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Abstract: People’s satisfaction towards the experience in forests is one of most important feedbacks
that forest park managers need to meet positive visitors’ experiences. Although the drawbacks of
questionnaire methodology are obvious for data collection from self-reported scores at the landscape
scale, few alternative methods have been proposed. In this study, nine urban forest parks along the
urbanization gradients in three capital cities of Northeast China were targeted to investigate their
visitors’ selfies from social networking services (SNS) by assessing facial expressions. A total of 935
photos with location records were obtained from the SNS platform of Sina Micro-Blog in a social
hot-event of ‘Golden Week Holidays of National Day of China’ of 2017. Images were recognized by
FireFace software to assess scores of neutral, happy, sad, angry, surprised, scared, disgusted, and
contempt expressions. Data were ranked in descending order and analyzed by Friedman’s test,
correlation analysis, and Poisson regression. Visitors in downtown-forests showed fewer negative
expressions at the most northern city than at the southern most one. The negative expressions tended
to be alleviated with the increasing distance of forest parks from downtown. However, when the
distance reached over 10 km no geographical effect was found. Female visitors showed positive
emotional expressions to urban forests while male visitors showed no response. In conclusion, using
data from SNS, this study found an experience in forest park less than 10 km from the downtown of a
northern city resulted in female visitors showing the most positive expressions.
Keywords: ecosystem services; forest bathing; urbanization; city well-being; anxiety alleviation;
stress relief

