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Abstract; Previous literature on cause analyses of urban heat islands (UHI) lacks perspective from the combined effects of
natural and humanity factors. With this prerequisite, the present study used Landsat TM/OLI remote sensing images to
extract urban thermal fields of Fuzhou city, a typical valley basin in China, during 1991, 2000, and 2013. The combined
effect and linkage relationship between the multidimensional factor and UHI was also explored using DMSP/OLS, traffic
density, and land surface information indexes, including normalized difference building index ( NDBI), digital elevation
model ( DEM ), normalized difference vegetation index ( NDVI), and modified normalized difference water index
(MNDWTI) , based on GIS and principal component multiple regression. The results revealed that (1) the UHI of the

Fuzhou valley basin has spread outward along the Minjiang River while the inner—city has become the core area of the UHI,
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commencing its significant overflow heat phenomenon from the center to outer edge from 1991; (2) the temperature
difference between the plain and mountainous areas in the basin reached 10—14 °C, and the UHI area displayed a
polarization appearance indicating that both the low and high temperature areas have tendency to increase. Moreover, the
high temperature area increased four times to 138.5 km® between 1991 and 2013, with an average annual growth rate of
7.5%; 3) according to the coefficient simulation, the basin temperature changed by 0.430%, 0.418%, 0.103%,
-0.0310%, —0.469% , and —0.0963% as the night light intensity, NDBI, traffic density, NDVI, DEM, and MNDWI
increased every 1%, respectively; (4) the human promoting effect was greater than the natural inhibition on the UHI,
resulting in the basin warming by 0.35 units; and (5) in comparison to the NDBI, night light intensity and traffic density
contributed more significantly to the warming of the UHI, and the cooling effect of surface elevation is prominent, followed
by water and surface vegetation, with these accounting for only 27% of the surface elevation effect. In addition, the cooling
effect was obvious when the natural effect further increased by 60% and Fuzhou city simultaneously remains at the existing
developmental scale. This also reveals that the current ecological environment of the Fuzhou basin is not enough to alleviate

the UHI caused by future development of the city.
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2013 AR AR (AR 1 K 3) o 3k X AH N iR BEYE LR 19.34°C —32.73°C . 21.60°C —38.35°C M 25.30°C—
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Table 1 The statistics of brightness temperature in Fuzhou center city

IS ] Time /M Min. KA Max. I Ave.
1991 19.34 32.73 26.15
2000 21.60 38.35 30.15
2013 25.30 42.06 32.88

B3 1991—2013 ERMTHROER TR H
Fig.3 The distribution of brightness temperature in Fuzhou center city from 1991—2013
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Table 2 The statistics of level area of brightness temperature in Fuzhou center city from1992 to 2013

TP
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Time Low temperature temperature Middle temperature Sub high temperature High temperature

1991 107.7 521.1 542.8 106.7 28.2

2000 135.0 524.3 349.9 212.5 84.8

2013 306.8 388.1 249.8 223.3 138.5

H 2 S 4 vl X g i il X R PR X " X oK e RRK
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1425 2013 4E1Y 10.60% 5 17.09% . 11 o iEL X 5 v i 80
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41.55% 39.89%[% % 2013 4E11 19.12% K 29.71% , I3 i
B

TE 1991—2013 4114 22a [8], #45 18 AR (K L IX

70
60
50
40
30

%M DX T AR L 45
Proportion of temperature area/%

BRI 1991 4ERY 134.9km® N & 2013 4E 1 361.8 20

km? | o5 A H R 62.81% , B T BUERA AT 226.9km? X

Hrb iR XA, 2013 4E 220 1991 4F (9 DA% (34 1991 Mg’;’fw 2013
K 391.13%) AERIEK 7.50% , fRIEIX AR X His

X % YR 7 TEL IX i AR K 3R 0] 43 50k 4.87% . —1.33% . 4 1991—2013 FEMEHX ZEEHER

~3.47% & 3.41%. ﬁ‘ﬁ J‘H 3/5%: i‘Hl ﬁ& '%%Z m ?ﬁ lll'rﬂ % jE.,'i @ Zvi Fig.4 The statistics of level area of brightness temperature in
Fuzhou center city from 1992—2013
iR
3.3 i K sh BIL
331 WmREE
S IR 2 PR ER BT 09 25 8] 3 A RRAE 23 A, AR AR R B R T S R B A I TR A IR el iz . %8
TR AT R A R0 L e IR PR A SRATL R R R RE AR SRR M T A s TR PR A e PR R 2 A E AR

http ; //www.ecologica.cn



14 ROV A L IRETAT A5 Z MR T A 8 Pk 2 R S SR SlL R 5 —— LA A i g 45 7

PIJT I, BARERR AR 3 SIE 5, Hoh ASCH R AL FE AN DL MRARB B i Sl % B, A AR R AR SR
S (R KR SIE AR . N I00 UE  B S NT N J37% sai J3E R HL 2 18] A1 X A B 52 0, ey 28 ) T Ol J3E 5
71 5 SCIE B JE N FEAL B A T A AL B HR SO R 5 MR AR 1 T D REVR AR ST AN PAL T i NDBI 5 BORAE ; A
PR OKARTERU DEM 32285 7 43 3t F AR AR SRS IR I

