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Table 1 Comparison of urban-rural differences in MTHI and LST C
% bigaeT IR IX LB IRIX IERRH X TERB 4 X
Indexes Shanghai Core urban area Central urban area Suburb urban area Outer suburb urban area
J Ay 37.664+1.62 38.08+1.08 38.2541.23 38.1241.48 37.284+1.66
4 36.5143.60 38.144+2.46 38.164+2.66 37.534+3.32 35.61+3.64
Lyra—tp 1.154+2.19 —0.06+1.72 0.09+1.73 0.58+2.06 1.67£2.18
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Table 2 Urban-rural differences in park cooling effect indicators quantified using MTHI and LST
. - - e WX IX IEAFHbIX LR X
sk A Lgan LR Lk A o
o L . Core urban Central urban Suburb urban Outer suburb
Indexes Cooling effect indicators Shanghai
area area area urban area
[ 3% /°C Cooling intensity 0.6840.20 0.76+0.22 0.66+0.17 0.67+0.20 0.66+0.20
[ 33 Fl /hm? Cooling area 28.92+86.43 8.7419.10 14.644-35.22 30.67+72.47 59.144-150.09
MTHI
T-YREREES /m Average cooling distance 16.88+11.10 13.10+7.82 16.214+10.47 16.99410.33 20.04+13.70
e KBRS /m Maximum cooling distance 65.27+45.17 47.22431.29 60.38+42.30 69.25+48.23 77.88+47.83
[ 3# % /°C Cooling intensity 1.0940.38 1.10+0.44 1.1040.33 1.1140.37 1.064-0.43
AR 7L Bl /hm?® Cooling area 39.56+91.42 19.53425.17 25.21+43.16 41.70£76.27 69.23+157.14
LST
YREIRIEES /m - Average cooling distance 55.30+35.40 55.99+-34.28 59.04+35.43 54.52+35.66 50.73+35.58
e KFFEIREES /m Maximum cooling distance ~ 133.42+68.49  120.92+61.47  134.55+60.95  134.42+70.59 138.34478.85
®3 ETFTMTHISLSTEUHAERERERS AEER SUMRKIELAE T #F) i K /REME K
Table 3 Pearson correlation between park cooling indicators quantified by MTHI and LST and park area,
landscape shape index and park land use
. ; - T4 WA UL 15 e KT B
s g MR piem PRI SRR
e . L Average cooling  Maximum cooling
Indexes ITtems Cooling intensity ~ Cooling area . .
distance distance
NIl T Park area —0.134" 0.998™ 0.299" 0.444™
SIEARFE S Landscape shape index 0.030 0.058 0.181" 0.235™
#H Woodland 0.003 —0.110" —0.120" —0.132"
MTHI WA Shrubland 0.000 0.027 —0.041 —0.026
A3 H]
Land-use type Hiflh Grassland —0.103" 0.081 0.044 0.099°
JKH& Water body 0.081 0.201" 0.220" 0.267"
A I Build-up land 0.138™ —0.150™ —0.062 —0.120™
SR TR L Park area —0.144™ 0.989" 0.001 0.356™
SOMIEARFEEL Landscape shape index 0.040 0.059 —0.123™ 0.040
Mt Woodland 0.052 —0.071 0.438" 0.224"
LST H#EAK Shrubland —0.018 0.023 —0.072 —0.026
g
LIAUH W Grassland —0.091" 0.066 —0.181" —0.024
Land-use type
JKAK Water body 0.167" 0.209™ 0.047 0.187"
B FH b Build-up land —0.007 —0.178" —0.346" —0.346"

e e B AE 0. 05 F10.01 K19 I8 A & . Note: * and ** indicate statistically significant correlations at the 0.05 and 0.01 lev-

els, respectively.
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Table 4 Comparison of urban-rural differences in the population benefiting from park

cooling services quantified using MTHI and LST
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Table 5 Comparison of urban-rural differences in the average population benefiting from park equivalent

cooling services quantified using MTHI and LST
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Urban-rural disparities in summer cooling services in parks based on
a dual perspective of thermal comfort and land surface temperature

LIU Yanan', PENG Jiuyao',ZENG Peng', XUE Wei**, LAl Xiaohong', LIU Yaoyi*

1.School of Architecture and Urban Planning, Chongqing Jiaotong University,
Chongqging 400074, China;
2.School of Digital Construction and Blasting Engineering/State Key Laboratory of
Precision Blasting , Jianghan University, Wuhan 430056, China;
3.School of Architecture, Southeast University, Nanjing 210096, China;
4.College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, China

Abstract Shanghai was used to systematically evaluate the cooling effectiveness of urban parks from
the perspective of thermal comfort to address the limitation of existing studies that rely heavily on the land
surface temperature (LLST) and neglect the thermal comfort in environment. The modified temperature-hu-
midity index (MTHI) was introduced to characterize the thermal comfort. The vector data of parks were in-
tegrated with mobile signaling data to evaluate the cooling capacity in parks from the perspective of thermal
comfort. The cooling benefits of parks and urban-rural disparities based on MTHI and LST were compared.
The results showed that the cooling range of parks increased from the core urban area to the outskirts, but
the benefits evaluated with MTHI was overall lower than those with LST.The size of park, vegetation cov-
erage, and water-body proportion was positively correlated with the intensity of cooling. The vegetation cov-
erage was positively correlated with LST-based cooling distance, but negatively correlated with MTHI-
based cooling distance. The equivalent cooling service for population in the core urban area far exceeded that
in the suburbs due to its high density of population.However, the served population estimated with MTHI
was 54.5% lower than that with LST, indicating that traditional LST-based evaluation may significantly
over-estimate the benefits of parks.It is indicated that the thermal-comfort indexes should be introduced to
comprehensively evaluate the cooling benefits of parks and adopt differentiated strategies including increas-
ing the supply of small parks in high-density urban areas and optimizing the design of parks in suburban ar-
eas to accurately improve the thermal comfort of the living environment.

Keywords cooling effect in parks; heat island effect; thermal comfort; land surface temperature

(LST); modified temperature-humidity index (MTHI) ; extreme high temperature ; urban-rural disparities
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