1. Introduction
Forests account for one of the largest green spaces in a city’s landscape. The socioeconomic
functions of forests have drawn more and more attention of contributions to restoration, leisure,
recreation and aesthetics [1]. Forests can supply services to alleviate psychological depression and
reduce mental stress for visitors, which has been taken as an important trait of modern forested
landscapes [2–9]. This effect was termed as “forest bathing”, i.e., spending some time for walking,
viewing, and breathing in the forest atmosphere to gain restoration [2,10,11]. The forest bathing effect
was shown to induce more promotion of well-being when compared to the experience in the built-up
urban environment [4,7–9,11–20]. As urbanization is accelerating [21], large-scale forest management
is more important to generate the forest bathing effect not only from rural and suburban regions, but
also in near-center forested lands.
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People’s perception towards the forest environment may vary from one place to another depending
on the geographical proximity to urbanized lands [22]. Therefore, the theoretical magnitude of mental
restoration that can be perceived through a forest experience at least partly depends on the location of
the receiver along the urban–rural gradient. Currently, Asian studies have dominated the field of forest
bathing effect [9]. Most of these were conducted as pilot investigations in forests at less urbanized
areas [18,23], but less is known about the functional service of forests in the city center. Recently studies
from Poland [24,25], United States [19], and Sweden [9] started to focus on the restorative effect of
forests near downtown. However, these studies were scattered over a large distance, which makes
it very difficult to draw solid conclusions about the function of the regional forest community along
the urbanization gradient. Assessing the emotional response of visitors to urban forests at different
urbanized locations can result in better clarification of the effect of urban forests on well-being.
Due to greater population density in the central urban area, forested lands near the city center
were considered a scarce resource and perceived with great non-material value as cultural ecosystem
services [26,27]. They were also perceived by urban dwellers as a way to promote citizens’ well-being
and quality of life by providing aesthetic and recreational services [27–29]. In contrast, forests in less
urbanized areas were mainly needed for material outcomes by local people [26,28,29]. Data from
these studies were mainly collected through questionnaire-based surveys or interviews [9,27,30].
Self-reported scores are the main data source that were used to evaluate visitors’ perception to the
forest experience [4,5,9,14,18,23,31]. The profile mood state (POMS) questionnaire is the most widely
used approach to evaluate forest-visitors’ perception. Participants were usually recruited in a number
between 10 and 20, and few had the population over a 20-individual population [5,18,23]. This was
because to finish POMS questionnaires requires additional time for recruiting willing participants
to complete a survey [4,14]. For example, Stigsdotter et al. recruited 41 female university students
and investigated their self-evaluation, which required a time as long as six months [9]. The lack of
a large number of samples likely brings about technical bias of imprecise reflection of the potential
population. This has greatly limited the management strategy of forests to supply high-quality services
to the public, but the sole dependence on the questionnaire methodology will increase the budget to a
considerable extent if a large number of participants is essentially needed.
Social networking services (SNS) have become a common communication approach for modern-age
people. Frequent users are fond of reporting their latest experience by posting personal facial images
to the SNS platform [32,33]. As a result, millions of facial expression images are being uploaded to
the internet through the SNS pathway every minute all over the world [34,35]. The rapid increase in
mobile devices and number of SNS applications contribute to an enlarged pool of personal photos
with location information. This inspires the idea to reveal spatial variation of visitors’ perception in
forested landscapes. This can be achieved by extracting information about emotional perception from
facial expressions in photos by visitors. When visitors were walking in an urban forest, they tended
to take a photo and upload it to the SNS. Therefore, the large-scale evaluation of visitors’ emotions
among different urban forests at the same time can be evaluated.
Face-reading is a novel technique that analyzes visual recordings of faces through a software