F3 @M RO XS IRINER N ERER

Table 3 The indicator of factors for heat environment in Fuzhou center city

—ZFEHR First-class index Y FEHR Secondary index =38R Third-class index

A SCH Z Humanistic factors PNEFSE DMSP/OLS 7 [8) kT e B
B30 360 5 D) 2
HhF AR 7 NDBI( A— LS 46 %50

M 4k % Natural factors AT NDVI( J3— b b5 %0)

MNDWI( kI — Ak 22 SR AF8 40
HJE Hb 5 DEM ( 07 Hb it & 72 )
TR HIRT S i R

IH— LR SRS IR—ALHE R R

0 8 16km

B 5 R HOEXSRINE W E & i = 85

Fig.5 The distribution of factors for heat environment in Fuzhou center city
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Table 4 The main results of principal component analysis

. " N Zit stk % FRITRAE ] ft
ELZ HFIE(H UK/ % Cumulative Eigenvectors of principal component
index Eigenvalue Contribution rate o
contribution rate z 2 z3

B ALT S DMSP/OLS 7.389 70.988 70.988 0.754 0.389 0.405
A2 1 % W 25 BE Density of traffic network 1.304 12.530 83.518 0.384 0.286 -0.305
i Z3dEB % NDBI 0.770 7.404 90.922 0.214 -0.280 -0.045
R A NDVI 0.652 6.269 97.192 -0.354 0.722 -0.175

M T = % DEM 0.287 2.761 99.953 -0.323 0.164 0.809
KR SEE MNDWI 0.004 0.046 100 0.092 -0.376 0.236

58 O FHEI R (R 4 2,- z,) BB — I 2, FEORBRIKTOGIREE U 528 i 0 3 R4 5
FEWIY 2, G HRAEBOC R I W 208 = R 2 W 32 B SR i T e e, O A8 M O3 X v T PR S 52
Wi R 2R VA4S 9 NG S 5 (2, ) BRI 1 (2)) AR = R A 1 (2, ) o 3 A 00 [ 25 16 bn ) B 2 bk
KEN:

2, = 0.754x, + 0.384x, + 0.214x, — 0.354x, — 0.323x, + 0.092x, (6)
2, = 0.389x, + 0.286x, — 0.280x, + 0.722x, + 0.164x, — 0.376x, (7)
z, = 0.405x, — 0.305x, — 0.045x, — 0.175x, + 0.809x, + 0.236x, (8)

333 B SEWHHEAELR
XI5 XS24 50 A0 3092 (A5 RURAE 1, 3082) A RAE AT 3 A F B E 5L, 15 iR IX il b1 7
EEEEEa Efag - R
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Table 5 The regression coefficients and test results

E[R NI 34 B SELR VRS 1
eI Unstandardized Coefficients S*/T\{zk%sﬁd BEZRH Collinearity statistics
tandardize t
IR, . e e,
Model B PR coefficients Sig. o Ji M A T
Std. Error Tolerance VIF
*# B Constant 35.942 0.645 55.695 0.000
71 0.256 0.004 0.661 57.548 0.000 0.972 1.029
72 0.168 0.010 0.195 17.010 0.000 0.978 1.022
Z3 -0.405 0.013 -0.355 -31.244 0.000 0.992 1.008

R2=0.705,F = 1573.549, Sig.<0.001

F 1A 100G ZRAR A 285 5 ) 2 b e TR 5 348 AR A SRl PR 28 1) [l U3y R0 A B e e, A AR AR P
(M 1573.549 , 4578 P43 10 19% 0 3 MRS, U B3R = 28 s 2 s ki 8 i B2 8 7, 4%
ARty 22K IR F (VIF) 28/ T 10, B RURAF7E 2 B L LR PR B, hy F A A 4R - N SO [R] 4045 Ak 1] B9 6
FREEE AR SCR AR EAL [l AR

T' = 0.661z, + 0.195z, — 0.355z, (9)

IZAE T SR NG Bl R T (2, ) W2 A0 3 s i 2 R B Sy B 8, JECR Sy b T o 2 PR 7 (2, ) b R AR
HF(z,) 0 ¥ EIRFERT AKX (AKX 6—8) A BRI — 2540 .

