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ABSTRACT

In disaster management, local governments strive to mitigate the impact of heatwaves through various practices and policies
This study evaluated the effectiveness of heat mitigation facilities built and managed by local governments. We quantified
how comfortable individuals felt by interviewing citizens with structured questionnaires, given meteorological measures, and
different ground surfaces, such as cool pavement, grass, and concrete blocks.

Controlling for other factors, we found that respondents’ apparent temperature and Thermal Sensation Vote (TSV) in grass
blocks were lower than other materials. However, we found no differences in apparent temperature and TSV between cool
pavement and concrete blocks, suggesting no positive effect of cool pavement installation on surface temperature reduction
Additionally, the inverse relationship between Comfortable Sensation Vote (CSV) and TSV was confirmed. Even with the
same CSV value, TSV was highest in the order of cool pavement, concrete block, and grass block.

This study suggests a novel method to measure human sensation of thermal comfort in a quasi-experiment. Despite its

limitation to a small sample size, the study provides alternative ways to measure thermal comfort and evaluate policy impacts
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Fig. 1. Cool pavement (down) & Grass block (up)
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Personal Factors(Survey)

+ Clothing(Clo), metabolic(Met)
+* Apparent Temperature(AT)

« Thermal Sensation Vote(TSV)

« Comfortable Sensation Vote(CSV)

Environmental Factors(Testo400)

* Measurement Time
* Temperature, Wind Speed, Radiant Temperature,
Humidity

Calculation of Evaluation Factors

Hot Index(HI), Wet Bulb Globe (WBGT), App
Predicted Mean Vote(PMV), Mean Radiant Temperature(MRT), etc.

Analysis of Survey Resulis(by SPSS 25)

:‘

Analysis of Basic Statistical : Sex, Age, Place, AT, TSV, CSV

Data Test

‘ Normality Test, Existing Research Test, Comparison Analysis about Ground Heat Mitigation Facilities |

Resulting

Fig. 2. Flow of research processes

Table 1. Details of survey outline

Survey date Characteristics of survey area

2021. 08. 30. |Cool Pavement, Concrete Block

2021. 08. 31. |Cool Pavement, Concrete Block

2021. 09. 13. |Cool Pavement, Grass Block, Concrete Block
2021. 09. 15. |Grass Block
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Table 2. Distribution by age Shaprio-Wilk
. Variable
(Unit : person) Statistic Df p-value
Surface Cool Pavement 957 126 .001
Age
Cool pavement | Grass block | Concrete block AT Grass Block 938 140 -000
Under 30 18(14.3%) 19(13.6%) 28(25.5%) Concrete Block | 964 10 005
Cool Pavement 788 126 .000
Above 20 ~
9(7.2%) 39(27.9%) 22(20%) TSV Grass Block 805 140 1000
Under 30
Concrete Block .855 110 .000
Above 30~ 15(12%) 14(10%) 10(9.1%) Cool Pavement .837 126 .000
Under 40
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Surface =1 o=
AT TSV csv = AT 5 ATk
Cool Mean 30.35 1.69 2.47
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St 315 Lo08 0.80 Table 5. Kruskal-Wallis test
Mean 28.62 0.79 3.14 Variable chi-squared Df p-value
Grass block
Std. 3.64 1.42 0.89 AT 22.367 2 .000
Mean 29.33 1.34 2.56 TSV 28.785 2 .000
Concrete block
Std. 3.78 1.28 0.80 CSV 43.547 2 .000

http://www.ekscc.re.kr



28 rSES

dlolele] £E7} S hEs] etk Wt 44
7149) A0l BE J1ZETHs FS dolg A%
E9 BAT 4 Ak ety Bvo|nmES} 2]
o] 72 u|wslr] Ya) giolE7F AFAEL BY &
L=

Box-Cox Transformatione A3t & v EAS

e mlo o
)
i 1o

o
_c\)_lt‘
8
&

4.1 SUHO|SHMES MrjZ2o| SMH|T
A HEZAE HHL AolotA e on
EAE, 7 5o

B AGeEAl Fle, &
A} A7 0] vt Wb
WEQ} rjEgo] Z A7t
AL 71ES BI MDY 5 Yk AFBAAE}
B g st

£ AToAE 2 AGAT YA B AT
¥E g8ol1 Q= SAT, HI, WBGT, PMVE} TjE0]
MRT 52 9R870] tiet 71 Eusz Qs 24
Aol w2 AAAZE ¥l giste] 2 Apols BE
ol= 39 W49 AT, TSV, CSV, SAT, HI, WBGT,
PMV, MRTZH ATAE S5k 98 244 552

