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Juhyeon Kim', Injoon Song', Choyun Kim', Dawou Joung’, Yunjeong Yi’,

Bum-Jin Park(®** and Chorong Song(®"*

lDeparl‘ment of Forest Science, Kongju National University, Yesan-gun 32439, Korea
Institute of Agricultural Science, Chungnam National University, Deajeon 34134, Korea
*Department of Nursing, Kyung-In Women’s University, Incheon 21041, Korea
4Department of Forest Environment & Resources, Chungnam National University, Daejeon 34134, Korea

R oF: WYL ofFHo] AUL B LS AU A AEALE SoPIL AP S A0 LA YA,
0|9} TiEl Hlojelo] A NET Agelth meby R AT ofBH BTN FAlo] LA A4 % A
o) Age] - el wgel FlAL UL BAs AL Baow sk QAL 1 ek 290152 140
Shgick AL F ol B £ ofFo] 27t APA(GHULIE: T6.6%)% thRUBA259%)2 olFsHR, U
o AHTHPE o|F P2 Welsto] 2o AP AASAT. AFIAL kot Lk °4%LEH*WL ofapo] ook FAIGH
F, 12 @3 SE B S ASHAh oluje] LU WAL Bk Aol A, oA S RO
=5 ofF Be W WSS SRotgon, FRY/LS AR 1 2, AFAL SAHOR ojulst oy
FAARAS L BAERE Lo, RAGAABEY F7, A - olubi| L - olghr|Hek - k] vt ekt
om, pd ey 9 Hage] AU 2RHOR, 40w} B FASYL o]BH LU AEYAS G
A, QA A - el om HPALITE 2L st

Abstract: The purpose of this study was to reveal the thermal comfort and physiological and psychological effects
of spending time in broad-leaved forests in suumer. Thirty-one university students (with an average age of 21.4 +
2.1 years) participated in the study, and a within-subjects experimental design methodology was used. The
participants moved to an experimental site (with a crown closure of 76.6%) or a control site (25.9%), sat on a chair
to eliminate the impact of movement, and rested for 5 minutes with closed eyes. At this time, thermal comfort, heart
rate variability, heart rate, and forehead temperature were continuously measured. After that, blood pressure and pulse
rate were measured, and a subjective evaluation was conducted. As a result, spending time at an experimental site
showed a statistically significant decrease in the predicted mean vote and the percentage of dissatisfied values,
enhancement of parasympathetic nerve activity, decrease of forehead temperature, diastolic blood pressure, heart rate,
pulse rate, and improvement of personal thermal sensation (thermal sensation vote and comfort sensation vote). In
conclusion, it was found that a forest with high crown closure reduces thermal stress and induces physiological and
psychological relaxation.
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Table 1. Participant characteristics.

All Male Female
Parameter participants ~ participants  participants
(N=32) (N=15) (N=17)
Age 21.542.1 21.9+1.6 21.142.4
(years)
Height yoesetil 1777473 160.426.5
(cm)
Weight 64.8+11.5 73.549.8 57.146.0
(kg)
Body mass
index 22.542.9 23.242.1 21.8£3.4
(kg/m”)

Meanztstandard deviation
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Figure 1. (a) The location of the two experimental sites and photographs of the crown closure in
(b) experimental and (c) control sites.

Table 2. Location characteristics in experimental sites.

Date Experimental Cot}trol
site site
Altitude (m) 119 126
Aspect (°) 297 330
Slope degree (°) 15 5
Litter layer (cm) 3 1

2R 243 WA E Aol w2 FIgE et

7] o8 S Er} =2 A(EA 126°51'58.22", HO
36°40'00.90"; ofs} A AN} W= AF(F7 126°51'58.66",
59] 36°39'58.92"; o3} t xRS AR R A3t
A HFigure 1(a)]. 29 == Sigma EX DG -7 8 mm
] oftall=(1:3.5) Canon EOS 5D 7| 2}o] &-2}5}o]
293 A Gap Light Analyzer 21382 53 A&
SFATHAFA: 76.6%, ThZA]: 25.9%, Figure 1(b), 1(c)].

Table 3. Details of the experiment sites.

