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Abstract: Forests account for 60% of lands in Taiwan. Climate change impacts forests in many
aspects and is increasingly likely to undermine the ability of forests to provide basic ecosystem
services. To help reduce the impact of climate change on Taiwan’s forests, people must be made
aware of the relationship between climate change and forests. Based on questionnaires collected
from 17 cities in Taiwan, this study applied spatial analysis to assess the respondents” understanding
of climate change and adaptation strategies for forest management. A total of 650 questionnaires
were distributed and 488 valid ones were collected. The results show that (1) Most respondents
believe that climate change is true and more than half of the respondents have experienced extreme
weather events, especially extreme rainfall; (2) Most respondents believe that climate change will
affect Taiwan’s forests with the majority recognizing the increasing impact of extreme events being
the primary cause, followed by changes in the composition of tree species and the deterioration of
forest adaptability due to climate change; (3) Most respondents expressed that forest management
should be adjusted for climate change and called for measures being taken to establish mixed forests
as well as monitoring forest damage; (4) In order to address the difficulties faced by forest owners on
the impact of climate change, the majority of respondents felt that the government should raise forest
owners’ understanding on climate change and adaptation policies, while the subsidy incentives must
also be adjusted. The results of this study show that the respondents do realize the importance of
climate change and forest management so much so their awareness in this matter led to their support
for forest adaptation measures and policies.

Keywords: climate change; awareness; adaptation; forest management; Venn diagram

1. Introduction

Worldwide, climate change has posed a significant threat to forests due to the increas-
ing heat and aridity, shifting rainfall patterns and extreme weather events. Anthropogenic
climate change impacts the growth and productivity of trees [1,2], tree health and composi-
tion of species [3,4], and the extent to which trees are damaged by natural disturbances [5,6].
These impacts are harmful to the environmental, economic and societal values of all forests
and could damage their noneconomic value, functions and services [7]. To mitigate climate
change risks and reduce vulnerability of forests in the face of climate change, adequate
adjustments to forest management policies are required [8]. Compared to agriculture,
decision-making and planning in forest management are based on a much longer timeline,
during which forests replenish and trees grow, mature and yield. Even after forests renew
themselves, they must stand and face a potentially different climate and environment for
decades if not centuries [9,10].
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Most of Taiwan'’s forests are national forests and the management of which is con-
siderably affected by public opinions and public awareness. Therefore, integration of
forest adaptation policies requires the participation of the public. According to the Global
Climate Risk Index published in 2018 by Germanwatch (in the 23rd Conferences of the
Parties of the United Nations Framework Convention on Climate Change [11]), Taiwan
ranks seventh among the regions with a high risk from climate change. The topography
of Taiwan is towering and steep, with an uneven yet extreme rainfall pattern. Taiwan
frequently undergoes direct impacts from tropical cyclones during summer and autumn
and heavy monsoon rains that cause landslides and associated losses of forest. Episodic
droughts also impacted the island. However, few studies have discussed the effects of
climate change on Taiwan’s forest management.

The forest coverage rate of Taiwan is 60.71%, and Taiwanese forests are richly diverse
in terms of forest physiognomy. Taiwan'’s forests are divided into four management
zones: nature reserves areas, national protective areas, timber management areas and
forest recreation areas. Since the nature reserves areas and national protective areas
account for 79% of the entire forests, Taiwan'’s forest management policy is mainly for
forest protection [12]. Given that the public’s awareness of climate change matters in
relevant policies on adapting to and reducing the impacts of climate change, this study
applies descriptive statistics to analyze the public’s understanding of climate change and
forest management, as well as their views on the obstacles and potential solutions to the
implementation of adaptation actions.

Background

The Intergovernmental Panel on Climate Change (IPCC) has directed a mitigation and
adaptation strategy for solving the risk and impact of climate change [13]. Mitigation means
implementing human interventions to mitigate the pressure of human activities on climate
systems from the perspective of technology, economics and policies to reduce or impede
global climate change. Adaptation refers to adapting according to actual or estimated
climate change or influences on natural and human systems to reduce the impact of a
specific risk or take advantage of beneficial opportunities. Adaptation can be divided into
progressive and transitional adaptations [14]. Progressive adaptation is applying current
knowledge and technology to respond to changing climate conditions, whereas transitional
adaptation is expecting and reacting to multiple aspects with the aim of modifying a forest’s
adaptation ability or provoking a specific adaptation ability.

Since progressive adaptation may not be effective for species with long life expectan-
cies, such as trees, Messier et al. [15] indicated that researchers must forecast changes
in climate conditions instead of only observing them. In addition, transitional adapta-
tion demands the participation of the entire forestry industry, from actual managers to
decision-makers and forestry workers. Collaboration between managers and decision-
makers ensures that a forest fits the needs and preferences of the residents [16]. Advantages
of such co-participation include a comprehensive foundation in policy support, enhanced
information sharing and professional knowledge on adaptations in response to unique
climate conditions [15,17].

Forest management and decision-making are based on the interactions of all partici-
pants and how they react to one another [18]. It is noteworthy that many of the various
adaptation policies were applied to forest management before climate change became
widely known, such as those proposed by Bolte et al. [19] and Kolstrom et al. [16]. For
example, the back-to-nature measure focuses on provoking species mixing and an irregular
age structure in an even-aged forest [20]. Even though the ecological perspective has
confirmed that reintroducing a complex stand structure to forests is economical, most back-
to-nature measures are still production-oriented [21]. Another example is the systematic
afforestation method. In contrast with the back-to-nature measures, which focus on a target
structure or composition, systematic afforestation tends to follow and adjust intervention
measures to adapt to natural reactions of each forest stand [18,21].
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An increasing number of scholars have realized the viewpoints of forest owners on
climate change and the importance of adaptation plans [22-26]. Joa and Schraml [27] indi-
cated that the viewpoints on ecological value and forest adaption strategies are crucial for
conservation on a landscape scale so that positive conservation perceptions can increase the
chance of conservation implementation. Furthermore, effectiveness of forest governance
depends on the public’s support for forest management [28]. Public awareness also affects
the acceptance of forest management strategies, which is important for the formulation
and implementation of successful adaptation strategies, policies and actions [29-31]. Alti-
nay [32] indicated that the public’s awareness of climate change is closely correlated with
their support of relevant policies for adapting and reducing the effects of climate change. In
European countries, the public are commonly aware of climate change and concern about
its impacts, and yet this awareness has not been translated into tangible adaptation actions
due to the lack of knowledge and information [33]. These theories serve as the foundation
for this study that focuses on Taiwan'’s forest management system.