algorithm that was generated by training the model using big-data of intended-emotion expressions.
Current technology can achieve accuracy of facial analysis in as high as 87% of the perceived emotion [36].
This can fully support the analysis of facial expressions with location information from SNS sufficiently.
At the worldwide scale, platforms such as Facebook and Twitter are famous SNS media that allow
billions of photos to be uploaded and open to the public. In China, the largest SNS for mobile devices
is WeChat (or Weixin in Chinese) (Tencent Inc., Shenzhen, China), which has more than 938 million
monthly active user accounts [37]. WeChat has a privacy policy for images in the self-controlled-users’
photo frames, which can only be browsed by authorized friends. Instead, the Sina Micro-Blog software
(or Weibo in Chinese) (Sina Inc., Beijing, China) is an open-access SNS platform where all facial images
are free for public if no special limit is established by the uploader. Sina Micro-Blog had nearly 380
million active monthly user counts and over 160 million active daily user counts. Users can take and
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upload selfies using the Sina Micro-Blog application in mobile devices, which also enables users to
upload the geographical information about instant check-in data of the location. The Sina Micro-Blog
platform has been used as a modern approach to study human behavior in urban areas. Both can be
downloaded and analyzed by personal computers [38,39]. Therefore, Sina Micro-Blog is an optimum
platform that supplies photos for analysis of people’s perception to the location of forested lands.
The objective of this study was to emotionally assess the facial expression responses of visitors
to urban forests with varied public areas in different regions and urbanization levels. We tested the
scores of eight facial expressions (neutral, happiness, sadness, anger, surprise, disgust, scare, and
contempt) for their relationship to urban forest structure. The expressions of happiness and sadness
were central to the analysis since they can reflect visitors’ emotion more precisely than other expressions.
We hypothesized that more positive emotional expressions would be found on faces of visitors to the
forest parks located in remote-rural area than in downtown. Our study provides a useful reference
for evaluating the effect of urban forests at different locations on the psychological state of visitors.
Finally, the study provides a rapid method for future urban planning studies to evaluate the effect of
urban-forest-experience on a persons’ perception of well-being.
2. Materials and Methods
2.1. Study Area
The study was conducted in the Northeast China capital cities of Changchun, Harbin, and
Shenyang that are located in Jilin, Heilongjiang, and Liaoning Provinces, respectively (Figure 1).
The locations were chosen due to their varied forest types and changes in urban forest structure over
the past four decades. Changchun city (43◦ 460 –43◦ 580 N, 125◦ 090 –125◦ 480 E) is in the hinterland of
the Northeast Plain with a total population of 3.6 million (2010 data) inhabiting an urban area of
285 km2 . Changchun has become famous locally as “the Forest City” due to the 45% tree canopy cover.
In Changchun, even though rapid increases in urbanization have occurred since 1979, the urban forest
patch density and tree density have increased by 162% and 37%, respectively after three decades of
active urban tree planting. Harbin (44◦ 040 –46◦ 400 N, 125◦ 420 –130◦ 100 E) was founded in 1896 and has
been regarded as a “Garden City”. The urbanization of Harbin started in 1978 and during such time
the urban forest structure has increased through introductions of nine families and 17 genera of forest
woody species due to the intensive afforestation construction of the new urbanized regions. In Harbin,
the landscape prior to the rise in newly urbanized regions was typically unforested and afforestation
increased through a requirement of more greening by newly settled residents in the 53.10 thousand
km2 region. Shenyang (41◦ 480 –43◦ 220 N, 123◦ 250 –130◦ 070 E) has an area of 12.95 thousand km2 with a
population of 8.3 million people in 2015. Shenyang belongs to the North China flora area and occurs
between the Changbai and Mongolia flora zones [40].
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by distance to downtown to provide a gradient of urbanization. The park name, city, and distance of
parks from the downtown for each selected forest park (Table 1) and their distributions (Figure 1)
were recorded.
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Table 1. Details about name, area, and location of urban forest parks and number of two genders of
visitors therein in cities of Changchun, Harbin, and Shenyang in Northeast China.
Downtown