AR 2t

CESEREE

Aol 24 XS

113 m, A2 400 m)S A5}
stleh AR F2H70] 6 em

AP, wES0] FQA]=

vebton] S48k 9dek A E FiL2% 6 em

ol o] F 87WA, uL

64.8%= 7 =7 vehton, 945t 9gich
A

Table 39 =

et

EAS Table 2¢f Lhehyick
FHoE Y WYTNA:

A 9 BN A
opgel 4io] 5 447)
ZURTL 414%2 7P 24

u20] A/ oL}

1F Q9] Wi o eH BHRAL et

20224 8¢ 18U} 8¢ 22919] o]Eof AA A

3
AL U 24 R AR Figue 20f et

Wtttk & Aot= wdA ol A Akl(within-subject
experimental design)©.2 ZPE| R O™, A= HA] =42

Date 18 August 2022 22 August 2022
Weather Sunny Sunny
Location Experimental site Control site Experimental site Control site
Temperature (°C) 26.4+1.7 28.142.7 27.8+1.3 28.7+1.8
Wind speed (m/s) 0.2+0.3 0.3£0.4 0.1+0.3 0.4+0.5
Relative humidity (%RH) 71.5+6.7 68.8+9.7 76.0£6.1 75.2+6.7
Mean radiation temperature (°C) 27.3+3.0 40.7+13.9 28.5+1.9 39.7£13.5

Meanztstandard deviation
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Preparation about 15 min Experimental Control

site site

1. Explanation of study & fill out consent form T T

2. Wearing measurement device R Control -

(HRV, HR & forehead temperature) site site

e

]
R

. est BP & PR Subjective

Take a break with earplugs measurements )
& closed eyes evaluation

5 min 5 min 3 min 2 min

PMV, PPD, HRV, HR & forehead temperature measurements >

Figure 2. Experimental design.

BP(blood pressure); HR(heart rate); HRV(heart rate variability); PMV(predicted
mean vote); PPD(predicted percentage of dissatisfied); PR(pulse rate).
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Figure 3. The experimental scene.
(a) Experimental site. (b) Control site.
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Figure 4. Comparison of physical variables between
experimental site and control site.

(a) Comparison of air temperature during 5 min. N=31, mean+
standard deviation, **p<0.01 using the independent t-test.

(b) Comparison of mean radiation temperature during 5 min.
N=31, mean+standard deviation, **p<0.01 using the
independent t-test.

(c) Comparison of wind speed during 5 min. N=31, mean+
standard deviation, **p<0.01 using the independent t-test.

(d) Comparison of relative humidity during 5 min. N=31, mean
+standard deviation, **p<0.01 using the independent t-test.
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(A=E2AZL o5} 52) vs. Th2A): 27.8£2.1°C, p<0.01,
Figure 4(a)], BdEAFRE[A S A]: 27.1£1.7°C vs. HJZA:
35.847.2°C, p<0.01, Figure 4(b)], EZ[A &) 0.1:0.2m/s
vs. gIZA]: 0.3£0.3m/s, p<0.01, Figure 4(c)]°| F<J35}1A
Sk, s OJ5HA| QAT Al 74.546.3%RH
vs. T2 A]: 74.0£8.3%RH, p<0.01, Figure 4(d)].
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77.6+£2.6bpm, p<0.01, Figure 8(b)].
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WA A]: 113.242.4mmHg vs. TtHZA]: 114.6£2.1lmmHg,
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(a) Hot (+3) 1
Warm (+2)
Slightly warm (+1)

Neutral (0)
Slightly cool (-1) |
Cool (-2) 1

Cold (-3) -

0

PMV

-+ Experimental site
Control site

[ ® Experimental site
L @ Control site

1.2 3 4 5
Time (min)
Figure 5. Changes in the predicted mean vote (PMV) between
experimental site and control site.

(a) Changes in each 1 min average PMV over the 5 min
experiment. N=31, meantstandard deviation.

(b) Comparison of mean PMV during 5 min. N=31, mean=s
tandard deviation, **p<0.01 using the independent #-test.

(@) 100.0 (b)100.0
80.0 } 80.0
g 600 | 60.0
E 400 -~ Experimental site 40.0
Control site
200 m,T—I 20.0
0.0 - . . . g 0.0
0 1 2 3 4 5 Experimental Control
Time (min) site site

Figure 6. Changes in the predicted percentage of dissatisfied
(PPD) between experimental site and control site.
(a) Changes in each 1 min average PPD over the 5 min
experiment. N=31, mean+standard deviation.
(b) Comparison of mean PPD during 5 min. N=31,
meantstandard deviation, **p<0.01 using the independent
t-test.

(a) 800.00 (b) 800.00 *

600.00 600.00
% I
£ 400.00 400.00
£ 1 |
w 1
T

200.00 - Experimental site 200.00

Control site
0.00 0.00
0 1 2 3 4 5 Experimental Control
Time (min) site site

Figure 7. Changes in the high frequency (HF) values between
experimental site and control site.

