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ABSTRACT

We investigated the sex-related differences in thermoregulatory behavior and heat-stress
cognition of adults during a hot and humid summer. A total of 2,653 adults (1,341 males and
1,312 females), who resided in Seoul and Busan, participated in our online surveys from late
June to August 2021. Web-bulb globe temperatures (WBGT) were monitored in Seoul and Busan
at the same time as the online surveys. Data from the survey and the WBGT values were paired
for analysis. The results showed that the WBGT in summer was 24.6 *+ 2.4°C. Thermal comfort,
the WBGT level when feeling hot in summer, self-identified heat tolerance, threshold temperature
of hot weather perceived (30.1°C), activities (2 Met), and clothing insulation (0.4 clo) showed
no sex differences. However, significant sex-related differences were found in the following
- females perceived themselves as being more vulnerable to cold, sweating less, having a higher
threshold temperature for cold weather, preferring higher indoor temperature, catching colds
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in summer and winter, using more extra clothes, using fans less during sleep, and taking
fewer cold showers during summer than males (all Ps < 0.05). These results indicated that
the sex-related differences during summer could be associated with differences in cold
perception or cold tolerance, rather than heat perception or heat tolerance because most
sex-related differences were found in the items related to environments with indoor cooling

during summer.
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thermal comfort

I. A&

AAY e o X 7] 84, F 71,
S, 715, FANE, "M, ool B2 o)
A7 th(Parsons 2014). 2, o] oAl 714
712 84 9o Aoy AAEF, AF, IF,

A, AE, EAS = 5 22 Y 849

Ao o2 FAat vlwsiA 71et Alg, AxH
Zo] a1 oA T, AlY £EE 3
Hrt} oF 20% A= ZtHInoue & Kondo 2010).
Ao Argdgof|, AExHZo|L}; TR} FAl=
AL} S47te] o], AP Ard=at vt
oeF ofRlo PGS FEZ(Inoue & Kondo
2010), HE ¥-39 A= AEY A ol=st
QIA| E/ollA Q] A& LEsfjof gt

oAt AbEt HaAo] AL w94
N F 25 359 o5l A1, e BAD

Fo= lsf 4td 5o] Hojx|7] o]l dAtel
Hls) =9 ti-g2o] Wt d#HA Uth(Jeong
2014). Kaciuba-Uscilko & Grucza(2001)°]
T2y AF Y 2= Q1A Al GAP} oRIH
ot & @ Agsks A2 E YERHeH, Zhang
et al.(2015)9] AolAE 200 EAt=, 200 o
AHT 2915 @ =73 9] B o] &

o o ojer} wokeh Z9jo] dhgt ol=iet 4

b= 18 JHoME A=Y, 29 =5
19 ofAbs 18 gA] Hls) 7] AtdEE
ol Wro =2 o] -3l (Wagner & Horvath
1985), 118 ofR}= 17 FRol| H[s] AZHo|
H g2 mieo] &S 2RE5IitiPark et al.
2018). ESF 11y HAF o] F9 A2 gt
At YEd 7ol s HolA| gtoy, 1Y
o&}o] B¢ Fofgt s Hol A gh/dol
oFgt Algo] ZH2Hd WA= oFet 2o & UEgt
tH(Park et al. 2018). Park et al.(2020)°f ==
W, 19 S8 ASE s Al A 2T HE
of A9 ZouiRE 8= F5= FE Hole=
vhH, 119 o/ g2 ARtolu MET 22 Aest
+ 29 P& Hole 5 A2xdE P30 3lo]
AA7E A=

oY Aoy 1T HF F9 =F Al
F9oll gk A Zolut A s
F5 ol A27F 2AT AL A=Y, FE A
& AEH A0 gt A7t EAfsk= Ao High
AT A2 dHiF R Hom, 55| HY k&
Al E AEFA QXY A2z A BsolA A
A oE =W d452 AY gt A& =01,
0/d2 o & gl 277 FAET AL 55ehA
(active sweat glands)9] & EAAET Z7] o
2ol I AA7F ¥ A2H(Kuno 1956;
Inoue & Kondo 2010), o= o5& m& 3L

