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ABSTRACT

This study analyzes the physiological healing effects on users according to forest types. Forest types are classified
into Chammaecyparis obtusa, Quercus serrata and Pinus densiflora and the subjects of this study, 64 hypertensives, 59 diabetics
and 59 ordinary people, were tested to observe their physiological effects. The index of physiological reaction comprises
electroencephalogram(EEG), heart rate variability(HRV), blood pressure and cortisol level.

An analysis of the stress-buffering effect from the physiological reactions of the overall subjects indicates that Quercus
serrata forests have a higher stress-buffering effect than others in terms of central nervous, endocrine and autonomic nervous
systems. Chamaecyparis obtusa forests are contributory to soothing stress in the central nervous and endocrine systems.
Pinus densiflora forests contribute in some indexes of the endocrine and autonomic nervous systems. In contrast, Pinus
densiflora forests are less influential on a stress-buffering effect than the other two. In the level of the effect for lowering
blood pressure, Chamaecyparis obtusa and Quercus serrata forests are more effective than Pinus densiflora forests. Therefore,
staying in the first two forests can heighten the healing effect of the lowering of blood pressure for hypertensive patients.
Every forest is efficacious to lowering diabetic blood glucose levels. Spending time in Quercus serrata forests is more

effective for hypoglycemic.
Key Words: Forest Therapy, Stress Bufiering Effect, Antilypertensive Efiect, Hypoglycemic Effect
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1. ME AFRA Ol thEk Fldo] AR, FAle] SThE 7] ol
B A &5 58 7473 #be 1S Ay} s A7
Al SAISElA whE 3T AEd G uHRe 7b o] F4A gtk 2710 AlEld ARE &4t &9 X
2 927} FAH I, Aalo] A7 ik e 3 EH<l 9 35aAE AFstee A Ao, A4 W
TASAL Be 095 Aud 21, A% 52 WA S5 34T F de Ve wey A AEA g &8
OFe 2EGAE FEeL Atk ABe 2B A A slo] 9] AFEAE AH R AFstEE A7 W=
g Bojo] o]2E 4 Stk Iy 2Edg 2t AetA I ek @A7EA Y At &l tiek A A - AR A Helel
713 AAA SR Bt A5 Yo7, AEAEA e A7 AP o, &0 FF F o] &A EAJo w2
A=Al 1AL 2yt AAA - AR A Fol} Ao 9 &9 E4o #H3t A7 wzlst Hork
Qlo] =71% gk McKenzie-Mohr ef al, 1995). e & At €9 FF ol8A S BRE 5 @
A= uhlE Wl tgk X 29t WS oR|sts <A AT Fat A g £ A AfrEdE A3
gto] F5 o|FoithA &l o3k B v odsta, A% OF e A HHOE S
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ARSIA HA B oehA P Qof ol Tkt tiAlelst 3 A o}, AF RSl - Fokl 3 WEA A FH ), AR 5
AXfr Z2I0] Al Ao A5} AF&Fel F45L ] qeFst 8 AE G8ate] QA9 WY E S Fol, 17
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AT} A7 HE ]TorE—:‘ﬁ)ﬂ 3t A (Ulrich, 1979: Hartig ef L )2 o]L3le] Q7ke] AL AZEHA BEOFE 2
al, 1991: Hartig ef al, 1996) & <1&4 &7l vl A4 Wl gk e R A 01 &1L A tH(Korea Forest Service, 2008).
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Forum, 2006: 23). %3 2005135
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Table 1. Characteristics of study sites
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A3y AF(Morita ef al, 2007;: Forest Therapy Forum, 2006:
Song ef al, 2009: Park, 2010: Kim ef al, 2012: Lee, 2012)E

Division Chamaecyparis obtusa forest Quercus serrata forest Pinus densiflora forest
Location Geonjisan, Jeonjusi Geonjisan, Jeonjusi Namwon recreational forest
Elevation 63m 62m 380m
Aspect North Northwest Northwest
Crown density 85% 80% 70%
Area 3,600m’ 4,000m’? 4,000m’?
Range of Slope 87% 11.6% 12.5%
visual impact
Visual structure Eye level Low angle High angle
Three layer Chamaecyparis obtusa Quercus serrata, Quercus acutissima Pinus densiflora
Symplocos chinensis for, pilosa,
Pourthiaea villosa (Thunb.) Decne, Zanthoxylum schinifolium,
Shrub layer -

Major
vegetation

Lespedeza bicolor Sorbus alnifolia

Lespedeza bicolor

(Siebold & Zucc.) K.

