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Abstract; The urbanization process has significant environmental implications including reduction in evapotranspiration,
promotion of more rapid surface runoff, increased storage and transfer of sensible heat, and reduction of air and water
quality. The thermal environment is an important factor for the urban eco-environment. There are two main aspects of
drivers for urban thermal environment dynamic, land cover change and human socioeconomic activities. This paper first
retrieves the urban land surface temperature of Shanghai city using Landsat imagery data (TM/ETM + ) on a pixel-by-pixel
basis, then discusses the urban thermal environment dynamic and its drivers in Shanghai city during the 1990s. The results
reveal the characters of the urban heat island effect. The extent of the heat island expands distinctly and the thermal
environment worsens, however, the strength of heat island in the center of the urban area decreases and its spatial pattern
becomes more complex. There are many different scales of socioeconomic drivers and synthesis interactions for the thermal

environment dynamic. The rapid sprawling of the urban built-up area is the apparent driver of the expanding heat island. To
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improve the thermal environment in the urban center, decreasing population density is a synthesis driver, but the change of
energy consumption patterns represented by industry is the key driver. Man-made countermeasures are the most effective
means to change the pattern of thermal radiation and storage by increasing green vegetation cover and decreasing impervious

surfaces.

Key Words: land surface temperature; dynamic; driver; remote sensing

3 30a 3, Hp A2 A A R R R R T AL R P A i — R ) A S ER B (AU, B 2B A ke i
ZHeE"  7EFTE PROBR T A i A SR BN P, DASR T P B4 S AR S T PAER 00 7 4 AL IR
PR AR — N B . PR, B2 B R S M B A S R 5035 S I SE R R, SR T A 25
FERROLI S SIS SRS o B, ) BN AR B R S S E RN NTEXR, A M
2 10 0 R AR R I A AR LR 24 RIS T SR B R 9T A A A

FEGE IR PFR ST T F A PR A 30 T 3 3 L A bR Yk, B 3 & IR AR T S % L 23T R
BFFEIR T PO o X AR A PR LI 5, B T 5 AR M 4 Tt B4R SR T AR I A M R o A B 3
B 7 Ah— AN EE SRR ARG N R EEE LA ST SRR R #IR 2 8] A, FU R P REERSHE
KT EUERI, DFF IR T S 2 R M8 S 3R 0 o B AN ARIHESE AT 8 RS , Y24 oA B L B A6 43 3R F
RS G MMS , BEATHUER T TN B A N AR S 00 o 3 35 328 R B AR S 0 5
XoF b, 8 BRBUE AL AR 5 5 i 43 Wt BT DASA 3 S00m, By TR DA% b AR 5 B B RS EE
BT RBIBRE SR . T EAZ B AR B FR A, 52 AT SR ] S o (B FRFFTIRT R PR s
ALK, 500m [)ZS [B] 43 BERiA 2t TR . THEE = 5 BR =R B, A AME B AR B & 50 15 T
WHEFEA EEFE . B 1972 48 Rao 55— M8 Hi A TLE2 $ALT S8 BB 20 A 3k T 8 05 Ak o A et
EETFRT —RIVE FHRESNE BB IR S BT . IR H AVHRR $0dfE 617 X 8RB 3R i
P A BT 9T, 3030 S 4 SR A 80 25 11439 9 Landsat TM (FAZTAMNBEBE 120m) Al ETM + (RZLSMBE B 60m ) %1
g Z AT R R B RR T AR BRI . AT, B AR R TS B AR P AR R P T
gt S ARt S T, B S T PR R B R T EE R TIRT T 8w B — s L A A
/R S IR 2 B (AR E 40T o 14, Kim R RIS B, 38 1 R IR 5 RS kRS B R
WAL RS ARE OR T S B G R FE R K™ Chen {f ] Landsat Z(4&4£HL T NDVI,NDBI il NDWI 3 ffi i+
B I T3x 3 MBS MR 2 MR R o Xian 47 T “ RB K 1 (1SA) 5 Hb 58 SR B 7
BE 525 AR 9 2R, HEIA g ISA SPRTTHERE A B B0 o Lo, Weng 5 Wilson 2843 B 5k FALR Y 15 )7
B BRI IERE S A R R R R WA A S R ST R A O A RS 2% A
F2S MR BT, A8 AR A KIS S E IR T A I IR S o 00, ZR 82 5 5 B M A D B
SRR X VR SRR A R B R T LR AR R 2GS i o DML, B TR
W25 55 AL 0 b 2 1R BE 70 A T DS 2 R i B TR, TR L B FO TR 3 1 P9 R A S 5 4 o
MBHIER BR GHESEFNES RS, KN KRN RBREMAZHARFEN, MEBERS AL
Y PRI A S 2 S SR . BT S S B R R A O 5L S 2 L B R IS
KRFE , EHIMEETRIEARE