Forest Park

Area (ha)

People’s square

Nanhu
Beihu
Jingyuetan

222
205
2052

Harbin Railway
Station

The Youth Str.
Subway Station

Zhaolin
Sun-isle
Northeast Tigers
Garden
Nanhu
Dongling
Int. Hort. Exp.

Distance from
Downtown (km)

—Changchun—
3.5
10.5
15.5
—Harbin—
7
1.8
246
4.5
105

82
833
369

Note:

1

7
—Shenyang—
2.5
14
19
Total number

Park
Location

Male
Number

Female
Number

Total
Number

C1
S2
R3

34
3
37

95
17
90

129
20
127

C
S

10
26

26
101

36
127

R

27

73

100

C
S
R

15
37
54
243

77
49
164
692

92
86
218
935

C, city-center; 2 S, suburban; 3 R, rural.

2.3. Facial Image Data
Facial images from user-supplied selfies were first screened on-line for a two-week period from
24:00 of 30 September to 24:00 of 7 October 2017. The selfies within the screening standard described
below were downloaded for expression analysis. This time period was chosen because it overlapped
a social hot-event of a short holiday to celebrate National Day of China, which resulted in a large
increase of active users in Sina Micro-Blog above typical daily image uploads [41]. This time period
was also chosen to study check-in data of urban residents in Sina Micro-Blog [39]. Images containing
the frontal view of an intact face were analyzed because this kind of image can best facilitate the
computer recognition by the software [42]. Sometimes a head-pose in our collected images that
resulted in non-frontal faces were still screened as candidates for expression analysis if all sensory
organs were shown clearly at or near symmetry. Although facial images with a range of head poses
can be analyzed for emotional expression, the non-frontal-face images need to be screened to reduce
unfavorable characteristics [42,43]. Therefore, this kind of image was excluded from our first screening.
Respondents wearing sunglasses or light-reflecting glasses were excluded because their image cannot
be analyzed for expressions around their eyes. We found that nearly 100% of the images were selfies
and the few non-selfies were excluded from the study. The faces with heavy makeup or modification
(less than 2%) failed to pass the screening as they may impact the precision of expression analysis.
A total of 1139 facial images passed the first-round screening and 935 of them met study requirements
and were downloaded for further analysis. The gender proportion and geographical distribution of
these images are shown in Table 1.
2.4. Experimental Design
This study was structured by a split-block design on eight facial-expression scores within three cities
(Changchun, Harbin, and Shenyang) as the main block and geographical locations (fully urbanized,
suburban, and remote-rural areas) as the sub-block. No exact replicates were presented because the
number of available expression data depended on the real-time number of selfies. Each facial-expression
score of every selfie can be taken as a replicate for the combined city-location independent variable
for the study of this emotional expression. We found that sometimes one person took more than one
selfie and uploaded all of them up to the service of Sina Micro-Blog. This resulted an issue of different
expressions from a same face. However, we eliminated this effect on results by manually screening
these kinds of photos.
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2.5. Analytical Method
The FireFace (ver. III frontier edition) software was used in this study to recognize selfies and
access eight basic emotional expressions: neutral, happy, sad, angry, surprised, scared, disgusted, and
contempt. The magnitude of each expression on one face was valued by the frequency given by the
software, which has been trained to recognize at high precision. We focused on extreme expressions of
“happy” and “sad” and used scores of these two expressions for further calculation because they can
reflect the emotion more precisely than others [36,44]. The positive response index (PRI) was employed
as a scoring metric and is defined as the difference between scores for happy and sad emotions to
evaluate the net positive level of favorable reaction of visitors in the urban forests [36].
SAS (ver. 9.4 64-bit, SAS Institute, Cary, NC, USA) software was used for data analysis. Data were
checked for a normal distribution and found to be non-normally distributed. Therefore, both
facial-expression scores and PRI values were ranked to be distribution-free for the analysis by the
non-parametric method [45]. Our data were ranked in a descending order to meet the Poisson
distribution. Ranked data were tested by Friedman’s chi-square test to detect the probability of
different row-means in data tables stratified by variations from cities, urban-forest park locations,
and their interactions. When a significant effect was found, data were arranged and compared by
the Wilcoxon rank-sum test [46,47]. Bonferroni adjustment was employed to test for significance at
the 0.05 level [48]. Subsequently, the relationship between the forest-distance to the city center and
eight facial-expression scores were analyzed by the Pearson correlation. Finally, a Poisson regression
model was used to analyze the effects of multiple geographic and demographic factors on PRI [36].
The Poisson regression was conducted to detect the PRI response to multiple independent variables of
city-variation, park-location, to-center distance, park area, and visitors’ gender (open data on Sina
Micro-Blog). A Poisson model needs an offset variable to normalize the fitted means by specifying
a constant value. The logarithmic value of the time spent level on Sina Micro Blog for photo-used
visitors was used as the offset variable since it was not used as an explanatory variable.
3. Results
3.1. Demographical Analysis
Generally, more women than men in urban forest parks took selfies (Table 1). The number of
female visitors (n = 692) was 202, 200, and 290 in Changchun, Harbin, and Shenyang, respectively;
while the number male (n = 243) visitors therein were 74, 63, and 106, respectively. More selfies were
collected and passed the screening standard from visitors to the forest parks in the remote-rural area in
Harbin and Shenyang. In Changchun, very few images (n = 20) were uploaded and met screening
standards in the suburban area.
3.2. Emotional Expressions at Different Urbanization-Leveled Regions in Three Cities
No interactive effects of city variation and urban-park location were detected for any of the eight
facial expressions (Table 2). A significant response was found for ranked scores of neutral, angry, and
disgusted facial expressions among different cities and the ranked score for disgusted expression among
different forest-park locations across cities (Table 2). Because our data were ranked in a descending
order, the comparison revealed the opposite trend among means. Urban-forest visitors showed a 12%
higher score of neutral expression in Shenyang than in Changchun (Exact test, two-sided Pr ≥ |S-mean|
= 0.0065) (Figure 2a), but the angry-expression score in these two cities were both higher than that in
Harbin by about 11% (Pr ≥ |S-mean| = 0.0129) (Figure 2b). Visitors in Changchun showed a higher
disgusted facial-expression score than in Shenyang and Harbin (Pr ≥ |S-mean| = 0.0077 and 0.0158,
respectively) (Figure 2c). Visitors generally showed higher disgusted facial-expression scores in forest
parks at city center than in rural area (Pr ≥ |S-mean| = 0.0061) (Figure 2d).
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Table 2. Summary statistics by Friedman’s chi-square test on ranked scores for neutral, happy, sad,
angry, surprised, disgusted, scared, and contemptuous facial expressions from visitors stratified by
Table 2.ofSummary
statistics
by park
Friedman’s
chi-square
test
ontheir
ranked
scores for
neutral,
happy, sad,
variants
different cities
(City),
locations
(Location),
and
interaction
(City
× Location).
angry, surprised, disgusted, scared, and contemptuous facial expressions from visitors stratified by
Facial
expression
Cochran-Mantel-Haenszel
Statistics
(Based on
ranked
scores)
variants
of differentdf
cities (City),
park locations (Location), and
their interaction
(City
× Location).

