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ABSTRACT

Extensive research documents the healing and relaxing effects of green environments,
such as parks and woods, with recent studies demonstrating this using biological reac-
tions and the contingent valuation method. However, most studies focus on green
environments which are maintained. Many unmaintained green environments exist in
reality, such as abandoned detached houses and woods. People may be rather con-
cerned about problems associated with such unmaintained green environments, such
as increasing anxiety about crime prevention and disasters, and diminishing the local
image. However, to the best of our knowledge, no studies have focused on the dis-
comfort caused by an unmaintained green environment. Here, we investigate subjects’
biological reactions (cerebral blood flow and heart rate) to unmaintained green envi-
ronments and their willingness to pay (WTP) for improving them. Further, we explore
the relationship between biological reactions and WTP. We use images of abandoned
detached houses and woods as representative unmaintained green environments. We
find: First, in case of abandoned detached house, subjects’ heart rate increased when
they see “unmaintained greenery.” Meanwhile, in case of abandoned woods, sub-
jects’ heart rate decreased when they see “maintained greenery.” Second, the heart
rate variation differs by gender and order of presenting the images. Females showed
greater variation. Interestingly, there was a contrasting change in whether the main-
tained images were viewed first or later in both the abandoned detached houses and
wood. Third, cerebral blood flow did not differ. Fourth, the presence or absence of
changes in biological reactions and WTP were not related. Although further investi-
gation is required, we demonstrated the possibility of using biological reactions to
evaluate unpleasant green environments.
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INTRODUCTION

The health benefits of greenspace exposure are significant enough for prac-
titioners and policymakers to recommend spending more time in nature
(Jones et al., 2021). For example, forest bathing (or Shinrin-yoku) is an expe-
rience in a forest atmosphere and considered as a type of preventive medicine
(Kondo et al., 2018). Greenspace interventions reduce the physiological bur-
den of stress across an individual’s lifespan by reducing cortisol production.
A recent scoping review of 20 trials and 732 participants who engaged in
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forest bathing found that their blood pressure significantly decreased com-
pared to those who experienced a non-forest environment (Ideno et al., 2017).
Therefore, green spaces are considered desirable. However, the assumption
is of well-maintained greenery. In contrast, this study focuses on “unmain-
tained” greenery, such as plants covering vacant houses and abandoned
woods (Figure 1). We ask: Do people feel uncomfortable with these green
spaces?

Figure 1: Example of unpleasant greenery.

Typically, subjective evaluations, based on questionnaires, are used to
assess the green environments. However, in recent years, biological reac-
tions and Contingent ValuationMethods (CVM) have been used for objective
evaluation.

The biological reactionmethod focuses on the physiological stress response
to stimuli, and examines the saliva and heart rates. While questionnaire
surveys are subject to various biases, such as responding according to
the intention of the questioner, biological reactions may provide informa-
tion on unconscious reactions without such an intention. For example,
Kozaki et al. (2007) reported a decrease in blood pressure, an increase in
vagal nerve activity, and a decrease in salivary cortisol concentration in a
forest environment. Hosono et al. (2017) found increased prefrontal cor-
tex activity and eye movement stopping points when viewing vegetation at
a highway rest facility. However, these studies focus on greenery that brings
pleasure.

Meanwhile, CVM is a method of creating a virtual market for unpriced
goods and services, and conducting monetary valuation. Green environments
are not typically priced. As such, CVM has been used to determine the worth
of the green environment. Essentially, it sets up a hypothetical market for a
priceless good or service, and directly asks consumers’ willingness to pay
(WTP) for it. For example, Nagura et al. (2014) showed that the WTP
for the maintenance and management of urban green areas was 2,401 yen
(18 USD) per household. Shoji et al. (1998) found that the average WTP for
the management of natural parks is 1,761 yen (13 USD) as a cooperation fee.
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Notably, most of the greenery that has been evaluated are “maintained”
green environments. However, to the best of our knowledge, no study has
evaluated how unmaintained greenery generates discomfort using biologi-
cal reactions or the WTP. In addition, the relationship between biological
reactions and WTP remains unclear.

Using biological reactions (cerebral blood flow and heart rate) and con-
tingent valuation, this study evaluates whether people feel unpleasant when
they see images of an “unmaintained green environment.” We use images
of vacant houses and abandoned woods to represent unmaintained green
environments. We then analyze whether biological responses and WTP are
correlated. Essentially, we propose the following two hypotheses:

H1. The cerebral blood flow decreases and heart rate increases when one
is looking at an unmaintained green environment.

