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Abstract: The fast urban spatial expansion has led to the substitution of the natural vegetation-dominated land surfaces by
impervious materials. This has a significant impact on the ecosystem on a local to global scale. Therefore, a clear
understanding the relationship of urban impervious surface area with vegetation, water and land surface temperature is of
meaningful for scientific urban planning and ecosystem restoring. Nevertheless, such a study is still very rare due probably
to the difficulty in getting impervious surface data. Taking the advantage of the remote sensing technology, the information
of urban impervious surface area, vegetation, water and land surface temperature can be extracted from remote sensing
imagery. Using Fuzhou city of southeastern China as a case, this paper analyzed the relationship between the above-
mentioned components of urban ecosystem through enhanced remote sensing images. The study reveals that the urban
impervious surface area has a strong positive exponential relationship with the land surface temperature rather than a simple
linear relationship. This suggests that the areas with high impervious surface percentage will accelerate the increase in land
surface temperature much more than the areas with low percentage. Multivariate statistics has proved that urban impervious
surface area is the most important factor contributing to the development of the urban heat island while water and vegetation

can significantly reduce the urban heat island effect.
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R, IR Al AR IE AR 23R Bl N LART BT R 3 EE T . SRR BF 50% A O BAEFERT B, 1M
XABFAE 100 FFTHR 15% o SRR e 45 tH AL R o M 20 Rl , 48 BRI AE B E AR T
—EWERI . IR HY REE 2ERAIHFRAE T 2K 100a B A AT 40% K74k, JFR ARSI E 5 B R
FIMBETHANRZ N TAEKEFYITEUL , X8 A\ TANE K H ) B eIk T 5 K& 18 i T R R K (A
B R ELE/N, NG R TIRM RSB . B, T ASRENHRC IR T 2R ZRE, R
TAEBRGES M OKEFREZ BRI XREEREZHPR, MABKESENZEXRVRA R R
B, FEFHEZ —RAEKEGEERFRBORNG o E M, B A SCR R St i) TR B B E B ARKBOR T
AFEKEER , HE RSB KE S KR IR T IR ERR .

1 FEFHE

FEGEARBUR T A E /K I AP KA BT B FERAA TS, BRER B K SERHE 2 5000 X L K
BB o BRI, ) 0 3 JEt b SO0 5 A P 7 O B o A A 5 S A s SR R B 215 B, 2 — B AL 28
HUAR S B s, R AR A D R AW R — IS .

1.1 RFE/KHEAE S RFREL

AT TE W2 A TP A B KRR T B I R, Wl LA T K IETREE - A R R 241
Yy BT AR, YRT, RSB AR BN B K W 7 TR B A TR ekt g vk
MR —R/ N A RS Y R A SRR A MR R B BRI T E e B Y
A i To—FP e R X IE Bl A B sht g AP s U 3K 5 B B B8 8. A RBFRARYE A B K H
Mo BTSSR T —F0H FA B W5 B R 58 0 — (L AR Bk m 18 o Bl ad 78 2ot o Bt
PR H S 25 7K T ) B i AR S O B RN B 55 IR S B B R E BTy T A BT AR IH— L EEE Y
KEHBZR A EKEE SR B ENEE,

BT RAK ISR = AR S K B A 1R & R ST 88 7 , (B AR & AE K W54, BT AR B K
Tk B 7E R AL H A PAHE ST B8 1 I IRLL A B b AR T R AR, EERFMEE AW ERELLINEE W
ST BRHRARAX — LR RE s . PRI, KL B 5 I £ AP Bt AT I3 — A4k BB S8 FT DA B B 3 58 R
FBKEMER . E2HT LB D AUK ARG EA ISP ERERE . B IR ICR ARSI S R SMNE B
WEEE , K s A S KGR SRAE Y L FKEEEARSEKEFELE . @ Uk : BRY +
FKARTERET SRR LTS NBE B AL B PG AHE SR 3K AR, {8 L3 Fyb o AE Fh £ AN R ] OB B AL 3 B
EEA B KM LR B R S 3, TKARTE AT I3 B Ak i R 31 3 v] & TR T A B KA L. I, FTZEAR B K
2R 55 I 5 T 21 A Bt b, E— 25 A HR 2D AR AT a] DL R R — I B, A8 AN 128 K T Hb 2K Y 555
S, LR BIFU £ FKAR, XFE, ABE/KEEE ] LA T30 2 & 3 B4 ) NDISI $5 550k 3 98 «

pisy < TR =L VIS, + NIR + MIR1) /3 ] (1)
TIR + [ (VIS, + NIR + MIR1) /3]

