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Abstract: Extreme weather caused by global climate change affects slope-land in Taiwan, causing soil
loss, floods, and sediment hazards. Although Taiwan is a small island, the population density
is ranked second highest worldwide. With three-fourths of the island area being slope-land,
soil and water conservation (SWC) is crucial. Therefore, because of the impact of climate and
social change, the means of maintaining sustainable development of slope-land and the safety
of the living environment in Taiwan is a developing and crucial issue. This study applied four
foresight analysis tools that covered both qualitative and quantitative aspects, including international
trend analysis, a focus group, the Delphi method, and a strategy roadmap. By combining the
four analysis tools, we developed corresponding strategies to address climate change for use
as references for policy-makers. The findings of this study can contribute to consensus-forming
among multiple stakeholders on the sustainable development of soil and water resources and to
devising foresight strategies for SWC in short-term, middle-term, and long-term bases. Ultimately,
the goal of “considering climate and socioeconomic change, watershed resources being managed on
a multiple-use basis to avoid disasters and to sustain SWC” can be realized by the year 2025.
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1. Introduction

Climate change has led to frequent extreme weather events, including the bushfire in Australia
in 2013; floods in Italy, China, Nepal, and India in 2014; snowstorms in the United States, Japan, and
China; and sediment hazards in Afghanistan and Nepal [1-3]. According to the Intergovernmental
Panel on Climate Change Fifth Assessment Report (IPCC ARS5) [4], the frequency of heavy precipitation
will increase because of climate change [5]. Even with a sound prevention and rescue system,
the United States was still severely affected by the Category 5 hurricane, Katrina, in 2005, which
resulted in property damage of USD81.2 billion and at least 1833 casualties [6]. Climate change has
become a significant threat to human survival and health [7]. The United Nations Environment
Programme reported 21 emerging issues for the global environment in the twenty-first century, with
five of the issues being related to soil and water conservation (SWC), namely “Aligning Governance
to the Challenges of Global Sustainability”, “New Challenges for Climate Change Mitigation and
Adaptation”, “Acting on the Signal of Climate Change in the Changing Frequency of Extreme Events”,
“Accelerating the Implementation of Environmentally-Friendly Renewable Energy Systems”, and
“New Insights on Water-Land Interactions: Shift in the Management Paradigm”. This demonstrates
that SWC is a crucial global challenge [8].

Sustainability 2016, 8, 53; doi:10.3390/su8010053 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://www.mdpi.com/journal/sustainability

Sustainability 2016, 8, 53 20f17

Taiwan is characterized by its steep terrain and high stream gradient, and with the fragility of
the geological structure caused by the Earth’s crust movements; as such, heavy precipitation can
easily lead to surface erosion and slope-land disasters. Current extreme climate event impact on
slope-land in Taiwan is mainly caused by two factors: one is the higher frequency of rainfall with
high recurrence intervals [9], such as the impact of Typhoon Morakot with a 200-year recurrence
interval to Southern Taiwan in 2009 [10], which caused severe sediment hazards and casualties;
and the other is the deterioration of agricultural environments on slope-land, which is caused by
sudden excessive rain, water deficits, water contamination, and decreasing soil fertility. Because of
socioeconomic factors, people prefer mountain vegetables and fruits, which further contributes to land
vulnerability [11]. Thus, it is essential to determine the current problems affecting slope-land in Taiwan
and their countermeasures to maintain soil- and water-based environments and avoid disasters [12].

Foresight technology is a crucial type of technology for resource distribution and future planning;
this type of technology is used by 65 countries worldwide. There are 33 types of foresight technology
that correspond to various applications according to user requirements. The applications can be divided
into technology foresight and policy foresight. Policy foresight emphasizes changing socioeconomic
environments. Diversified participation and the integration of different fields can generate policy
agendas that are more feasible to implement. This study applied policy foresight, and the aim was to
identify potential future challenges, investigate how to rationalize slope-land use to provide living
safety and sustainable soil and water resources, and finally generate corresponding strategies to
address climate change for use as references for policy-makers [13]. Consequently, four foresight
analysis tools were applied, namely international trend analysis, a focus group, the Delphi method, and
a strategy roadmap. An Eisenhower Matrix was also used as a decision-support tool [14] to achieve
an objective and fair result. The findings of this study can contribute to consensus-forming among
multiple stakeholders [15-17] on the sustainable development of soil and water resources [18,19] and
to devising foresight strategies [20,21]. This can facilitate mitigating and adjusting to the impact of
domestic climate and socioeconomic change [22,23]. Consequently, this study demonstrated how
cross-field experts can provide their opinions on the complexity of sustainable soil and water use on
a platform to avoid a monopoly. The logical structure, “current problem analysis, goal setting, and
policy research”, can be a foresight technology reference for not only policy-makers in Taiwan but also
for policy-makers in other countries with problems that are similar to those of Taiwan.