Here, we apply the Kruskal-Wallis test and Spearman’s correlation analysis to deter-
mine which perceptions are critical to influencing adaptation actions in the case of Taiwan.
This study aims to (1) understand the public’s awareness of climate change and forest
adaptation strategies of Taiwan and (2) offer information for forestry-related authorities in
Taiwan and enhance the information disseminated for understanding climate change and
implementing relevant Adaptation policies.

2. Materials and Methods

The questionnaire includes four aspects: general understanding of climate change,
experience of extreme weather events, ideas on potential impacts and implementation of
adaptation actions. The questionnaire was based on the literature of Silva et al. [33] and
Blennow and Persson [34]. The questionnaire comprises two parts. The first part consists
of eight questions that inquire about the demographic data of the respondent, including
their sex, age, education level, monthly income, occupation, place of residence, marital
status and involvement in organizations related to environmental protection or the forestry
industry. This study considered the percentage of representative samples of the entire
sample collection. Regarding age, only individuals aged 18 years or older are considered
because respondents under that age may not be fully equipped with the ability to think
independently, which could hinder the survey results [35-37].

Taiwan’s forest consists of alpine tundra, subalpine coniferous forest, cold coniferous
forest, temperate mountainous coniferous forest, temperate mountainous broad-leaved
forest, subtropical mountainous broad-leaved forest and tropical coastal forest [38]. In
this study, Taiwan is divided into 17 regions on the basis of the 22 administrative cities,
considering the population of these cities (Figure 1). The 17 regions were decided according
to the following measures: (1) Hsinchu County and Hsinchu City were combined; (2) Chiayi
County and Chiayi City were combined; and (3) the offshore islands were omitted. The
resulting 17 regions for the place of residence of respondents were: Keelung, New Taipei,
Taipei, Taoyuan, Hsinchu, Miaoli, Taichung, Changhua, Nantou, Yunlin, Chiayi, Tainan,
Kaohsiung, Pingtung, Yilan, Hualien and Taitung. According to the definition of National
Statistics of Taiwan, an urban area is (1) an area of more than 20,000 people and (2) an area
of more than 300 inhabitants per square kilometer in population density [39]. Therefore,
Keelung, New Taipei, Taipei, Taoyuan, Hsinchu, Taichung, Changhua, Yunlin, Chiayi,
Tainan, Kaohsiung and Yilan are classified as urban areas. In contrast, Miaoli, Nantou,
Pingtung, Hualien and Taitung are classified as rural areas. Moreover, the population
ratio of the latest population data announced by the Ministry of the Interior [40] was
used as a reference for the proportion of questionnaires issued in each place of residence.
The item concerning respondents” involvement in organizations related to environmental
protection or the forestry industry was designed to determine whether such experiences
affect the survey result on the awareness and experiences of climate change influences and
adaptation policies.
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Figure 1. Study Site.

On the basis of Silva et al. [33], the second part of the questionnaire determines
the awareness and experiences of respondents regarding climate change and adaptation
policies. This part comprises four aspects: general awareness of climate change, experi-
ence of extreme weather events, thoughts on the potential effects and implementation of
adaptation actions (Table 1). The first aspect, general awareness of climate change, refers
to how respondents view climate change and their level of concern. The second aspect,
experience of extreme weather events, represents the effect of climate change “felt” by the
respondents. The experience of actual extreme weather events also helps reveal which
type of weather event is the most common for the respondents. The third aspect, thoughts
on potential effects, reveals respondents’ understanding regarding the effect of climate
change on forests as well as their opinions on the future changes of Taiwan'’s forests. The
fourth aspect, implementation of adaptation actions, reveals whether respondents think
adaptation policies should be proactively implemented and which operation/management
policies are required for implementation. Additionally, this aspect asks about the main
factor preventing Taiwanese forest owners and managers from adapting to climate change,
as well as the type of help they most likely require. Since the awareness and definition of
climate change and extreme weather events differ for each individual, this study did not
define these terms on the questionnaire to understand the awareness of members of the
public from different socioeconomic backgrounds. Nevertheless, forestry-related terms on
the questionnaire were all noted to ensure that the respondents understood them.
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Table 1. Questionnaire Design.

Aspects

Items

Reference

General awareness of climate change

1. Do you think that climate change
is happening?

O Absolutely not.
O Maybe not.
OIdon’t know.
U Maybe.

O Absolutely yes.

Wang et al. [41],
Blennow and Persson [34]

2. Do you think what causes climate change?

[0 Natural factors.
J Human activities.

0 Human activities and natural factors.

O TIdon’t know.

3. Do you think that the forest
management policies must be
changed to adapt to climate change?

O Yes, forest management and operation must

be adjusted to adapt to climate change.

O No, forests can respond to climate change

on their own.

Silva et al. [33]

O Idon’t know.

O Other.

O Absolutely not.

O Slightly.
4. How much do you care sty .

; O] A little. Silva et al. [33]

about climate change? 0 A lot.

O Very much.

Experience of extreme weather events
. O Absolutely not.
5. Have you experienced any extreme [ Mavb t
weather event caused by climate change aybe hot.
. U Idon’t know. Blennow et al. [22]

(e.g., sudden extreme heavy rain, floods, O Mavbe
heatwaves or abnormal cold wave)? 0 Absyol u.t ely yes.

(] None.

[l Heatwave.

[ Cold wave. Silva et al. [33],
6. To continue, what changes have you 0O Drought. Yousefpour and
observed (experienced)? (You may B gxtreme rainfall. Hanewinkel [25]

torms.

select more than one answer)

[ Heavy snow.
O Early frost or late frost.
O Other.