i >

upal, Aoz



OISH EA AZ HoIo

of o3t I&AoA FAET EE ougitt.
o7t g AEA7E AZSE W G804
9] HAIx ARt Ry HTHDevies 1979). 1
gu, GeAlS T ARAZL 2P} GAET
OJsHA H7] wizoll A7t FARFE T R FAF
of ot ®dol ¥ F-2fshH(Chung et al. 2013),
ol ool FAET AE e S tiF =2 &
AlE &40] B 8820 = o|fod £ Q= A
o= oJsfd & Utk &, AE AEHA 5} QA
W koA 9] FAE HE AEolA gAE
A Y= AYEE U3 F7HE Aqso] B
23k AHo|th

2hg ojo] Hedo] nE A AU
3 ATES BW, 9353 0.4~0.6 clo 9
= 2HERt A o9 HH A2 25.5°C,
L2 24.4°CE ojAo] 1°C A= ¢
=2 ™(Yoon & Choi 1992), Tanabe (1990)
9] AFoA oEE o9 #HAH A
26.3°C(E-29 0.6 clo), A&d AH A] of49]
A AYLL 25.3°C(HLE 0.6 clo)Z oESH
o ASE AsEE Aol oF 1°C B W3
Ho] &t} Sk, Burton & Edholm(1955)& &
7 AWZo= vl=9] 39 24°C, =2 18°C,
ZAJok= 12°CE 7|3t Zpol7} 2AFS ¢4
o] ¥A3} 1, Humphrey(1975)% J=9]
A2 17°CRl ¥Ha ofgta+= 32°CE 7|5
of w2t Z 2olE ERItkal HISIet HejEtal
A== A9 27t 2 & ofRIAE B+ 2
2ol tish A=YAJoRIS Bt 32°C o], Y&
Ql& Wt 29°C oliolgtal gHsto], drficlo]
2HIE T B4 Hrpal QIA|Sh= 7]=0] oF 3°C
AT o &2 WA HTochihara et al.
2012). o]#gt d#9] AFEL QIto] 2FHO
2 PHH 7= 2= Qv A9, Ao

_4

¢

:
(¢} r_?lg
[

ll-(‘ :§>
O
ﬁé

(©)

24, A2 ddl &)l
9] & AEFHA A #E B iﬂi}_?—i“ 3
oA omet At EAsh= Al Wl EA5]
7HEA7F Tk

olo] & Atolre teAlel AFcke AU &
UE ddos oEd @ 2EHA A 2 o
o Ae2dy FeolMe BAE E4sH. °]
£ sl =l diE=AlR Aed FAE A9E A%
SFAAL, o] F EAlo AFshe AdEHE e

2 UBZAS WS & AEdA 94 5L
THE AYATELS] ol He, B ATAL 4
B2 3 Y (g9 718, S5, STLE 5
2 423le] 9 Ao S5 AR AvHel
24 69 94 @ ALEd BE B B4 5
o BRIgS LA A, 55 01 A
HAL EARE 4 R4S 2 Ae] M
chast 2, A, o83 A AR 4

?1
A9 ?Pﬂ%‘ 2 29 Iz AT e A
ottt &H]. B4, o8 ASsk=s AUe
7l 4 % AEHA QIR oA 7L Us
ZoITHRIA A EH]. AR, Ba o 5H A2
3 Pet @ 2EHA AA| P EAA HAt

