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a b s t r a c t

The present study aimed to clarify the relationship between psychological responses to forest and urban
environmental settings and the physical variables that characterize these environments, by examining
the psychological responses of 168 subjects to their physical environment. Field experiments were con-
ducted in 14 forests and 14 urban areas across Japan. The semantic differential (SD) method was employed
in which a questionnaire was administered to subjects prior to their walks in the forests and urban areas.
In addition, the profile of mood states (POMS) questionnaire was administered before and after the walks,
as well as before and after they sat and viewed the forest and urban landscapes. The environmental vari-
ables measured were air temperature, relative humidity, radiant heat, wind velocity, and two indices of
thermal comfort [predicted mean vote (PMV) and predicted percentage dissatisfied (PPD)]. Responses to
the SD questionnaire indicated that compared to urban settings, forest settings are perceived as being
OMS (profile of mood states)
PD (predicted percentage dissatisfied)

significantly more enjoyable, friendly, natural, and sacred. The POMS measures of tension and anxiety
(T-A), depression and dejection (D), anger and hostility (A-H), vigor (V), confusion (C), fatigue (F), and
total mood disturbance (TMD) showed significant differences between the forests and urban areas. These
results strongly support the suggestion that forest settings have attention restoration effects. The psy-
chological responses to physical environments were also significantly related to air temperature, relative

ind ve
in u
humidity, radiant heat, w
restoration environments

. Introduction

Noise pollution, air pollution, work pressure, and other stressors
f urban life are increasingly driving humans to seek some form
f stress relief (Frumkin, 2001). As a result, interest in the envi-
onmental stress experienced by urban dwellers is growing (Ulrich
t al., 1991). Generally, natural environments including urban parks
f everyday surroundings, and artificial constructed forests are

ssociated with stronger positive health effects compared to urban
nvironments. (Velarde, Fry, & Tveit, 2007), and outdoor recreation
n an “green” environment has been shown to relieve stress in urban
wellers (Knopf, 1983). Ewert (1986) proposed that forest environ-
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N. Takayama), kagawa@affrc.go.jp (T. Kagawa), ymiyazaki@faculty.chiba-u.jp
Y. Miyazaki).

169-2046/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.landurbplan.2011.03.005
locity, PMV, and PPD. The results of this study might be useful in designing
rban areas.

© 2011 Elsevier B.V. All rights reserved.

ments should be viewed as “a great health machine,” and activities
conducted in forest settings reportedly provide both preventive and
therapeutic health benefits (Kaplan, 1995).

With this background, the European Union initiated the forests,
trees, and human health and well-being (COST action E39) study,
which was conducted between 2004 and 2008. This study aimed to
increase knowledge on the contribution of natural environments
to the health and well-being of people residing in Europe. It also
aimed to improve the description and evaluation of the relation-
ship of forests and trees with human health (Karjalainen, Sarjala,
& Raitio, 2010). The International Union of Forest Research Orga-
nizations (IUFRO) has also initiated a special project (task force)
investigating the relationship between forests and human health
(Karjalainen et al., 2010). In response to these initiatives, the Ther-

apeutic Effects of Forests project was started in 2004 in Japan (Park,
Kasetani, Tsunetsugu, Kagawa, & Miyazaki, 2010). As a part of this
effort, the Japanese Society of Forest Medicine was established in
2007 under the Japanese Society for Hygiene with the purpose of
promoting research in the field of forest medicine, including inves-
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igations on the effects of forest bathing trips and the therapeutic
ffects of forests on human health (Park et al., 2010).

Based on empirical studies, nature environments has been
hown to provide better emotional, physiological, and restora-
ion than urban environments (Hartig & Staats, 2003). Several
tudies conducted in different countries have reported that com-
ared to urban environments, natural environments can better
nhance human moods (Hartig, Evans, Jamner, Davis, & Gärling,
003; Laumann, Garling, & Stormark, 2003; Morita et al., 2006)
nd work performance (Shin, 2007). In the aspects of physiological
esponses in nature environments, it is more difficult to control the
xperimental conditions in the field than in the laboratory. How-
ver, the rapid progress of technology has enabled the application
f certain physiological measurements to experiments in the field
Tsunetsugu, Park, & Miyazaki, 2010).

Recently studies reported lower concentrations of cortisol,
ower blood pressure, and lower pulse rates, decreased sympathetic
erve activity (as measured by the low frequency/high frequency
LF/HF) component of heart rate variability (HRV)), enhanced
arasympathetic nerve activity (as measured by the HF component
f HRV), and higher levels of natural killer (NK) cell activity (a typi-
al index of human immune function) in the human body when the
ubjects are in forest environments as opposed to when they are in
rban environments (Lee, Park, Tsunetsugu, Kagawa, & Miyazaki,
009; Li et al., 2008; Park et al., 2010, 2009).

The fact that people perceive environments in their complete
spects is a widely known fact. This is why many studies assign
heir purpose in revealing the relationship of humans and their
nvironments in their complete aspects. I also believe that the fact
f the requirement of an analytical approach is also an important
act.

