018, 34: 85 — 96.

DUNCAN J M A, BORUFF B, SAUNDERS A, et al. Turning down the heat: an enhanced understanding of the rela-
tionship between urban vegetation and surface temperature at the city scale [J]. Sci Total Environ, 2019, 656: 118 —
128.

TULEE, X, SR, 55 DRI T S5 b 25 () 45 b X ¢ b 86 U 007 19 5200 [ ). P b AR B 24 4k, 2011, 26(4):
218 - 223.

LET Jiangli, LIU Tao, WU Yanyan, et al. Effects of structure characteristics of urban green land on the temperature-
lowering in Shenzhen city [J]. J Northwest For Univ, 2011, 26(4): 218 — 223.

XUk, 2R AR, A RR 0. b5 bl S B R R AN [T ], AR AR 2% K, 2008, 27(11): 1972 - 1978.

LIU Jiaomei, LI Shuhua, YANG Zhifeng. Temperature and humidity effect of urban green spaces in Beijing in sum-
mer [J]. Chin J Ecol, 2008, 27(11): 1972 - 1978.

S AEH, AR, BB TN T SR A DX A ) R AN BT S [T ). )T AR BELAR, 2016, 38(2): 73 - 77

NIE Weixiao, LI Xiaohui, LIANG Haoyan. Cooling effects of greening in a typical residential area in Guangzhou [J].
Guangdong Landscape Archit, 2016, 38(2): 73 - 77.

IS, B8, Dok 5% . K A G i T S B K A A Y R BT it O [ ] A U 2 B 2 iR, 2009, 30
(3): 42 — 44.

YAN Jie, YUE Peng, MA Bingi. Calculation theory of long wave radiation and its application in architecture saving
energy design [J]. J Kashgar Teach Coll, 2009, 30(3): 42 — 44.

LIN Weiqi, YU Ting, CHANG Xiangqi, et al. Calculating cooling extents of green parks using remote sensing: method
and test [J]. Landscape Urban Plann, 2015, 134: 66 — 75.

LIN Baushow, LIN Ciaoting. Preliminary study of the influence of the spatial arrangement of urban parks on local
temperature reduction [J]. Urban For Urban Greening, 2016, 20: 348 — 357.

B 5, B . R T R T A B B R PR B RO B 5 DA RUER T A B (). o E AR, 2009, 25(12): 97 —
101.

JIA Liuqiang, QIU Jian. Study of urban green patch’s thermal environment effect with remote sensing: a case study
of Chengdu City [J]. Chin Landscape Archit, 2009, 25(12): 97 — 101.

B AN, Wt S, 0 ek, 4. FE T Landsat 8 30T 4% 4 Xof Jo] 140 #4552 ) BIF 5 L G T O IR B 1.
BIRIT K 5T, 2017, 33(8): 954 - 957.

FANG Lichuan, PAN Hongyi, FENG Maoqiu, et al. Study on influence of urban green space on surrounding thermal
environment based on Landsat 8: a case study of Chengdu downtown [J]. Resour Dev Mark, 2017, 33(8): 954 — 957.
AR, SR, ORIE, AF. T TM R AR A0 I K T T 3 X M A AR S (0 ). B BERLS, 2017, 37(10):
1600 — 1608.

YUAN Zhen, WU Xiangli, ZANG Shuying, et al. Cooling effect of green patche based on TM image in Harbin down-
town city [J]. Sci Geogr Sin, 2017, 37(10): 1600 — 1608.

JAGANMOHAN M, KNAPP S, BUCHMANN C M, et al. The bigger, the better? the influence of urban green space
design on cooling effects for residential areas [J]. J Environ Qual, 2016, 45(1): 134 — 145.

ARUFUE, 2K, R, S5 g SOULEA PR A5 R0 4 18 I T ()], 22 R, 2018, 43(1): 66 - 72.

LI Haifeng, LI Yongshu, LU Zheng, et al. Study on the thermal environment effect of green landscape using remote
sensing technology [J]. Sei Surv Mapp, 2018, 43(1): 66 — 72.



