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Thermal environment effect of urban water landscape

YUE Wenze'?, XU Lihua® "
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Abstract: Rapid urban expansion has profoundly impacted on urban biodiversity, ecosystem functions, regional climate
change, and the quality of life. One of the ecological consequences of urban expansion is the Urban Heat Island ( UHI)
phenomenon, which is formed when higher atmospheric and surface temperatures in urbanized areas are observed over the
surrounding rural area. Urban thermal environment problems caused by UHI have some further impacts on energy
consumption, human health and urban sustainable development. As a synthesis representation of urban environment effect,
UHI is jointly determined by the physical properties of land surface and heat release by related socioeconomic activities.
Within the urbanized area there are diverse landscape types, such as urban building landscape, road landscape, green
space, water body, and so on. Among various urban landscape types, the thermal environment effect of water landscape is
quite different. It is important to study how the water body might influence the urban thermal environment. The SPOT 5 and
Landsat 7 ETM+ images are applied to derive the spatial pattern of urban water landscape and land surface temperature in
Shanghai, and spatial analysis technique will be used to explore the thermal environment effect of water landscape. An
intense urban heat island effect is identified in Shanghai City, with its center located on the west bank of Huangpu River.
At the same time, a cold island effect is detected for the water landscape patches and corridors. Statistical significance is

not found between area and perimeter of water patches (or river corridors) and their impact on local thermal environment.
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However, the water patch has a stronger thermal environment effect than the river corridor. The impact of water patch
decreases as the distance to UHI center increases. For instance, the temperature of water patch in Luxun Park (the closest
to the UHI center among all water patches) is 3. 65°C lower than the average temperature of its surrounding region, with
only 2.60°C lower than the average temperature of the region where Century Park is located, which is much further to the
UHI center. Besides the distance to the UHI center, the impact of water patch on nearby area is also determined by the land
surface composition. For instance, the surrounding area with more vegetation has a lower temperature than the area with
more impervious surface. River corridors also influence the local thermal environment. Huangpu River, Suzhou River,
Yunzao River and Chuanyang River are compared based on a buffering method, with the river width and the location of the
river corridor as the two key factors on the local thermal environment. Flowing through UHI center and with the largest river
width, Huangpu River has much higher impact on the thermal environment of the surrounding areas. The findings in this

study are helpful to provide some effective policy implications for urban planning and design.

Key Words: water landscape; urban thermal environment effect; Shanghai City
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Fig.2 Spatial pattern of urban thermal environment
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Fig. 1  Typical water landscape in the outer ring road of

Shanghai City
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Table 1 Patch characteristics and temperatures of typical water patches
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Fig.3 Land surface temperatures and impervious surface fractions within the water body and its buffer zones at Luxun Park
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Table 2 Impervious surface fractions and temperature within buffer zones
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Table 3 The statistics of environment temperature among rivers and buffer zones

AR it KRB/ T R/ME/C FHME/C brifii2E/C
River name Statistics zone Maximum Minimum Mean Standard deviation
BT bl 31.38 23.69 25.26 1.24
Huangpu River PR v 32.29 23.70 28.88 1.39
KRIF G vily 32.35 23.60 27.83 1.50
SR AT 30.70 24.92 28.15 0.89
Suzhou River b 2% nhaly 30.82 24.95 28. 84 0.94
R vl 31.54 24.25 28.32 1.07
W bl 29.58 23.95 26.94 1.22
Yunzao River At 22 vhaty 30.56 23.95 27.42 1.58
R 2R el 30.91 24.62 27.74 1.18
JI A% i T 29.68 23.52 26.27 1.19
Chuanyang River A6 52 vty 31.96 23.52 26.58 1.50
P R % 29.86 23.83 26.25 1.18

SRR S A Bk, B0 VL BRI  rhucs | ol 90T 17 5 9, % 7 1) 1 349 9 B 2 Jee AR, AN EE
SRR R FIRAG 2,90 °C 1T H EG IR 28 R8 IX A 28 s e AU A7l 20 BIIE T 1,69 CF 1,01 °C, 1 S5 PN AT AE A
FEX PR LT X, I HL A, A 80 I S IR 7 L3 641k | B 35 38T JF & 3 B 488 o, 5 M
T TR R P N, S EOLZZ M IS ROV AN S, X T R L P AR 450 IX ST i A U6, 2 e il TR &
TACEB A E TV X i) Az D) R R 28 1 3 e X, DR M 2 g S 1 A BRI I B AR T A, X
TR JER T 5% o DX I B G VT SR | % S DN IR B KA /M A R AR BEAR T AR X N YT T 1 BH R 3 JER
TE PN RN I Y FE AR 34— | 25 /N o Her DT R L% s AR o 2 A/ 1 Y JBR T A 6 340 I Ak ) 3k T A%
SO DX, AT B A, T A RO X AN TR T B S A 2 1 2 i R T AR A AR AN

TA] B 5 L7 o X A A TR A (2 S S e T G P SR VAR S e 25 5, X TR VIR UL, P R R vy
TR G AT S VYRR G vl IR 25 K T S AR R MR 2% . U BRI B2 0 3 T A v 7K T T R
TS WA I RE ks . B 3 AR0aTi, T T S FE A/, T i 26 XA 1) 22 57, B S AR B 400
ZSRE IR X AL 5 A G0 1 e AR A6 B Tl DCORN 4% B 2 X, TR 2 D0 = 2 ik AR 2%
FEAEE X, BRIl A2 22 vty A TR B TR o 2R s B IX U 28 St Tl X, R B3 T X, B4 e
FabRE . NG =R ek i X, T I A7 Tl il B 0 5K, b e e vl XU 3 Frd
3 it

AILHET SPOTS \ETM+iZ BE I | i AL AME BALBERN GIS 25 18] 447 532, ALV it fPut kX A 3],
SRV T W K UL FARREE O, 2 BN 2 I T T R 2 ZOtR ) K e WSS B %of oy 45+ 73 BH I i 1
TR AT 3 oL 2 AR ) T RN T /K Sl R 300 SRR T8 A 7 40T, AR BN AN N 458

(1) TR A IS WX 7 Fr) A8 P 35 103 158 B 30 A1 L 1 S O Y T ol T 3k T A R 5 o B 7R < 98 B 55K
N7 B B, 6 A TR K ek O BB T EL T 7 XSk A ) b IR AR T 2. 60—3. 65 °C ., ZRhIX 43
B & B, B2 S8 3G BRI 3R PR A AT oy bt i B 2L AT A Jd P 2 SV P 3k s e B 7 B8 2 T SR e Py 4
8. R A T PR T DR 7 e SO A 3k T A Ay R LA R 8

(2) 3T PR BRIAT A S5 WL P TR R0, R3S A T A0 2 R0 50 194 JB R AV I DX, %o TR 43 BT
PR, 0TI A0 T FEE AL 28 ) DX e R R VAT 1 TR L X ] F S 5 L 55 W R 0 B R/ DN B Y Y YT A
2R A O DI, X T PSR 1) S et A K

(3) FESR TR, 380 A0 70 300 T S o DX ) 8 52 /K Sl R g bt A5 2 0 24 (), DT 328 28] AR AR IR T 95 4, 28 il 4
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