2. Materials and Methods

2.1. Study Area

Taiwan lies in the Western Pacific island chain, with the Pacific Ocean to the east and the Taiwan
Strait to the west. It is situated between the Eurasian Plate and the Philippine Sea Plate, and crust
movements and orogenic movements are relatively constant, resulting in more rugged mountains and
fewer plains. There are approximately 2.64 million hectares of slope-land in Taiwan, accounting for
73.3% of its total area. It has a monsoon climate with an annual average precipitation of 2500 mm.
Tropical depressions and convective rains in summer consistently cause rainstorms. However, because
of steep slopes and the rapid flow of rivers, these rainstorms do not result in efficient rain penetration
and storage, resulting in droughts and water shortages in dry seasons. The population of Taiwan is
approximately 23 million with the density reaching 639 people per square kilometer, which is ranked
as the second highest worldwide. When a natural disaster occurs, it consistently results in serious
damage. The Janmi, Sinlaku, and Kalmaegi typhoons in 2008 all generated approximately 1000 mm
of single-day precipitation and 2000 mm of 3-day precipitation. Typhoon Morakot in 2009 caused
1400 mm of single-day precipitation and 619 confirmed deaths, which is the second highest death toll
after the Flood of 1959 [10].
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2.2. Materials and Methods

The term “strategic planning” appeared at the end of the 1950s. It was used as a corporate thinking
tool to integrate organization and the environment to achieve goals [24]. Strategic planning combines
the planning technology of innovation and flexibility and consequently is widely adopted in political
systems, business units, governmental departments, and nonprofit organizations. This study analyzed
foreign and domestic research by using international trend analysis, and it specified the extreme climate
change impact on Taiwanese slope-land in accordance with the IPCC AR5. Furthermore, a focus group
was used to identify the most urgent problems concerning slope-land and to outline 28 issues related
to soil and water resources. The Delphi method was used to investigate five aspects of these issues,
familiarity, priority, national living quality, ecological environment, and industry [25], to pursue
consensus among experts on specific problems. Finally, a strategy roadmap was employed [19,26].
With limited human and material resources, prioritizing the issue of investment is required; thus,
an Eisenhower Matrix was used as a decision-making support tool to establish priorities [27] and to
determine short-term, middle-term, and long-term foresight strategies.

2.2.1. International Trend Analysis

International trend analysis is a tool for observing, predicting, and comparing global technology
and industry development trends through scientific calculation to discover emerging technological
opportunities [28]; this tool was applied for international document database searching [29]. Foreign
research and documents related to the SWC of slope-land were filtered using “slope-land”, “hillside”,
and “sloping field” as keywords (Figure 1) in AuthorMapper searches. The foresight technology
strategies of other countries were also investigated. For a domestic trend analysis, the literature
review method [30] was adopted, and information on 264 SWC projects executed by the Soil and
Water Conservation Bureau from 2007 to 2012 was collected and reviewed. Keywords such as
“watershed management”, “ecological engineering method”, “disaster reduction and prevention”,
and “monitoring and prevention of debris flows” were applied to further identify problems of
conservation and management of Taiwanese slope-land from 2009 to 2015; these keywords were
applied in an attempt to distinguish the factors of slope-land conservation from one another and to
facilitate contemplating future development caused by global socioeconomic demands and developing
trends. The outcomes were used as the background information for the focus group analysis [31,32] to
grasp the current foreign and domestic SWC situation and to further identify SWC issues.

Taiwan Soil erosion
China Soil degradation
Lands use T Acid sulfate soils
Slope-land
Biodiversity < Hillside —>  Vulnerability
Sloping field Climate change
Sediment yield / l GIS
Soil and water  Landslide Remote sensing
conservation  hazard assessment  Real time monitoring
Debris flow

Figure 1. Keywords for slope-land.

2.2.2. Focus Group

Using a focus group is a qualitative research method. Typically, 6 to 12 participants are involved
when this method is employed, and these participants are allowed to engage in free and interactive
discussions regarding a specific topic. The discussions can generate simultaneous conversations,
reflective thinking, knowledge sharing, and even the discovery of new turning points [33]. According
to this method, the present study reviewed the current development of soil and water resources in
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Taiwan, and during the discussions and conversations, it facilitated exploring the plans for future
growth and resolutions. Some advantages of the focus group method are as follows: (a) the study
materials provided are consistent with reality; (b) the results are easy to interpret; (c) information can
be gathered quickly; and (d) it offers the opportunity for flexible discussions and feedback [34].

On the basis of the results of the international trend analysis, the focus group analyzed the
impact of extreme climate and socioeconomic change on slope-land in Taiwan. In accordance with
a compilation of SWC data and references from the IPCC AR5, profile setting, land use, and climate
and socioeconomic change were established as background information for the focus group. Experts
from a variety of fields, including SWC, environmental protection, hydraulic engineering, water
conservation, agricultural chemistry, earth science, geology, mining, soil, and disaster prevention, were
invited to prevent narrow conclusions from being reached, which usually occurs when experts with
similar backgrounds engage in discussions, as in traditional focus groups [35]. After the first expert
seminar, 28 issues related to the SWC of slope-land were summarized and used to design the Delphi
questionnaire. The second expert seminar was held after two rounds of Delphi questionnaires, and
it determined multiple stakeholder expectations, goals, and strategies regarding the soil and water
resources of slope-land in Taiwan, which were used as a reference for the strategy roadmap.

