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Restorative effects of different forest environments in spring, summer, and autumn CHEN
Nuo, GONG Mengke, WU Jianping (School of Humanities and Social Sciences, Beijing Forestry
University, Beijing 100083, China)

Abstract:

[Background] It has been proved by many studies that forest environment has good restorative
effects. Some researchers have attempted to identify natural factors affecting restorativeness.
However, current studies have not focused on the effect of seasonal variation of forest
environments on its restorative strength.

[Objective] To evaluate the restorative effect changes of two types of forest environments
across different seasons.

[Methods] The experiments were conducted in April (spring), June (summer), and October
(autumn) of 2017. Forty subjects were recruited in spring, 18 in summer, and 20 in autumn. In
spring, the subjects were randomly assigned to a forest park in suburban area and one in semi-
pristine area in Beijing where each subject only experienced one kind of forest environment. In
summer and autumn, each subject experienced two kinds of forest environments. They spent
the first day in the suburban area forest park, and the second day in the semi-pristine area forest
park. First the subjects completed the Brief Profile of Mood States (BPOMS) and had their heart
rate been monitored for 10 min before test followed by a 30 min forest experience with

DOl 10.11836/JEOM21348

HBER
BRB(IARAZAHDEFR), E-mail:
lotus321321@126.com

HEEmA
b RHREE IR E (2171100001417009)

EE BT
FRIE(1996—) , 2, B4,

E-mail: af_chennuo@163.com

BEEE
REF, E-mail: wujianping0d5@foxmail.com

eI2EH BIREX
MzmHR TRk
IS BEH 2021-08-01
REAH 2021-11-11

XEHRS 2095-9982(2022)01-0010-07
FESES R12
XETER A

#hEr

www.jeom.org/article/cn/10.11836/JEOM21348

»5|F

MRk, 22, REF. & B R=FFEAHK
MIFRNE@EITE U] FIRSRULES,
2022,39(1): 10-16.

PRI R

www.jeom.org/article/cn/10.11836/JEOM21348

Funding
This study was funded.

Correspondence to
WU lianping, E-mail: wujianping05@foxmail.
com

Ethics approval Obtained
Competing interests None declared
Received 2021-08-01

Accepted 2021-11-11

Supplemental material
www.jeom.org/article/en/10.11836/JEOM21348

» To cite

CHEN Nuo, GONG Mengke, WU lJianping. Res-
torative effects of different forest environ-
ments in spring, summer, and autumn[J].
Journal of Environmental and Occupational
Medicine, 2022, 39(1): 10-16.

» Link to this article
www.jeom.org/article/en/10.11836/JEOM21348

wWww.jeom.org


https://doi.org/10.11836/JEOM21348
mailto:af_chennuo@163.com
mailto:af_chennuo@163.com
mailto:wujianping05@foxmail.com
www.jeom.org/article/cn/www.jeom.org/article/cn/10.11836/JEOM21348
www.jeom.org/article/cn/10.11836/JEOM21348
mailto:wujianping05@foxmail.com
mailto:wujianping05@foxmail.com
www.jeom.org/article/en/www.jeom.org/article/en/10.11836/JEOM21348
www.jeom.org/article/en/10.11836/JEOM21348
www.jeom.org

#4557 &% | Journal of Environmental and Occupational Medicine | 2022, 39(1) 11

sedentary sitting. At the end of each experience, the subjects completed the BPOMS again, and also the Restoration Environment Scale-
Chinese version. Objective physical environment indicators were monitored simultaneously during forest experience. The changes of
each indicator were analyzed before and after forest experience in selected three seasons.

In the objective physical environment indicators, the concentrations of anion in selected three seasons in the semi-pristine area
forest were higher than the values in the suburban development area forest; the concentration of anion in autumn was much higher
than those in the other two seasons. In the assessment of the Restorative Environment Scale, the total scores of restorativeness of the
semi-pristine area forest were generally higher than the scores in the suburban development area forest, but significant differences were
found only in spring and summer (P <0.001 in spring, P=0.022 in summer, and P=0.083 in autumn). In terms of physiological indicators,
the average heart rate was decreased, while short-term R-R interval standard deviation (SD1) and root mean square of difference of
successive intervals (RMSSD) were increased after the designed forest experience sessions in the three seasons, and there was statistical
difference between forest types. In terms of psychological indicators, a decrease in the score of total mood disorder was presented after
the experience session. In spring, there was a trend that the forest park in suburban development area had a better regulation effect on
total mood disorder (P=0.07). In summer and autumn, there was a trend that the semi-pristine area forest park had a better regulation

effect on total mood disorder (P=0.062 in summer and P=0.001 in autumn).