537 B 1 R A5 - ARG Sl T A 5 20 5 T ) BT 5 3 179

[43]

[44]

[45]

[53]

FEYISA G L, DONS K, MEILBY H. Efficiency of parks in mitigating urban heat island effect: an example from Ad-
dis Ababa [J]. Landscape Urban Plann, 2014, 123(2): 87 — 95.

Fe g T2 Bl ¢ M /N A PRI 00 SR w58 (D). dE st dEstkfol ks, 2014.

YAN Hai. The Effect of Urban Green Areas on Urban Microclimate [D]. Beijing: Beijing Forestry University, 2014.
XIS BE, G0, JAIWE. ) B 3k A0 ] 43 30 0 5 B 3R S AR T AR B 219 s 25 [T ). M A 2554k, 2014,
38(8): 843 - 856.

LIU Zhili, JIN Guangze, ZHOU Ming. Measuring seasonal dynamics of leaf area index in a mixed conifer-broadleaved
forest with direct and indirect methods [J]. Chin J Plant Ecol, 2014, 38(8): 843 — 856.

MORAKINYO T E, KONG L, LAU K, et al. A study on the impact of shadow-cast and tree species on in-canyon and
neighborhood’s thermal comfort [J]. Build Environ, 2017, 115: 1 — 17.

KONG Ling, LAU K, YUAN Chao, et al. Regulation of outdoor thermal comfort by trees in Hong Kong [J]. Sustain-
able Cities Soc, 2017, 31: 12 — 25.

Zefip, LR, AR, AU RS AR AR VR A R TR S ARON B ST (T ). AR AR, 2012, 31(5): 567 - 571.

QIN Zhong, BA Chengbao, LI Zhandong. Effects of different plant communities on temperature reduction and humid-
ity increase in Beijing [J]. Ecol Sci, 2012, 31(5): 567 — 571.

JHPE, AT RS, RIS ThE e, 2G5 3T BRI i S AR A BR8N [T ). 1o P A 252741, 2017, 28(9): 2823 — 2830.
TANG Ze, REN Zhibin, ZHENG Haifeng, et al. Cooling effects of urban forest community structure [J]. Chin J Appl
Ecol, 2017, 28(9): 2823 — 2830.

K, SO, X 2. K T AR T gt Ml SR RO A R O R S R AE 0 PR R AN AR ()], T E AR, 2010, 26
(1): 92 - 96.

ZHANG Bo, GUO Jinping, LIU Yanhong. Research on thermal environment effect of the vegetation characteristics
and morphological features of urban green patches [J]. Chin Landscape Archit, 2010, 26(1): 92 — 96.

BROE, R, B, SF. BT AL RE TR A AR IR S R M /N BRSOV G R A BT [T ] T PR AR, 2008, 28(2):
211 - 217.

HUANG Liangmei, HUANG Yuyuan, LI Hua, et al. Analysis on the relation between the structural characteristics of
plant communities and the microclimate effects in Nanning City, China [J]. Guihaia, 2008, 28(2): 211 - 217.

E 2R T B ARk b A W R K B R IR SO AT SE (D). HE K TR KA, 2012.

WANG Jilai. Research on Temperature and Humidity of Urban Green Space Plant Communities in Summer [D].
Chongging: Southwest University, 2012.

AIGE T, ZE RIS, o KT, W R T SR A7 A B 2 AT 1 A R AR R A T LB . XU B AR, 2016(12): 74
- 80.

ZHAO Xiaolong, LI Guojie, GAO Tianyu. Thermal comfort effects and morphological characteristics of typical street
trees in summer in Harbin [J]. Landscape Archit, 2016(12): 74 — 80.

2T, SKEE 2, FRIRE, A AP RN S T ik kg S N [T ). SR AR T, 2008, 21(1): 40 — 46.

LI Yongning, ZHANG Binlan, QIN Shuying, et al. Review of research and application of forest canopy closure and its
measuring methods [J]. World For Res, 2008, 21(1): 40 — 46.

QIN Zhong , LI Zhandong, CHENG Fangyun, et al. Influence of canopy structural characteristics on cooling and hu-
midifying effects of Populus tomentosa community on calm sunny summer days [J]. Landscape Urban Plann, 2014,
127: 75 - 82.

