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Impacts of structure characteristics on the thermal environment effect of

city parks
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1 State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University , Beijing 100875, China
2 Zhejiang Provincial Key Laboratory of Urban Wetlands and Regional Change, Institute of Remote Sensing and Earth Science, Hangzhou Normal University ,
Hangzhou 311121, China

Abstract: Urban Heat Island (UHI) is one of the major problems in the 21" century posing to human beings as a result of
urbanization and industrialization. It is primarily triggered by the dense built environment (i.e., replacement of the natural
landscape ) as well as anthropogenic heat in cities, and has led to huge negative impacts on human life. Urban parks, which
are known as “Urban Cool-island” , have been considered as an effective measure in alleviating UHI effects and improving
urban thermal environment. Nevertheless, as urban land use is of high tension, it has become a serious issue during the
planning and designing process of city parks that how to maximize the ecological functions of the park landscape, and to
make it effective in improving the urban ecology and urban climate. In this study, 24 city parks in the urban area of Beijing
were selected to explore the effects of spatial characteristics of city parks (including the landscape composition, the patch

morphology and the spatial distribution) on internal and external thermal environment, including the temperature inside the
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parks (T,), sphere of influence on the surrounding environment (L, ) and the maximum cooling range (AT, ).

max

Temperature distribution was inversed from Landsat-5 TM remote sensing data. The results showed that from the perspective

and AT

max max

of the landscape composition, T,, L were positively correlated with water areas at a significant level , which was
considered as the key factor affecting the thermal environment both inside and outside the parks. T, and AT represented no
significant correlation with the forest and lawn areas. Comparatively, they were closely related with the greenness and the
proportion of impermeable surface. Conversely, L had no obvious correlation with the greenness, but was substantially
positively correlated with the forest area. Hence, in order to maximize the cooling effects both inside and outside the parks,
it would be of necessity to enrich the inner spatial structure of green space and increase the three-dimensional greenness to
the greatest extent under the premise of ensuring a certain size of the green space area. With respect of the patch
morphology, the more complex the geometric shape of green patch was, the lower the internal temperature and the further
the sphere of influence would be. The boundary shape of the park displayed a certain correlation with the internal

temperature, but had no distinct impacts on the surrounding thermal environment. In terms of the spatial distribution, T,

L and AT

max ? max

were all remarkably associated with the distribution of impermeable surface. That is, the more dispersed the
impermeable surface arrangement was, the lower the internal temperature and the larger sphere of influence and cooling
range would be. In addition, the parks with more dispersed forest distribution would bring about the lower internal
temperature and the larger sphere of influence. While the forest distribution of the parks had no apparent impacts on AT .

In conclusion, from the perspective of the urban heat island mitigation, the spatial landscape characteristics of parks should

be taken as important considerations in the city park planning and design.

Key Words: urban heat island; city park; spatial landscape characteristic; sphere of influence; cooling range
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Table 1 Detailed information about the 24 parks in Beijing

YNTEZN FilE X WAYm?  GERR/ % AREAFR S X AL/ m? A R %
Park name District Area Green coverage Park Name District Area Green coverage
FHEHNRIAE ARIIX 159093 51 G N HIBA X 110372 53
RN PO X 36993 86 N Rk IX 161533 67
TEVEL T THE X 402894 69 AR Pk IX 222373 70
PNTR/NT ARIIX 1850192 87 YA LR N Rk X 605117 61
SN T RIIX 175694 61 SEAE A FHX 317770 53
Jear R PUHX 85723 71 K gk == v PUsKIX 509586 61
[ EPN T HHEH X 2987719 56 FIHELL b TEHE X 1574161 47
i b /N AKX 248079 68 YACYNT Rk X 405658 41
EAK I /NG| WX 233480 35 SO WEYEIX 406756 61
e sh b THEX 653593 63 [53] B el THHEX 3268005 61
fﬂﬁﬁ% HHRH X 6803102 79 B |4 /N T PUHEIX 671807 27
RN AIRX 161499 57 [ 701 el HHEX 3063493 28

IR

B
mm;‘l!’
2T

PRI SERRA A b

R AR

/

®

WK A

FaRX

N

4
N st K B R SR b
1 RHAEGCESHE
Fig.1 The location of selected parks in this study
1.2 b I BE S e )y i FHIE R E BRI T & ENVI, DL IR B &R

AR FH A i R P AL BT 2009 4R 7 H O BEEIFE 6 ArcGIS, (R $ IO 2 /i, % R Bt AT
20 H 4 Landsat-5 TM 3 BS80S G BRE RAF,  THACE, W5 LT IE SR 28 #ss, | aid
Tz W FFIEE W, BUR T8, SR BRI TM AR AN B (56 6 B ) SRLSE BRI BE

http ; //www.ecologica.cn



3182 VST

34 4

G IE IR (DN B A HIE (RS T, 485 A
RS S HE S X R S ERLE )

L, = gain X DN + offset (1)
k,
) )
A, gain FE AR A H 15 (0.055 W+ m™ - &' -
wm ™) offset HIRFEE(1.24 W - m™> »sr™' » pm™"),

