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Abstract

When situated in green landscapes, water bodies play a crucial role in positively influencing mood and mental health, yet
research on the cognitive mechanisms underlying these therapeutic effects is lacking. This study is intended to examine
differences in brain function among adult males exposed to forest landscapes with or without water bodies. The wooded
landscapes included views of a waterfall, a valley, and a forest without water. The control group was exposed to a local urban
landscape. Twelve adult males participated in a field experiment in which prefrontal cortex (PFC) activity was measured
using near-infrared spectroscopy (NIRS). In the experiment, participants engaged in low-intensity walking in three forested
areas with similar vegetation and climatic conditions. Participants showed significant differences in left PFC activity
depending on whether they were in the three forested landscapes or in the control landscape (P € 0.01). An analysis of
variance (ANOVA) confirmed that significantly lower left PFC activity was recorded in the wooded landscape containing a
water view . Notably, the lowest PFC values recorded in the landscape with a waterfall view suggest that landscapes with
dynamic water flow may be associated with greater therapeutic benefits in terms of PFC activity than static landscapes. Our
results underscore that water is a critical aspect of a landscape due to its therapeutic benefits and should be incorporated in
the planning and design of green spaces for health promotion.
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(Nasar1 et al., 2018; Xie et al., 2021; Zhang et al.,
2021).
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Fig. 1. Experiment sites.
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Fig. 2. Experiment Protocol. The order of experiment sites were visited was assigned randomly.
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Fig. 3. Overall mean left prefrontal cortex Oxy-Hb
concentrations. Data are expressed as means +
standard error; n = 12, *p < 0.01; paired t-test

(one-sided).
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Fig. 4. Comparison of left prefrontal cortex Oxy-Hb concentrations in four different landscapes. Data are expressed as means
+ standard error; n = 12, **p {0.01; One-way ANOVA followed by a post-hoc Duncan test.

Hwet o] o] Aot d|eh= A3 Z(Joung et al., 2EH AT} sjAHETE S B o] Al
2015; Lee, 2017; Kang et al., 2022), °1& 13& TE v|Fo] & wi(Pak et al., 2015; Hori et al.,
of &2 AFe] i =2] 0] theFet Aol 1zt 2017; Tian and Bae, 2020; Hsieh et al., 2023), &

o ¥ )% ePge ZAste] ARA AEAA Fao] AP AT EBme}l 2L AFHQ Bo] Holk 7]
A 9T v1F S 98-S AN 5 et B2 0] Y2191 2420 ] Aol A

ol vlsf ¥ 7% P& A AT & de= Al

3.2. Z2| L fZ 20| Rt 30| W2 L[EF S /\Po}t‘% 2] oA 79 F845 | )5 At
= T o Iarr+Tro =TT [=]
3 Qe ) g7lo] koA mlAE g g 2 T S AT,

2RIt o] ARE v e 2 =] & U ohef -
e 24 F A0 EA AETHH o™ =2 W 70l 422
x| 7]5 Aol n x| = Bt Tt AFH HEE 9|5
1] 5174 1 2ATH] STl 2 2e 2 ialo] 4] 7] B Ao NE 2] 843t W 7% ob Aolo] &
=A| 78 U T8 e 78S ot H 715

&2 B 13 P — e Zdo] 5] Y8l B3] 8 & F8 47
& 5y 2R A+ dat, 7o) 2R =4 B
To1o a4 oFo T i S Sote TS e E di HHFHA(PFC)
T 2¥R] 952 3of vl 5 PRC Eo] @A . s _
= - 7 W3S FA45to] £ { o OE A5 2t
o] #AAst= Zlog2 UeldtTree View: 0.283 + :

5
N
EN
>
ol
)

0.026uM; Valley View: 0.114 =+ 0.020uM;
Waterfall View: -0.132 + 0.022uM; p<0.01; Fig.
4). 53], Z&L H¥(Waterfall View)olAl 71 ©2
PFC ‘ﬂa ghgo] Ueht vlud A A FE
(Valley View)ell HIsl| 5231 70| 9] o|gof 7}
T 9FE " 4 &l ASEAKTable. 1).
ot A= =2 W 4 ]4 A @ AE e R
0 avssien 4
22E 20 =29 A

TA) g3l sl 2= PFC @RE=

I e

At e A =2E vlaek 2y,
]

LA 1% Ao 2 Uepth o= Add 2
=7 Ao] gy AEHA A 9=
ohzt ]‘347‘4 38 gt E3 AT 5

A ATe] Aute} thA| 2 Y2 FHChang et
, 2008; Lee et al., 2009). o]¢}t &7 2 Aol
= =2 7] 84 Ao ] FEol UV\]
kS Hr} A=A o2 ol§sly] _[45 =]

ol 5291590 T2 150 85 WS 2 o)

ol ku 1o pt
<l
)
N
N

B0 2 B do o 2 el DYl
r]rmsh_p

rE
o[o



6 AT -

Mo

=

Sol g - o) %y

Table 1. Overall mean left prefrontal cortex Oxy-Hb concentrations in the four types of landscape. Data are expressed a:

means * standard error; n = 12; One-way ANOVA

Environments Mean * SE (uMol) df F p-value
City view 0.410 + 0.011
Tree view 0.283 + 0.026 Between Group =3
Within Group = 1916 130.898 <01
Valley view 0.114 + 0.020 Total = 1919
Waterfall view -0.132 + 0.022
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