The final aim of the Therapeutic Effects of Forests project is to
esign a restorative forest environment in an urban natural setting.
everal studies have been conducted to identify the various ele-
ents that should be included in such environments. However, few

ave attempted to study restoration environments with a focus on
he influence of physical variables of the environment on psycho-
ogical responses. If the results obtained through this thoroughly
tructured experimental design are accumulated, it is believed to
e able to reveal the mutual relationships of each variable.

In this study, we measured the psychological responses of 168
ubjects to their physical environment in 14 forest and 14 urban
reas using the semantic differential (SD) method and the pro-
le of mood states (POMS) questionnaire. We also measured six
hysical variables of the environment within these areas. The aim
f this study was to clarify the influence of forest and urban set-
ings on the psychological well-being of humans by conducting
eld experiments at 14 forest and 14 urban sites across Japan. In
ddition, we attempted to identify the physical variables within the
nvironments that were responsible for improving the psycholog-
cal well-being. The results of this study can be used for designing
estoration environments in urban areas for relaxation.

This study will firstly discuss the results of the psychological
valuations in the sequence of the SD method and POMS (profile of
ood states), followed by the discussion of results of physical vari-

bles. Lastly, the relationship between psychological evaluations
nd the physical variables will be discussed.

. Materials and methods
.1. Experimental design

The study areas were located at 14 forests and 14 urban sites
cross Japan (Fig. 1). The experimental locations used in the study
re listed in Table 1. The measurement of environmental variables
Fig. 1. Map of experimental locations.

have been conducted for 2 days during the most representative
term of Japanese summer, as it was done for the psychological mea-
surement. Each experiment involved 12 male university students
with no reported history of physical or psychiatric disorders. A total
of 168 subjects (age, 20.4 ± 4.1 years) were included over 14 experi-
ments. The study was conducted according to the regulations of the
Institutional Review Committee of the Forestry and Forest Products
Research Institute in Japan. One day before the experiments began,
the subjects were informed of the aim and experimental procedures
of the study and their consent was obtained. After this orienta-
tion, the subjects previewed the selected forests and urban areas. A
practice session to familiarize the subjects with the measurement
procedures was then conducted at their place of accommodation.
Identical single rooms were prepared and identical meals were pro-
vided to each subject for the duration of the study period in order
to control these background environmental conditions.

The subjects were randomly divided into two groups. On the first
day of the experimental period, 6 subjects were sent to a forest area
and the remaining 6 (controls) were sent to an urban area. On the
second day, the subjects were sent to the opposite area to elimi-
nate bias of order. Upon arrival in the given area, the subjects sat
on chairs and viewed the landscape for 15 min (“Viewing” phase)
before noon; they then walked around the area for 15 min (“Walk-
ing” phase) in the afternoon (Fig. 2). On site J, a pleasant walking
experiment was impossible due to the raining weather of the pre-
vious day. A walking experiment has not been conducted on site
J

For psychological evaluations, the SD method (Osgood, 1952)
and POMS (McNair & Lorr, 1964) questionnaire were used. The
SD method tests the subjective spatial impressions of subjects
through a questionnaire with 25 pairs of opposing adjectives, each
of which was evaluated on a 13-point scale. The measurements
were recorded for one subject at a time after the “Walking” phase
of the study between 14:30 and 15:20.

POMS is a well-established, factor analytically derived measure
of psychological distress, and its high level of reliability and valid-
ity have been documented (McNair & Lorr, 1964.) POMS tests can
simultaneously evaluate 6 measures of mood: tension and anxiety
(T-A), depression (D), anger and hostility (A-H), vigor (V), confusion
(C), fatigue (F), and total mood disturbance (TMD). We used T-
scores of POMS for the analysis. For this study, we used the Japanese

version of POMS (Yokoyama, Araki, Kawakami, & Takeshita, 1990),
which consists of 30 items.

The first and second POMS measurements were performed
before (10:40–11:30) and after (11:00–11:50) the “Viewing” phase
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Table 1
Experimental locations.

A B C D E F G

Experimental
location

Hokkaido
Tsurui-mura

Kanagawa Pref.
Atsugi-shi

Tokyo
Hinohara-mura

Shizuoka Pref.
Kawazu-cho

Yamanashi
Pref.
Yamanashi-shi

Niigata Pref.
Tsunan-machi

Nagano Pref.
Kijimadaira-
mura

Psychological
experiment
schedule

Sept. 12–Sept.
14 of 2006

Aug. 8–Aug. 11
of 2006

Sept. 4–Sept. 7
of 2006

Sept. 19–Sept.
22 of 2006

Aug. 22–Aug.
25 of 2006

July 18–July20
of 2006

July25–July28
of 2006

Number of
subjects

12 12 12 12 12 12 12

Average age of
subjects

20.7 (±1.3) 21.6 (±2.1) 21.4 (±0.9) 20.3 (±0.6) 21.0 (±0.9) 20.7 (±1.8) 22.8 (±1.2)