7t 9l AoHBEH 2],

1. MEOAR S8 o SSTAL Uy
AEg EARE %zq»}fﬂroﬂxﬂ AT} 71
e % Ao 54



592 SIAX|QIAIEMETISIEIR| H33H 45 2022

Table 1. Demographic characteristics of survey respondents by gender

BSA B i
Height Body weight Body surface area : /. ody mass index
Sex (cm) (ko) (BSA) (m?)* Body weight (BMD)
& (m?/kg) (kg/m?)
Male
+ + + + +
(N=1.341) 1733 £ 5.6 73.5 + 10.8 26 £ 02 0.04 + 0.03 28.1 £ 2.1
Female
6 = 4 ot 8. 2 £ 0. .04 = 0. S5+ 21
(N=1,312) 160.6 4.9 56.7 8.8 2.2 0.2 0.04 0.00 25.5
P-value <0.001 <0.001 <0.001 N.S. <0.001

All data were expressed as mean = SD. *Body surface area was estimated by the formula postulated by Lee et al.

(2008). N.S.: Not significant
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Table 2. Questionnaire items that were used for the present study

Category #

Item

A.
Demographic
and
individual
characteristics

Residential city

Sex (Male/Female)

Height (cm)

Body weight (kg)

Position/Job

Year of birth (YYYY/MM/DD)
Residential duration at the current city

— =
N I R T B N

B.

Thermal
perception,
activity level,
and clothing,
today

[Thermal sensation] How do you feel about the weather outside this area right now?
[Thermal comfort] How do you feel about the weather outside this area right now?
How active were you just for the one hour before starting this survey?

Select all clothes that you are currently wearing.

Underwear: @ Triangular brief @ Boxer brief ® Bra

@ Undershirt ® Short sleeve T-shirt ® Etc.

Tops: @ Sleeveless @ Short sleeve T-shirt @ Short sleeve shirt

11-2. @ Long sleeve T-shirt ® Long sleeve shirt ® Cardigan @ Vest

Jacket @ Dress (“Onepiece”) @ Etc.

Bottoms: @ Shorts @ Shorts (Knee length) @ Pants @ Mini skirt

® Long skirt ® Etc.

11-4. Etc. ( )

11-3.

12
13
14
15

16

17

Self-identified °

thermal

19
20

tolerance and
thermo—
regulatory

behavior
23

24
25
26

27

28
29
30
31
32
33

Are you vulnerable to heat stress in summer?

Are you vulnerable to cold stress in winter?

Do you sweat a lot in summer?

Do you usually sweat on your palms or soles when you are nervous?

When under heat stress in summer, which body regions do you usually sweat? (Please select all
from the examples)

When the highest air temperature in summer through the weather forecast of the Korean
Meteorological Administration is around (  )°C, I usually consider the air temperature as the hot
weather threshold.

When the lowest air temperature in winter through the weather forecast of the Korean
Meteorological Administration is around ( )°C, I usually consider the air temperature as the cold
weather threshold.

What temperature is preferred as the indoor temperature in summer?

Do you think that summer temperatures have gradually risen in your city area for the past 5 years?
Do you think that heat waves in summer were more threatening in your area over the past 5 years?
Do you think that tropical nights in summer were more threatening in your area over the past 5 years?
Do you think that indoor air conditioning is necessary for you during work hours in the summer?
Are you predisposed to catching colds in summer?

Are you predisposed to catching colds in winter?

Do you bring extra clothes or small lap blankets due to excessive indoor cooling in summer?
Do you prefer to turn on the air conditioner in your room even when you sleep at night in the
summer?

Do you prefer to turn on the fan in your room even when you sleep at night in the summer?
Do you cover yourself with bedclothes during sleeping at night in summer?

Do you wear socks (or stockings) when you go out in the summer?

Do you take shower with cold water in summer?

Your preferred indoor temperature during the daytime in summer is about( )°C.