City
Facial Expression

Neutral
Happy
Sad Neutral
AngryHappy
SurprisedSad
Angry
Disgusted
Surprised
Scared
Disgusted
Contempt
Scared

2
2
2
2
2
2
2
2

Location

City ×Location

df
Value Cochran-Mantel-Haenszel
p
ValueStatisticsp (Based on Ranked
Value Scores)p
City
8.94501
0.0114
2.2952 Value
0.3174 p
0.2204
1
23.0250 8.9450
0.0114
10.1260
0.00630.3174
2
2.2952
20.4531 3.0250
0.79730.2204
28.6822 10.1260
0.01300.0063
2
0.4531
0.7973
3.7724
0.1517
2
8.6822
0.0130
0.60370.1517
21.0092 3.7724

3.8304Location
0.1473
0.8141
0.6656
Value
p
2.3478
3.8304 0.3092
0.1473
4.2485
0.8141 0.1195
0.6656
2.3478 0.2327
0.3092
2.9156
4.2485
0.1195
8.3403
0.0155
2.9156
0.2327
6.6291
0.0364
8.3403
0.0155
2.1110
6.6291 0.3480
0.0364

City
× Location
3.4999
0.1738

2.1851
Value

p0.3354

0.4912 0.1738
0.7822
3.4999
0.6112 0.3354
0.7367
2.1851
0.4912
2.8658 0.7822
0.2386
0.6112
0.7367
5.7567
0.0562
2.8658
0.2386
6.4153
0.0405
5.7567
0.0562
1.6812
0.4314
6.4153
0.0405
1
Note: Values
in bold-font indicate
significant
effect
0.0167 level
(adjusted1.6812
by the Bonferroni
Contempt
2
1.0092
0.6037at the2.1110
0.3480
0.4314
1
method
from
0.05).
Note: Values in bold-font indicate significant effect at the 0.0167 level (adjusted by the Bonferroni method from 0.05).

Figure 2. Ranked scores for neutral (a), angry (b), and disgusted (c) facial expressions among different
Figure
Ranked
for neutral
(a), angry
(b), and
disgusted
(c) facial
expressions
among
different
cities 2.
and
thosescores
for disgusted
facial
expression
among
different
forest-park
locations
across
cities
cities
and
those
for
disgusted
facial
expression
among
different
forest-park
locations
across
cities
(d).
(d). Different letters indicate significant difference of ranked scores between any couple of the three
Different
lettersaccording
indicate to
significant
ranked
any couple
of Bonferroni
the three
comparisons
Wilcoxondifference
rank sumof
test
at the scores
0.0167 between
level adjusted
from the
comparisons
according
to Wilcoxon
rank sum
test at the
0.0167 level adjusted from the Bonferroni
method. Error
bars above
columns indicate
standard
errors.
method. Error bars above columns indicate standard errors.
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3.3. Relationship between Distance from Downtown and Emotional Scores in Each City
Because our data were ranked in descending order, the regression between distance of the urban
forest parks to downtown and visitors’ facial-expression scores revealed an adverse relationship.
In Changchun, visitors tended to show less angry expressions as distance from the city center increased
(Table 3). In Harbin, visitors tended to show higher scared scores in the rural area than in the city center.
In Shenyang, as the distance of forest parks to the city center increased, visitors therein tended to show
a lower score of happy expression. They also showed lower scores of sad and angry expressions with
higher determination coefficients.
Table 3. Coefficients from Pearson correlation between the distance from downtown for urban forest
parks and ranked scores of eight facial expressions of visitors therein in Cities of Changchun, Harbin,
and Shenyang at Northeast China.
Independent

Distance
from
downtown

Coefficient

Neutral

Happy

R
P

0.0258
0.6696

−0.0652
0.2801

R
P

0.0655
0.2896

−0.0694
0.2615

R
P

−0.0447
0.3759

0.1106
0.0282

Note:

1

Sad

Angry

Surprised

Changchun (n = 276)
0.09854
−0.0095
0.1740 1
0.1023
0.0037
0.8746
Harbin (n = 263)
−0.0734
−0.0502
0.0129
0.2348
0.4163
0.8343
Shenyang (n = 396)
0.1351
0.1635
0.0222
0.0072
0.0011
0.6599

Disgusted

Scared

Contempt

0.0452
0.455

0.0191
0.7521

0.0557
0.3564

−0.0881
0.1532

−0.1286
0.0368

0.0067
0.9144

0.0766
0.1293

0.1051
0.0370

0.0138
0.7850

Values in bold-font indicate significant correlation.