Thoughts on the potential effects

7. Do you think that climate change
will affect Taiwan's forests?

O Absolutely not.
0 Maybe not.

O Idon’t know.
O Maybe.

O Absolutely yes.

Blennow and Persson [34],
Blennow et al. [22]

8. To continue, what changes do you expect to
occur? (You may select more than one answer)

[J None.

O Changes in the composition of tree species.

O Increased growth speed of trees.

O Decreased growth speed of trees.
O Decreased soil fertility.

O Increased plant diseases and pests.

O Increased extreme events (e.g., drought, strong

wind and forest fire).
O Deterioration in forest adaptability.

Wang et al. [41],
Yousefpour and
Hanewinkel [25]

Implementation of adaptation actions

9. If you were a forest owner, would you adjust
your forest management methods according to

climate change or climate data?

O Absolutely not.
0 Maybe not.

O Idon’t know.
O Maybe.

O Absolutely yes.

Silva et al. [33]
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Table 1. Cont.

Aspects

Items

Reference

10. To continue, if you were a forest owner,
what would you change at the forest
management level? (You may select

more than one answer)

O Nothing.

O Increase the natural renewal ratio.

O Plant more suitable species.

O Increase the plantation of mixed forest.

0 Change the composition of tree species.

U Cut down unnecessary tree species.

O Conduct adequate thinning.

O Change the frequency or intensity of thinning.
O Improve lumber technology and equipment.
O Change the length of rotation periods.

O Reduce wood production goals.

[ Monitor damage (living organisms or nonliving materials).

[J Purchase insurance.
J Other.

Wang et al. [41],
Silva et al. [33],
Yousefpour and
Hanewinkel [25]

11. Do you think what is the main factor for
why forest owners do not take adaptation
actions in response to climate change?

O Lack of technical knowledge.

O Lack of government subsidy incentives.

O Lack of the idea that “this is crucial”.

O Lack of difficulty in acquiring relevant information.
U Inability to change the management level.

O Other.

Wang et al. [41],
Nelson et al. [8]

12. In response to climate change, do
you think which type of help the
forest owners require the most?

O Government subsidy incentives for adaptation policies.
O More technical information from the government.

O Training and technical instruction from the government.
[ Raising awareness of climate change and understanding

Silva et al. [33]

of the importance of adaptation.
[ measures by the government.

O Yes, the current policy is adequate and well implemented.

13. Overall, do you think that the current O Yes, the current policy is adequate, but poorly implemented. Wang et al. [41],
policy is fit for reducing the negative O Yes, the current policy is adequate, but some content and Nelson et al. [8],

influences of climate change?

measures must be modified. Silva et al. [33]
[ No, the current policy must be drastically changed.

The expenditure required by the government to formulate policies on climate change
and forest management mainly comes from the taxation of the people across the country
instead of being only from that of the forest owners. Based on the concept of democratic
society, even if the people are not forest owners, analyzing the people’s thoughts and
attitudes can help the government to allocate forest management budgets and design the
forest adaption policies.

This study used descriptive statistics to explore respondents’ socioeconomic back-
grounds, their awareness and experiences regarding climate change and relevant adap-
tation policies and their willingness to adopt adaptation actions in response to climate
change. Subsequently, the Kruskal-Wallis test was applied to determine the differences in
awareness and experiences of people who live in different regions. Furthermore, Spear-
man’s correlation analysis was conducted to investigate awareness and experiences and
their relationship with the adaptation intention of managers, to determine which of the
aspects were critical in affecting adaptation actions.

3. Results
3.1. Sample Structure

The questionnaire was distributed in September 2018. Among the total of 650 ques-
tionnaires were distributed, 488 were valid leading to the valid response rate of 75.08%.
The percentages of respondents from each county and city were roughly consistent with
the percentage of the Taiwanese population aged 18 years and older (Table 2). Table 3
presents the sample structure. Among the respondents, women counted slightly more
(51.2%) than men. Most respondents were aged 18-29 years (47.3%), had an education level
of university or college (60.5%) and had a personal monthly income of NT$ 20,000-50,000
(34.4%). Regarding occupation, most were students (28.1%), followed by military person-
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nel, civil servants and teachers (20.7%), and service department employees (14.8%). The
majority of respondents were unmarried (63.5%) and were not involved in organizations
related to environmental protection or the forestry industry (82.38%). In addition, this
study employed an online survey method. To ensure the reliability and validity of the
results, each hyperlink can only be used once, which eliminates repeated answers and
ensures a consistent sample size as designed.

Table 2. Comparison between valid questionnaires and population.

Population Aged 18 Years Number of Samples

Respondent Demographics and Above (n = 488)