Your preferred indoor temperature during sleeping in summer is about ( )°C.
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Table 3. Thermal sensation, thermal comfort, activity, and clothing on the days when WBGT

measured

Question Male Female P-value
Thermal sensation on the day(=7 very cold, -6 cold, =5 slightly

cold, -4 cool, -3 slightly cool, -2 comfortably cool, -1

2.8 + 0. 2.6 + 04 .001

comfortable little cool, 0 neutral, 1 slightly warm, 2 warm, 3 §+05 6£0 .00

slightly hot, 4 hot, 5 very hot)
WBGT when respondents felt ‘slightly hot’ 2677 £ 14°C 271 £ 14 °C N.S.
WBGT when respondents felt ‘very hot’ 29.7 £ 14°C 298 £ 14 °C N.S.
Thermal comfort on the day(-3 very uncomfortable, -2

uncomfortable, -1 a little uncomfortable, 0 not both, 1 a little 33 + 1.2 33 £ 1.2 N.S.

comfortable, 2 comfortable, 3 very comfortable)
Activity level (Met) 20 £ 09 21 £ 09 N.S.
Activity level (Met/kg) 0.0 £ 0.0 0.0 £ 0.0 N.S.
Clothing insulation (clo) 04 = 0.2 04 + 0.2 N.S.
WBGT: Wet—bulb globe temperature; N.S.: Not significant
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Fig. 1. Clothing items that were worn by males
(N=1,341) and females (N=1,312) in
summer (S_ and L_ represent short and
long, respectively; All units are in %).
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Fig. 2. Relationship between the preferred indoor
temperature during daytime and bedroom
temperature during night sleep in summer:
A. males(N=1,341) and B. females (N=1,312).
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Fig. 3. Comfortable indoor temperature in summer:
males (N=1,341) and females (N=1,312).
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25 5 o5E AuollA =gt Oﬂ‘ﬂ
0% o3 ojHo] Lojut B Tg
5 FHol=AE B2 Aw WGH R
2 ‘(;ﬂa) aZA g4r¥ 67.0%, ‘HH) 2ZEF o
13.9%7} 8|38 ¥, o9 A% ‘HD) 1%
tF ol 44.1%7F -SEote] Fogt A2 A=
‘jr(p<0 001). E3t o538 FH A] oojd A=
A2 Aostk=Aof gt Azl sl F2fgt 2ol
glo] H BT Aedite 3gol Uitk +H

o]
5 v7l *}J%ﬂ 1‘41 ARrEo] 49 didol o

tHp<0.01). o5& +1 Al ol& HiL A=A
off Het Aol tish 24 SEA 22.0%7 ]
2 94 gt Ehal gEet v, o SER
9] 11.4%%0] ol&Z 94 &=t il SH5o
SAXCE RFoITt AolE HAH(P0.001). &
A AEE Aok Hlwo] tigt Aol HisiAe
@749 37.2%7F HiAl= = AR, 18.0%7 &
g FHE ARG ol=t SERE HHE, of4dE 22.3%7F
‘A2 A= AL 5.6%7F TFA IE AR o7

o] olyurt o2 B A48 W folst
Al =% Hp<0.001).
4. GISH AR LSRN, 27I0/8E U O

2 o

4

INES TS
AAF oEH T 9o Agt Holztal ek
Aofl thet Aol sl @Agxt o BF tha oF
SITF (B4 28.4%, 914 28.4%)2kal 71 Wol S
ot ‘HEoltt 7t F AR Sl Wl
WA 24.2%, 934 23.9%), BAF R T 7t
Q0J5} zo|i= Qi) BHH AAR ALH 29|
738t Hol2tal AgZtst=A]of thet Aol sy &
9] A%, 29.5%7F ‘ThA s}, 23.9%7F ‘H
BoltF 2 JEoto, 4489 ¢, 23.6%7F
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go] oA JHT AAR AZH F9lof it A
Zret= 7ol AUTHp0.001). o153 7ol
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| %shjr SEOIAL, Y A 49.5%7F
. 24.5%7F ‘HEo|tf il SHoF
27 HAE JHp<0.001). EZF A
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Table 4. Cognition of climate changes (heat waves) and thermoregulatory behavior