ALK SR 3] L, AR ST SERE , DN 2 TM 5218 6
W BORFEAH , T NFRS 521 (K) Lk, ey Ry R SRR
By H ik, = 1260.56 K, k,=607.76 W + m™> « sr'' «
pm™ 2R R R ) ) AR S R (o) W5 o
S A5 Ay il R TR BE , A E SRR Artis SE R
A
T

T = O X 1/p) Ine (3)
Ao, A AR S PG UL A i BO I A =
11.5 pm,p= hxc/0(1.438x10°mK) ,o 4 Boltzmann
HH(1.38x102J/K) , h & Planck % (6. 626 %
107%] +s) ¢ G (2.998x10°m/s) ", Van %53
I S HI B AR R I AN (8—14 wm) EL AR ST
TR — L H B IR B (NDVD) 5, R I F &%

7AW

£ = 1.0094 + 0.047In( NDVI) (4)
Van 500 ORTE H AR M L A4k,

3K NDVI BI{E AT 0.157—0.727 Z[a]22 % Tk
AT 7, A4 Masuda BOAH SCAH 7008 L LU AR S % 0
0. 99253, X F NDVI<0.157 B H B3 i F Hb, 4 H
F AR ST E N 0. 923124 X F NDVI>0.727 A4t #
T X, R 0,99
1.3 AP SRR S 28 vh X 57

= AN D)5 S /N v RS i o s
RIS RLLT 4 RZE R (LT HEACH 3, HE M #k
DT 10% ) Sl ) | FLHE (RL ISR 3 B AR T
lo%ﬂﬁﬁﬂﬁ) KR R M 5 AR, DA Google
earth R EHE U5, 6 b 5T BRI 24 MRERMEA
bl 3 3 T R A 8 8 BB A5 A A Tl I 6 L+
Mo S AT TRE A 32 (I 1) o B T A el 2
H1 22 - b SR oy A T I — A S5 W25 45 i
i, SR S R 22 5 5 HAE R Fad BB VA G
KL AT SS G ArcGIS Fil Fragstats #07F & AL 4
IR Pl SOV i AR 1Y) 25 [R)RRAE , PR 2 HL 5 el o ik
R AT 28, A e BUSE LA AIE 5 B s 32478 o) 3k
T2 P A5 A 46 5 5 SO T, DA S5 04 A
BEHIE AN A 6] A5 i 3 A5 AR M2 2 s i)
1L A Fehn, Hodr, SO0 B 6 b ik BUR 56 T R AE
B /) T AR bR R0 2R A 45 F 1Y L B 38 AR RO 25 A
FIE,

x2 PAESVHERERLEE

Table 2 The indicators of park landscape characteristics
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Table 3 The correlation between park characteristics and internal temperature
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Table 4 The influence sphere and cooling range of parks

;f‘;f fjje Ly /m T,/C T,/C AT,/ ;‘if iﬁi Lya/m T,/C T,/C AT,../C
Hi 32 438.92 35.81 30.66 5.15 PRI /N T 985.53 34.87 29.41 5.46
LIS PN| 347.69 35.80 29.75 6.05 S 407.10 34.32 29.67 4.65
LN 1046.82 34.70 30.73 3.97 FEhNRIAE 314.60 34.48 33.22 1.26
RN | 845.26 35.50 28.71 6.79 PN 742.32 35.58 29.19 6.39
AN 364.40 35.72 30.35 5.37 At 606.91 35.32 30.17 5.15
PH 2580 23 el 359.76 35.36 29.98 5.38 HMICTERRARAR 1403.14 34.89 30.08 4.81
FELE M2 bl 346.82 35.70 29.46 6.24 FFAEI A b 493.76 35.29 30.05 5.24
JemE UL 296.07 35.65 30.81 4.84 AL YN T 607.48 34.67 28.68 5.99
W SR 55 o3 el 543.18 36.08 29.02 7.06 U UN | 483.62 35.61 28.47 7.14
VRN 376.80 36.83 31.55 5.28 [58] P 1292.59 34.00 28.42 5.58
[0 i 5] 2420.98 34.08 26.26 7.82

Ly 5 TE0F L PRGSO Y L 5 7, BB OV el L AR T, < A Pl S U BRI E S AT« A PR R PR IR R E (7, - T, )

R5 AEFEVFHLES L, AT, HEXE

Table 5 The correlation between park characteristics and L, , AT, .,
s ¢ Ap A, Ay P, SI, Al Al Al Al

WS L, Y Pearson FHEREL ) ) ) ) )

. . -0.361 0272 0.556*" 0.444* 0.945*" -0.309 0.744"" -0.75"" -0.830"* -0.286 -0.696 "~
Pearson correlation of L,
P 0.008 0232 0.009 0.044 0.000 0.172  0.000 0.000 0.000 0.265 0.000
FEIRIEE AT, 19 Pearson AHGHE . . i

. -0.195 0.674 **=0.027 -0.197 0.430**  -0.817*"0.247 -0.359 0.193 0.480 -0.608 **
Pearson correlation of AT,
P 0.397 0.001  0.908 0.393 0.005 0.000 0.281 0.110 0.492 0.051 0.003
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