2.2.3. Delphi Method

This was a social science study. The Delphi method is widely applied [36] because of its anonymity,
which enables each expert to provide his or her own judgment freely. The process involves two rounds
of feedback. The experts can refer to the statistical results of the first round to answer the questions
in the second round; by doing so, they can gradually reach a consensus [28]. This is the standard
procedure of the Delphi method. Participants remain anonymous during the process to encourage
free expression of opinions, which is essential for a qualitative analysis method. The facilitator collects
various opinions and delivers them to each participant to encourage interaction between them to
achieve an ultimate consensus on the topic [37]. This study applied a method similar to the Delphi
method and recorded the opinions of multiple stakeholders. Under the Delphi method, the number of
participants and content of questionnaires is typically maintained between rounds [38,39], whereas in
this study, only those who provided in-depth answers were allowed to join the second round. Experts
that joined in the second round were requested to complete the questionnaire according to the results
(average values) of the first round. Once participants finished the two rounds of questionnaires, their
questionnaires were considered effective. This process was performed to encourage a panel of experts
to form a consensus on certain issues [40].

The current environmental policy goal of Taiwan is to promote the sustainable development
of soil and water resources regarding life, production, and ecology. Accordingly, the design of the
questionnaire focused on experts’ familiarity with relevant issues (considering the cross-field nature of
the issues), their prioritization of the issues, and the influence on their valuation of the aforementioned
aspects of life, production, and ecology. The life aspect referred to safe and secure public living; the
production aspect represented the influence on the national industrial economy; and the ecology aspect
referred to the biodiversity in nature. There were 28 issues covered by the Delphi questionnaire, and
each issue was investigated using five questions. In the first round, experts answered the questions
regarding (a) their familiarity with relevant issues (as a reference for weight distribution); (b) their
prioritization of environmental issues in Taiwan; (c) the influence of the issues on national living
quality; (d) the effect of the issues on the ecological environment; and (e) the influence of the issues
on related industries. An effective questionnaire required that 80% of questions were answered in
each round and that the results demonstrated the differences between various questions. Because an
expert may be unfamiliar with issues other than those in his or her area of expertise, the questionnaire
provided background information on the 28 issues in this study as references, which were the results
from the international trend analysis and the first round of focus group questions. Familiarity was
used to determine weight distribution [41]. Because the expert opinions were connected with the
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production of the subsequent issues and strategy roadmap, the selection of experts was crucial. The
experts comprised SWC experts among industrial, governmental, and academic fields in Taiwan.
Those who taught in the areas of domestic soil and water resource technology and were at least
associate professors were considered academic experts, and they provided relatively innovative ideas.
Governmental experts were Soil and Water Conservation Bureau members who were recommended
internally and had experience in policy planning. Industrial experts were volunteers recruited from
SWC associations. A simulation of the Delphi questionnaire used in this study is shown in Figure 2.
Its results can provide policy-makers with information on short-term, middle-term, and long-term
countermeasures against the threat posed by the extreme climate and socioeconomic change to the
slope-land in Taiwan to mitigate the impact of this change [42].

Industry and
Corporation

|| Statement of Intent ||

Academic
Experts (above
Associate
Professor)

Experts with
Recommendation of
Research Units

Researchers from
Slope-land
Conservation
Units

(collection, confirm and screening)

Explanation of the content and process
of Delphi questionnaire

l (82 subjects)

|| 1st Round of Questionnaire || September 2014

7

|| Collection and Calculation ||

l (28 subjects)

|| 2nd Round of Questionnaire || November 2014

7

|| Collection and Calculation II

Figure 2. Process of Delphi questionnaire.

2.2.4. Strategy Roadmap

A strategy roadmap is a semi-quantitative analysis that was proposed by Professor Robert
S. Kaplan of the Harvard Business School and Dr. David P. Norton of the Balanced Scorecard
Collaborative. They reasoned that an enterprise could develop its most competitive strategy on
the basis of its own characteristics and that all the employees could work together to follow the
strategy [43]. A strategy roadmap involves logical connections between strategies, also called
a “strategy portfolio”, which enable it to be seen as “the route of actions to achieve certain
value propositions” (Figure 3). The benefits that a strategy roadmap provides are as follows:
(a) integrated technology for delivering foresight and diversified messages; (b) visualization of
a strategy; (c) a communication tool for opinion-exchanging and information understanding among
multiple stakeholders; (d) the prioritization of foresight issues; (e) control of middle-term and long-term
technology development trends; and (f) support for policy-makers to identify key directions [44].
Consequently, this study combined the goal of developing soil and water resources, basic priorities,
and a compilation of research resources as well as evaluating and generating foresight issues with
an execution schedule into a strategy roadmap to facilitate policy-makers easily grasping the overall
resource distribution situation. The purpose of this method was to develop resource distribution
priorities and strategies.



Sustainability 2016, 8, 53

7 International \
Trend

Scenario
Analysis and
Consensus on
Visions

60f 17

ﬁm pilation (
of Current \
Qesources

Foreign and
Domestic Goals

_ Analysis /7

Industrial
Development

Technology
Development

Infrastructure

Figure 3. Strategy roadmap of this study.