Herbaceous layer

Disporum smulacinum,

Smilax china L., Carex lanceolat,

Oplismenus undulatifolius, Smilax china
L., Sanguisorba officinalis L., Kalimeris

Athyrium pyenosorum Fotentilla freyniana yomena Kitam, Carex hurmilis var. nana
Ohwi, Indigofera kinlows’ Maxim, ex Palib,
Table 2. Characteristics of subject
_ Gender Duration of Mean dosage
Division Age .
Male Female Total llness(year) (T/1 day)
) , Hypertensive 7 15 22 71.346.1 9.3+6.2 0.9+0.2
H””Sfo‘:ztﬂﬂm Diabetic 10 9 19 71358 10848 15407
Ordinary people 4 15 19 58.2+14.4
Hypertensive 7 13 20 725x4.2 8161 1.1205
Q””?gfesfm"’ Diabetic 7 13 2 70358 123481 17409
Ordinary people 4 17 21 59.8+14.7
. Hypertensive 9 13 22 749+4.0 12.5£10.6 1104
Chamaccypars Diabetic 8 11 19 45477 142494 14405
obtusa forest
Ordinary people 6 13 19 63.9+18.4
62 119 181
Total (343) (6.7) (100) 68.611.8 11.2+82 1.320.6
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Table 3. Using indexes

Classification Index Indicator
Central nervous system EGG RA(Relative Alpha Power), RSA(Relative Slow Alpha)
RV nHF (normalized High Frequency), TP(Total Power), SDNN(Standard Deviation of Normal to

Autonomic nervous

Normal R-R intervals)

Physiological

system Blood pressure

Systolic blood pressure, Diastolic blood pressure

Pulse Pulse rate

Endocrine system Cortisol Salivary cortisol

wEoR Aeld el AXE FRAAA, AN, W
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7t e APAE] NS 24 J A3, ek RA)= 9
Wb, e A8 50% oldel il
Hrprgol Mt 23 9= At 23 gle A Abolo] Kk
o frel 43l Aol 7t At Al = ek (RSA) =
e e A8 50% oldel ke en, Huju
T3 2T &3 e Jad 53 g A Al
of FAA Fegel A HAUREI} SFPTFEA o]
¢ 3PS deiie dueiet B9 debab) Sobske
@A) HE7F gof 7 2olX 9] Afe 2EHL g8t
7b e AeE BAHA

Aol o] skl glojx Fagilge] EskE drdet
 nHFE deure, S3ure, e A3 50% ©]
Aol ghstasl lglom, BE &olA 23 e e
a3 gl A Afelel SAHE Fold 2ol7t Sl A
AL A sEe AWk TP 2EdS AR
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o, 53t gle At a3 e AT Afolel BE gl B4

r\:l
_IU:’,
D

First measured in the forest inside

Measured in the forest outside )
(After 20 minutes)

EGG, HRV,
Blood pressure, Pulse

EGG, HRV, Blood pressure, Pulse,
Saliva, Blood glucose

Second measured in the forest inside

Third measured in the forest inside

(After 90 minutes) (After 3 hours)