Male Female

Question Responses (unit: %) (N=1.341) (N=1.312) P-value
Not at all 0.3 0.0
Do you think that summer orara
temperatures have Not really L9 L5
gradually risen in your ~Neutral 13.1 12.6 N.S.
city area for the past 5 Somewhat agree 64.1 66.2
?
years? Very much 20.6 19.7
Much k fi .1 .
Do you think that heat uch weaker (become very soft or rare) 0 0.0
waves in summer were Weaker (Finally been rare, or eased somewhat.) 1.3 1.1
more threatening in Similar 15.2 13.3 N.S.
your area over the past Stronger (become somewhat stronger or more frequent)  65.6 67.4
5 ?
years Much stronger (become very strong or frequent) 17.8 18.3
Much k fi 2 .
Do you think that tropical uch weaker (become very softened or rare) 0 0.0
nights in summer were Weaker (Finally been rare, or eased somewhat.) 1.6 1.4
more threatening in Similar 20.7 19.6 N.S.
your area over the past Stronger (become somewhat stronger or more frequent)  58.6 61.3
5 ?
years Much stronger (become very strong or frequent) 18.8 17.8
Not at all 25.0 6.5
Do you bring extra clothes Rarely 4.0 277
or small lap blankets oy 192 217 <0.001
due to excessive indoor _
cooling in summer? Sometimes 12.4 36.9
Always 1.5 7.2
Not at all 6.3 8.7
Do you prefer to turn on
the air conditioner in  Rarely 21.8 32.6
your room even when  Neutral 28.6 25.9 N.S.
you sleep at night in the §umetimes 30.1 28.1
?
SUIITEr? Always 7.2 46
Not at all 2.5 3.4
Do you prefer to turn on Rarely 75 115
he fan i
(e fan i yOur room - Njeyira] 210 179 .01
even when you sleep at '
night in the summer? Sometimes 50.1 52.0
Always 19.0 15.1
Do you cover yourself with I cover myself with a thick blanket 4.6 7.2
bedclothes during [ cover myself with a thin summer blanket 73.4 81.4 €0.001
sleeping at night in
summer? [ don’t cover myself with a blanket 22.0 11.4
Always use warm water 9.0 26.4
Do you take a shower Usually use warm water 35.7 45.8
with cold water in ) <0.001
Occasional warm water use (Usually cold water) 37.2 22.3

summer?
Always use cold water 18.0 5.6
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Table 5. Self-identified thermal tolerance, cold-related morbidity, sweat characteristics in summer

Male Female

Question Responses (unit: %) (N=1.34D)  (N=1.312) P-value
Very intolerance 10.4 10.1
Intolerance 16.2 17.9
. A little intolerance 24.2 28.4
Are you vulnerable to heat stress in Not both 283 23.9 NS,
summer? A little tolerance 16.0 16.3
Tolerance 43 33
Very tolerance 0.6 0.2
Very intolerance 3.1 13.5
Intolerance 9.2 18.1
) A little intolerance 18.4 23.6
Are }./ou vulnerable to cold stress in Not both 23.9 21.0 €0.001
winter? A little tolerance 29.5 16.8
Tolerance 12.9 6.3
Very tolerance 3.1 0.8
Not at all 20.8 15.5
Are you predisposed to catching colds in Es&;zflly ;(1)2 4214912 €0.001
summer? Somewhat agree 6.2 9.7
Very much 0.8 0.8
Not at all 6.6 43
Are you predisposed to catching colds in Es&;zflly igj ?gg €0.001
winter? Somewhat agree 21.3 28.0
Very much 2.0 3.8
Not at all 6.6 8.5
Do you usually sweat on your palms and Rarely 28.8 33.0
the soles of your feet when you are  Neutral 33.8 28.6 0.05
nervous? Sometimes 25.6 25.0
Always 5.2 4.9
Not at all 0.4 1.0
Rarely 8.0 14.4
Do you sweat a lot in summer? Neutral 27.8 35.6 <0.001
Sometimes 42.0 33.6
Always 21.8 15.4
Head 28.3 31.7
Face 68.2 68.3
Neck 36.1 40.9
Chest 34.9 38.3
Abdomen 12.1 6.0
Under heat stress in summer, which body Back 55.2 50.9
regions do you usually sweat? (Please Waist 7.3 3.4 -
select all regions) Upper arm 5.2 8.0
Forearm 5.4 3.4
Hand 8.3 6.6
Thigh 8.5 7.4
Calf 3.7 2.5
Foot 8.9 6.1