2.2.5. Eisenhower Matrix

The Eisenhower Matrix was created by U.S. President Dwight D. Eisenhower. He used this matrix
to prioritize his tasks. Also known as a Priority Matrix, it can help decision-makers separate tasks
into four categories according to priority and urgency. It was adopted in this study to prioritize the
strategies [14]. To categorize the priorities of the middle-term and long-term countermeasure strategies
on the strategy roadmap, this study separated the Eisenhower Matrix on the basis of the average
maximum and minimum values for the strategies, as plotted on X- and Y-axes. In other words, the
average values for the strategies, as plotted on the X- and Y-axes, were taken as the coordinates to
divide the matrix into the four quadrants. The first quadrant represented the first priority, which
was followed by the second quadrant and the fourth quadrant; the third quadrant was last. The
stakeholders could adjust the orders of the strategy roadmap according to this matrix.

2.3. Study Structure

For this study, a keyword-search of the materials and research projects of the international trend
analysis and the Taiwanese SWC management unit of slope-land was conducted to identify the current
situation and potential future environmental deterioration (see Figure 4). With the compilation of
related data, the first focus group was held, which resulted in 28 foresight issues concerning current
challenges and corresponding scenarios. According to these issues, two Delphi questionnaire rounds
were completed, and the results were collected and analyzed. The Eisenhower Matrix was then used
to prioritize the issues. Moreover, to consolidate the Delphi questionnaire surveys and to generate
an objective strategy roadmap [45], the second focus group was held to reach the second stage of
consensus among multiple stakeholders. Finally, the strategy roadmap was produced.

1st Focus Group

- Workshop Eisenhower
International Trend Matrix
Analysis
—| \ 29 Delphi v N Production of
Compilation of J Questionnaire A 7| Strategy Roadmap
Slope-land
Researches in 2nd Focus Group
Taiwan Workshop

Figure 4. Process of research.
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3. Results and Discussion

3.1. International Trend and Status Quo in Taiwan

According to the results of the international trend analysis, the concerns involving slope-land
included farmland use, biodiversity, soil degradation, vulnerability and adaptation to climate change,
SWC, landslides, delimitation of dangerous zones, debris flow, and geographic information systems.
According to an examination of the volume of documents issued globally from 2012 to 2015, most of
the results were from the United States, followed by China and Germany. Furthermore, environmental
management, earth science, geography, geology, mining, ecology, and civil engineering were the
essential background fields regarding soil and water resource use.

Climate change very likely causes severe global effects, which are very likely to affect Taiwan. The
main purpose of reducing the concentration of greenhouse gases (GHGs) is to lower carbon dioxide
emissions. Reducing GHG emissions reduces the risk of impact from extreme climate events. The
budgets for SWC projects were USD15 million in 2007, USD16.18 million in 2008, USD31.13 million
in 2009, USD24.05 million in 2010, USD22.76 million in 2011, and USD22.28 million in 2012. The
implementation area of these projects extended throughout Taiwan. The result of the trend analysis
was divided into four fields.

3.1.1. Slope-Land Conservation and Recovery

A total of 57 research projects for green technology were being executed, including vegetation
projects, green-environment construction, green material development, and habitat conservation.
In 2008, e-technology was applied to a slope-land management and prevention monitoring system to
develop an information platform. In 2009, a GIS was developed on the basis of the information platform
to benefit field investigation. In 2011, remote sensing technology was applied as an investigative tool
for slope-land use, and a multiscale remote sensing geospacial information system was approved
to consolidate coverage and other developments. Starting in 2012, focus was placed on establishing
a disaster catalog and ecosystem conservation database and on promoting and educating others about
slope-land conservation and disaster prevention.

3.1.2. Slope-Land Disaster Prevention

The slope-land disaster prevention program involved 109 landslide prevention projects and used
monitoring and preventive measures to cover high-risk areas. Especially after Typhoon Morakot
in 2009, research and prevention projects related to debris flow and large-scale landslides have
been extensively increased. Various studies on extremely heavy rain caused by climate change
have been carried out, and the risks of sediment hazards have been reexamined. Additionally,
countless monitoring and remote sensing techniques have been developed and integrated using
the aforementioned information platform. Moreover, a dynamic management review was
performed on autonomous prevention mechanisms of slope-land communities for further improving
prevention programs.

3.1.3. Watershed Management and Recovery

The analysis indicated that the 58 projects covering treatment engineering, watershed
investigation and planning, and improvement of geological survey techniques focused more on
soft design research in SWC engineering. However, since 2012, environmentally friendly research with
ecosystem conservation has been the highest priority.

3.1.4. Torrent Investigation and Planning

A total of 40 projects associated with ecological engineering, research on torrent treatment, and
regulation of flood-prone areas were implemented. The investigation and planning of ecological
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conservation has been the focus of torrent erosion and sediment control in the past. However, the
frequency of rainfall with high recurrence intervals has recently increased, causing the focus of projects
to shift to disaster prevention. These projects include the investigation of potential debris flow torrent,
water-disaster prevention and control of river basins, and torrent dredging engineering.

Both foreign and domestic data were collected and analyzed to review the technology
development and measures related to sustainable soil and water resources in Taiwan. Furthermore, key
points released by the IPCC AR5 were used to contemplate the possible goals, which could link SWC in
Taiwan to international issues. The results demonstrated that when the environment is under pressure
from extreme climate and socioeconomic change, the impact (extreme precipitation) on slope-land
increases and the carrying capacity of slope-land (potential for land use) decreases. This is an urgent
challenge for slope-land SWC in Taiwan. The future scenario analysis is shown in Table 1.

Table 1. Future scenario analysis of environmental stress for slope-land in Taiwan.