Generally, forest environments can improve the psychological and physiological indicators of human, and the improvement
varieswith froststypesandseasons. Therestorative effects of forestsin semi-pristine areasis betterthanthoseinsuburbandevelopmentarea.

forest type; restorative environment; season; heart rate variability; brief profile of mood states scale

RKERREZUMBEARFIR A MEAEIR, DI JA
MeeE s~ ERIRERY, EEER M ER.
Ulrich I tH“E TR/ LIRS, 35 B AR IR RE M T8
B _ EEMRESY, EINERY, Kaplan IRHE“FRIRE
B EmERR ", AN BRTIERER
M, JUFEANERFERFFEMEY, Hartig
EPYARE Kaplan BIBIR RS T RAFIEE R 2
" (Perceived Environmental Restorativeness) , L {1 =
MR E R, LFMRIEW, 28T a1 B AR IR
TR AT MA B O BB F A IR B R = R AR R g,
TREAY I E BT R3F 3~5d™ 0, HMEREE RN
BRAWIR. T ER—HETFHREMIFNEN B AT
% HEGEARERMP LN EL, TR ARKRME
WM, NES MEEY, —L33 IEARMN meta 3
WA, 5%8 T EMIPEABLL, HRAMIT IAXTHD
BRAES. EEBEY MR E Lo Park F' I A TN TR
MIFREH R R ERME G IR BB, R
IFMRIARREB M AN E EWERR, ERMP LT
MERAL B AR R R BT R %,

BRI B MIF RS AR R R E A, TR A
RIXEREIEMERMMRNBERARER, EEHR
Rt T HRMEBED B8P kTR SR
BEPIZRR, EPRRNR DX TR, FEEHAR
B, fREF(METERE. UMEHY, 8HE. £F
,INNE £ BEHEFEZHNBLERSMFIEES,
MEAMRWIE T LEHFMIMENERIRRY, HEX
NEEHMERYRALZINEBESZNENS, KHAR
ETERAETRRSFARLESFMIMEEEIIX R,

LIBETEIN 2017 F 4 B(H).6 B(E). 108
(R - RIBEREAE RHNIERLHM T =
T, TEMRB A I B A IR T I R sARH X B A
LR M AR, B R, EFREEXKIEHFMPIEE
TIERBEXX N UERBRARIPX, BHFALL. @
HREARFEEZHSRIBERIAE. AANIRE: (1)
W18 A% ; (2) B RBMEE2ES . HEFRIRA:
(1) AR AR FAIBER; (2) BORRS; (3) B™E
OFTFF I S AR, (4)EFmARHILES M EFiRiE K
2. BB RREEREERINE; (5) SIHRMIFE
IERD . PRE(ERIME) I B, ST RTS8, 78R
FKBEFINEMIFE; (6) BRFIMB. £EIBR. &
FREWIA 40 A, EFBEWIA 20 A, 1 BBER
WEREM 1 BLERAPIRBYH, REAN 18 Ao
MEBEHIR 20 Ao AR ERIEEMIU KFEAX
HERFEEROEBEFRCEZASMEGHES:
20170305) , FTEm RN R EEEZERIBERE .

HFEXABAIEIKIT, RIS REEV 72 B2 AR
& KEHZEM QRN+ RIEXIEFM ARG H TR,
SRFAR AR —FHMIFIE, E. MAEXARL
ML, SR BIAX IR R EHE TR, 55—
REPIBFF L KB M AR, 5 - REFRIBEKEHR
MARE. AT BEKIEF KA RIHRZM, TFER
IBXIEBRMARAILRI AT —BE, FINERLHNESF
[RIGBIABFTM A HHERI R TR,

www.jeom.org


www.jeom.org

12 #445-57238&% | Journal of Environmental and Occupational Medicine | 2022, 39(1)

& B, M=FLHIEFRTF—. FMELKHITT
AY {8 BB /M E & 3R ( Brief Profile of Mood States, BPOMS)
mE(FTUE) , WO (FIME) ; #17 30 min BYER
A5, WOER(FNE), ST BPOMS B]E (gl
B), FemPXiRERMEIFEER, EHITHRMEKIG
NED ENE YRR RSN, SLREWNE 1.