3.4. Geographic and Demographic Effects on PRI
City variation and urban–forest–park location factors did not have any interactive effect on ranked
PRI (the Cochran–Mantel–Haenszel statistics, p = 0.3848). In addition, neither the variation of city nor
that of location had significant effect on ranked PRI scores (p = 0.3083 and p = 0.7767, respectively).
Poisson modeling indicated that the park area was not correlated with PRI; hence, the park
area was excluded from the Poisson regression analysis. The Chi-square test indicated a significant
effect from the intercept of the whole model, indicating that the Poisson model can describe all
factors of city variation, urbanization, distance from downtown, and visitors’ gender well (Table 4).
Estimates of both Changchun and Harbin cities were negative on ranked PRI, indicating positive
contributions of descending ranks of data from these two cities to the generation of PRI. Among three
urbanization levels, forests in both downtown and rural areas had negative effects on ranked PRI
(Table 4). The magnitude of the estimated effect of forest distance to downtown on PRI tended to
fluctuate to a distance to approximately 10 km. Urban forest parks located 10 km or further away from
the downtown had no significant contribution to PRI. Facial expressions of female visitors contributed
to a positive effect on PRI, while male visitors’ expressional scores had no effect. Among all variables,
gender contributed to the highest increase on PRI, followed by the contribution from Harbin city.
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Table 4. Analysis of parameter estimates of effects from independent variables of city difference,
urbanization level, distance to the city center, and visitors’ gender on the dependent of descending
ranks of positive response index (PRI) given by the Poisson regression.
Independent Variables
PRI-Intercept
City
City
City
Urbanization
Urbanization
Urbanization
Distance
Distance
Distance
Distance
Distance
Distance
Distance
Distance
Distance
Gender
Gender
Scale

Changchun
Harbin
Shenyang
C4
S5
R6
1.8
2.5
3.5
4.5
7
10.5
14
15.5
19
07
1

DF 1

Estimate

SE 2

1
1
1
0
1
0
1
1
1
0
1
0
1
0
0
0
1
0
0

3.3533 3
−0.1374
−0.2717
0.0000
0.2346
0.0000
0.1064
0.0430
−0.2272
0.0000
0.3453
0.0000
−0.2292
0.0000
0.0000
0.0000
−0.3580
0
1.0000

0.0049
0.0053
0.0057
0.0000
0.0082
0.0000
0.0057
0.0108
0.0084
0.0000
0.0086
0.0000
0.0144
0.0000
0.0000
0.0000
0.0033
0
0.0000

Confidence Limits
3.3436
−0.1477
−0.2829
0.0000
0.2186
0.0000
0.0945
0.0219
−0.2437
0.0000
0.3285
0.0000
−0.2573
0.0000
0.0000
0.0000
−0.3645
0
1.0000

Chi-Square

Pr > ChiSq

465,306
677.12
2240.50
0.0000
822.65
0.0000
353.99
15.94
725.75
0.0000
1623.83
0.0000
254.04
0.0000
0.0000
0.0000
11,735.4
.

<0.0001
<0.0001
<0.0001

3.3629
−0.1270
−0.2604
0.0000
0.2506
0.0000
0.1175
0.0641
−0.2106
0.0000
0.3621
0.0000
−0.2010
0.0000
0.0000
0.0000
−0.3515
0
1.0000

Note: 1 DF, degree of freedom. 2 SE, standard error. 3 Values in bold-font indicate significant contributions.
center. 5 S, suburban. 6 R, rural. 7 Gender 0 as female and 1 as male.