XIAO Xiangdong, DONG Li, YAN Hainan, et al. The influence of the spatial characteristics of urban green space on
the urban heat island effect in Suzhou Industrial Park [J]. Sustainable Cities Soc, 2018, 40: 428 — 439.

RAFBH, AR, 0. Sk T Al IR Sk 3 25 4 6 R 3 3 28 Y 56 AR (). BT AR A 2 iz, 2011, 22(5): 1255 -
1260.

ZHU Chunyang, LI Shuhua, JI Peng. Relationships between urban green belt structure and temperature-humidity ef-
fect [J]. Chin J Appl Ecol, 2011, 22(5): 1255 - 1260.

R, ORI, BRI, AR ALt T S A Vi A5 AL 0 G I R D RE R 2 e [T ], BEUR B, 2016, 38(6): 1028 -
1038.

GAO Jixi, SONG Ting, ZHANG Biao, et al. The relationship between urban green space community structure and air



180 L/ N N N S R 2020 4F 2 H 20 A
temperature reduction and humidity increase in Beijing [J]. Resour Sci, 2016, 38(6): 1028 - 1038.

[59] ZFseid, FRY, ZESCA, 4. R AE KA a5 HAUR R0 I 5C R [T]. 287740, 2011, 31(3): 830 - 838.
LI Yinghan, WANG Junjian, LI Guicai, et al. Research of the vegetation’s cooling effect in city’s residential quarter
[J]. Acta Ecol Sin, 2011, 31(3): 830 — 838.

[60] Zfh, BT 4, TR, &5 Wl AR = de O BUIR SR [T ). MOl BT 52, 2008, 21(4): 31 - 34.

LI Wei, JIA Baoquan, WANG Cheng, et al. Research status and prospect of 3D green quantity of urban forest [J].
World For Res, 2008, 21(4): 31 — 34.

[61]  RAE, ZERAE, XIS, AN [ Ak -tk (Y el bR 4 o I 3 12 28 Ak 52wy i 9F 5 [0 . v [ el A, 2006, 22(7): 56 — 60.

WU Fei, LI Shuhua, LIU Jian. Effects of urban green space with different vegetation quantity on temperature and hu-
midity [J]. Chin Landscape Archit, 2006, 22(7): 56 - 60.

[62] XIEE, HaAE, PR, 6 T 1 B AR B9 3l T P 5 RN I 5 LARCHER s DX A 9 [ ] DU 1] Ml 527 4, 2009, 29(4):
484 — 487.

LIU Enqin, YANG Wunian, CHEN Ning. Study of heat island effect based on remote sensing: by the example of the
Chengdu area [J]. Acta Geol Sichuan, 2009, 29(4): 484 — 487.

[63]  BLEAL, Bil, AR, 55, P ANE KR TS R AE B4 20 b 3 B9 E B R IEROC &R [T ], K RARFFOTIE, 2015, 22
(5):79 - 85.

WEI Baocheng, YIN Shan, SONG Jie, et al. Quantitative analysis on the relationship between land surface tempera-
ture and different vegetation indices based on remote sensing [J]. Res Soil Water Conserv, 2015, 22(5): 79 - 85.

[64] VLIEWI, A, PH 22T PRI R 1 S AT AR [T ], AR 3872448, 2012, 31(11): 2921 - 2925.

FENG Xiaogang, SHI Hui. Dynamic changes of urban heat environment pattern in Xi’an of Northwest China [J].
Chin J Ecol, 2012, 31(11): 2921 — 2925.

[65] RANI M, KUMAR P, PANDEY P C, et al. Multi-temporal NDVI and surface temperature analysis for urban heat is-
land inbuilt surrounding of sub-humid region: a case study of two geographical regions [J]. Remote Sensing Appl Soc
Environ, 2018, 10: 163 — 172.

[66] HOU Haoran, DING Feng, LI Qinsheng. Remote sensing analysis of changes of urban thermal environment of Fuzhou
City in China in the past 20 years [J]. J Geo-Inf Sci, 2018, 20(3): 385 — 395.