BASEIOM S, IR IRISREHITRIS EN (SR3F4R)

L ]

W5 10 min (EEEHR, T BPOMS [Al%E (RIFHTNE)

| |

ERAMATS 30 min - (FRARIEDR)

]

(4570 10 min DEIEAT, 5 BPOMS (% GHEENE) ; HE
PR RIS R

|

{FLEXSHIRIFIRIEARRO ST (SRIRLEER)

B 1l FMERLEREE
Figure 1 Flow chart of forest environment experience
experiment

1.3 EYIBIFEE

RARENIN(TES-1341, PFEZRMT) SHFIEF T
SERE. BEE. NERHFITNE, EAHFARE
TT(TES-1350R, A EZR 1) A THAAL IR SLI0H 22 B9
BEEKFEHITNE, B4 dB; WIFRRE. BE.
XE. EERMEE 5 min BN— R 3R, ERHEMKAK
SBEFMEX(DLY-5G, FE Kilter) METZS BT

RKASRIENEBLR AN ITEAKREFEER
#(comfort index of human body, CIHB): V¢,=(1.8t+
32) -0.55 (1-V,,/100) (1.8t—26) —3.2% Jvo HH:
t HRE(°C), Vi, NIEE (%), vIXE(ms™), CIHB
B9 51~60 BY, 79 51REK, LhREFIE; SEE 61~70,
NRERTIEFIE; SERE 71~75, ARRTRE, REFIE, 2K
EHF.
1.4 MRERMEITEN
1.4 BT RAMHMLIE FHIMD X hRE D
MIMEERTINIFEEDNE., ZERS NITBIFIE
ENMEFEERE BRI EMDIMBIRDL) K5 FF
BOMRRES ENMENBRIR, BB/ NMENEL
58%) . FEMEPRZTREE XEK, 1L MEKRG
X NMER— 1B ARNEML)3 MEE, £ 22 M
BOREEE ST, RS MFRLEE 2T, FFLE
5IN), REAFRFELRER, B MENEEMN T

A EZTLFE"PITEEN 1~7 7. BHHEE, %
HEENMEEMRZ BT, FIREAMNED R 3 NH
EBSNEMN, 2odE, R M ZIFRE Y
HNENENHES. S2FRMN 3 MIEFRM Cronbach’s o
FE9 0.769~0.9360 #iX1#H1T 30 min HMAELK [FIE
ERXhRERMIFIEER,
1.4.2 HEERIE  EROZE(NER(team2, 25= Polar)
M2 VR T F % (heart rate variability, HRV) o HRV 2
2Bk B I E RAINEERVIEAT, ANFA R HIEEY R-R 6]
HARYATEEZ(SDNN) « BB R-R [BIHAARAEZE(SDL). K
BY R-R [B)HAtREZ(SD2) AR AE 4B R-R [B)HE 2 Z AT
FIR{E(RMSSD) A9 HRV BN 3EHFR. HRV FUZ s
FRHH, SDNN ) B E IR R 52 BIEREE S, sp1 iF
MBI AR KSR, sD2 I B EHAR RS AW
5K 177K, RMSSDITAN Bl 2 Rk A 42 J1 7K T
143 DIEEIE RARMECEITH BPOMS
MEMEROE. IBENBERRE ZERD AN
HE, PRIREK . ER(AIEF (A EIW).
R ZRANHNER(C+D) , HHAPLEE v HIEM R, HRITH
MR, 2R 30 NMIE(T 4E 4 T, A 4E 5 11,
FAERE 5 I,V 4R 6 I, C+D 4EE 10 1), 1M MBE R
— MERBEMOMENERIRE, RAELAER, 81
MEMNEZEMN —tER"EIFEB" D5 TEEN
0~4 3. BREEFHHE, RNZFLEMERT TMD
(BREEFRI) RTBEHEOE, A5 METERS
Es Vo= Vet Vat Vet Vet Vp-Vio TMD D ES, TR 2
TR tIBEREEHS, Z2RSZMEER Cronbach’s o
Z307E 0.705~0.890 Z [8)o
1.5 FHitERHh

£/ SPSS 25.0 HITHRIT 7D WEMNIEIFIE.
IR S MR R A S #in E EH TR
iR, X% HRV #8 #x. BPOMS 5 #5 K F§ Wilcoxon i &
HARIHITHENER K, MHMZBNIFIES
RMRESRAEENE. MHEXA T FEILIIZ
it At XBAARENGKR AN FEEXRRANIE
I 18]3% it, TE L R AR M B Y & F B K A Mann-
Whitney U #0530 ; B K EXBANEWIXMIZIT, 7
Eb 3% 78 %t 8] B9 & 5= BY SRA Wilcoxon i S # Ml 16
1%, K237k a=0.05,