(a) Changes in each 1 min average HF values over the 5 min
experiment. N=30, meantstandard error.

(b) Comparison of mean HF values during 5 min. N=30,
meantstandard error, *p<0.05 using the paired t-test
(one-sided).

vs. HJZA]: 69.5+1.5mmHg, p<0.01, Figure 9(b)]} Wuls=
[ A]: 74.3+2.2bpm vs. Y2 A]: 76.7+2.3bpm, p<0.01,
Figure 9(c)]7} +&JstA W3kt
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Control site

68.0

O‘O_I;/lllll'
o 1 2 3 4 5 °0

Heart rate (bpm)

; ] Experimental Control
Time (min) site site

Figure 8. Changes in the heart rate (HR) between
experimental site and control site.

(a) Changes in each 1 min average HR over the 5 min
experiment. N=30, meanztstandard error.

(b) Comparison of mean HR during 5 min. N=30, mean+
standard error, **p<0.01 using the paired t-test (one-sided).

(a) 1200 (b) 80.0 ok

e
©
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*
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SBP (mmHg)
Pulse rate (beats/min)

o
g
o

0.0 0.0 0.0
Experimental Control Experimental Control Experimental Control
site site site site site site
Figure 9. The average systolic blood pressure (SBP), diastolic
blood pressure (DBP) and pulse rate between experimental
site and control site.

(a) Comparison of mean SBP. N=31, meantstandard error

(b) Comparison of mean DBP. N=31, meantstandard error,
**p<0.01 using the paired r-test (one-sided).

(c) Comparison of mean pulse rate. N=31, meantstandard error,
**p<0.01 using the paired 7-test (one-sided).

(@ 360 (b) 36.0 *
355 | Cop [ 355
BO[ 1T 1 35.0
345

- Experimental site
340 Control site 34.0

O.OT + : : : ’ 0.0

0 ! 2 3 4 5 Experimental Control
Time (min) site site

Forehead temperature (°C)
w
~
(6]

Figure 10. Changes in the forehead temperature between
experimental site and control site.
(a) Changes in each 1 min average forehead temperature over
the 5 min experiment. N=30, meantstandard error.
(b) Comparison of mean forehead temperature during 5 min.
N=30, meantstandard error, *p<0.05 using the paired #-test
(one-sided).
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(a) Hot ok (b) Comfortable
Warm [
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Slightly warm uncomfortable

Neutral kel

Slightly cool [ g Experimental site
B Control site

Uncomfortable [ g Experimental site
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sensation vote

Figure 11. Comparison of thermal sensation vote (TSV)
and comfort sensation vote (CSV) scores between
experimental site and control site.

(a) Comparison of the personal sensations of “Thermal”. N=31,
meandtstandard error. **p<0.01 using the Wilcoxon
signed-rank test (one-sided).

(b) Comparison of the personal sensations of “Comfort”. N=31,
meantstandard error. **p<0.01 using the Wilcoxon
signed-rank test (one-sided).

3) A& A

Figure 109]] o]ubA]2 djo]g2] 52 F-¢ke] Higto] sy
A (@) 2F 15 1A 9] wstel (b) S A9 Batghs et
Holeh 7o) AYPEE s nF PR df2A]<} 1)
aste] ojupA] o] WA Lekd o w(Figure 10(a)], 52 3
 ofupAleE A™AATE folsHA HUTHATA®:
35.040.1°C vs. T)ZA]: 35.3+0.2°C, p<0.05, Figure 10(b)].

3. dalxiz &3 Z2nt

AA = daA R 29 edgo] §olstA] wore
[p<0.01, Figure 11(a)], %22 222 folskA orch

[p<0.01, Figure 11(b)].
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oA5A FHHAY Falo] 29 FEd W A el el wkgel vX= Fe 551
for ASHRAE-555 AM8-8Fo] Ee|4] 27 @ 40 2H2H b S R agrgol A o] A Al POl =S £AL
WA 1] PAE AHESS wf, PMV gLo] Ao 9l gk Axh, Al F7HE ZsdE T HE gho] #oJ8HA =
o 7FEAIZE B2 4 E BAEARE, 5, 71, A Al veh A Ao m Py E Itk Wl o] H3t A
FrO o= Ueth ol HFEARETF PMVo|| of At 7]20] 2 o5 H $EEH = =& 4HH
8 7Y ot & ¥goln o g $5, 712, A A FAE Fohe AL T e W A R Al
Fieehe Aol 2ot dXFHeHLim et al, 2013). Aoz f HEth= RS AlARIT
53], 5857 7P w2 B EAR R dARET Y AeRE 4 A, Tt 22 A EE A
$UAE 7HAH(Lee and Ryu, 2014), PMV o= 53t HETh 94 2d3to] FoJstA Weken, A #4
F/dE HQITHLim et al, 2013). whzhA, of 54 e ol FolstAl =t o)eh 22 At YT =2
2/ Al AT SEeE S AlFstr] flsliAe e SH} e oA o] FhA] 297 3 AT Bl
5 o] dALE Adet= Aol S8 Aolth gF A+ Aol A5k tHJeong and Park, 2016;