EGG. HRV, Blood pressure, Pulse,
Saliva, Blood glucose

EGG, HRV, Blood pressure, Pulse,
Saliva, Blood glucose

Figure 1. Experimental procedure
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HOFE frofgh atel7h AT oI UE W%, 3 Fo| Zhaste] AEH AT} ghsbE = Rt e oM, Ak
W&, AuRgoA gdzte] 50% ol dellM o] s17d3t% oA € AF Foll 2EH A A8tz iyt Ao 23 gle
om, E3hpreddlAnt SAH ool vEbgTh Huur [kt 23 ol Jbzt 594 2ol ATH Table 4 3x
<, Ehre, AHredA 93] 50% oldelA] Htol T3z AAl tiste] & AF A-F9] AxE Fdgs &
Aasigon, AuUREs 2Reels EAMOE o A A ¥s RAS RSAE BUURET S3TL0A
Stk Bk/utel SR WaRE BhE AUF ARE T A dosiel 1 Iuab) S1elT, 2k
Lo M9 AF7E ZEH A dstol] 7] 4 Qlokal #AE AAME st Juvbret Sihre > 2EY S detast
& AE AF Fo] Wsles 71T R FEE BHF o 7b e AR FAEAG HstE e Wkrt 2 HiuH-
2EG A AstR o] ek A HMEE A3 23 FEHE 3 ShredA gstade] Ak #gon 53, 9y
Hlge] Wt ST, avredA FEAke] 50% e gdelade] vive Y, gelgde] et =4 U
ojifol Zradtlon, Huhvred ST &3 Jle 237423
et £3 Qs AR Aolol frelgol vebite AuurE Auplo] AEel nHFE RuL&olA A & gas
3 el AR Eg 2o thAdhs FEES TH] o EFUREH 2uFedA AR F Fuige] &
Table 4. Frequency analysis of stress relaxation effect
Effect No effect
. . 2
Index Forest Frequency % Arssjllﬁzj Frequency % ?:SJ;SE X FPvalue
A 39 65 1.65 21 35 —-1.65 54 0.02
RA B 36 59.02 052 2 4098 -052 1.984 0.159
C 27 45 -217 33 55 217 0.66 0439
BGG A 38 63.33 1.33 22 36.67 -133 4.267 0,039
RSA B 38 62.3 115 23 377 -115 3689 005
C 26 4333 -249 34 56.67 249 1.067 0,302
A 29 50 016 29 50 -016 0 1
nHF B 28 459 -063 33 541 063 041 0522
C 30 5172 048 28 4828 -048 0.069 0.793
A 24 4138 -165 3 5862 1.65 1.724 0.189
HRV TP B 38 62.3 2.32 23 317 -232 3,689 0.05
C 27 4655 -0.69 31 5345 0.69 0276 0,599
A 2 4655 -165 31 5345 1.65 0276 0,599
SDNN B 44 7213 325 17 2187 -3.25 11.951 0.001
C 27 4655 -1.65 31 5345 1.65 0.276 0599
A 49 81.67 1.01 1 1833 -1.01 24.067 0,000
Systalic
blood pressue B 45 7377 -0.79 16 2623 0.79 13787 0,000
Blood C 45 7627 -021 14 2373 021 16288 0,000
pressure o A 33 55 -0.86 27 45 0.86 06 0439
. OOD‘da;E(:;;re B 41 6721 152 20 2.79 -152 723 0007
C 33 55.93 -0.67 26 44.07 0.67 0.831 0.362
A 45 7 1.78 15 25 -1.78 15 0.000
Pulse B 42 68.85 0.56 19 3115 -056 8.672 0.003
C 32 54.24 -235 2 4576 2.35 0424 0515
A 38 63.33 0.07 22 36.67 -007 4.267 0,039
Cortisol B 42 68.85 117 19 3L.15 -117 8.672 0.003
C 34 56.67 -1.24 26 4333 1.24 1.067 0.302

Note: A-Chamaecyparis obtusa forest, B-Quercus serrata forest, C-Finus densiflora forest
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3t ghol S7hstsl ot e oM 34 23 5A4 #Fo14 A & grslon, A4 fFad2 fIslth SDNNE £3%
< ST Lee(2012) 9] AollME Fuild 4 =7F <A WA ARE & AR olF AEd A dstayte] A e
7t ol S7kke A%e BAou SAHLE fosAE & 7F S7rek e, esta e WETt 52 oM & AF &
AT}, nHFel| ©)g ehshas) Hleo) zol7t QId E3hvr< 9 B} ARk FRibE A & 5 Atk

AN ¢ AfF A-F] dsta s Frd e Zfol7} gisich TP FEIEYE dred STEdM AT 5 dast
T3 Wb e AR F Aaskial e & Aqom, FARAS F & BF AR frolskilth v
Wrgdde AR F S7keiith Ehredt aureolA £ AT Fole F7ReH, $A4 oS it By
= A7 F AeARAL AA4 Yol FEe BE T3 SHredA #7180 gaste] AF F AE
sl 274 A3 BAH Fd2 A g2 ehstasrt slle