<0.0001
<0.0001
<0.0001
<0.0001
.
<0.0001
.
<0.0001
.
.
.
<0.0001
.
4

C, city

4. Discussion
4.1. The Difference of Facial-Expression Scores among Cities
In our study, the Poisson regression indicated the positive contributions of data collected from
Harbin and Changchun cities to the PRI. Data from Harbin further had a more positive contribution
than Changchun. However, emotional scores of visitors in Shenyang had no effect on PRI. Harbin
occurs at the northernmost side of our study area and our results suggest that visitors in urban forests of
a northern city tended to show more positive emotion on their faces than those in forests at a southern
city. More specifically, visitors to the urban forests showed the lowest score of angry expression in
Harbin among the three cities, while they also showed a lower score of disgusted expression in Harbin
than in Changchun.
Environmental factors can also affect results of this and similar studies. The temperature variation
of the three cities drove the different responses of visitors’ facial expressions in urban forests. During
1–7 October 2017, the daily temperature in Harbin ranged between 0 ◦ C and 21 ◦ C and in Shenyang
ranged between 0 ◦ C and 23 ◦ C. We consider the lower fall temperature in Harbin depressed the
negative emotions on visitors’ faces. Some studies have revealed the ‘cooling effect’ of urban forest
on visitors’ mental-state. For example, data from 14 comparisons of forests and urban settings across
Japan revealed that the cool temperature in the forest was associated with the relaxation from a tense
mood [4]. Lower fall temperatures were also associated with higher blood pressure in a birch forest of
an urban park in Northeast China [46]. An increase in blood pressure results in higher stress relief
through the up-regulating sympathetic nerve activity, salivary cortisol level, prefrontal-cortex cerebral
blood flow, and parasympathetic nerve activity [18,23,49]. It is reasonable that people would express
negative emotional expressions when they encounter an uncomfortable temperature.
4.2. The Relationship between Facial Expressions and the Distance from Downtown
Our studies revealed that visitors in the urban forest parks near the city center generally
expressed more negative emotion and tended to show higher disgusted expressions. Our results
concur with findings from the comparison between the experiences in the forest and in the urban
environment [4,14,16–18]. Studies using the POMS method reported that after walking in the urban
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environment participants experienced artificial [14,16–18], arousal [14], and wakefulness [16–18]
instead of the neutral observation. Our study identified these outcomes by facial expression
analysis, which was more precise and objective to describe temporary emotional perception than the
questionnaire methodology.
In detail, visitors to urban forest parks in Changchun showed less angry emotions in the rural
region than downtown, while visitors in Shenyang expressed decreased sad, angry, and scared emotions
with the increase of distance from downtown. In Harbin, the regression indicated a positive relationship
between distance and scared expression score. This was because the urban–rural gradient therein only
occupied a short distance to downtown from 1.8 km to 7 km and this distance range was indicated
to have a negative effect on the positive emotion by the Poisson model. In Shenyang, because both
positive and negative emotional expressions declined with the increase of distance from downtown,
the Poisson model indicated no trend of contribution of this city on PRI.
Our results also indicated that when an urban forest park is located about 10 km away from
downtown, the distance-factor is unlikely to have any effect on visitors’ facial expressions. Local
people believed this distance was too far away from downtown because the cost of traveling to the
remote rural forest park was inevitably costly in terms of time, fuel, and patience. Outside visitors to a
remote-rural forest park can hardly perceive any impact of the distance to downtown on their emotions.
Some studies even reported that the city-center environment did not contribute to all-bad expereince
by respondents [8,9], suggesting a strong emotional response of people in urban forest parks located in
the urbanized area. Therefore, an urban forest park over 10 km away from downtown may be not so
mentally restorative as we expected, even though the park was in a highly natural environment.
4.3. The Gender Effect on Facial Expression
Due to the popularization of mobile devices and enhancing photographic function in cell phones,
visitors have taken and increasingly uploaded much more selfies than in the past. This was one of
the corollaries of social media platform development [50]. In our study, many more facial images
originated from selfies by female visitors than by male visitors. This was attributed to the nature
of attitude and motivational differences between male and female respondents [50]. The Poisson
regression model indicated that male visitors generally showed neutral emotion in their selfies, while
female visitors showed a positive contribution to the expressional emotion. Thus, the facial expressions
findings suggest female visitors were able to obtain significant anxiety relaxation from the exposure
to urban forest parks, but male visitors’ expression was not sensitive to the urban forest experience.