Physical
environments
experiment
schedule

Sept. 13 of
2006

Aug. 10 of 2006 Sept. 6 of 2006 Sept. 11–Sept.
22 of 2006

Aug. 23 of 2006 July 19–July20
of 2006

July 26 of 2006

H I J K L M N

Experimental
location

Nagano Pref.
Otari-mura

Wakayama
Pref. Koya-cho

Kochi Pref.
Yusuhara-cho

Shimane Pref.
linan-cho

Miyazaki Pref.
Aya-cho

Kagoshima
Pref.
Kirishima-shi

Okinawa Pref.
Kunigami-son

Psychological
experiment
schedule

Sept. 5–Sept. 8
of 2006

Aug. 1–Aug. 4
of 2006

May 16–May
19 of 2006

Sept .19–Sept.
21 of 2006

July 11–July 13
of 2006

July 4–July 6 of
2006

Feb. 13–Feb. 15
of 2007

Number of
subjects

12 12 12 12 12 12 12

Average age of
subjects

20.7 (±1.2) 21.8 (±1.3) 21.2 (±0.9) 20.9 (±1.7) 21.8 (±1.5) 21.9 (±0.6) 22.4 (±0.5)

Physical
environments
experiment
schedule

Sept. 6 of 2006 Aug. 23 of 2006 May 18 of 2006 Sept. 20–Sept.
21 of 2006

July12–July13
of 2006

July 5–July 6 of
2006

Feb. 15 of 2007

Fig. 2. Photos showing the forest sites used for the “Viewing” and “Walking” phases of the experiments.



d Urban Planning 102 (2011) 24–32 27

o
b
o
a
l
r
a
e
p
t
r
r
v
a
u
u
s

2

i
(
s
w
m
t
m
h
a
c
P
m
r
o
s
c
1
a
s
1
m
v
a
t
u
t

2

b
“
a
r
(
u
p
i
“
a

u
p
t

Artificial

Unhealthy

Ugly

Non enjoyable

Awakening

Too bright

Noisy

Dull

Closed

Irritating noise

Uncomfortable

Flat

Unfriendly

Disenchanted

Restless

Warm

Insecure

Dry

Malodorous

Dark

Nondescript

Thin

Chaotic

Still

Smelly

Natural

Healthy

Beautiful

Enjoyable

Soothing

Gentle lighting

Quiet

Refreshing

Open

Pleasing sound

Comfortable

Three-dimensional

Friendly

Enchanted

Calm

Cool

Secure

Wet

Fragrant

Bright

Unique

Thick

Orderly

Animated

Odorless

Neither
VeryVery

Moderately
Slightly

Moderately
Slightly

**

**
**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**
**

**

**

**

**
**

: forest  area
: city area
B.-J. Park et al. / Landscape an

f the study. The third and fourth measurements were performed
efore (14:10–15:00) and after (14:30–15:20) the “Walking” phase
f the study. These measurements were performed for one subject
t a time. The Steel–Dwass test was used to analyze the psycho-
ogical responses based on the following 8 conditions: (1) survey
esponses before the “Viewing” phase in the forest and urban
reas, (2) survey responses after the “Viewing” phase in the for-
st and urban areas, (3) survey responses before the “Walking”
hase in the forest and urban areas, (4) survey responses after
he “Walking” phase in the forest and urban areas, (5) survey
esponses before and after the “Viewing” phase in forests, (6) survey
esponses before and after the “Walking” phase in forests, (7) sur-
ey responses before and after the “Viewing” phase in urban areas,
nd (8) survey responses before and after the “Walking” phase in
rban areas. Statistical analysis of physiological data was processed
sing EXCEL 2007 (Microsoft Inc.). A p value of <0.05 was considered
ignificant.

.2. Measurement of physical variables in each environment

Air temperature, relative humidity, radiant heat, wind veloc-
ty, and two indices of thermal comfort—predicted mean vote
PMV) and predicted percentage dissatisfied (PPD)—were mea-
ured at each of the forest and urban sites. These measurements
ere performed at or close to the areas where the psychological
easurements were performed. PMV is an index for evaluating

he compound effect of 6 factors related to the thermal environ-
ent (air temperature, relative humidity, wind velocity, radiant

eat, amount of clothing worn, and metabolism level), and was
dapted as an ISO standard to be used as an index of thermal
omfort (ISO7730, 2005). PPD is a predicted value calculated from
MV. It predicts the percentage of people dissatisfied with the ther-
al conditions of their surroundings (ISO7730, 2005). Assumptions

elating to the amount of clothing worn and the metabolic levels
f the subjects are required for calculating PMV and PPD. In this
tudy, the amount of clothing worn was specified as light summer
lothes (clo: 0.5) in July and August and as autumn clothes (clo:
.0) in the other months surveyed. In terms of the metabolic level,
standing level (met: 2.0) was used for the “Walking” phase of the

tudy. A commercially available PMV meter (Amenity meter, AM-
01, Kyoto Electronics Manufacturing Co. Ltd., Japan) was used to
easure the air temperature, relative humidity, radiant heat, wind

elocity, PMV, and PPD; measurements were recorded every 10 min
t the sites surveyed. A portable weather meter (Pocket weather
racker, Kestrel 4000, Nielsen Kellerman Corporation, USA) was
sed for measuring barometric pressure as well as for measuring
he temperature and relative humidity in urban areas.