T' = 0.430x, + 0.418x, + 0.103x, — 0.0310x, — 0.469x; — 0.0963x, (10)

A 10, 2 EASC AR ZE AR 1 A7, 48 M 730 35 R 43 591 28 4k 0.430,0.418 ,0.103 ,-0.031 |
-0.469 5% —0.096,, HH UL, 1 A\ SCH RS e ik A b A5 () & Y5k, Horp g (B KT v, S «, 1Y
E [ R o€ BUER BE 43 514 0.430,0.418, M R AE B B T &, (VR AR N 0.103, 430 20 28 1 3 2 1)
25% , T A SR P20 Z M AR 1) 2 e ke 67 i) A T, JH v T R AR o, R VR B A B (- 0.469) |, H A K
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1A x5(—0.096) 5 HIFRAE M x,(—0.031) , K A5 iy SR 4 i 4 A FH 22 A0 B S A1 Tt e v A £SOAH >4 T b 1T 1=
FEAEHIEY 27%

AV LA TFAE RS, ASC, ASRI R ARG 1 A4Sy e A5 B2 A8 1 0.951 f-0.596 A~ HAA , 25
HAEFT H DR TR 0.355 A~ B, B SC R 28506 1 2 15 #4504 A 1 2 iV R BH B K 1 SR IRl FE
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Table 6 The city temperatures of different level effect

ASCHE A Humanistic function FI 4 /EFH Natural effect iy
YRR Degree HR Level YEFFERE Degree EH Level Temperature

0.951 100% -0.596 100% 0.355
0.8559 90% -0.6556 110% 0.2003
0.7608 80% -0.7152 120% 0.0456
0.6657 70% -0.7748 130% -0.1091
0.5706 60% -0.8344 140% -0.2638
0.4755 50% -0.8344 150% -0.3589

SERR L 3R B2 B A 2 AR MR A N SR R A A A I 46 /N — 2 S R HL B, 7E SR IR T
AT 24 R AR TT 22 1 ) L ZKCAR € A 2 Ul 0 Bk i A 5 2K P B A % e A SC L A AR T TV R AR B (0.
951 5-0.596) , FELRFEEA AZRIG SR T, A i — 20 B0 A SR R AE T 60% i, [ SR P85 1 TH L4 il £
A,
3.3.4 MRS LA S B

N R 5 1) i 5 L R Y i o] 249 Bk v e TR 6 A N T v 3 X LU PR, 3 L TR 1
by DX iz DX A T A s 388 & i P b ) B T 2 0t R P T S S B IR B YT A4 2 3 ) R I IX
Wl R IR BURALE A F s g i A O &Pt &0 o (B FERHITSC L BT DA Al
A7) BRI VT AR R H vy 0% B ) U O IX S s T IX, N 20 3 e T T AR S A i HE Tk
Ko INZZEHERRIR I HIE R 28 Sl 22 , AR T HEY /K U H RR BE L WS04 1) e i ) S8 1, 1
U DX A T IR B S, 3B P S - L AR 2 R

FEAS ) A J b AR T 3R X P 5 L 2 LR T 1 L3 43 T 2 R, 86 3030 5 90 S it A1 e 4 1T B A 3
AR K AR ) R B A 28T 2 2 ] Pl v e L o 24, o R XA R B SR LT ST AR
T 1 e 5 e T S A M SR R X, SRR ZH P | e e A 11 4 P S Y PR B A N ) IR X
PRI ITIE oA W B AR X Tk b 55 A2 7K B T8I 1) 23 X A0 T2 AT BTl 48 | 3203 o i 2 4 X )]
HEA FARMEI B A, AT B 45% Bk R R R AR M T 38 I A e S0 P ) 3t e R T ot S 2 B 3
X SR FE T A, LA BB KA S5 R AR A S R i B S5 344 20y 17 38 DX s iR A7 (R T8 B, D0 i — 20 X A M T
15 B AR R A3k T A 2S5 7 A A K A B TR T

4 BR5HE

BEST AR SRS SR S 5T b [ 9K - A SC 22 4 IR 120 AV G IR 437, 2 SCFI A landsat TM/OLI 32 J8
AR AR N T 1991—2013 490 25 2 L = iR 7 , #459T DMSP/OLS B [A1XT 5t | b 1 = 7 b 3 4 9l 4 Kl 8 -
bl 2 75 BT (2 B A M ML OC 2R L BFSE IR 1991—2013 4FA8 M 23 i 309 5L B whCo i) SN 5 I U
VLY AR RS (LR 2D R (10—14°C) , B E B I 21k, i i DO I AR R KR e i . Lk
N SCARFEVE R T H SRS, BTG 53 i Do 2 B b SR8 35 10 3Bt | T v e B /K AR 25 %)
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