=aehd WAE B7F A A A, =Tt Kim et al., 2023). 0|24, SHZH =7} =2 Abg o4 9
EE AFROIA Y] 54 Al PMVe} PPD7L 5-0151HA] Wttt FAS A - AYA R HEE A o 4 ST
olgfdt At YEUE 9 SEEH =Tt w2 4HHo] 11 gh & AqtollA] A 22 PMV el Ao} =4
2] ke A ET 2dshy 34 /do] ok FolA Al 272 PPDO] Al Halst= Aoz veh, 4%
Y AH(Park et al,, 2015; Kim et al., 2019)9] A} U] A WA BE A9 A E5H Aot AA| Abgol] sid
gheh Park et al. (2015)2 20t F 159 o2 ¢ o =EEAE o de] vhgo] dAst= A &
HEE7} 80%, 120%%] ApERloA o] FAS F w9 T A3k
PMV % PPD Z1-& ARSE A3}, =7} 120%<1 At OGO R, SHZH LT =2 Aol Y FA2 249
T 80%Q1 A Ek PMVeL PPD7} WGtk 1 g ALY A AR - AR el S AA 9
BT EE Kim et al. (2019)2 2T =7] 0%, 50%, FE e AEE o Al mebA o5 ARl
100%%] st oA 282 WA AR A, Aol el FA Aol e =7 =2 AR Sk &
FHEHE7F 100%8] 42 ohE AP E T PMVEE PPD &5h= Zlo] o] A9 A T3 & WHE Alale] =
gho] Wekrhar vigich weba], of 53 Aol o] F LS = 5 U oz AgdHo a8y SHeH] A
A Al FREH T =2 AR W2 A ET 2d8 - AL st whet 2t Yo WAy sto] ke
o] A3t Ao R wWtET] e Bre7p deprinh weba] Ao wet defxls &

e A A 2, SHEH R 22 AR elA Y & a7 A 9L e - A2 v 8 E B avt 9l
Al Al Bl es X331 HF Zho] §-2)8HA =2 A 29l 298 MEAG 2 A - Al
o, Aubap, o]k Eek, Wuks, ojubAl 22 f-o5HA # Hhg-o] FEEThE, ZF Ade] 7 H A1 S 18
Sttt o]e} Ze Aits AU} o AR oA A st7) o Agket Abe 31k =Eo] 7Hed Aot E3,
2] W& AR At Anpet faEzog A5kl A Y] A R FxU U] os HARRE,
ChJoung et al., 2013; Yi et al., 2022; Kim et al., 2023). &S, & 5 B9 @z A0 EekRH, olof uef &
AAY] A Aol SAE Ao SEaH AR 7.38 de WA= |t} 5 o8 e =t
meORhE SHQ) FEL o ASS APgelo] o8 A R84S Lo} Paeli, HE/F S71CHKim et al,
oA 9] &5 Al W &5 O] S|ETtol| A o] A - 2019). ojuff =0 WEE F3o= FolA Hrbd =g
A4 wkg-o] Zpol 5 HF S THKIm et al,, 2023). 71 =S 550 B FHoR Qs Bt T
A}, YEUET) 22 A 22 ARl R Rugils T oBR, wed] SUEHEE Fol= Aol ofd
-5 A|3#Q] In(HF) gro] o8t =okor, =571 E¢ g LA L AlFote AEed R EHEE &)
} wubas7E G OJ5HA| Wttt AMYS Haskgich 2 = Ao] Tastth S ekt A4 S5 HolH
TolA= gtobA FAE HE wi(HARS: 1.0met) 2] Gk £ R SE e B4 S 219 IAES
= A5shlaL o= AyYAFe] Aol dA sk THEsh] St A7 B Ao AR upA|ute
SHE7F =2 AR T St ofyet FH & 2, TYT A 2ol = Q1A thARE(EE)
&5 ot Aol qlo] YA S T2t AHEE of whet 2dehd Aol b 4= Qlof ofof izt A
kel 4= SIStk E3H Joung et al. (2013) =59 W B Jasirh 2 ookt AR 2olA] GAF1 24
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