Population Percentage  Sample Percentage

Male 9,848,519 49.41% 238 48.80%

Sex Female 10,083,000 50.59% 250 51.20%

Keelung 319,684 1.62% 7 1.43%

New Taipei 3,362,905 17.06% 84 17.21%

Taipei 2,235,059 11.34% 58 11.89%

Yilan 385,585 1.96% 10 2.05%

Taoyuan 1,784,087 9.05% 44 9.02%

Hsinchu 441,485 2.24% 19 3.89%

Uban michung 2,284,339 11.59% 57 11.68%

Changhua 1,065,190 5.41% 25 5.12%

Yunlin 584,303 2.97% 16 3.28%

Chiayi 443,127 2.25% 12 2.46%

Place of Tainan 1,592,901 8.08% 42 8.61%

residence Kaohsiung 2,349,834 11.92% 61 12.50%

Miaoli 461,733 2.34% 12 2.46%

Nantou 427,485 2.17% 12 2.46%

Rural Pingtung 711,674 3.61% 19 3.89%

Hualien 278,026 1.41% 5 1.02%

Taitung 185,987 0.94% 5 1.02%

North 6,861,851 45.72% 222 45.49%

Central 3,704,351 24.48% 122 25.00%

South 4,238,445 30.41% 134 27.46%

East 317,308 2.35% 10 2.05%

According to the results, 47.34% of returned questionnaires were from respondents
aged 18-29 years. This raised the question of whether the younger generation is sufficiently
representative of the entire Taiwanese population. Therefore, future studies that employ
a questionnaire method are advised to distribute their questionnaire through a form of
media with evenly distributed age groups to prevent a similar skewness.
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Table 3. Sample Descriptive (n = 488).
Sample Ratio (%)
Item Option Urban Rural
Keelung  New Taipei Taipei Taoyuan Hsinchu Yilan Taichung Changhua Yunlin Chiayi Tainan Kaohsiung Miaoli Nantou Pingtung  Hualien Taitung Total
Sex Male 14.29 54.76 56.9 4773 42.11 50 68.42 40 375 75 38.1 32.79 58.33 50 4211 40 20 48.77
Female 85.71 45.24 43.1 52.27 57.89 50 31.58 60 62.5 25 61.9 67.21 41.67 50 57.89 60 80 51.23
Age 18-29 years 71.43 25 31.03 5227 42.11 80 22.81 80 50 58.33 52.38 72.13 66.67 50 89.47 20 40 4734
30-49 years 2857 70.24 43.1 4091 4211 20 42.11 8 18.75 16.67 23.81 19.67 33.33 25 10.53 40 60 37.09
50-64 years 0 3.57 25.86 6.82 15.79 0 29.82 12 3125 16.67 23.81 82 0 25 0 40 0 14.55
65 years and
0 1.19 0 0 0 0 5.26 0 0 8.33 0 0 0 0 0 0 0 1.02
above
Education level Eles‘z‘}f:s]ary 0 0 0 0 0 0 0 4 6.25 0 0 0 0 0 0 0 0 041
I “:Z‘}’fo}:lgh 0 0 0 227 0 0 0 0 0 0 0 0 0 0 0 0 02
High school 0 7.14 1.72 13.64 26.32 0 5.26 125 0 476 6.56 16.67 8.33 15.79 0 0 7.38
Umc‘;?lr:gey or 85.71 54.76 53.45 68.18 57.89 70 29.82 76 50 66.67 85.71 68.85 66.67 66.67 68.42 40 60 60.45
Graduate
school or 14.29 38.1 4483 1591 15.79 30 64.91 16 31.25 33.33 9.52 2459 16.67 25 15.79 60 40 31.56
higher
mo};‘;ﬁ;"i’r‘zéme 20,000 or lower 14.29 10.71 18.97 38.64 36.84 70 12.28 56 4375 41.67 40.48 52.46 41.67 3333 47.37 0 20 31.35
20,000-50,000 57.14 36.9 31.03 4091 36.84 10 22.81 36 31.25 33.33 42.86 31.15 33.33 25 36.84 60 80 3443
50,000-80,000 2857 2857 24.14 11.36 26.32 10 26.32 4 18.75 8.33 14.29 9.84 833 41.67 15.79 0 0 18.85
80,000-110,000 0 17.86 5.17 2.27 0 10 24.56 0 6.25 8.33 0 328 833 0 0 40 0 8.4
110,000-140,000 0 1.19 3.45 0 0 0 1.75 4 0 0 2.38 0 0 0 0 0 0 1.23
120,000 or 0 476 1724 6.82 0 0 1228 0 0 833 0 328 0 0 0 0 0 553
igher
Occupation Student 14.29 10.71 17.24 3636 26.32 70 8.77 44 375 33.33 2857 4754 58.33 41.67 52.63 0 0 28.07
Military, public
servants and 42.86 2143 18.97 6.82 1053 30 43.86 8 25 25 7.14 18.03 0 3333 15.79 80 40 207
teachers
Manufacturing 0 8.33 6.9 2273 15.79 0 8.77 20 6.25 8.33 7.14 1.64 16.67 0 5.26 0 20 9.02
Business 2857 25 25.86 455 15.79 0 14.04 8 6.25 0 7.14 9.84 8.33 8.33 0 20 0 1352
Service sector 0 14.29 13.79 1591 15.79 0 14.04 8 18.75 8.33 26.19 13.11 16.67 8.33 26.32 0 20 14.75
Freelancer 0 476 8.62 6.82 0 0 1.75 0 0 0 14.29 328 0 0 0 0 20 451
Agriculture,
forestry, fishery 0 1.19 1.72 0 0 0 0 0 0 16.67 238 0 0 0 0 0 0 1.02
and husbandry
Unemployed 14.29 238 1.72 227 5.26 0 1.75 8 6.25 8.33 7.14 1.64 0 0 0 0 0 3.07
Retired 0 1.19 0 227 5.26 0 3.51 0 0 0 0 0 0 8.33 0 0 0 1.23
Other 0 10.71 5.17 227 526 0 351 4 0 0 0 492 0 0 0 0 0 41
Marital status Unmarried 85.71 48.81 63.79 63.64 63.16 90 4035 88 56.25 66.67 57.14 78.69 83.33 75 94.74 40 80 63.52
Married 14.29 51.19 36.21 36.36 36.84 10 59.65 12 4375 33.33 42.86 21.31 16.67 25 526 60 20 36.48
Involvement in
organizations
related to
e ol Yes 42.86 17.86 22.41 227 21.05 10 19.3 12 0 66.67 14.29 13.11 33.33 16.67 31.58 20 0 17.62
protection or the
forestry industry
No 57.14 82.14 77.59 97.73 78.95 90 80.7 88 100 33.33 85.71 86.89 66.67 83.33 68.42 80 100 82.38
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3.2. Respondents” Thoughts on Climate Change and Adaptation Policies
3.2.1. Awareness of Climate Change

The results of the first aspect, general awareness of climate change, revealed that
88.11% respondents believed climate change to be a fact (Table 4), which is consistent
with the results of Wang et al. [41] that sampled in Taiwan. However, 1.02% thought that
climate change may not be or is not real. Regarding the cause of climate change, 77.05%
respondents believed climate change to be caused by human activities and natural factors,
whereas 21.72% believed it only to be related to human activities. Such a result revealed that
most respondents thought climate change is closely related to human activities. Regarding
the level of concern toward climate change, the mean result was 3.55, falling between a
little and a lot. Most respondents (90.57%) agreed that forest management and operation
must be adjusted in response to climate change. The results obtained by this study were
higher in percentage in terms of the level of concern toward climate change and whether
forest management and operation must be adjusted compared with a relevant study [33].