K H,NIR, MIR1 1 TIR 43 R FE LS P L15h 1 (4 Landsat TMS ) FIFAET S B ; VIS, (R FT OB HE (4% 4T
3APBF R —A AXARIES EEFIEREL 3,20 T #5001 K/, 7 BRI 38 BUE % 9 15
UL, FFREY KA B K EAYD + R KR R 22, X S S E R R AEKEFERE (B 1), B
X, NDISI $5 % F1 NDVI 5% —#F, & —Fh L (E BUH — AL 38 30, IR 2 I3 — AL 2 (B4 % 7K T 98 %% ( NDISI,
normalized difference impervious surface index)

AF() A G B FE AT XA B K EAKE, ER, MR ARTE R WAL i 5 RE T A3
KT, R AR (1) SRR ZKEER P KRE . Xk, 7T LURA (1) oA R B (VIS, )
B KR TE B B, 3 Y IR RN K T ) R 22 R X — R . R, A (D) T ARE R

_TIR - [ (MNDWI + NIR + MIR1) /3]
“TIR + [ (MNDWI + NIR + MIR1) /3]

At , MNDWI B Ak (SR B, HM UL AR (3) o

NDISI (2)
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TESATIREOT N, T EXALLIMNE B MNDWI {5 Befif O ~ 255 IR EER L e hefd, DA HAUE T F
HHEMRBE—H.
1.2 KM B HIFREK

Mcfeeters 321 T NDWI IH— bk A5 30 | HR, S5 Bk 4 (5 B3R B B Al P 3 A B4R, 78
FriRBAKIEER T SRAFZERYNGER . Bk, WM HBFT 8k, =% T 8B H — 22 (EK
A, HARN:

Green - MIRI1

- (( Green + MIR1 )) (3)

K, Green BRIGHEBL. BCBEMIFEROT LAA 20 5 B Y IR E (5 8., A A T IR X Fh 22 4 3t IX 19
IRAAE BRI, BT AR SCLAZFE BORRBUK AR R
1.3 H#E BRI

FATF BT ) 1 s BOMpk 8 (B PR i B )2 14T 9 NDVIE A —ARAE 18 0, 0 58 B
JRs (NASA) B Fl NDVI 35 Bk il VE 3RV B A B9 A PR 9B e o BRI , AR SOR S NDVI S8 BORIRBUB 915
B, Hay:

MNDWI

_ (NIR = Red)
NDVI = 'NIR + Red)

(4)
KH ) Red RLLNPEEL
1.4 #hREE IR
IR FEARYE NASA ‘B 77 1) Landsat F P P BHA7HHE
L¢ = gain x DN + bias (5)
K H, L}y Landsat ETM + 6 {5 Br (LA B ) R TCHEME AR AL I ik 48 S ; DN ST KEEMH , gain
bias 4332 6 B B ()3 3506 5w B AE
T=K,/In (K,/ Ly +1) (6)
R, TG RRERA R B K, A K, 2 BN ARS8, X F ETM + 6 J B, K, =666.09 W/ (m’ ster pm) ,K, =
1282.71 K,
253 AR (6) HERIZEE T BT LIRS R E " A SRy iR IR B LST.
LST=T/ [1+(AT/p) In g] (7)
K, A HETM + 6 BEMHOEK (A = 11.5 um);p=h x ¢/ o = 1.438 x 10> m K (FHH Jyshispg-
WHZ2EH o = 1.38 x 1072 JK ™', T HE L = 6.626 x 10 Js, K c = 2.998 x 10°ms™');
£ NI &R HBUE WS S0
2 ZR5H5MH
A SCLAEM T X Ry E B X 42, R A A2 AR M T 2 2003 4 5 H 29 H ) Landsat ETM + 4%, 241
RS ¥ EWRARMATZ#E L, RESASEKE KA A REESLEE(E 1), NEFH
AT ASHRERRELTEE SR T EEXR(RLL.EA), METIELEE S NG 2B 8 A H
(BE . H6) . MEKEMRBOEE (& 1f) FEAEEER I SPOTS &4 #3270k, 352 7 90.70%
WA A Z A E B R R FER AR SR T 4T, /3R T 2R R gios T il 4,
PRERSHSNBREDE TR, “HXR EFEAFNAE K SHRBEMEBENRR; 4R L, FEH
FIA K bR R A, =& Z R A RO R ; W4 R b, WIZR & A RS /K i M 3R IR B AR Rk R
ERXRR. HTFEMEFHEEMBENAG — ARIEG 22 WZR, AUFE BE Bl S & fh g SuE i 17
EMAE, HEMSE—3 0 ~ 1 ZI[E], REH PR E 5, H&FEFRBUE 0 7E 0 ~ 100 Z[H,
HFUFR X R EZ IR, BT ARNE 3 RS AR PR T . BRI S x 5 MR TMIMg e, 3k
KA 25445 />, A2 HIFE & LAR R 151 U5 40 A i AT
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Land surface
temperature