H2. WTP correlates with the presence or absence of changes in biological
responses.

First, regarding cerebral blood flow, Yanagisawa and Tsunashima (2015)
reported a decrease in subjects’ oxy-Hb when they were shown uncomfort-
able images. Asano et al. (2011) also reported that the amygdala, which
controls emotions such as discomfort, is hyperactive while viewing unpleas-
ant images, and that cerebral blood flow in the prefrontal cortex decreases.
On the heart rate, Mori and Saijo (1982) reported increased heart rate
while viewing unpleasant images. As such, we hypothesized that biological
responses similar to those reported in these previous studies would occur.
Yanagisawa and Tsunashima (2015) reported similar trends in the biological
response characteristics and subjective evaluations. Finally, we considered
that the WTP would be higher for subjects who showed changes in their
biological responses.

MATERIALS AND METHODS

We presented two types of images, maintained and unmaintained green, to
the subjects. Then, their biological responses to the images were measured
and a CVM questionnaire was administered.

Images Used for the Experiments

Two types of greenery are presented: “well-kept green “ and “unkept green.”
Furthermore, the “unmaintained green” image was a live-action image, and
the “well-maintained green” image was a CG image created using Sketchup
and Twinmotion based on the “unmaintained green” image. This was done to
ensure that factors other than greenery in the image (e.g., houses andweather)
would not affect the evaluation. Examples of presented images are shown in
Figures 2 and 3.

The assigned images were presented using a SHARP PN-U553
(H 1080 × W1980 display). Each subject was instructed to gaze at the screen
at a distance of 2.5 meters.
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Figure 2: Images of maintained and unmaintained detached houses.

Figure 3: Images of maintained and unmaintained woods.

Biological Reaction Measurement

Devices
This study used two biological responses: cerebral blood flow and heart
rate. Cerebral blood flow was measured using “near infrared spectroscopy”
using the Hot-2000 (NeU). Heart rate was measured using the M430 (Polar
Japan). Left-right cerebral blood flow and body movements were recorded
in 0.1 second increments, while the heartbeats were recorded in 1 second
increments.

Experiment Flow
A cerebral blood flow meter was attached to the head, a heart rate monitor
was attached to the arm opposite the dominant hand, and the images were
presented. The experimental protocol was in four blocks, with one block
having a 60-second for “rest” and 20 seconds for four “tasks,” each being
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5 seconds long. To account for order effects, the order of “well-maintained
green” and “unmaintained green” images was randomized.

CVM Questionnaires
In each question for vacant houses and abandoned forests, we first described
the current problem and hypothetical situation (a situation where the exami-
nee is surrounded by an unmaintained green environment). Second, we asked
subjects to answer questions on WTP, surrounding environment (for the
vacant house question), and experience (for the abandoned forest question).
Third, they were asked to answer questions on personal characteristics, such
as age, gender, annual income, living arrangements, and place of residence.

Subjects
In total, 60 subjects participated in the study, including 10 male and female
students each, working adults, and seniors. The study protocol was formu-
lated in accordance with the university’s ethical review committee. Subjects
only participated in the study after they received an explanation of the exper-
iment and gave their consent. Incidentally, one person (elderly, female) was
absent on the day of the experiment; therefore, 59 people actually performed
the measurements and analyses. The experiment was conducted between
November 14 and December 14, 2022, between 10:00 and 16:00.

Methods
The purpose of this study was to examine biological responses during image
presentation. Therefore, data with unstable cerebral blood flow and heart
rate at rest before and after image presentation were excluded. For individu-
als who were stable at rest, we set the average of 30 seconds at rest to zero
and arranged the fluctuations for 20 seconds after the start of the experiment.
This information was aggregated for all members, and the average and stan-
dard errors were calculated. We then tested the significant difference at the
time when the difference between managed and unmaintained greenery was
at its maximum. If a significant difference is found, further detailed analysis
on differences by gender and order of presentation were performed.

Regarding the relationship with WTP, we divided the group into three
groups: subjects with (Group 1) significant differences in heart rate between
managed and unmaintained greenery, (Group 2) with no difference, and
(Group 3) who could not be measured. We performed an analysis of variance
to see if there was a significant difference in the WTP of the three groups.