Table 4. Respondents’ awareness toward climate change.

Items Options Number of Samples  Percentage (%)
Absolutely not. 3 0.61
1. Do you think that Maybe not. 2 0.41
climate change I don’t know. 1 0.20
is happening? Maybe. 52 10.66
Absolutely yes. 430 88.11
Natural factors. 3 0.61
. Human activities. 106 21.72
2. Doyou think what Human activities and 7 7
causes climate change? natural factors. 376 .05
I don’t know. 3 0.61
Yes, forest management
3. Do you think that the agj.ﬁfs’fergttlggégufttge 442 90.57
forest management ‘]: limate change
p}(l)haesdmustdbe No, forests can respond to 9 1.84
changed to adapt climate change on their own. ‘
to climate change? I don’t know. 32 6.56
Other. 5 1.02
Absolutely not. 6 1.23
Slightly. 56 11.48
4. How much do you A Tittle. 189 38.73
care about climate change? Alot 139 28.07
Very much. 100 20.49

3.2.2. Experience of Extreme Weather Events Caused by Climate Change

The results revealed that 53.89% respondents indicated that they have experienced
extreme weather events that were “caused by climate change” (Table 5), which is higher
than the results obtained by Blennow et al. [22]. When we compared the responses of
respondents from different counties and cities, only 28.57% of respondents from Keelung
thought they had experienced extreme events, followed by 40.00% from Yilan and 42.62%
from Kaohsiung. Among all extreme weather events caused by climate change, the most
common were heatwaves (49.80%), extreme rainfall (76.43%) and storms (59.22%), which is
consistent with the results obtained by Silva et al. (2018) as well as that constitute Taiwan’s
increasing extreme weather [42]. Furthermore, the least experienced extreme weather
events were heavy snow (7.38%) and early or late frost (10.04%), which are rare in the
subtropical climate of Taiwan.

According to the IPCC’s [13] fifth assessment report of the second working group,
extreme temperature, extreme rainfall and disastrous tropical cyclones are driving factors
for extreme weather in the tropical and subtropical climate zones. These three factors
are strongly correlated to natural disasters in Taiwan, namely drought, extremely heavy
rain and typhoons [43]. The increased frequency and intensity of extreme weather events
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have worsened top-three disaster types in Taiwan, namely floods, drought and landslide
events [44].

Table 5. Respondents’ experience of extreme weather events caused by climate change.

Items Options Number of Samples  Percentage (%)
5. Have you experienced any Absolutely not. 7 1.43
extreme weather event caused Maybe not. 17 3.48
by climate change (e.g., sudden I don’t know. 12 2.46
extreme heavy rain, floods, Maybe. 189 38.73
heatwaves or abnormal cold wave)? Absolutely yes. 263 53.89
None. 16 3.28
Heatwave. 243 49.80
Cold wave. 182 37.30
6. To continue, what changes have Drought. 149 30.53
you observed (experienced)? (You  Extreme rainfall. 373 76.43
may select more than one answer) Storms. 289 59.22
Heavy snow. 36 7.38
Early or late frost. 49 10.04
Other. 9 1.84

3.2.3. Potential Effects of Climate Change on Forests

Table 6 presents how respondents thought climate change may affect forests. Among
all respondents, 68.65% thought that climate change will definitely affect Taiwan's forests.
Regarding actual changes caused by climate change to Taiwan’s forests, 84.84% respondents
thought that extreme weather events will increase, 58.61% thought the composition of tree
species will change and 53.48% thought that forest adaptability will deteriorate. These
results were similar to those obtained by Yousefpour and Hanewinkel [25]. Among all
possible changes climate change may cause to forests, only 13.73% respondents selected an
increase in the growth speed of trees. Moreover, the percentage of respondents selecting
this option was low in each county and city; the highest was in Nantou (33.33%), which
this study speculated was because Nantou County is situated at a higher altitude, and an
increased growth rate caused by global warming would be more noticeable here than in the
lowlands. The growth rate of forests is affected by the rate of glucose production, and the
rate of glucose in the biosynthesis process is usually limited by low temperatures [45-48].

Table 6. Respondents’ thoughts on the potential effects of climate change on forests.

Items Options Number of Samples  Percentage (%)
Absolutely not. 1 0.20
7. Do you think that Maybe not. 0 0
climate change will I don’t know. 4 0.82
affect Taiwan'’s forests? Maybe. 148 30.33
Absolutely yes. 335 68.65
~Nore. » 3 0.61
Changes in the composition 286 58.61
of tree species.
Increased growth speed of trees. 67 13.73
8. To continue, what Di;f::leff izc;v;/th 242 49.59
g&;ggffodgczgf? Decreased soil fertility. 224 45.90
(You may select more Increased plant 258 52.87
than one answer) diseases and pests.
Increased extreme events
(e.g., drought, strong 414 84.84
wind and forest fire).
Deterioration in
forest adaptability. 261 5348

3.2.4. Forest Adaptation Policies

According to the research results (Table 7), only 46.93% respondents would adjust
their management according to climate change or climate information if they were forest
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owners. Many respondents (70.29%) selected that they would adopt an adaptation policy
of monitoring damage, followed by adequate thinning (57.38%) and planting more suitable
tree species (55.12%). Therefore, different to the results obtained by Wang et al. [41], the
Taiwanese public surveyed selected to adapt by monitoring damage, which currently falls

under the responsibility of the government or other administrative authority.

Table 7. Respondents’ thoughts on the implementation of forest adaptation measures and current policies.