surface

&1 f&M Landsat ETM + s34 &
Fig. 1 Various enhanced images of Fuzhou

a) f@JH ETM + 48 (RGB:432), b) Ri#E/KE (NDISI) H58 K, c) Higk (NDVI) 43R, d) /K& (MNDWI) R, o) 3R EE (1ST) &,
f) RNBEKERE, g) FKELEK 3D 4R E  (a) ETM + image (RGB:432), (b) NDISI image, (c) NDVI image, (d) MNDWI image,

(e) Land surface temperature (LST) image, (f) extracted impervious surface areas, (g) multi-thematic 3D images

BREE B OB R ZR TR N LR R BB R 5 ¢ B SRR FREEER R The change in color from blue to red

indicates the increase in percentages of enhanced thematic information; projected areas in Fig 1g indicate the enhanced information

2.1 RE/KTE bR B AR B 56 R T R 1 REENA R E A RS K E b 61 R EFTX B A R
lg 2 %K@ﬂ(@( ISA) Hﬁ{?ﬂ 5%%{% fiir—( LST) 5|E[] Table 1 Impervious surface percentage with corresponding LST
HER (NDVI) BBl 9 80 B R e e (e <omiuted from the regression model

W T 1% 0B ERE) B EEREE—F e vt G
BRI I RSB R B IR R (L, e e I () i ()
1AM, K T R R B 2 1 T A% 0 5.05 -
SRR BRI B UK R o IR Bk 10 16.05 0.99
A 4 48 S B T S0 B 1 T A T " e -
BIWA> o 25 AT 00 R K T 3 B 2 ] 2 19.44 121
KR RIS — R IR R R, TR — P R " o o
BRR ., XEWENB/KE LR, R\ E LT 70 23.56 1.46
B, AR S B (R 1) B R BKTE 0 512 156
EL A X ( NDISI < 30% ) , /S35 7K T Eb ) 4 38 fin 100 28.55 1.77

10% , 1 F3R BE R 1C A4 (BB T R AZEKE L
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IR (NDISI = 70% ) , AN ZE/KH L FlEE fn 10% , uRIR BN 238 fm 1. SC AR . X —EEMHEWER
I"J3R T B ASTER RAR I S35 8] TIESE (18 2¢) o XU BA R AN B 7K T Ho 1) 3t IX b 3R BE 1) 7 s B S AR
FARA K T L X o

100 @ ¥=95.023 - 0.7998x 350 b 350 ¢
e B . ”
80 : y= ]5‘05260_()064;” y= 16.5276("00’“ 5y
% r=0.9688 oL r=0o026 ek
~ 60 S o e
S 5 25+ 5
40 o
0 = 20 ~oost
20 A ag ey T d r
i f.uégé N
0 i i 1 ) ] 15 1 L L il 1 20 L L L i 1 i ]
0 20 40 60 80 100 0 20 40 60 80 100 30 40 50 60 70 80 90 100
IS4 IS4 IS4

B2 AFEKiE (ISA) S5HEH () MHFEEE (b: M, c: HIT) KXR

Fig. 2 Regression analysis of the relationship of impervious surface (ISA) with vegetation (a) and LST (b: Fuzhou city, c: Xiamen city)