.3. Statistical analysis

The Steel–Dwass test was used to analyze the POMS subscales
ased on the following 8 conditions: (1) survey responses before the
Viewing” phase in the forest and urban areas, (2) survey responses
fter the “Viewing” phase in the forest and urban areas, (3) survey
esponses before the “Walking” phase in the forest and urban areas,
4) survey responses after the “Walking” phase in the forest and
rban areas, (5) survey responses before and after the “Viewing”
hase in forests, (6) survey responses before and after the “Walk-

ng” phase in forests, (7) survey responses before and after the
Viewing” phase in urban areas, and (8) survey responses before

nd after the “Walking” phase in urban areas.

For the comparison of SD method scales between forest and
rban setting, a Wilcoxon rank sum test was used. Principal com-
onent analysis (using varimax rotation) was performed to analyze
he sensory evaluations reported using the SD method.
Fig. 3. Results from the evaluations of the psychological responses to forest and
urban environments reported using the SD method after the “Walking” phase of the
study. Average ± SD, N = 162–168, **p < 0.01, p-value by Steel–Dwass test.

Statistical analysis of physiological data was processed using
EXCEL 2007 (Microsoft Inc.). A p value of <0.05 was considered
significant.

3. Results

3.1. Results of psychological evaluations performed using the SD
method

Fig. 3 shows the SD profile curve of the average values reported
by 168 subjects over 14 experiments after the “Walking” phase
of the study in forest and urban areas. The figure indicates that
compared to urban environments, the forest environments are
perceived significantly more times as “natural (vs. artificial),”
“healthy (vs. unhealthy),” “beautiful (vs. ugly),” “calm (vs. restless),”
“enjoyable (vs. non enjoyable),” “gentle lighting (vs. too bright),”
“quiet (vs. noisy),” “refreshing (vs. dull),” “open (vs. closed),”
“pleasing sound (vs. irritating noise),” “comfortable (vs. uncom-
fortable),” “three-dimensional (vs. flat),” “friendly (vs. unfriendly),”
“enchanted (vs. disenchanted),” “cool (vs. warm),” “secure (vs. inse-
cure),” “wet (vs. dry),” “soothing (vs. awakening),” “fragrant (vs.

malodorous),” “unique (vs. nondescript),” “orderly (vs. chaotic),”
and “odorless (vs. smelly).” In contrast, descriptions such as “bright
(vs. dark)” and “animated (vs. still)” are reported less often for forest
environments than for urban environments.



28 B.-J. Park et al. / Landscape and Urban Planning 102 (2011) 24–32

Table 2
Results of principal component analysis.

Factor 1 Factor 2 Factor 3

Enjoyable vs. non enjoyable 0.86
Friendly vs. unfriendly 0.80
Comfortable vs. uncomfortable 0.76
Calm vs. restless 0.73
Refreshing vs. dull 0.70
Secure vs. insecure 0.69
Pleasing sound vs. irritating noise 0.67
Beautiful vs. ugly 0.65
Fragrant vs. malodorus 0.65
Healthy vs. unhealthy 0.64

Natural vs. artificial 0.77
Enchanted vs. sidenchanted 0.75
Quiet vs. noisy 0.70
Gentle lighting vs. too bright 0.66
Soothing vs. awakening 0.65

Bright vs. dark 0.75

T
s
w
a
a
u
d
i
m
e
a
F
“
“
e
w
e
(

o
p

F
t
e

Variance (%) 27.6 24.1 4.4
Cumulative (%) 27.6 51.7 56.1
Cronbach’s ˛ 0.980 0.910 –

The results of principal component analysis are shown in
able 2. When the proper value was assumed to be 1 or more,
even repetitions resulted in an end of rotation and three factors
ere extracted. For the first principal component, variables with
factor loading of 0.6 or more, i.e., “enjoyable (vs. non enjoy-

ble)” (0.86), “friendly (vs. unfriendly)” (0.80), “comfortable (vs.
ncomfortable)” (0.76), “calm (vs. restless)” (0.73), “refreshing (vs.
ull)” (0.70), “secure (vs. insecure)” (0.69), “pleasing sound (vs.

rritation nose)” (0.67), “beautiful (vs. ugly)” (0.65), “fragrant (vs.
alodorous)” (0.65), and “healthy (vs. unhealthy)” (0.64), were

xtracted, and the first principal component was then designated
s “the perception of an environment as enjoyable and friendly”.
or the second principal component, “natural (vs. artificial)” (0.77),
enchanted (vs. disenchanted)” (0.75), “quiet (vs. noisy)” (0.70),
gentle lighting (vs. too bright)” (0.62), and “soothing (vs. awak-
ning)” (0.65) were extracted, and the second principal component
as designated as “the perception of an environment as natural and
nchanted.” For the third principal component, “bright (vs. dark)”
0.75) was extracted.

Fig. 4 shows the results of principal component factoring based
n the results obtained from the SD method questionnaire com-
aring psychological responses to forest environment with those to

Neither
VeryVery

Moderately
Slightly

Moderately
Slightly

Sense of non enjoyable 
and unfriendly

Sense of artificial
and worldly

**

Sense of dark

**

**

Sense of enjoyable 
and friendly

Sense of natural 
and sacred

Sense of bright

: forest  area
: city area

ig. 4. Results from principal component analysis based on factors derived from
he results of the SD method reports of psychological responses to forest and urban
nvironments. Average ± SD, N = 162–168, **p < 0.01, p-value by Steel–Dwass test.
Fig. 5. The spatial and sensory factors identified by the SD method as they relate to
the 14 experimental areas. N = 14.

urban environments. The first principal component (the perception
of an environment as enjoyable and friendly) scored significantly
higher in forest settings than in urban settings. The scores for the
second principal component (the perception of an environment as
natural and enchanted) were also higher in forests setting than in
urban settings.