A% 7, @ 4uAS B4 S5,

EAZ3 AT TSVE ¥9 AT|BAE HYow,
CSV%L— FAuRE S FHBAE Bl AS g1
o AT HEo] AERFI IS Bl R

= SATS} WBGTE RI=| QI tH(Table 6 FX). o] At
£ S4HCE AT, TSV, CSVO] tjgt ZAAHE 2jolv| =

Table 6. Partial correlation analysis result

lon

- oy

SAT9} WBGTE 7|20 Asatar.
AAHAEES Yo REZ T O] Caret packageS E3f Al
Ae JHns AP & 1z vju g St 2 H
H AA Aol gt ZolE FRlstith B e EE
HApo]| oy Hatslsto] ARE-SERITE of#f Fig. 3 ~Fig. 9
9] @ =g Sur Codel2 ZH|o]HHE, Sur Code2= %+

HEd, Sur Code32 EAYEEHS L}E’r‘“‘:}

AAEE E5) 2Jo]9] vH|pEAHL X&2& 7|ZO0Z 7}
g2 HolH7t Hof = -1 ~ +1/\}°]-4 IEE 7]
TOo 2 A5k

Fig. 3004 ATe| s SAT7|&o= & 2
Sur Codelo] T2 F A4 HT AT} 9}936] ok},
Sur_Code3> Thar WE/Ad& HOo|X|9t AA| Tz 4o
A AgFEo] w7l ATE Sur Codel > Sur Code3 >
Sur Code2 £0 7 &EQlFth

il

=
=
A

Apparent Temperature (AT)

* Summer Apparent Temperature (SAT)

t
'
]

1
\
o
\

1)

Sur_Code
1
- 2

-3

BOX_COX_Q2

ZApp_T_summer

Fig. 3. AT x SAT scattered plot

Variable AT TSV CSvV SAT HI WBGT PMV MRT
AT 1.00
TSV 0.39%%* 1.00
CSvV -0.31%%* -0.52%** 1.00
SAT 0.15%* 0.16%* -0.19%%* 1.00
Surface
HI 0.04 0.02 -0.01 0.84*** 1.00
WBGT 0.18%** 0.21%%* -0.24%%* 0.97*** 0.73%%* 1.00
PMV 0.05 0.06 -0.03 0.72%** 0.90%** 0.70%** 1.00
MRT 0.00 0.01 0.05 0.48*** 0.77%%* 0.48%%* 0.95%** 1.00
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Fig. 8. CSV x WBGT scattered plot
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Table 7. Regression Analysis result

lon

Dependent | Independent
. . B S.E. Vi t ¥4
variable variable
(Constant) | 3.183 | .435 7.315 | .000
CSV AT -388 | .137 | -.135 | -2.820 | .005
TSV -570 | .059 | -.464 |-9.727| .000

F=73.716(p<0.00), R’=.283, D-W=1.976
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Table 8. Regression Analysis about Cool Pavement

YA
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o A9} upZEA 2 TSVEE CSV Atojof| gt g-ojuj5t

Q1A tH(Table 9 Z=x).

Table 9. Regression Analysis about Grass Block

Dependent | Independent
. . B S.E. Vi t D
variable variable
(Constant) | 2.480 | .678 3.656 | .000
CSV AT -219 | 212 | -.084 |-1.033 | .303
TSV -431 | .086 | -.408 |-5.035| .000

F=16.670(p<0.00), R>=.196, D-W=2.323
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Table 10. Regression Analysis about Concrete Block

Dependent | Independent
. . B S.E. s t p
variable variable
(Constant) | 3.819 | .746 5.117 | .000
CSV AT -.674 | 240 | -.262 |-2.807| .006
TSV -400 | .112 | -.332 |-3.559| .001

F=18.442(p<0.00), R’=.256, D-W=1.980
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Thermal Sensation Vote (TSV) * Comfortable Sensation Vote (CSV)

BOX_COX_Q3

8OX_COX_Q5

Dependent | Independent
. . B S.E. Vi t ¥4
variable variable
(Constant) | 3.006 | .844 3.561 | .001
CSv AT -202 | 260 | -.060 | -.776 | .439
TSV -857 | .120 | -.554 |-7.144 | .000

F=30.468(p<0.00), R*=331, D-W=1.831
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Fig. 9. TSV x CSV scattered plot
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