Driving Factor Scenarios and Goals

The changes of rain types and the higher frequency of extreme climate lead to the
severity of floods and droughts, sediment hazards, reservoir sedimentation, and

Extreme Climate increasing temperature. It further results in crop production on slope-land, high
demands of water, water contamination in watersheds and deterioration of habitats.
The goal shall be mitigation and adaptation on climate change.

Due to socio-economic influences, such as aging society, falling birth rate and wealth

Socio-economic  inequality, the traditional slope-land agriculture is commonly shifted for leisure and

Changes recreational use. The goal shall be introducing green industry for SWC, recovery and
sustainable use.

3.2. Vision and Functional Positioning of Slope-Land Development

A total of 40 experts from industries, governmental units, and academic institutions related to
the SWC of Taiwanese slope-land were screened regarding international trends and whether their
research focused on a status quo analysis in Taiwan. They were the multiple stakeholders in this
study. The focus group method was executed to examine the urgent problems of slope-land and to
reach a consensus on the sustainable utilization of soil and water resources. The experts agreed that
the vision of slope-land conservation in Taiwan is as follows: “regarding climate and socioeconomic
change, based on multiple uses to manage watershed resources to avoid disasters and sustain SWC”.
The core priorities were as follows: (a) establishing a comprehensive database and investigation system
for mastering the resources of water and soil to provide the infrastructure of disaster prediction and the
foundation for policy-making on resource utilization; (b) constructing efficient, responsive, timely, and
long-term mechanisms in accordance with environmental trends and the characteristics of potential
disasters; and (c) determining how to apply the environmental information to policy-making regarding
slope-land development and conservation.

For specialization and integration, the experts all stated that the challenges from climate
change and socioeconomic deterioration should be seriously considered and that the corresponding
improvements should be understandable and accessible to the public. Consistent with this concept,
it is necessary to develop an environmental database covering land use, water resource management,
sediment management, and sustainable environmental maintenance as a reference for policy-making
for disaster prevention and conservation of slope-land. For land use, this database should apply
the concept of national spatial planning to integrate the current geological information and use it
as the foundation for managing different developing projects, such as development, sensitive, and
non-sensitive areas. For water resource management, the river basins should be considered in their
entirety for policy-planning management. For business execution, the watersheds can be understood
as management units. For sediment management, the big data of environmental resources can be
used to determine the geologically sensitive areas and mineral locations. During engineering projects,
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useful minerals can be used to increase the added value of sediments. For maintaining a sustainable
environment, focusing on the aspect of “safety and sustainability” for future slope-land resources,
policies and legal concurrence (e.g., the Geology Act, the Soil, Sand, Gravel, and Rock Exploitation
Law, the Forest Act, and the Water Resource Act) should be considered as a means of strengthening
the regulations and systems. A long-term and stable information system should be established,
and information releases and explanations should be provided. In-depth education on slope-land
environments and risk communications could ease the doubts and arguments among the public.
Thus, the focus group in this study analyzed nine key aspects, including regulations, talent training,
innovative technology, new engineering, and industrial development, and 28 foresight issues (Table 2)
for the benefit of future policy execution.

Table 2. 28 Foresight issues for sustainable utilization of soil and water resources.

Category Foresight Issues

1. To review the regulations related to soil and water resources and to modify
and strengthen contents for legal concurrence in order to minimum the
difficulty of development and conservation on slope-land in watersheds.

2. Toreview and modify the related regulations to enhance

Regulation Reviews and the sustainability of sediments and underground water.
Modifications(SWC Act,

Geology Act, Mining Law)

3. To conduct researches on land expropriation and regulations
to locate sensitive zones and reinforce the conservation.

4. To establish a platform across units to carry out communications
and management systems among each unit and stakeholders
for facilitating watershed management.

5. Tore-investigate developed slope-land for clarifying the
utilization limit in order to rationalize slope-land use.

6. To integrate different data and resource reconnaissance on soil,
geology, and minerals for disaster reading and reactions.
Establishment and Integration 7. To set up an integration platform of sediment resources,
of Environmental Database including technology information worldwide,

to level up the efficiency of disaster reactions.

8. To strengthen the quality control on environmental monitoring information
and to lay down information-releasing policy to benefit the categorization
of geological sensitive areas and the rationalization of land use.

9.  To combine the detention function into the efficiency gains
of slope-land management to enhance the capacity of water
storage and to decrease the occurrence of flooding.

Quantitative Evaluation and 10.  To strengthen the check system of SWC for regional and
Control of SWC and Management urban planning to avoid disasters in urban areas.
11.  To conduct quantitative evaluation on sediment production on slope-land

and to adopt dynamic tracking and management to control sediment
transportation for increasing the efficiency of conservation engineering.

12.  Tointegrate and modify regulations of engineering technology on upstream,
mid-stream and downstream to facilitate river-basin management.
13.  To establish a mechanism for new technology of SWC to improve
Environment-friendly Engineering the technology development and to ensure safety of the public.

14.  To develop the sustainable engineering concept and methods
related to recovery and support after disasters in order
to escalate the recovery speed and disaster prevention.

15.  To enhance public educations on conservation and disaster prevention
and to set up digital information platform for strengthening concepts.