N.S: Not significant
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Boltt, 28.0%7F ‘1t 2t -§Hoto] of%
HAET ALHE 7)o & dEle Ao
ArHp<0.001). FE TS @ol &7
of ohgt o] sl Y B ¥
HEoItF (27.8%) w2 & SHSIAL, 01*394
9, HBOItF(35.6%), ‘T1EF(33.5%) o=
SHot fefet a7t A= Tk (p<0.01, Table
5). B Wo| Stk Q5= UA| REE
e BE 42 ) 5) 5) 7 £0= SHA
t}. Eolgt AFgo g, W2 of o] Hgl ujet 2
FoloA wol ¢ o] ki QX5 USich

(Table 5).

A<, 2 IR} Joka “245E A 53zt )
£0] ol % Pt =Zom(r = 0.145, pS

7 Z2A% o Rk 1At
I A} = 0.161, p<0.001), A|E 5H7F AF

Aol Ffjol @ T ARt AASHICH
(r = 0.128, p<0.001). BHH ojAo] AL G &
A7t Aotal “Z4E Ad 59 Eo] FeiFct
I QAAFIFY O = 0.114, p<0.001), 71L& &7}
U Gdfjolel= F-oJ8h Aol RAEA] ook
d A7) Aol G A, TL ZHl
ol EdotA L2455 A 597t 7]20] § 4
ST AABFAI(r = -0.185, p<0.001), At
SAZ ZAE o ARt AASIACHE =
-0.191, p<0.001), Eiof AT o ZsiHcta
QIAISFHHr = -0.187, p<0.001). Q&= Y
gXo] sl EFfotA “AFE Ad 597 £
o] B ZsIA1(r = -0.148, p<0.001), GrfoF &

o

Table 6. Summary of the gender-related differences between the survey and weather monitoring

Category Question item Signiﬁcam
gender—related differences

Body mass index (BMI) Males > Females
Thermal sensation in those days™* Males > Females

Sensing/ .

Perception Thermal comfort in those days Males = Females
WBGT (wet—bulb globe temperature) at feeling hot Males = Females
Cognition about climate change for the past 5 years Males = Females
Vulnerability to heat stress Males = Females
Vulnerability to cold stress Males < Females

Cognition Self-cognized sweating rate Males » Females
Air temperature is considered a hot weather threshold Males = Females
Air temperature is considered a cold weather threshold Males < Females
Preferred indoor temperature in summer (both daytime and sleep) Males < Females
Catching colds in both summer and winter Males < Females
Activity level in those days Males = Females
Clothing insulation in those days Males = Females

Behavior Using extra clothes or small lap blankets in summer Males < Females

Taking shower with cold water in summer

1
Using fans/bed cloths during sleeping at night in summer Males > Females
1

Males > Females
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A o AT ARSI = -0.148, p<
0.001). YA ojA BT o Yy s £
S LASE ool AR AEshe Aol I
A A r = -0.213, p<0.001: 4 r =
-0.173, p<0.001).

V. 1%

B A7 023 Qeue A AF 49 &
o] g AEHA 1A 2 AezdA FSolA9
AAE vlm BARO 2K o] mE X Fof
AL 961, 715G Ao 7| 2ARS $4E
7] 95t BH oz SYHr). £ of2E A
oAl 7158 A5 AZ5|al 0|2 Hlto R WBGT
2 Atslgion, 71584 24 B g 24|
AF Hddue] 715 AgeT} Al Mexd
A BE B4 7 AT BAFE Yo £ 9
o7} Utk B A9 Al 7HA A, &, o8d
A A% A919] Fhalzt 9 2P HAgiol 4
A7t Y2 AolHAZ, 9I2d MFehs 7|2
4 g AEFA QA 2molA 437} 4L Aol
tHelA]. ‘2d Hezxdd B51 g AEHA