T

0 E3res gsste NEd 9 2 AR} SPTEN GRS bt 99l o]
SSEAS EE Aol/h Golrh SONNS HMURES A WIRYS AMIREANE AF T gasgod), 3y
FE ALY, SRS AT T ANAL, £HF &% 2REINE AF F ST ZE S04 BA4
A% ¥ & BF SAROE folyel vekith kel RS 9Tk £571893 el o) Bl HE FUA

Table 5. Mean variation analysis of before and after the stay in forest

Index Forest Before After Variation ; Pvalie
Mean SD. Mean SD. Mean S.D.
A 0.251 0.128 0.285 0.145 0.034 0.119 2.139 0.037
RA B 0.254 0.126 0.304 0.155 0.05 0.135 2.847 0.006
C 0.235 0.108 0232 0114 -0.003 0.086 -0.25 0.803
BGG A 0.182 0.12 0214 0.137 0.032 0.114 2.088 0,041
RSA B 0.188 0.119 0.231 0.147 0.043 0.132 2523 0.014
C 0172 0.095 0.17 0.107 -0.002 0.07 -0.252 0.802
A 0515 0.234 0.508 0218 -0.007 0.25 -0.224 0.824
nHF B 05 0.218 0.506 0.196 0.006 0.227 0.183 0.852
C 0519 0.196 0.542 0.207 0,023 0.292 0.619 0.539
A 7881 18.339 3612 3984 —4.269 18.283 -1.778 0.081
HRV TP B 4.967 8288 6.431 11.362 1.464 1727 0.848 04
C 4.022 4,928 5602 8807 158 9816 1.225 0.225
A 28.643 19.147 25,628 11.018 -3015 17332 -1.32%5 0.19
SDNN B 27.033 17.844 34314 24425 7281 25529 2.228 0.03
C 21777 20983 26.296 17511 -1481 26.771 -0421 0.675
_ A 130.08 1515 1265 19.61 -3.58 11.73 -2.367 0.021
bloo?iy?iiure B 129.07 176 1249 1717 417 10.29 -3.159 0.002
Blood C 131.14 186 13217 16.66 1.03 9.66 0.822 0414
pressure o A 7082 892 70.32 884 -05 709 -0.546 0.587
bloia;tr(izure B 70.69 8.69 71.28 9.07 0.59 702 0.657 0514
C 7061 10.66 7232 9.65 1N 768 1713 0.092
A 7037 983 65.7 944 —-467 765 -4723 0
Pulse B 7131 1022 67.16 879 -415 6.66 -4.867 0
C 71.86 1033 67.56 9.25 -43 754 -4.38 0
A 207.02 11392 178,56 101.92 -28.46 99977 2.163 0.034
Cortisol B 23873 107.99 200.02 85.85 -38.71 83.574 3587 0,001
C 214.76 136.66 182.83 128.09 -3193 98.303 2494 0.016

Note: A-Chamaecyparis obtusa forest, B-Quercus serrata forest, C-Finus densiflora forest
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Table 6. Kruskal-Wallis test for physiological effect of forest healing

om, FAH T F2I515H Table

H|A| SH A
ERStT

2EH A g3tade] 7t ¢ Aol Aol Lot 7] $lste]
W-FEY U A4S A8 Hotel A RA, RSA #4172
I duured aure, Shres aure Aol §
AHLR Folgh o7} At avbreite ST
P M 2B 2 Satadrt w00, SuTedt |
e 2EGA gsto] Zort gle 2SR FAHI.
Aeidol £4243 TP dure ST A4
S 2 o7 Aot AeH, S0l 2EH L 3l
I} Eodkth AEY A AL SDNNS #Huhvprest £
Fre SHred auFe Aloldl SAdcE fog
A7k gglew, Aoy Aure Rt S3hred
A Z2Ed 2o tid AR o] 2 A2 24T €Y
of Ao REHX dstadd ¢ FFE Aole jlou
duto] glojM = E3r-ze] Aubrel Hlgl ol¢k % A
Jefol EaA ol BAHCRE folgk Apol7t ek FEISE
& THEE A4 oS ItHTable 7 #x). T94
Z AFe 2EHS g8tastel o S3hre 3
et 2 Zol7h e, Jiid ez S
HuHrgel vlste] 37F AL Holrk