A% SRR TR BRI 2 — i T IR RN, A &R B AR B TM/ETM + Sy
VR T BT R RTT 20 42 90 ARAR, R IEIRT B IO ShA AL , RIR pe R 2SR LA D Tl A
Jry IR SR AL SEAE IR SN R R , X AT RESZ M 3k T P 0 AR A S A BRIk B I AT T I E AT, e R T RS
HOBRSh PR -0 ST B MR 1 A S ML R R — A

http ://www. ecologica. cn



13 EICE 4520 HE4E 90 E A B M AR AL R HAL S A FT K 7 157

1 WHRREE RS %
1.1 REREAR

HRIRE MR EERMMZOER , B EEE WA RS M Z 6 # B RS HRAH, #haRIRE
FEFEIR B AR, IR R YRR AR B, A< SCF A R IR B AR T PR R B . it S RIRE , | 5%
Kb B 5 i) TM/ETM + REDIMBEBOAR B DN (8L AT B R SHE, A :

L, = gain x DN + offset (1)

K, Ly ARG R RR B, gain g TLRHIHE 5 2R E, offser s REL, XPI REFT LAE R R4
kSO R B . e BEARALAT 4% 1989 4E 8 A 11 H LandsatS ff) TM, H gain 2y 0. 1238, offset
0. 0055 ; 254k J5 W28 o0 2001 427 A 3 H Landsat7 fJ ETM + , % F Band6_1 4T ME B, H gain 7 0. 0668 ,
offset 70,

W TR L, Bl a2 iR
T, =K,/(In(K,/L, +1)) (2)
X T, FEHRR(K), K, K hnE HH, — BB K, = 666.09,K, = 1282.71,L, HA(1) 55| M58
HHED .

8RR R R Bk R A5 1F T SR, A BEAR 7 O S RO TR AS ) B s R 0 A 22 5, T A gk — 25 1)
FA Rt 0 4 AR 2R (o ) o 8 S S R S T DA i b 3R T 9L BE , 28 XA

T
LST_1+(AxTB/p)lna 3)

R A IR SFRFHREAK, — BB AMNE BRI EBE A =11.5;p =h xc/0(1.438 x10 > mK) , o Ky
Boltzmann %7 (1.38 x10 2J/K) ,h g Planck %% (6.626 x 10 *Js) ,c JyEa (2.998 x 10° m/s) ),
1.2 AR STRMIE

HTFET TREEEER, PSS PFRBITRKZENBES BT, LR e MLMHE ., BIE Weng FA
WHE e SHWESENBARGRNRN 2R, Van il 528 — R3] A R HROHRLIIN(8—14um) H
WBHFMNDVI G R, & X e, ENZEER R, MHXRECH 0.94, BT

AR,

£=1.0094 +0. 047In( NDVI) (4)

{H Van fARTE B R0 K bS5 1R, 25K NDVI BE ST 0. 157—0. 727 Z Ja], X IR 5 , 5k
KPR i B SR TAFRE /N T 0. 157 BBTT, 35 5 FT#RSE A BIBFST, 6 NDVI (/T 0. 157 K80, 5
KA SR 5 HRh, , FL A A R SR R T HA SR 0,923 o WK AR ARSEMI DGR 0K L LU A 3R
SE R 0.9925)  FE A T g AL TR v, K U P -t A P R 28 43 S B, B R H LA B NDVI 25 R KT
0. 157 FyBoTHbiE AN (4) 3, /NTF 0. 157 M4 BTy vk MR 2] TR E .
2 HBRHH
2.1 AR AR IR BE AT R

SrAEEERZE 1989 £ 8 H 11 HEY TM 243412001 427 A 3 HEY ETM + 24, 3% 8 Lk 75k, 88 ki
T EIRX KRR A

ME 1 AT LA H,1989 4F 8 A iy b #4832 B4R AP A B VL APY L PO ER L Y ARG 0 BG SR 11 i 3
P, PN TE 20 40 80 4FAX, L mv i AR T X B A T &, b 8 i S i A ) veg B2 46 PP 7E 3 PG B VA
Lo RN 2 (OUFETH P B IR ) , T EL 32 210 T ol T A e 0 52 i RIS i D BE 0 IX A & BRI 11 24,
BTl R SF T BE X A R e BE AR AR EL AR, R BOR T B AR AR AR 0 B3 P R R e O X, (3
FEAETH AR B B VLI 2 3 DX BE e PR, 7] Al 2 W i X 0 ) _E S A L X 458, PR Dy S 7R T BT VLR
SR HUX AR R T — L BEAE Y Tl , EBGEM IR &

http ://www. ecologica. cn



158

30 %

S e e

T 308.78K

E1 TRERE

B

S g 4
LI o 3y

295.44K

Tt RIEE

Fig.1 The map of urban land surface temperature in different time
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Fig. 3 The comparison of summer urban heat island between 1989 and 2001
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Fig.6 The variation of population density in centre urban area from 1990 to 2000
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Fig.7 The change of energy consuming pattern in centre urban area from 1988 to 2000
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