Items Options Number of Samples  Percentage (%)
Absolutely not. 2 0.41
9.1If yo.u were a forest owner, would Ma;)e r}:ot. 7 143
you adjust your forest management I don’t know. 30 6.15
met;lods aficor(iling to climate change Maybe. ' 208 4é. 62
or climate data Absolutely yes. 229 46.93
Nothing. 14 2.87
Increase the natural renewal ratio. 150 30.74
Plant more suitable species. 269 55.12
Increase the plantation of mixed forest. 222 45.49
Change the composition of tree species. 144 29.51
. . Cut down unnecessary tree species. 83 17.01
10. To continue, if you were a forest A
hat 14 h t th Conduct adequate thinning. 280 57.38
owner, what would you change at the Change the frequency or intensity of thinning. 180 36.89
forest management level? (You may I lumber technol d . f 125 25,61
Ject more than one answer) mprove lumber technology and equipment. .
s€ Change the length of rotation periods. 129 26.43
Reduce wood production goals. 126 25.82
Monitor damage (living organisms 343 70.29
or nonliving materials).
Purchase insurance. 93 19.06
Other. 9 1.84
Lack of technical knowledge. 46 9.43
. . Lack of government subsidy incentives. 101 20.70
11. Do you think what the main Lack of the idea that “this is crucial”. 167 34.22
factors for why forest owners do Lack of difficulty in acquirin
not take adaptation actions in 1 . fy 4 & 37 7.58
response to climate change? re evantinformation.
’ Inability to change the management level. 135 27.66
Other. 2 0.41
Government submdy 11.1c.ent1ves 174 35.66
for adaptation policies.
. More technical information from the government. 34 6.97
12. In response to climate change, Traini R .
. . raining and technical instruction
do you think which type of help 71 14.55
' from the government.
the forest owners require the most? Raisi .
aising awareness of climate change and
understanding of the importance of adaptation 201 42.83
measures by the government.
Yes, the current policy is adequate
. 8 1.64
and well implemented.
13. Overall, do you think that the Yes, the current Pohcy is adequate, 80 16.39
SR . but poorly implemented.
current policy is fit for reducing the Yes. th t volicy is ad te but
negative influences of climate change? €5, the current policy 1S adequate, but some 171 35.04
content and measures must be modified.
No, the current policy must be 229 46.93

drastically changed.

Most respondents considered that too few forest owners thinking that “this is crucial”
to be the key factor for the lack of adaptation actions (34.22%), followed by their inability to
change the level of management (27.66%). To remove obstacles to implementing adaptation
policies, most respondents proposed that the government should raise awareness among
forest owners concerning climate change and adaptation policies (42.83%), followed by
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the proposal that the government should implement policies accompanied by subsidy
incentives (27.66%). Most respondents thought that current policies must be drastically
changed or modified. Moreover, most respondents revealed that they knew considerably
little about climate change and possible adaptation plans, which is consistent with relevant
studies from Germany [25], Sweden [49] and other regions [50]; this suggests that public
education on climate change still has room to improve worldwide.

Despite most respondents indicating they knew little about climate change and adapta-
tion plans, they were willing to implement relevant adaptation policies. For example, more
than half selected planting more suitable trees or species capable of constantly adapting to
climate change (55.12%); however, no studies have specifically indicated which species can
do so, and therefore, current information is insufficient to guarantee the effectiveness of
such actions. Relevant studies have revealed similar results; for example, Silva et al. [33]
indicated that information on recommended species may help forest owners to adapt to
climate change. Therefore, new knowledge must be acquired to facilitate decision-making
in forest operation in the future, such as that on adaptable species and which trees can be
used for afforestation [51,52].

Finally, the success of adaptation policies lies in stakeholders participating in dis-
cussions and proposing initiatives [31]. Comprehensive stakeholder participation assists
developing common values and objectives, improves the forestry division and encourages
public and private participation. In addition, such participation grants forest managers the
flexibility to select and implement measures that meet specific demands and local situa-
tions.

Next, to determine the public’s awareness of climate change and forest management
adaptation and its correlation with the implementation of forest adaptation policies, we
set a five-point scale as the ordinal variable by following Silva et al. [33]. Spearman’s
correlation analysis was conducted on the four aspects, namely the general awareness of
climate change, experience of extreme weather events, thoughts on potential effects of
climate change on forests and implementation of adaptation actions. According to the
results (Table 8), although the relationship between awareness of climate change and imple-
mentation of adaptation actions was significant, the correlation level was low (12 = 0.168,
p <0.001). Similar results were observed between thoughts on the potential effects of cli-
mate change on forests and the implementation of adaptation actions (r2 = 0.237, p < 0.001).
However, the correlations between experience of extreme weather events and the other
three aspects all reached a medium level (approximately 0.3-0.7), which means the personal
experiences of respondents were considerably influential on their choice of adaptation
actions.

Table 8. Results of Spearman’s correlation analysis on the four aspects.

Aspects General Awareness Thoughts on Experience of Extreme Implementation of
p of Climate Change  Potential Effects Weather Events Adaptation Actions
General awareness Correlation
of climate change coefficient 1.000 0213 = 0.337 0.168 ***
Thoughts on Corrqla}tion 1.000 0.300 *** 0.237 ***
potential effects coefficient
Experience of extreme Corrgla}tion 1.000 0.374 ***
weather events coefficient
Implementation of Correlation
) . - 1.000
adaptation actions coefficient

Note: ***p < 0.001.

The results were consistent with relevant studies in that an individual’s awareness
of climate change does not necessarily lead to further adaptation actions [53]. However,
personal experiences of extreme weather events caused by climate change were critical in
the choice of adaptation actions [54-56] and this tendency appears to be valid in Taiwan,
as well.
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4. Discussion

To determine the effect of respondents’ place of residence on their awareness and
experiences regarding climate change and adaptation policies, this study categorized all
respondents into 17 regions. The results revealed a difference between the support of
adaptation policies and actual actions.

Among all respondents, 91% supported the implementation of adaptation policies in
forest management in response to climate change (Figure 2). However, the support dropped
to 47% when the respondents imagined if they were forest owners (Figure 3). Furthermore,
in each county and city, more than 80% respondents supported the implementation of
adaptation policies, and the support drastically dropped when they imagined if they were
forest owners. Support dropped the most in Changhua (28%) and Nantou (25%), whereas
that in Hsinchu (74%) and Chiayi (67%) remained high.
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Figure 2. Supporting ratio of adaptation policies in response to climate change in each county/city in Taiwan (question 3).
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Figure 3. Supporting ratio of adaptation policies in response to climate change when the respondents imagined that they

were forest owners (question 9).
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A study on British forest planners determined that the uncertainty of climate change
was a critical reason behind the forestry industry’s adaptation to climate change [57].
Comparing Figure 2 with Figure 3, the results of this study suggest that when people
imagine that they were forest owners, they will further consider forestry income rather
than simply considering climate change and environmental factors. It is speculated that
such results may be related to the fact that numerous uncertain factors (e.g., cost and
economy) must be considered in forest management decision-making [30,58,59].