Our results concur with those in a recent study where female visitors reported more relief from
tension and anxious mood than male visitors after a forest walk in winter [48]. By the general social
characteristics of men and women, male visitors may experience more stress than female visitors,
which resulted in the tendency of less happy expressions on their faces though they were standing in
the restorative setting. Male visitors tended to show a natural expression on their faces, which were less
likely to be posed than females [50]. In addition, a restorative forest effect was characterized by groups
of trees by Jiang et al., who found that men can perceive discomfort in response to heavy tree density
while women do not realize this stress [51]. Thus, tree density in urban forest parks of China might
be greater than a male prefers [8,46,47]. However, the current understanding about the restorative
response and gender difference to the forest experience is still limited. More studies are needed to
detect the mechanism for the variation of emotional difference of men and women in a forest park.
4.4. The Limitations of the Current Study
Our study focused on the facial expressions of visitors in urban forest parks located at varying
distances to the center of three cities. This methodology enabled us to compare the difference of facial
expressions between forests at urban and rural areas. The urban–rural comparison can reflect the
environmental and anthropogenic changes caused by urbanization [52,53]. However, in studies on
emotional perception in response to nature experience, the urban environment was usually taken as
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the reference (or the control) to quantify participants’ performance in a forest [7,9,19]. Therefore, our
results were not designed to reveal the restorative effect of an urban forest park as we did not compare
our results with those collected from the urban environment. However, our study can satisfactorily
answer the question about the effect of green space in varying distances on facial expressions.
People intend to smile when taking selfies, which impacted our results’ precision. This can cause
some subjective bias on facial expression analysis in our study. For example, several images in our
study showed the face of an intentional smile. However, this “interruption” likely existed for all
images, generating a natural error in all forest parks. Another mechanical error can be generated
from the number of visitors to urban forest parks, which was not evenly spread across the nine parks.
Fewer photos in the suburban park of Changchun occurred because visitors to the suburban park of
Changchun tended not to take selfies in front of their face and many selfies were over-decorated, which
causes mechanical reading issues. This point should be considered as an interruption and should be
controlled in future works.
Furthermore, we did not incorporate the factor of visitors’ ages into the analysis because technically
we cannot. Although photos are generally open to public without special limits by the uploader, their
age belongs to the kind of personal information that most users would like to hide or omit. In addition,
the FireFace software has not obtained the function to analyze both facial expressions and extra ages
from the same photo of a person’s face. More modern techniques or other similar software may cope
with this bug in our study.
Finally, the Sina Micro-Blog permits users to keep their personal details protected, which means
that their information cannot be browsed by strangers. Hence, in our study we were unable to obtain
more data to study the effect of gender on facial expression. Future work is suggested to be conducted
in an off-line face-to-face experiment wherein more personal details of every participant can be known.
5. Conclusions
In this study, 935 facial images of visitors to urban forests in three cities of Northeast China
were screened and downloaded from the Sina Micro-Blog platform for facial recognition by FireFace.
Eight facial expressions were recognized to quantify neutral, happy, sad, angry, surprised, scared,
disgusted, and contempt scores. Factors of city-variation distance to downtown, and visitors’ gender
had significant effects on facial-expression scores. Visitors in urban forests at the most northern city
showed fewer negative expressions than those at the more southern city. Visitors’ negative expression
tended to be alleviated with the increase of the urban-forest’s distance to downtown within the range of
no more than 10 km. Female visitors tended to show positive emotion in their selfies, but male visitors
showed no effect of facial expression on their faces. Therefore, a forest park in the rural area no longer
than 10 km from the downtown of a northern city for a female visitor gave the most positive emotion.
This study is just a case to use SNS data about facial-expression scores from visitors to forests along
the urbanization gradient. Results can be used for regional urban forest evaluation and green space
planning. The use of SNS photos can be extended to unlimited edges of forested lands that people
are allowed to visit. The data about facial expressions can also be used as a dependent variable to
detect their correlates with all municipal dimensions in addition to urban forest location and distance
to downtown.
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