RESULTS

Screening

Approximately 20% of the left-right cerebral blood flow and approximately
35% of the heart rate data were excluded. In total, 196 data points for
left cerebral blood flow, 191 data points for right cerebral blood flow, and
154 data points for the heart rate were used in the final analysis.
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Biological Reaction

Figure 4 shows the changes in heart rate. For vacant houses, “main-
tained green” showed no changes in heart rate, while “unmaintained green”
increased it. Meanwhile, for woods, the heart rate declined for “maintained
green,” but exhibited no change for “unmaintained green.” Finally, cerebral
blood flow between the left and right sides did not significantly differ.

Figure 4: Change in heart rate for maintained (blue) and unmaintained (red) greenery.

Effect of Gender

Figure 5 shows the changes in heart rate by gender. The heart rate increased
with the image of “unmaintained greenery” of vacant houses for males.
Meanwhile, it decreased with the image of “maintained greenery” and
increased with “unmaintained greenery” of woods for females.

Figure 5: Change in heart rate for maintained (blue) and unmaintained (red) greenery
by gender.
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Order Effect

Figure 6 shows the change in heart rate by order of image presentation. In
vacant houses, when “unmaintained green” was presented first and “main-
tained green” was presented second, the heart rate significantly changed.
Meanwhile, in woods, when “maintained green” was presented first and
“unmaintained green”was presented second, the heart rate was significantly
different.

Figure 6: Order effect: Change in heart rate for maintained (blue) and unmaintained
(red) greenery.

Relationship Between Biological Reaction and WTP

The average WTPs for the maintenance of vacant houses and abandoned
forests were 729 (standard deviation: 479 yen) and 950 yen (standard devi-
ation: 438 yen), respectively. Biological responses and WTP were not related
(Figure 7).

Figure 7: Boxplot of WTP.
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DISCUSSION

In the case of abandoned houses, “unmaintained greenery” increased the
heart rate. Meanwhile, in the case of woods, “maintained greenery”
decreased the heart rate. This may be due to the ease of imaging: “I don’t
understand the image of the greenery in the abandoned forest” and “I think
that the vacant house that is being maintained is indistinguishable from an
ordinary house”.

Biological responses differed by gender. Taylor (2002) reported that males
were aggressive under stress, while females exhibited parenting behavior. In
our study, it is possible that men felt stressed when they saw greenery in an
unmaintained empty house, whereas women felt comfortable and relaxed
when they saw a maintained forest.

Order effects are also observed. First, for vacant houses, heart rate
variability did not differ when maintained greenery was first presented, fol-
lowed by unmaintained greenery. However, when unmaintained greenery
was presented first, the heart rate increased significantly. This may simply
be a situation in which time had passed and there was no sense of dis-
comfort. This suggests that unpleasant images may be determined by first
impressions.

In the case of woods, the heart rate significantly decreased when main-
tained greenery was presented first; however, the heart rate did not decrease
when unmaintained greenery was presented first. This may be because in the
latter case, the image of the dark woods remained in subjects’ mind and the
maintained greenery did not have a good impression. Alternatively, when an
image of maintained greenery was shown first, the subsequent image of an
empty house with an unmaintained but large amount of greenery may have
affected the original impression.

Finally, biological responses and WTP were not related. Thus, decision-
making based on WTP may be determined by a mechanism different from
biological reactions. However, because the sample size was small and the
residential area of the sample was limited to the Kanto region, we would like
to examine the validity of this as a future issue.

CONCLUSION

We used biological responses (cerebral blood flow and heart rate) and CVM
to evaluate discomfort in an unmaintained green environment. We find:
First, Unmaintained greenery significantly increased heart rate in vacant
houses. For woods, “manicured greenery” significantly decreased heart
rate, while “unmaintained greenery” had no effect. Second, these effects
differed by gender and presentation order. Third, there was no relation-
ship between the presence or absence of changes in biological responses
and WTP.

Future work should improve the presented images. This study presented
some CG images, whichmay have affected biological reactions. Further, heart
rate variability (HRV) may also be a good indicator for detecting unpleasant-
ness (Kim et al., 2018). Finally, researchers should also evaluate using stimuli
other than green vision (e.g., sound and smell).
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