The scores of the first and second principal components are
plotted in Fig. 5. The results indicate that forests are perceived
as being “enjoyable and friendly” and “natural and enchanted”
places whereas urban environments are perceived as being only
slightly “enjoyable and friendly” and are not seen as “natural and
enchanted” or “artificial and disenchanted” environments.

3.2. Results of psychological evaluations measured by POMS

The Friedman test was used to compare the differences between
the POMS results obtained from subjects who visited the forest and
urban areas. Significant differences were found in the tension and
anxiety (T-A), anger and hostility (A-H), fatigue (F), confusion (C),
vigor (V) and total mood disturbance (TMD) subscales of POMS. The
results of a post hoc Steel–Dwass test are shown in Fig. 6.

For the tension and anxiety (T-A) subscale, significant differ-
ences between the forest and urban areas were observed in scores
reported by subjects after the “Viewing” and “Walking” phases of
the study. Moreover, significant differences were observed in the
scores for tension and anxiety (T-A) before “Viewing” and after
“Viewing” as well as before “Walking” and after “Walking” in the
urban areas. This suggests that “Viewing” and “Walking” performed
in urban areas can increase tension and anxiety.

For the anger and hostility (A-H) subscales of POMS, significant
differences between the results reported for the forest and urban
areas were observed after “Viewing” as well as after “Walking”
phases of the study.

For the fatigue (F) and confusion (C) subscale, significant differ-
ences between the results reported for the forest and urban areas
were observed for after “Viewing” and after “Walking” phases of
the study. Scores for fatigue and confusion after “Viewing” and
after “Walking” in forest areas were significantly lower than those
reported before “Viewing” and before “Walking” in forest areas.
Thus, performing “Viewing” and “Walking” activities in forest areas
can reduce fatigue and confusion.

In contrast, for the vigor (V) subscale, scores were significantly

higher after “Viewing” and after “Walking” in forest compared to
that in urban areas. Moreover, significant differences were found
between the before “Viewing” and after “Viewing” and between the
before “Walking” and after “Walking,” scores for vigor in the forest
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ig. 6. POMS subscale results showing the observed differences between forests a
ifferences between forests and urban areas, §p < 0.05, p-value by Steel–Dwass test
nd after “Walking” phase. BeV: before “Viewing”; AfV: after “Viewing”; BeW: befo

rea. Thus, performing “Viewing” and “Walking” activities in forest
reas can increase vigor.

Scores for the total mood disturbance (TMD) subscale of POMS
calculated by combining T-A + D + A-H + F + C-V) are shown in Fig. 6.
fter performing both “Viewing” and “Walking” activities, the total
ood disturbance (TMD) scores were significantly lower for the

orest areas than for the urban areas. Moreover, significant differ-

nces between the before “Viewing” and after “Viewing” scores
s well as between the before “Walking” and after “Walking”
cores were observed. Therefore, performing “Viewing” and “Walk-
ng” activities in forest environments can decrease total mood
isturbance (TMD), and performing “Viewing” and “Walking” activ-
an areas. Average ± SD, N = 150–168, *p < 0.05; p-value by Steel–Dwass test of the
e differences between before and after “Viewing” phase as well as between before
alking”; AfW: after “Walking”.

ities in urban environments can increase total mood disturbance
(TMD).

3.3. Results from measurements of physical variables

Measurements of the physical variables were conducted for
2 days. The period of measurement was a typical summer sea-

son in Japan. The average air temperature in a forest area
was 21.1 ± 4.1 ◦C across the 14 locations. The highest tempera-
ture recorded was 28.7 ◦C (site L) and the lowest was 14.1 ◦C
(site N). The average air temperature within an urban area was
26.6 ± 4.9 ◦C across the 14 locations. The highest temperature
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ig. 7. Physical variables measured in the forests and urban areas. Average ± SD, N

ecorded was 34.5 ◦C (site E), and the lowest was 18.9 ◦C (site
).

The average relative humidity in a forest area was 82.5 ± 11.6%
cross the 14 locations; the highest humidity recorded was 99.4%
site C) and the lowest 61.3% (site K). The average relative humidity
n urban areas was 64.5 ± 13.7% across the 14 locations; the highest
ecorded relative humidity was 88.9% (site C) and the lowest 44.1%
site G).

The average radiant heat in a forest area was 22.9 ± 4.8 ◦C; the
ighest recorded reading was 30.2 ◦C (site B) and the lowest 16.0 ◦C
site N). In urban areas, the average radiant heat was 38.0 ± 6.8 ◦C;
he highest recorded radiant heat was 43.5 ◦C (site H) and the lowest
0.5 ◦C (site B).