This study explored whether the respondents’ characteristics (gender, age and res-
idential regions) affect their perception on the four dimensions (general awareness of
climate change, experience of extreme weather events, thoughts on potential effects and
implementation of adaptation actions). The analysis of variance shows that gender and age
have no significant effect (p value > 0.05). Next, we determined the differences between all
four aspects among the respondents from different places of residence. First, respondent
samples were divided into north, central, south and east to be compared with the results
of the total sample (Table 9). The results of respondents from the east were higher than
the mean value in all four aspects, whereas for respondents from the central region, the
results of all aspects were lower than the mean value except for experience of extreme
weather events. Next, the samples were further divided into 17 counties or cities. The
Kruskal-Wallis test was conducted, which revealed no remarkable differences between
these 17 counties or cities (Table 10). The results for the first aspect revealed that respon-
dents from all counties and cities were highly aware of climate change. In the east region,
Yilan, Hualien and Taitung all scored the highest of 100%. These three eastern counties
have the highest forest coverage rates in Taiwan. By contrast, Keelung (71.43%), Miaoli
(75.00%) and Yunlin (75.00%) scored the lowest in this aspect, although the difference was
not remarkable.

Table 9. Differences in the awareness and experience of climate change and adaptation actions of
respondents from the north, central, south and east regions.

North Central South East Total

General awareness of 89.19 83.61 89.55 100.00 88.11
climate change (%)

Experience of extreme 53.60 54.92 52.99 60.00 53.89
weather events (%)

Thoughts on
potential sffects (%) 71.62 62.30 68.66 80.00 68.65
Implementation of 52.70 37.70 44.78 60.00 46.93

adaptation actions (%)

Regarding the second aspect, experience of extreme weather events caused by cli-
mate change, 53.89% of all respondents specifically indicated that they had personally
experienced such events. This result indicated that Taiwan being ranked seventh on the
Global Climate Risk Index is valid, for weather extremes clearly affect all lives in Taiwan.
Regardless, the perception of extreme weather events differed between respondents from
different counties and cities. In Nantou, Tainan, Hualien and Taitung, more than 60% of
respondents indicated that they had experienced extreme weather events. In addition,
respondents from these four counties and cities agreed that of all the possible influences of
climate change on Taiwan'’s forests, the change in composition of tree species will occur.
Respondents from Nantou, Hualien and Taitung, which are regions with high rates of forest
coverage, agreed on the increase of extreme events; by contrast, only 66.67% of respondents
in Tainan agreed on this option, which was the third lowest of all regions (the mean value
of the total was 84.84%). Among the counties and cities where the perception of extreme
weather events was low, only 28.57% of respondents from Keelung answered that they
had experienced extreme weather events and 57.14% indicated that they possibly had
experienced such events. The second lowest perception of extreme events was observed
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for Yilan (40%), followed by Kaohsiung (42.62%), which are known for their relatively
persistent climate with a distinct wet/dry season.

Table 10. Differences in the awareness and experiences of climate change and adaptation actions of
respondents from different places of residence.

A?vi?:rl;:lss E}‘%iﬁiﬁ: Thoughts on  Implementation
of Climate Weather P"te“tiil of Aglapta’f)ion
Change (%) Events (%) Effects (%) Actions (%)
Total 88.11 53.89 68.65 46.93
Keelung 7143 28.57 71.43 57.14
New Taipei 88.1 55.95 72.62 59.52
Taipei 89.66 55.17 81.03 50
Taoyuan 88.64 54.55 56.82 36.36
Hsinchu 94.74 52.63 78.95 73.68
Urban Yilan 100 40 60 40
Taichung 84.21 57.89 59.65 43.86
Changhua 88 48 72 28
Yunlin 75 50 56.25 37.5
Chiayi 91.67 50 66.67 66.67
Tainan 90.48 66.67 7143 38.1
Kaohsiung 88.52 42.62 65.57 45.9
Miaoli 75 50 50 41.67
Nantou 91.67 66.67 75 25
Rural Pingtung 89.47 57.89 73.68 42.11
Hualien 100 60 60 60
Taitung 100 60 100 60
p value 0.772 0.748 0.397 0.135

Regarding the potential effects of climate change on Taiwan’s forests, the highest
percentages of positive responses were observed in Taipei (81.03%), Hsinchu (78.95%) and
Taitung (100%). Of all the possible effects, respondents in Taipei scored low on decreased
soil fertility and deterioration of forest adaptability; respondents in Taitung also scored low
on deterioration of forest adaptability. The lowest percentages were observed in Taoyuan
(56.82%), Miaoli (50%), Taichung (59.65%) and Yunlin (56.25%). Geographically, all four
counties and cities are in the north and central regions of the western Taiwan. The results
from respondents in Miaoli were remarkably lower than those of other counties and cities
in terms of increased growth speed of trees, decreased growth speed of trees and increased
extreme weather events.

Regarding the aspect of adaptation actions, this study revealed that counties and cities
with percentages of support from respondents below the mean value were those with
greater rural areas, such as Taoyuan (36.36%), Changhua (28%), Yunlin (37.5%) and Tainan
(38.10%). Moreover, the results revealed that although respondents from Changhua and
Nantou scored high on awareness of climate change, their support for adaptation actions
was low. This observation is consistent with a relevant study; Lin [60] indicated that the
information gap in rural areas was the main reason for the relatively low awareness of
climate change among people who live there. Moreover, awareness of climate change in
rural areas is mainly based on the people’s experiences of disasters, which has resulted in
low awareness of climate change tendencies and impacts that they have not yet experienced.
Therefore, implementing and communicating adaptation strategies with such groups of
the public is relatively difficult [43].