16.  To intensify aboriginals’ educations on slope-land environment and

Establishment of Public risk communication to safeguard their villages and living welfare.
Engagement Mechanism

17.  Considering the carrying capacity and resistance capacity
in mountain areas, to implement controls on mountain sight-seeing
for the sake of minimizing environmental damages and increasing
the odds for live-saving.
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Table 2. Cont.

Category Foresight Issues

18.  To integrate systems of GPS, remote sensing and digital terrain
to enhance the monitoring capacity of watersheds for controlling
in-time characteristics of each area.

Disaster Prevention Monitoring 19.  To employ cloud technology to strengthen collection
and Technology Application and analysis of monitoring data and the policy-making
ability to further increase the prevention efficiency.

20.  To build up a disaster monitoring mechanism at the departmental
level to execute the comprehensive business planning.

21.  To reinforce human resources and evaluation tools for investigations on
sediment resources and sensitive areas to improve evaluation accuracy.

Planning and Talent-training 22.  To deploy talents for project teams to execute prevention tasks
(such as removing fragile sediments and clearing potential collapse
areas by mining engineering method) and to train the people
with planning and thinking skills.

23.  To strengthen the cleaning and re-use of sediments after
disasters to achieve the sustainability of sediment resources.

24.  To enhance the integration capacity of horizontal application

Disaster Management on various data to develop the system of disaster dynamic
and Preparation information and to increase the response ability.
25.  To set up a sharing mechanism of satellite images, soil

and water resources and other disaster prevention data
for accelerate monitoring and early warning capacity.

26.  To facilitate information exchanges and value-added application
concerning to international mining industry and sediment resources
for sustainable development of minerals, such as participating in

Development of Mining Industry international economic and trade meetings on mining industry.

27.  Toresearch and develop potential resource for the possibility of minerals.

28.  To take advantage of current minerals and high-tech industry to increase
the added values of domestic minerals and industrial competitiveness.

3.3. Delphi Questionnaire to Determine Sustainable Utilization of Soil and Water Resources

The Delphi questionnaire is a questionnaire survey conducted in two rounds that aims to converge
opinions from a panel of experts. There were 28 questions in the questionnaire in this study. An effective
questionnaire required that 80% of questions were answered in each round and that the results
demonstrated the differences between various questions. Because an expert may be unfamiliar with
issues outside of his or her expertise, the questionnaire provided background information on the
28 issues as references. Furthermore, the familiarity of experts with issues was used to determine the
weight distribution of the results.

This study required three months for completing the two rounds of surveys. In the first round,
147 experts from industries, governmental units, and academic institutions agreed to act as subjects.
A total of 82 questionnaires were answered, with the response rate being 55%. A total of 69 experts
completed the questionnaires online, accounting for 84% of the questionnaires answered. In the second
round, the 28 remaining experts, who were recommended by the Soil and Water Conservation Bureau,
participated. They completed the questionnaires on the basis of the results from the first round for the
purpose of convergence. There were 28 issues in this survey, and each issue was investigated using
five questions. In the first round, experts answered the questions on their familiarity with related
issues, their prioritization of environmental issues for Taiwan, the influence of the issues on national
living quality, the effect of the issues on the ecological environment, and the influence of the issues on
related industries. Experts in the second round were requested to answer the questionnaires according
to the results of the first round.

To facilitate an understanding of the prioritization of the 28 issues by these experts, other than
familiarity, the top 10 issues for each question are listed in Table 3. Five issues ranked in the top 10
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concerning the four aforementioned questions, namely Issues 1, 2, 5, 6 and 8. This demonstrated that
these issues were more highly prioritized.

Table 3. Top 10 issues from 1st-round investigation.

Rank Importance Influence on National Influence on Ecological Influence on
to Taiwan Living Quality Environment Related Industries
1 Issue 18 Issue 5 Issue 5 Issue 5
2 Issue 20 Issue 10 Issue 3 Issue 8
3 Issue 15 Issue 2 Issue 2 Issue 18
4 Issue 25 Issue 15 Issue 9 Issue 23
5 Issue 6 Issue 8 Issue 17 Issue 2
6 Issue 5 Issue 9 Issue 1 Issue 6
7 Issue 8 Issue 3 Issue 6 Issue 3
8 Issue 2 Issue 1 Issue 8 Issue 17
9 Issue 10 Issue 6 Issue 18 Issue 25
10 Issue 1 Issue 25 Issue 15 Issue 1

To centralize the questions in the second round, this study observed the connections between
each index and the priority of the issues by using an index cross-analysis. The results demonstrated
that three indexes, namely national living quality, ecological environmental protection, and industrial
development, positively correlated with the priority of the issues, with coefficients of 0.87,0.76, and 0.72,
respectively. The index of national living quality had the highest coefficient of the three, indicating
that the sustainable utilization of soil and water resources should be based on accessibility and
property security. Consequently, the questionnaire for the second round was designed to focus on the
priority of the issues regarding Taiwan, their influence on national living quality, and suggestions for
countermeasures in the pursuit of a consensus on policy implementation. A total of 28 questionnaires
were answered, with a response rate of 100%. During the analysis, a statistical method was used to
highlight the differences in responses. The scores were defined as follows: 20 points for “the lowest”,
40 points for “low”, 60 points for “fair”, 80 points for “high” and 100 points for “the highest”. Moreover,
weighting was included to enhance the accuracy of the results. The familiarity of experts was weighted,
starting from 0.5 for “the lowest”, 0.75 for “low”, 1 for “medium”, 1.25 for “high” and 1.5 for “the
highest”. The questionnaires were weighted and calculated for their average values. Table 4 reveals
the average values and standard deviations of each issue. The top 10 answers from the second round
are listed in Table 5.