[67] W3R, HWIEAR, ARIRAE, S5, A B3R T 4 b R 288 B K A% Ja) i PR R B 2800 38 SRR A3 A7 LA =2 N Tl g a1 [ ). 38 Ja
FeA 5 R, 2008, 23(2): 202 - 207.

PAN Jinghu, FENG Zhaodong, XIANG Denian, et al. Analysis on thermal environment effect of land use type and
pattern in valley city: a case study of Lanzhou City [J]. Remote Sensing Technol Appl, 2008, 23(2): 202 — 207.

[68] AT, HOBURI, 84/NHE, 2. Ak b (EH B A8 200 i AR BT F 5 T A R [0, RAORHA 2741, 2012, 35(2): 140
- 147.

WANG Wei, SHEN Shuanghe, ZHAO Xiaoyan, et al. Application of reduced simple ratio in urban thermal environ-
ment research [J]. Trans Atmos Sci, 2012, 35(2): 140 — 147.

[69] Pife, Mk &, 487, 2+ MODIS £ /9 1 Ak VR 4t X NDBI AT NDVI 5 M 32 05 3 09 5C R P58 ()], Hh 3R} 2,
2009, 29(2): 262 - 267.

LI Hua, LIU Qinhuo, ZOU Jie. Relationships of LST to NDBI and NDVI in Changsha-Zhuzhou-Xiangtan area based
on MODIS data [J]. Sci Geogr Sin, 2009, 29(2): 262 — 267.
[70]  BIRHE, HEHEILL T — KPR BT AR B RO R [T]. HHAT 5T, 2008, 27(6): 1358 — 1366.

QIAN Lexiang, CUI Haishan. Relationship between normalized difference moisture index and land surface tempera-
ture [J]. Geogr Res, 2008, 27(6): 1358 — 1366.

WK AR, SR, SRR, S SRR R I A5 R AE S MR A W PSR O R BTAY [T]. IR R 5 T,
2010, 25(1): 1 = 7.

ZENG Yongnian, ZHANG Shaojia, ZHANG Honghui, et al. Study on urban heat island effects and its associated sur-
face indicators [J]. Remote Sensing Technol Appl, 2010, 25(1): 1 - 7.

Rk, B WA, %F. NDVL, NDMI 5 3 i 5 5C AR AR O g ()], Mo B 2 ik, 2017, 36(5): 585 -
596.

LI Bin, WANG Huimin, QIN Mingzhou, et al. Comparative study on the correlations between NDVI, NDMI and LST



537 B 1 R A5 - ARG Sl T A 5 20 5 T ) BT 5 3 181

[J]. Prog Geogr, 2017, 36(5): 585 — 596.

VPR, XI5, #2010, 45, 25T Landsat ETM+52 M8 0 T 522 1 54 DX 3R it B2 S i BIE 5 5 20 T (0], 0 B0 2 )
A, 2009, 3(5): 20 - 24.

XU Min, LIU Yong, YANG Hongwei, et al. Calibration and analysis of the surface temperature in the arid and semi-
arid area based on landsat ETM+ data [J]. Desert Oasis Meteorol, 2009, 3(5): 20 — 24.

SRIEFT, X MEAE, w5k €, 5. JE T Landsat 52080008 T l7 32 55 DR 2800 0 B [T]. P AL AR 2 B 27 41, 2016, 31
(3): 183 - 190.

ZHANG Xiaoli, ZHAO Pengxiang, GAO Linghan, et al. Analysis of heat island effect based on landsat images in
Xining City [J]. J Northwest For Univ, 2016, 31(3): 183 — 190.

oA, MG, XU, 55, MRS S M 3R R B OC R . LAAb Rt TM Bl S B [0 ], 1 B U R
2010, 22(4): 108 - 112.

MA Wei, ZHAO Zhenmei, LIU Xiang, et al. A quantitative analysis of the relationship between vegetation indices
and land surface temperature based on remote sensing: a case study of TM data for Beijing [J]. Remote Sensing

Land Resour, 2010, 22(4): 108 — 112.