FE BRI R B Z A ) — =AU R R K E B E N/MEZ EE BN, (HR=4E5C R EAR IRk
o AP FT I FEAS 337K T B R b 2 TR B SR 5 2 = 2 W) = 2 R iE 25 AT IS O RRAE (B 3) o AL 3
AR, it REMEUE TR, =38 =R 2 RIHUS B 2RI RME . BOSAR R RS o LA TR A48 1
X 3, T T A RRAE R /D 1 R = B EK T X, B TR A S K IR ERY 8 ¥,
e I B AR AR I T4 EHRBIETES

100

80

60

LST
LST

40

20

20 0
DV

0
Isq 8 90555100

40

0
154

B3 HAEKIE(ISA) SR IEEE (LST) FAEBHE B (NDVI) 4RI = 4 FEAE 55 5] s B
Fig. 3 3D-scatterplots of ISA, LST and NDVI
(%) &M ETM + 5214, (£) B ASTER 3214 Left: derived from ETM + image of Fuzhou, Right: derived from ASTER image of Xiamen

2.2 NEKTH R EE G 5 2R oA

XF 4 o GE=4E) KRR, Tork R R EMF R AT, H IR A Z 2 BIE kA 5] KRR
BEVED R AR B, A B K T 18 5 EBHE BORUK RIS BE D 3 A~ A&, B EIH TG A5 LU T R AR K

LST =0. 1221SA —0.038 NDVI - 0. 055MNDWI +18.762, (R* =0.9396) (8)

LA ER R, ANEK T (ISA) FE(NDVI) FUK A (MNDWI) 3% 3 A~ 28 B AE A B H 737 @ T
1% B BEVER T, R T PR, LA =F MR RBENERN T, EXRY, AKX RS
RAEA A PRKARNEERRIER . 0 T#—S 0 ENRRR, W LR A E K S5 F A
Bk e SRS L 10% FERARRIIE AN 10% , KRB ELBIASAE 5 B 2 /K A AH B3 i 109% , K8k 1
FBIAZE . XA, K2 i EL BB BT ARG, AT LUK BLRBE S8 T RE(5R 2) o BB 10% BN ZE /K T
LB, AT LB, SEERASFHAIREET- TR 1. 6°C 5 AN K s> i 2 30 b B 1 FH 388 ik
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R, MR NFRAREE T 1.8C,

R2  EEREKE AR SR L G R H xR AR B

Table 2 Impervious surface percentage with corresponding LST after adjusting the ratio of impervious surface to vegetation or to water

&M Fuzhou
ABK T Lo (% ) P LU B R B PR LLBUE IR
Percentage of impervious JREE (C) CRAEED) () CRKHR) ()
surface (IS) original LST LST after adjusting the ratio LST after adjusting the ratio
of IS to vegetation of IS to water
10 14.89 13.29 13.12
20 17.06 15.46 15.29
30 17.92 16.32 16.15
40 19.25 17.65 17.48
50 20.72 19.12 18.95
60 22.60 21.00 20.83
70 23.56 21.96 21.79
80 25.27 23.67 23.50
90 26.24 24.64 24.47
100 27.96 26.36 26.19

WERIH NPT B IR T MR B IRA B R R ALK R , Nichol ST XS s BT TR —FH 1Y
MR RN 0.971), IR M3 AR AU o RIR B th— E BRI R T g B 5 i AT AR
K T B 3 2 R R b 7, ABLBRORIK PR 0 i A, AR S SE SR B B ST 58, AT 3 TR FY)_E 7
AR T K B FO 7 A 5 TR AR K A4 i ) 3t DX TR LA v 76 8 () AR A, VR B 3t R B ¥ S e i
TR o BTLA, ZE T 2SR L3 (X 06 S R PT LA A0t PR IR BE o 181 1 (e, ) B RARM Tl LA O
R 1o NI K T s b X SR B A RS T R R B A R HR - R 6 Ll — 7, TR 388 ) s TR R U L T K
ZEAR vt AR Ja A S, DR LA X P X X 22 3t DX S8 e A 0K TR e RS SR 194 BE , A5 B A S R A ST Y

PSR o
3 HiE

AR SO A RS A B BR , A ROIAR B T AN Z K T AR KR A R ST A S R E
RHMER BRI AEKE S HE 3 M ERZERERRR, R T IR ZE K 6 -5 3t R0 B 45
BORBRSC AR IR A ZE /K -5 AR B =B R R