3.4. Strategy Roadmap of Foresight Issues

To prioritize the short-term, middle-term, and long-term strategies on the strategy roadmap, the
Eisenhower Matrix was used to arrange the order of issues. The two axes of the matrix represented
the “Influence on National Living Quality” and “Priority of Issues”, and the four quadrants were
subsequently divided. The first quadrant indicated that an issue was highly prioritized and that the
national living quality could be largely improved once the issue was addressed. The issues in this
quadrant were considered to be first priority strategies on a “short-term” basis. If the value of an issue
was high on only one axis, then the issue was placed in the second or fourth quadrant and listed as
a “middle-term” strategy. Being in the third quadrant meant that the priority and influence of an issue
were both low and that they were “long-term” strategies. In accordance with the results of the second
round Delphi questionnaire, the average value of the “Importance to Taiwan” was indicated on the
X-axis, whereas the average value of the “Influence on National Living Quality” was indicated on the
Y-axis. A coordinate map was then produced, as shown in Figure 5. At this stage, the Eisenhower
Matrix was applied to prioritize the 28 issues for short-, middle-, and long-term periods.
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Table 4. Statistics from 2nd-round.

Issue Importance of Issues to Taiwan Influence on National Living Quality
Average Standard Deviation Average Standard Deviation
Issue 1 92.32 24.02 85.36 25.67
Issue 2 98.21 26.04 87.14 23.39
Issue 3 79.29 24.75 77.50 26.99
Issue 4 80.36 26.28 75.00 25.78
Issue 5 95.54 26.99 97.14 27.60
Issue 6 100.54 23.86 93.75 24.52
Issue 7 84.82 26.96 78.57 28.77
Issue 8 91.25 30.36 86.43 28.93
Issue 9 94.64 29.44 90.18 28.79
Issue 10 84.64 27.32 81.07 23.23
Issue 11 88.39 28.77 78.93 23.31
Issue 12 83.93 29.98 76.79 29.67
Issue 13 78.21 29.03 71.43 25.71
Issue 14 87.86 25.66 83.39 23.88
Issue 15 99.29 24.86 94.29 23.75
Issue 16 91.61 24.35 86.96 2291
Issue 17 85.36 32.46 78.21 34.43
Issue 18 102.68 22.38 87.68 24.93
Issue 19 88.93 28.39 75.36 25.85
Issue 20 96.43 28.44 81.25 28.86
Issue 21 85.54 24.88 72.68 22.50
Issue 22 79.82 31.43 70.54 30.20
Issue 23 85.54 27.40 73.75 27.64
Issue 24 87.14 21.62 75.71 28.18
Issue 25 93.57 26.70 81.43 28.31
Issue 26 61.25 27.44 53.39 29.28
Issue 27 68.75 34.76 56.43 33.55
Issue 28 65.00 33.17 58.93 33.18
Table 5. Top 10 issues from 2nd-round.
Rank Importance of Issues to Taiwan Influence on National Living Quality

1 Issue 18 Issue 5

2 Issue 6 Issue 15

3 Issue 15 Issue 6

4 Issue 2 Issue 9

5 Issue 20 Issue 18

6 Issue 5 Issue 2

7 Issue 9 Issue 16

8 Issue 25 Issue 8

9 Issue 1 Issue 1

10 Issue 16 Issue 14

Once their priorities were determined, the 28 issues were translated into the strategy roadmap.
The order determined from the Eisenhower Matrix was considered the result of an objective analysis
method. For the feasibility of actions, the amount of invested resources and expected policy concepts
were required to be considered. Thus, the aforementioned analysis results are mainly provided for use
as references by experts. The current primary strategy roadmap was proposed in the second round of
the focus group. After discussions, the nine aspects of the 28 issues were integrated into four aspects.
Some of the issues were also integrated and adjusted to redevelop the strategy roadmap. The final
structure of the strategy roadmap incorporated visions, policy goals, time schedules, and strategies for
execution (Figure 6).
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Figure 5. Prioritization of the issues through Eisenhower matrix.