Measurements of wind velocity in forest areas averaged
.7 ± 0.5 m/s; the fastest air velocity recorded was 1.6 m/s (site B)
nd the slowest 0.1 m/s (sites E and J). In the urban areas, the aver-
ge air velocity recorded was 2.1 ± 1.6 m/s; the fastest air velocity
ecorded was 3.8 m/s (site H) and the slowest was 0.8 m/s (site B).

The average PMV value (which acts as an index of thermal com-
ort; ISO7730) was 0.2 (neutral) ± 0.8 in the forest areas; the highest
alue recorded was 1.8 (site L) and the lowest value was −1.0 (site

). The average PMV value in urban areas was 1.8 (warm) ± 1.2; the

ighest value recorded was 2.7 (site I) and the lowest value was 0.4
site H).

In forests, the average PPD value (which predicts the percentage
f people who will be dissatisfied with the thermal conditions of
0
10h-11h 11h-12h 12h-13h 13h-14h 14h-15h 15h-16h

(in the forests), 27 (in the urban areas), *p < 0.05, p-value by non-paired t-test.

their surroundings) was 24.5 ± 21.6%; the highest PPD value was
67.5% (site L) and the lowest value was 6.1% (site G). The average
value of PPD was 63.9 ± 45.6% in urban areas; the highest value was
93.2 (site I) and the smallest value was 114% (site H).

Air temperature, relative humidity, and radiant heat measure-
ments over successive 1-h periods between 10 h and 16 h in both
forests and urban areas are shown in Fig. 7. The air temperature in
forest areas was significantly lower than that in urban areas at all
times. The results from the relative humidity measurements indi-
cate that the relative humidity in forest settings was significantly
higher than that in urban settings. The radiant heat found in forest
areas was also significantly lower than that in urban areas.

Measurements of wind velocity, PMV, and PPD taken over suc-
cessive 1-h periods between 10 h and 16 h in both forest and urban
areas are shown in Fig. 7. In forest areas, wind velocity from 10 h
to 11 h was significantly higher than that recorded in urban areas.
From 10 h to 12 h, the PMV values recorded in forest areas were
significantly lower than those recorded in urban areas; forest areas
also had significantly lower PPD readings than those recorded in
urban areas from 11 h to 16 h.
3.4. Relationship between psychological evaluations of forest
settings and the physical variables that characterize those settings

The relationship between psychological responses and the phys-
ical variables of the environments is shown in Table 3. We used
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Table 3
Relationship between the results of psychological response and physical variables of environments after the “Walking” phase.

PMV PPD (%) Temperature (◦C) Relative humidity (%) Radiant heat (◦C) Wind speed (m/s)

p-Value r2 p-Value r2 p-Value r2 p-Value r2 p-Value r2 p-Value r2

0
0
0

p
s
t
f
r
a
o
r
a
v

s
P
t
c
v
v
a
P

F

Sense of enjoyable and friendly 0.001 0.44 0.000 0.69 0.00
Sense of natural and holy 0.018 0.44 0.000 0.82 0.00
TMD of POMS in after ‘Walking’ 0.024 0.23 0.000 0.47 0.00

rincipal component analysis based on the first and second factor
cores determined using the SD method and the TMD score from
he POMS questionnaire administered after “Walking” as sources
or the psychological responses. Air temperature, relative humidity,
adiant heat, wind velocity, and PPD were used as physical vari-
bles pertaining to the environment. The p-value reported is that
f the Spearman’s rank correlation coefficient; the r2 value is the
esult of an ordinary correlation analysis. The results indicate that
ll psychological responses correlated significantly with all physical
ariables characterizing the environment.

PPD is a predicted value of how many percent of people are dis-
atisfied with the heat in the environment. PPD is calculated from
MV, which is an index that signifies the compound effect of six fac-
ors (temperature, humidity, wind velocity, radiant heat, amount of
lothes, and metabolism level). The relationships between the PPD

alues and psychological responses are shown in Fig. 8. The PPD
alue and the perception of the environment as being “enjoyable
nd friendly” showed significant negative correlation (r2: 0.69); the
PD value also significantly negatively correlated with the percep-
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ig. 8. The relationship between PPD and psychological responses. N = 123–153
0.46 0.000 0.57 0.000 0.39 0.007 0.38
0.55 0.000 0.64 0.000 0.40 0.000 0.48
0.25 0.000 −0.30 0.000 0.39 0.015 0.29

tion of the environment as being “natural and enchanted” (r2: 0.82).
However, the PPD value showed a significant positive correlation
with the TMD scores from the POMS questionnaire (r2: 0.47).

4. Discussions and conclusions

In this study, we investigated psychological responses of
humans to forest and urban environments by using field experi-
ments. In addition, we attempted to identify the physical variables
within the environments that were responsible for the observed
improvements in psychological well-being.

Results of subjective responses using the SD method revealed
that subjects reported higher positive emotions when they spent
time in forests than when they spent time in urban areas. In par-
ticular, these results showed that forest settings were perceived
as being very “enjoyable and friendly” and as very “natural and
enchanted” places. Decreases in tension and anxiety (T-A), anger
and hostility (A-H), fatigue (F), confusion (C), and total mood dis-
turbance (TMD) increased vigor (V) were observed in forests by the
POMS test, suggesting that forest settings are capable of enhancing
positive mood states and reducing negative mood states.