<

A, o5 d=Al AFshs AU A
(o]
=2

a =

73 2&o] sl 7= AT TR 2=
T E6tL 715, 25, 719 AlAIE 4ol 9
of o=2A yebd 4 A=tl(Cao et al. 2016;
Lai et al. 2020), & 7oA 6¥ F<ollA 8€
L7HA9] o5d A B9 TAFHS Hlws] &
A} Aol odHt oftt B gohal vk 11
AU G449 AT 2.8 £ 0.5%, AL 2.6

+ 0.4408 PAHog 0.28 Xo]Z Hol|=g|,
o] Zo|7} BAH 0 &2= FovSFSA T FAl
Ao g w [R5t Afo|2 & 4= Q= A
£ =919 A7} Qirt. B Ao A shAtt
d A 138 A9 M3 FLE ol8oles
‘mEsity = S 234, U gk SOl
AL Wittt 74 0.2 Zpol7h HA

3
2
Ao =, S oy BE BFHOR O
o

0
A

in)

I,

He IH = A5 AREE= Q7] koA 4
A= WEEA] o, AZSE S8 IH=E QA
st7] ARtEE 97] &= EAdo] § ®ekoH,
4 4z 2 1 F ASsks Al 2k
T o] o dH ot Bt 0.3°Ce B+ 0.6°C H
oltiTable 6). Indragant & Rao(2001)°] <]
SH, AR T2 AY 2% HeolA 4ol A
St RL7h AR v w11, ARG o4
o] 204 ¥ & Adrty BaEoh & A4 4
o] =W, B GHE A7 AlFse 2%
Ho}, 38 IR A7 AEshs 2204 &
Y % o & A%E Bt AEE 99 34
25 B4 AgdTES ATEY, o5E
0.4~0.6 clo®] %= 2H&3t J/4d9] 34 Ay =
TE 24.4°C(Yoon et al. 1992), 91534 0.6 clo
9] & &3t o4 ;A Al =& 26.3°C

£
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(Tababe 1990)°|itt. & Aol 3¢ di &

W 23.7°CHek ol A
oF 304 Aol ¥]sh @A) =
A AZ g olgHe] 22 o 2 Yo

A, Aeske AW == o WoleS ol

Park et al.(2018)2 dAJo] AR 224
Hghdo] &2 Z0R Hisk=t|, ol & AT
Aot gt dukd o=, 2pZHA igh/do|
=2 A, & F90 Aol W= AEEE
tlfloll= wgskal, o 5d HeE st fIgt o
< BEr ¢ Eol i, WA WolM= 7 |
71t (Shim 2020). Kim et al.(2016)¥} Hyun
et al.2018)9] AFollA = AF2HA] E4o] 2
A 2247 B 9lo] oFsithal QIA|sh= o]
H5l 5 =2 AW ASsielth & AoA
dojzl A2Hd a4y daE HY, 9 At
glo] J B o5E ¢ ejo] thisf tha st
£ 9ol 7Y EWtou, ool gk B =
2 AYS A55ttHTable 6). AAZ &4
ATARE 5 AU F ggofA] of o] oo

=
SO} B8 ga 59 A WEst o korom,
A
T

=
G sko] okt Zloz 9xd) B & 9ok
=, A7) 97120] Tigt Q1AL WBGTO| me 3

o
A7F A5H Aex2d Yol e Ut Ao
2 AfmE) tha] e, o5d B Alexd
BN Ak, B9l AR gt ] B
ok, 391 AAX 9 A2t 7190k Ao Si4

9] AL Hi 2.1 Meto & §-9J31 }o]7} QU
om, 2o w4 @ 2oJet 29| FHL2HoA §
ozt At WEEA] Lot Bt 0.4 clo).
20 ~ 40t A&t A9 AF F4E gL
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