BRI T M AL REEE TR, A FE K R I SR T R8BI R R B T, RS TR
A AR B A FH 5 T ZK SR B A 2 RO T 3t R IR BE R o RO 28K T Y TR AR T 388 i A K T
AR AT LB S b R RS T R BE , SR ST P B0 o AN K THT 55 3t R BE O 8 BOeR B SR R LB, R
JEREAE AN 257K T LA S AN TN b o A T Ik, Xob A P 3 T R T ) AN 2 K T EL B X, B B
H S ERFIIE I, LA S 5 g ST AR 5 B

References ;

[1] Jennings D B, Jarnagin ST, Ebert C W. A modeling approach for estimating watershed impervious surface area from National Land Cover Data 92.
Photogrammetric Engineering and Remote Sensing, 2004, 70(11) . 1295 —1307.

[2] Madhavan B B, Kubo S, Kurisaki N. Appraising the anatomy and spatial growth of the Bangkok metropolitan area using a Vegetation-Impervious-
Soil Model through remote sensing. International Journal of Remote Sensing, 2001, 22(5) : 789 — 806.

[ 3] Xiao R, OuyangZ. Cai Y, et al. Urban landscape pattern study based on sub-pixel estimation of impervious surface. Acta Ecologica Sinica, 2007,
27(8) : 3189 —3197.

[4] JiM, Jensen J R. Effectiveness of subpixel analysis in detecting and quantifying urban Imperviousness from Landsat Thematic Mapper Imagery.
Geocarto International, 1999, 14(4) ; 33 —41.

[5] PhinnS, Stanford M, Scarth P, et al. Monitoring the composition of urban environments based on the Vegetation-Impervious Surface-Soil ( VIS)

http ://www. ecologica. cn



2462 B Ox ¥ R 29 %

(6]

(7]

(8]

(9]

[10]

(11]

[12]
[13]

[14]
[15]
[16]

Model by subpixel analysis techniques. International Journal of Remote Sensing, 2002, 23(20) : 4131 —4153.

Wu C, Murray A T. Estimating impervious surface distribution by spectral mixture analysis. Remote Sensing of Environment, 2003. 84(4) : 493
—505.

Carlson T N, Arthur S T. The impact of land Use-land cover changes due to urbanization on surface microclimate and hydrology: a satellite
perspective. Global and Planetary Change, 2000, 25(1) : 49 —65.

Yang X, Liu Z. Use of satellite-derived landscape imperviousness index to characterize urban spatial growth. Computers, Environment and Urban
Systems, 2005, 29 (4): 524 —540.

Xu Hanqiu. Extraction of urban built-up land features from Landsat imagery using a thematic-oriented index combination technique.
Photogrammetric Engineering and Remote Sensing, 2007, 73(12) . 1381 —1391.

Xu Hangiu. Modification of the normalised difference water Index ( NDWI) to enhance open water features in remotely sensed imagery.
International Journal of Remote Sensing, 2006, 27(14) ; 3025 — 3033.

McFeeters S K. The use of normalized difference water index (NDWI) in the delineation of open water features. International Journal of Remote
Sensing, 1996, 17(7) : 1425 —1432.

Irish R. Landsat 7 Science Data Users Handbook. http://ltpwww. gsfc. nasa. gov/IAS/handbook /handbook_toc. html. 2005.

Weng Q, Lu D, Schubring J. Estimation of land surface temperature-vegetation abundance relationship for urban heat island studies. Remote
Sensing of Environment, 2004, 89(3) ; 467 —483.

Zhao Y S. Principles and Methods of Remote Sensing Application and Analysis. Beijing: Science Press, 2003. 104 —132.

Nichol J. Remote sensing of urban heat islands by day and night. Photogrammetric Engineering & Remote Sensing, 2005, 71(6) : 613 —621.
Wilsona J S, Clayb M, Martina E, et al. Evaluating environmental influences of zoning in urban ecosystems with remote sensing. Remote Sensing

of Environment, 2003, 86(2) ; 303 —321.

B EHk:

(3]
[14]

H e BRIz, B, S5 SR T AGOTASIN i AL e R AR R AT, AR 25244, 2007, 27(8) : 3189 ~3197.
AT, SBRRA AT REE 507 k. bRl BlAdiA:, 2003, 104 ~132.

http ://www. ecologica. cn



	05C12.pdf
	05C13.pdf
	05C14.pdf
	05C15.jpg
	05C16.pdf
	05C17.pdf
	05C18.pdf