The results of this study are consistent with those of previous
studies documenting people’s emotional responses to scenes of
natural and urban landscapes (Hartig et al., 2003; Laumann et al.,
2003; Morita et al., 2006; Ulrich et al., 1991). The rapid progress of
technology has enabled application of certain physiological mea-
surements to field experiments (Tsunetsugu et al., 2010). Hence,
some studies have measured the physiological as well as psycho-
logical effects of forest environments on humans. The physiological
studies have reported that forests can increase relaxation and pos-
itive emotions (Lee et al., 2009; Li et al., 2008; Park et al., 2010,
2009; Tsunetsugu et al., 2010). The results of the SD questionnaire
also show that higher positive emotions were experienced in a for-
est setting, providing further evidence of the beneficial effects of
forests on the well-being of people who live in urban areas.

Forests affect humans via their impact on each of the five human
senses, including visual (scenery), olfactory (the smell of wood),
auditory (sound of running streams or the rustle of leaves), and
tactile (feeling the surfaces of leaves and trees) (Tsunetsugu et al.,
2010). Previous studies have shown that viewing forest landscapes
(such as those found in an urban park in Paris) can increase the
incidence of positive emotions (feeling an increased sensation of
comfort and feeling soothed), and can decrease blood pressure and
prefrontal activity in the brain (Suda et al., 2001). Smelling forest
scents (such as Japanese cedar chip) can also decrease blood pres-
sure and prefrontal activity in the brain (Miyazaki, Morikawa, &
Yamamoto, 1999). Thus, various studies have indicated that forests
have a relaxing effect on humans. However, few field experiments
have studied the relationship between the physical variables that
characterize the forests and the relaxing effect that environment
has on the study subjects. We therefore decided to focus our study
on the physical variables that characterize the physical environ-

ment, such as air temperature, radiant heat, wind velocity and PPD.

We found that air temperature, radiant heat, wind velocity and
PPD were all significantly lower in forests compared with urban
areas. In addition, the relative humidity found in a forest setting
was significantly higher than that found in an urban setting. PPD
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eadings, which act as a typical index of the thermal conditions of an
nvironment, were also significantly lower in forests than in urban
reas. The average PPD value recorded in forests was 24.5 ± 21.6%,
hich means that 24.5 ± 21.6% of people would be dissatisfied with

he thermal conditions in that environment. However, the aver-
ge PPD value taken from the urban environment predicts that
3.9 ± 45.6% of people would be dissatisfied with the thermal con-
itions of their surroundings.

Thus, it appears that in terms of thermal conditions, a forest
etting is more comfortable for people than an urban setting dur-
ng the summer in Japan. During the summer, tropical forests may
e more uncomfortable than urban environments due to the high
emperature and humidity. However, temperate environments as
he site of the study are more comfortable than urban environ-

ents. Our study results also indicate that thermal comfort is
ignificantly correlated with reports of positive emotions, suggest-
ng that thermal comfort is one of the reasons why people report

ore positive feelings in forests than in urban areas. Thus urban
lanners and landscape scientists must consider thermal envi-
onments when selecting a resting area, if a more comfortable
nvironment is to be provided to the user of urban forests in the
ummer.

The limitation of this study is as follows:

1) The effects of changes in seasons have not been considered in
this paper. As the summer season has a high frequency in forest
visits, the authors have set this season as the term of study and
have accordingly conducted the study.

2) The relationship of the subjective sense of beauty or tranquility
and physical variables has not been discussed in this study. It
has only focused on the relationship of physical variables and
mood states (tension and anxiety, depression, anger and hostil-
ity, vigor, confusion, fatigue) using POMS, and the relationship
of physical variables and the impression of a space based on the
SD method.

In summary, compared to urban areas, in forest areas, (1) the
ncidence of positive emotions is significantly higher, (2) thermal
onditions are more comfortable, and (3) positive emotions are
orrelated with thermal comfort.

cknowledgments

This study was partly supported by a Grant-in-Aid for Scientific
esearch (S: 16107007) from The Ministry of Education, Culture,
ports, Science and Technology (MEXT).

eferences
wert, A. (1986). Values, benefits and consequences in outdoor adventure recreation.
In A. Ewert (Ed.), A literature review: President’s Commission on American Outdoors
(pp. 71–80). Washington, DC: Government Printing.

rumkin, H. (2001). Beyond toxicity human health and the natural environment.
American Journal of Preventive Medicine, 20(3), 234–240. doi:10.1016/S0749-
3797(00)00317-2
n Planning 102 (2011) 24–32

Hartig, T., Evans, G. W., Jamner, L. D., Davis, D. S., & Gärling, T. (2003). Tracking
restoration in natural and urban field settings. Journal of Environmental Psychol-
ogy, 23(2), 109–123. doi:10.1016/S0272-4944(02)00109-3

Hartig, T., & Staats, H. (2003). Restorative environments. Journal of Environmen-
tal Psychology, 23(2), 103–107. doi:10.1016/S0272-4944(02)00108-1 [special
issue]

ISO. (2005). Ergonomics of the thermal environment—Analytical determination
and interpretation of thermal comfort using calculation of the PMV and PPD
indices and local thermal comfort criteria. Switzerland: International Standard
ISO7730:2005(E).