2 4
21 HARMNZREXRFER
EFWAFLEXEBZMLEL 20 A, AL,

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(1) 13

FIFER(22.7521.15) &, FUSEE 20~26 ¥ ; FIR
MXIEAHAMARLE 20 A, L E, FHYER
(22.7542.27) %, FEHESEHE 19~28 ¥, EEHWI 18 A,
FIFNR(23.7241.84) %, FHSEE 20~28 %, HH B
45 Ao FAERIA 20 A, FIIEFEHR(22.8542.41) %, F
8SEE 19~28 5, HFEM 8 Ao
2.2 EWMYIRIFIR
HMIMRAE SAE TS RETE, &H. ERER
HMIFEN AN EEFEE IR NIER, AEAKETE
EIEHER K. EMHTEFREETESERS, A6
=0 H, FFRIEKIEFM AR E S/ NFHIBF A

KHMAE FMIFIRPABFHREEE SR
] MERE;, FREKEGMAETE. BE. U=F
HN=SABFRES TP LXK EHFMAE. I
x Lo

2.3 MBS AY

231 RSN FREKEFMAERNIMES A%
B RASTRAALZXKIEFEMAE, & BERZE, W
HAMREZENERE TS ERERITERXN(ESE
P=0.000, EZ P=0.022) ; MERBMIMENELMF
D EMF R\ XBHRMLE S T RRBF & X IR
NEBIFEFE(P=0.083), WK 2,

® 1 WHHMIME=NFETINE IR IEIRIIEL

Table 1 Objective physical environment indicators between two forests in three seasons

=N i N mE/C /% U/ (m-s™) ANEEREETEE RFE/dB ERAEF/m
Season IR Environment type) Temperature/°C  Humidity/%  Wind speed/(m's)  Comfort index of human body ~ Noise/dB Air anion/m™
& Z(Spring) B7%(Aosen) 19.85 20.65 0.20 62.25 50.65 365.00
#ALL(Songshan) 19.31 11.55 0.34 60.60 42.65 459.00
B Z(Summer) BaZX(Aosen) 22.75 77.10 0.16 69.80 63.05 1804.50
#ALL(Songshan) 23.35 61.55 0.33 68.15 45.95 5275.00
A ZE(Autumn) B#%(Aosen) 17.85 71.85 0.28 61.55 48.55 3145.00
#ALLI(Songshan) 8.70 80.60 0.19 47.50 40.33 27430.50
[F | RBARMIPF & KR, IR LARRF R IR,
[Note] Aosen stands for suburban development area forest, Songshan stands for semi-pristine area forest.
R2 BMHHEMIFE=AFHHIFREARES (x+5)
Table 2 Environmental restoration assessment score between two forests in three seasons (x £ s)
ZET(Season) FRMZEBY (Forest type) n J7L B (Distance) % 5|03 (Attraction and compatibility) & (Richness) 293 (Total) P
& Z(Spring) Ba7%(Aosen) 20 24.10£6.31 56.55+11.67 14.10+4.08 94.75+15.63 <0.001
#ALL(Songshan) 20 28.20+4.78 68.50+13.33 22.60+4.64 119.3016.65
B Z(Summer) BaZ%(Aosen) 18 27.5044.15 59.78+10.29 27.173.93 114.44+13.55 0.022
#ALL(Songshan) 18 29.56+4.40 67.28+9.54 27.94+4.50 124.78+13.70
A ZE(Autumn) B27%(Aosen) 20 25.50+2.76 60.60+14.64 25.20%5.43 111.30£19.75 0.083
#ALLI(Songshan) 20 26.95+4.98 66.10+10.86 26.95%5.59 120.00+17.63

CEIFRERMNEDNES. |REIMNFRD. TE 3 MENSH. RAMKRWMIBHLEKIFEBHM, MILARF BRI,

[Note] The total score of restorative environments was the sum of richness, attraction and compatibility, and distance. Aosen stands for suburban

development area forest, Songshan stands for semi-pristine area forest.
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[Note] The change of HRV was the post-test value of selected HRV

RMSSD

indicators minus the pre-test value. The average heart rate was
measured in beats:-min™, and SDNN, SD1, SD2, and RMSSD in ms.
#: 0.05<P<0.1; *: P<0.05; **: P<0.01. Aosen stands for
suburban development area forest, and Songshan stands for semi-
pristine area forest.
2 DEEFUEGE=ANFTREMEMIFRPLLELLR
Figure 2 Comparison of changes in HRV indicators between two

forests in three seasons
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[Note] #: 0.05<P<0.1; *: P<0.05; **: P<0.01. Aosen stands for
suburban development area forest, and Songshan stands for semi-
pristine area forest. T: Tension; A: Angry; F: Fatigue; V: Vitality;
C+D: Confusion and depression; TMD: Total mood disorder.
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Figure 3 The scores of BPOMS in two forests in spring (A),
summer (B), and autumn (C)
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