= T ge] 2EH A gstadt

L

i

L
L

2 o

e

Index - Mean ranks - - X p-value
Chamaecyparis obtusa forest|  Quercus serrata forest Pinus densiflora forest
G RA 98.73 98.52 75.62 7.74 .021
RSA 99.05 98.20 75.63 773 .021
nHF 86.28 87.15 93.67 0.73 696
HRV TP 78.19 101.74 86.41 6.50 .039
SDNN 79.84 104.56 81.79 8.62 013
Blood Systolic blood pressure 8748 90.46 9361 041 814
pressure | Diastolichlood pressure 91.82 86.95 93.25 0.55 758
Pulse 86.23 81.14 104.52 6.69 .035
Cortisol 9317 85.20 94.73 116 561
8 F=RxSEIX| H| 43H 55(2015 10%)
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Table 7. Mann-Whitney U test for physiological effect of forest healing

Sum of ranks
Index Chamaecyparis | Quercus serrata | Pinus densiffora | Mann-Whitney U| ~ Wilcoxon W Z Prvalue
obtusa forest forest forest

3,674 3,707 1816 3,707 -0.073 942

RA 4,080 3,180 1,350 3,180 -2.362 018

4,194 3,187 1,357 3,187 —-2452 014

3679 3,702 1811 3,702 -0.098 922

EGG RSA 4,904 3,166 1,336 3,166 -2435 015

4,179 3,202 1,372 3,202 -2.374 018

3581 3,800 1,751 3581 -0410 682

RAHB 4,249 3,011 1,181 3,011 -3.249 .001

4,407 3,202 1,144 2,974 -3.556 .000

3468 3672 1,757 3468 -0.064 949

nHF 3.247 3,539 1,536 3,247 -0.806 420

3535 3,605 1.644 3535 -0.665 506

3,006 4134 1,29 3,006 -2.520 012

HRV TP 3,240 3546 1,529 3,240 -0.845 398

3,963 3177 1,466 3177 -1611 107

2,991 4,149 1,280 2,991 -2.600 .009

SDNN 3,351 3435 1,640 3,351 -0.232 817

4,120 3,020 1,309 3,020 —-2.446 014

3,604 3,776 17745 3,604.5 -0.288 773

Systolic 3474 3,665 16445 34745 -0.668 504

Blood 36325 36275 17415 36325 -0.305 760

pressure 3,768 3613 17135 3.604.5 -0.605 545

Diastolic 3,562 3577 17325 3,562.5 -0.200 842

3,566 3.694 1675 3,566 -0.655 513

3,768 3613 1722 3613 -0.562 574

Pulse 3,236 3,904 1.406 3,236 -1.942 052

3,327.5 4,032.5 1,336.5 3,227.5 -2439 015

3819 3,562 1671 3,562 -0.824 A10

Cortisol 3,601 3,659 1M 3,601 -0.152 879

3526 3,855 1635 3526 -1.011 312
2. HY X[ant 2 TEY BAe] G AAEAE & AR A T2 e
F27189e BANTE3 BIUREAN AT T a5
) 28 o, EFPrEANT FAE FAL0E feldgn
TE]E gate] o Aetadt Sl Hdae) NEE <9 aFedAe AR F S7kRIY ST < A
ol wet B4 2 dAure SUTE Sl ol e 2 Aste] A3t dsinh olehr 8t Ay
A FE718% At 23t slsler, a3t e Hddt B 3 Ehre R AR F dasilen, 7 ¢ BF A
3 (e A Aol FAA felAdel sllTh &, EE <olA O FofshAl AYTE AprEE AR F SR H, T
geto] Aaske A Ao 238 FFT F Ak ole] AR freAdeol YeRETH Table 9 #3). Tu 2uF-&olA
ool A st Wb, St a3t vebd AF olF Fgto] F7tERE AbreS Aok st 44
A, vl A 23] Hlgo] vl e oH, BE & P T BT Qdrh oA TEY S Uy
A 23 ol A 23 gl A Aleldl FAA fre e O7 ¢ Af ZEIY i d Wizt E4 23 7
A Table 8 ). 5719903 ol BE ¢ A% T2 olF Bany