Kaplan, S. (1995). The restorative benefits of nature. Journal of Environmental Psy-
chology, 15(3), 169–182. doi:10.1016/0272-4944(95)90001-2

Karjalainen, E., Sarjala, T., & Raitio, H. (2010). Promoting human health through
forests: Overview and major challenges. Environmental Health and Preventive
Medicine, 15(1), 1–8. doi:10.1007/s12199-008-0069-2

Knopf, R. C. (1983). Recreational needs and behavior in natural settings. In I. Altman,
& J. F. Wohlwill (Eds.), Behavior and the natural environments (pp. 205–240). New
York: Plenum.

Laumann, K., Garling, T., & Stormark, K. M. (2003). Selective attention and heart
rate responses to natural and urban environments. Journal of Environmental
Psychology, 23(2), 125–134. doi:10.1016/S0272-4944(02)00110-X

Lee, J., Park, B. J., Tsunetsugu, Y., Kagawa, T., & Miyazaki, Y. (2009). The restora-
tive effects of viewing real forest landscapes: Based on a comparison with
urban landscapes. Scandinavian Journal of Forest Research, 24(3), 227–234.
doi:10.1080/02827580902903341

Li, Q., Morimoto, K., Kobayashi, M., Inagaki, H., Katsumata, M., Hirata, Y., et al. (2008).
Visiting a forest, but not a city, increases human natural killer activity and
expression of anti-cancer proteins. International Journal of Immunopathology and
Pharmacology, 21(1), 117–127.

McNair, D. M., & Lorr, M. (1964). An analysis of mood in neurotics. Journal of Abnormal
and Social Psychology, 69(6), 620–627. doi:10.1037/h0040902

Miyazaki, Y., Morikawa, T., & Yamamoto, N. (1999). Effect of wooden odoriferous
substances on humans. Journal of Physiological Anthropology and Applied Human
Science, 18, 189.

Morita, E., Fukuda, S., Nagano, J., Hamajima, N., Yamamoto, H., Iwai, Y., et al. (2006).
Psychological effects of forest environments on healthy adults: Shinrin-yoku
(forest-air bathing, walking) as a possible method of stress reduction. Public
Health, 121(1), 54–63. doi:10.1016/j.puhe.2006.05.024

Osgood, C. E. (1952). The nature and measurement of meaning. Psychological Bulletin,
49, 197–237.

Park, B. J., Kasetani, T., Tsunetsugu, Kagawa, T., & Miyazaki, Y. (2010). The physiolog-
ical effects of Shinrin-yoku (taking in the forest atmosphere or forest bathing):
Evidence from field experiments in 24 forests across Japan. Environmental Health
and Preventive Medicine, 15(1), 18–26. doi:10.1007/s12199-009-0086-9

Park, B. J., Tsunetsugu, Y., Kasetani, T., Morikawa, T., Kagawa, T., & Miyazaki, Y. (2009).
Physiological effects of forest recreation in a young conifer forest in Hinokage
town, Japan. Silva Fennica, 43(1), 291–301.

Shin, W. S. (2007). The influence of forest view through a window on job satis-
faction and job stress. Scandinavian Journal of Forest Research, 22(3), 248–253.
doi:10.1080/02827580701262733

Suda, R., Yamaguchi, M., Hatakeyama, E., Kikuchi, T., Miyazaki, Y., & Sato, M. (2001).
Effect of visual stimulation (I)–in the case of good correlation between sensory
evaluation and physiological response. Journal of Physiological Anthropology and
Applied Human Science, 20, 303.

Tsunetsugu, Y., Park, B. J., & Miyazaki, Y. (2010). Trends in research related
to “Shinrin-yoku” (taking in the forest atmosphere or forest bathing)
in Japan. Environmental Health and Preventive Medicine, 15(1), 27–37.
doi:10.1007/s12199-009-0091-z

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & Zelson, M. (1991).
Stress recovery during exposure to natural and urban environments. Journal of
Environmental Psychology, 11(3), 201–230. doi:10.1016/S0272-4944(05)80184-
7

Velarde, M. D., Fry, G., & Tveit, M. (2007). Health effects of viewing
landscape—Landscape types in environmental psychology. Urban Forestry &

Urban Greening, 6(4), 199–211. doi:10.1016/j.ufug.2007.07.001

Yokoyama, K, Araki, S., Kawakami, N., & Takeshita, T. (1990). POMS(Kannjyoupurofi-
rukennsa)nihonngobannnosakuseitosinnraiseioyobidatouseinokenntou
[Production of the Japanese edition of profile of mood states (POMS): Assess-
ment of reliability and validity]. Japanese Journal of Public Health, 37(11),
913–918 (in Japanese).


	Relationship between psychological responses and physical environments in forest settings
	1 Introduction
	2 Materials and methods
	2.1 Experimental design
	2.2 Measurement of physical variables in each environment
	2.3 Statistical analysis

	3 Results
	3.1 Results of psychological evaluations performed using the SD method
	3.2 Results of psychological evaluations measured by POMS
	3.3 Results from measurements of physical variables
	3.4 Relationship between psychological evaluations of forest settings and the physical variables that characterize those s...

	4 Discussions and conclusions
	Acknowledgments
	References