Climate change also notably enhanced the vulnerability and risk of rural residential
areas in the face of disasters. For example, rural areas on the coast, in lowlands and on
hillsides are highly vulnerable areas [61,62] where the residential environment is subject
to direct impacts from climate change-related disasters. Furthermore, the stability of
their economic income and the obtainability of water resources are greatly affected by
climate change. The resilience of rural areas in the face of a disaster has become a crucial
topic. Since infrastructure in rural areas is in poor condition and the population and social
structure are vulnerable, measures to enhance their adaptability in a disaster are critical.
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Next, a Venn Diagram was created according to the differences in the results of the
four aspects from respondents from different places of residence (Figure 4). It revealed
that Nantou exhibited results higher than average in the opinion of potential effects and
experiences of extreme weather events, but the lowest of all regions in the implementation
of adaptation actions; Changhua scored the second lowest result in the implementation of
adaptation actions among all regions.

Hsinchu

Taichung

O

Changhua

B

Potential
ffects

Experiences

Figure 4. Venn diagram. Note 1: A Venn diagram is a diagram used to represent sets or classes (in a slightly loose sense)
in the mathematical field of set theory (or theory of classes). This diagram is used to demonstrate the mathematical or
logical connections between collections of objects or sets. This diagram is particularly suitable for presenting approximate
relationships between sets or classes, or for being used to conduct derivation (or understanding the derivation of) the rules
of set or class operations. Note 2: The size of the Venn diagram is positively related to the sample size of each county or city;
the area of the circle is positively related to the number of samples. Note 3: * means the Venn diagram was finely adjusted
for clarity and is not a true representation of the percentage of samples.
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This study observed an intriguing phenomenon. The lowest scores in experience of
extreme weather events were observed in Keelung, Yilan and Kaohsiung. Additionally,
in Keelung, New Taipei, Hsinchu, Yunlin, Chiayi and Kaohsiung, the results of the imple-
mentation of adaptation actions were all lower than those of the experience of extreme
weather events. These counties and cities are also regions where natural disasters and
extreme weather events have occurred with the highest frequency and number of times
in Taiwan over the years. For example, the most extreme rainfall events have occurred in
Yilan, Hualien, Yunlin, Chiayi, Tainan, Kaohsiung and the mountainous area of Pingtung;
floods are most common on the southwestern coastal plains and Yilan; and droughts are
most common in Taoyuan, Hsinchu, Chiayi, Tainan and Kaohsiung [63]. The respondents
from these regions scored extremely or relatively low on the experience of extreme weather
events because they do not associate such events with climate change or because they are
used to these events.

Regarding the rural-urban difference, although almost 80% Taiwanese population lives
in urban areas, previous urban land planning and management systems have fallen short
in the aspect of climate change. Adaptation policies for climate change must be proactively
implemented to improve the adaptability of urban areas. In addition, Lin et al. [64]
indicated that the urban heat islands of Hsinchu, Tainan and Kaohsiung are remarkably
different during the daytime and nighttime; Lin also indicated that the building coverage
ratio, density of water areas and green coverage ratio help in reducing temperatures. That
is, urban land use has concrete and critical influences on the temperature in urban areas.
Urban space planning is a substantial strategy to respond to climate change; it provides a
mechanism that affects land use and overall strategic development to respond to the threat
of climate change. Hsinchu, Tainan and Kaohsiung are advised to incorporate more urban
forests and parks into their overall planning to raise their green coverage ratios and reduce
the heat island effect.

5. Conclusions and Suggestions

The objective of this study was to determine what Taiwanese people think about
climate change and forest adaptation policies using a questionnaire survey and subsequent
data analysis. The results revealed that most respondents believed climate change to
be a fact (88.11%) and their level of concern ranged between a little and a lot. Among
all extreme weather events caused by climate change experienced by the respondents,
heatwaves, extreme rainfall and storms accounted for the majority. The respondents
believed that Taiwan'’s forests will be affected by climate change, and most thought that
extreme weather events will increase (e.g., drought, strong winds and forest fire). However,
this study also revealed that respondents’ level of awareness of climate change has not
convinced them enough to act.

According to our results, the integration of forest adaptation policies requires the
public’s participation, and the public’s awareness of climate change greatly affects their
support for relevant policies on adapting to and reducing the influence of climate change.
Taiwan’s forests play a critical role in managing climate change. Forestry departments
may have remarkably contributed to establishing and implementing forest adaptation
policies; these departments, the government and the public have their own perspective
and viewpoint. Most respondents thought that the greatest obstacle to forest owners
implementing adaptation policies was that they do not think such measures are crucial.
Removing this obstacle requires the government to raise awareness of forests and climate
change. Furthermore, most people thought that the current policy must be changed to
adapt to the influence of climate change. Numerous respondents indicated that they were
not aware of the government’s current forest adaptation policy, suggesting that the need for
the forestry section in Taiwan to promote relevant information and policies on adaptation
policies, including how to achieve the objectives. Enhancing people’s comprehension of
current forestry policies would mitigate the gap between the public and the government to
maximize the benefits the implementation of policies. Since the situation in each county
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could be different, forestry authorities must establish national forest adaptation policies
and actions according to their specific needs.

This study revealed that people’s experience of extreme weather events and natural
disasters had the highest correlation with the implementation of adaptation actions. This
indicated that experience of extreme weather events is critical for such implementation.
Therefore, future studies on climate change and adaptation are advised to incorporate a
section on the details of awareness and experience of natural disasters and extreme weather
events to conduct a more in-depth discussion on the relationship or causal relationship
between experience of extreme weather events and adaptation actions.

6. Research Limitations

A number of factors could influence the public’s perception of adaptation actions, in-
cluding gender, age, education level, living area, income level and so on. This study mainly
analyzes the views of the people in different geographical regions of Taiwan on climate
change and forest carbon management policies so that the government can formulate the
regional climate change policies based on different regions and people’s views, and the
future study can analyze the impacts of the public’s socioeconomic background variables
such as age, marriage and gender, etc.
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