SRRAEEIX| M| 433 55(20154 10%) 9



Journal of the Korean Institute of Landscape Architecture 171

oz

T
o
:

Table 8. Frequency analysis of antihypertensive effect on forest types

Effect No effect
Index Forest Adjusted Adjusted X Pvalue
0, 0,
Frequency % residual Frequency % residual
A 6 213 038 16 727 -08 4,515 033
Systolic p B .
Blood pressure B 4 20 0.2 16 80.0 0.2 7.200 .007
Blood C 4 182 -05 18 818 0.5 8.909 .003
pressure A 9 409 -03 13 59.1 03 0.727 3
Diastolic e -
Blood pressure B 6 30.0 15 14 700 15 3.200 074
C 13 59.1 18 9 409 -18 0.727 39
Note: A-Chamaecyparis obtusa forest, B-Quercus serrata forest, C-FPinus densiflora forest
Table 9. Mean variation analysis of antihypertensive effect on forest types
Before After Variation
Index Forest t FPrvalue
Mean SD. Mean SD. Mean SD.
A A 13545 1312 134.14 2157 -131 1521 -0.407 688
Systolic B 136.25 1755 128,05 14.37 -8.20 913 -4015 001
blood pressure
C 133.86 1961 134.86 16,51 1.00 2.25 0.444 0662
A 71.09 854 6891 9.56 -2.18 897 -1.140 267
Diastolic .
B 70.70 794 69.90 774 -0.80 702 -0.510 616
blood pressure
C 69.95 9.96 7391 6.35 396 893 2.074 .050
Note: A-Chamaecyparis obtusa forest, B-Quercus serrata forest, C-Pinus densiflora forest
ouh $AH folo) U B Sung ef al129) @ B ol BE SHURE, WARE 2RE
A} k5 02 73 A3k gonk $AH FHE UehiA ol
5 -

pud

ol g W7AYE

= o
A 2 RS 38

]

Fo & AR 2] wsle) 2 gae wA
el T
At B2 o

oA op7]EH,

e A P

of Eete] Msjol lojM vAAE R Z} ] 7k Ueh, SAA S

2 $94e YA e Aoz dekEd, %) T
T8 DAl B 7 6}34011 S9 FRbUAE 9B FY A% Db 9k 9 BR) NES & 2R
sotelr) Slele] ARA-Be s AL AN Ak 457 B4R A%, BuEE SRTE 20FE BE 99
Table 10. Kruskal-Wallis test for antihypertensive effect on forest types
Mean rank )
Index X FPvalue
Chamaecyparis obtusa forest|  Quercus serrata forest Pinus densiflora forest
Blood Systolic blood pressure 33.50 29.60 34.14 0.720 698
pressure | Diastolic blood pressure 30.09 2850 38.55 3621 164
Table 11. Frequency analysis of hypoglycemic effect on forest types
Effect No effect
Index Forest ; ; X FPrvalue
Frequency % Ad].usted Frequency % AdJ.USth
residual residual
Chamaecyparis obtusa forest 3 15.79 -043 84.21 043 8.895 .003
g]lglioczge Quercus serrata forest 3 15.00 —-0.56 85.00 0.56 9.800 .002
Pinus densiflora forest 5 26.32 1.00 7368 -1.00 4.263 .039
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Table 12. Mean variation analysis of hypoglycemic effect on forest types

Before After Variation
Forest t FPrvalue
Mean SD. Mean SD. Mean SD.
Chamaecyparis obtusa forest 213.26 82.84 180.95 81.03 -3231 32951 -4.275 000
Quercus serrata forest 21175 89.54 17450 1759 -3725 37.463 —4.447 000
Pinus aensiflora forest 178.84 70.20 154.68 62.96 —24.16 36.162 -2912 009

Table 13. Kruskal-Wallis test for hypoglycemic effect on forest types

Mean rank 5
Index - - - X Prvalue
Chamaecyparis obtusa forest Quercus serrata forest Pinus densiflora forest
Blood glucose 30.24 2575 32171 1.710 425

sh2xZs(X| H| 43H 55 (20154 10%) 11
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