R To safeguard the homeland security and sustainable development of environmental resources on the premises of
enhancing national living quality and to respond to new needs for climate changes and re-organization.
To set up a comprehensive database and planning system to
strengthen policy-making ability related to disaster management.
Pollcy To construct efficient, responsive and long-term mechanism to deal with the
Goals impacts from extreme climate and the large-scale sediment hazard prevention.
To provide the policy-making information of resource development and expropriation on the
basis of conservation to maintain the sustainable development of soil and water resources.
Time Schedule Short Term Mid Term Long Term
| | | 1 | I | | 1 |
Utilizati [Investigations on Slope-land and Reviews on Utilization Limits(S)][Full Implementation of Detention Capacity as the Efficiency Gains of Management (9)]
1lization
and N:.gmt. [ Modification on Regulations of Soil and Water Resources(1,2) ] [Researches Regulation of Sensitive Area Classification (3)]
0
R¥at=:heds ﬁmprovtment on Environmental Monitoring Quality Control and Information Releasing (6,8}
[ Integration of GPS, Remote Sensing and Digital Terrain (18,19) ]
. amic Tracking and Management on Sediment
Prevention [ Development of Sustainable Engineering of Intelligent Disaster Prevention(13,14) ] Transportation (11,21,22,23)
and Mgmt. R —
v || of Sediment Sharing Mechanism of Disaster Prevention Monitoring Data (25)
(2] H: d
L azards
?)n [ Check System of SWC for Regional and Urban planning (1 0)]
=
g
(7] Sustainable [Modiﬂcation on Technology Regulations of River Basin Engineering(l 2)] [ Data Exchange and Application of Sediment Resource and Minerals(26,28) ]
e
of Soil and [ Implementation of Environment-friendly Measures (4,13) ][ Development for Potential Resources and Mining Industry(27,28) ]
‘Water
Resources [ Establishment of Integration Service Platform Resources(7) ] [ Resource Reconnaissance and Integration of Soil, Geology and Mineral(6,24) ]
ﬁinvironmmtal Education and Risk Communication towards Aberiginals(l 6)] [Set-up of Cross-unit Platform and Communication System(4)]
Participati
Mechanism International Cooperation(26) [ Adoption of Digital Platform to Enhance Disaster Prevention Education(15) ]
of
Stakeholders [ Execution of Sightseeing Control According to Carrying Capacity(17) ] [ Disaster Monitoring and Integration System 20) ]

Figure 6. Strategy roadmap for sustainable utilization of soil and water resources. The number
inside the brackets stands for the number of issues. The abbreviation of “SWC” stands for soil and
water conservation.
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4. Conclusions and Suggestion

While generating the strategy roadmap, the multiple stakeholders provided supportive measures
for rule-making, information integration, talent-training, efficiency evaluation, and other management
tasks to facilitate the consolidation of authority on slope-land policy in the future. Regarding reviews
on regulations, clarification of the division of labor between authorities and units is required. Especially
concerning legal concurrence, the original meanings of certain regulations require clarification for
further examination. For basic information, because information is the foundation for management,
developing a comprehensive database is crucial. The reorganization of this database would also
provide an opportunity for integration. The establishment of a slope-land management governmental
unit may facilitate the introduction of an updated database of national soil and water resources that is
accessible to the public and includes different scales for disasters and information on the limitations
and mechanisms of geological hazard-prone areas. Watersheds should be understood as management
units for slope-land conservation in Taiwan, and their time schedule should be coordinated with
a strategy for addressing extreme climate events. The strategy roadmap in this study suggested
the following key strategies at each stage as references for policy-makers. The difference between
short-term, middle-term, and long-term strategies is in the initiation time. In principle, a short-term
strategy aims to improve public safety; a middle-term strategy aims to enhance ecological sustainability
(including strategies for enhancing work performed in an earlier period); and a long-term strategy
aims to intensify the industrial environment without overlooking public living and ecology (including
strategies for enhancing work performed in an earlier period). For example, Issues 1 and 2 in Figure 6
are short-term strategies (because they concern public safety).

a  Short-term strategy: Its focus was on sediment adaptation strategy, disaster prevention,
management of watershed sources, and improvement of water quality during extreme climate
events. Because of socioeconomic change, the types of slope-land use have shifted. Thus, it is
crucial to reinforce management of slope-land, to realize disaster prevention education, and to
establish a platform for communications. The main task was to strengthen national living and
property safety

b Middle-term strategy: Its emphasis was on every issue of watershed operation management
to recover and maintain the water conservation and purifying abilities of slope-land.
Simultaneously, environmentally sensitive areas should be highlighted for conservation and
management to pursue legislation promoting rational land control, reasonable use of resources,
and strict management. This strategy aimed to provide a sustainable method for both living and
ecological maintenance

¢ Long-term strategy: Its focus was on national spatial planning, according to which this
collection of issues could improve the legislative status of SWC and the extreme climate
event countermeasures of processing and maintenance. With the introduction of low-impact
development, e-governance, water conservation, and national spatial conservation, it could
also ease the impact from land use on soil and water resources to ensure the environmental
sustainability of the three aforementioned aspects of living, production, and ecology

This study provided a foresight SWC strategy according to experiences in Taiwan. The operation
of the foresight technology portfolio could be considered as a reference for other small-island countries
to be used for developing strategies for adapting to climate change to generate a strategy roadmap.
This study discovered two driving factors, which were global-warming impact and socioeconomic
change (increase of carbon emission and slope-land use), in Taiwan, and it predicted future problems
and threats to watersheds, namely floods, droughts (water contamination), and sediment hazards,
by using foresight strategic planning. Furthermore, it outlined possible resolutions or mitigation
methods, which could be used as a decision-making reference for both present and precautionary
issues by governments to ease the impact of extreme climate events and to guard public safety. As the
governmental organization is remodeled and the international socioeconomic situation changes, the
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sustainable use of soil and water resources is likely to be highly prioritized by governments, industries,
and academic communities. Applying foresight strategic planning tools enhances the likelihood
of consensus between multiple stakeholders concerning the future development of strategies and
increases the feasibility of achieving the ideal sustainability of soil and water resources. The technology
of slope-land disaster prevention in Taiwan is one of the most effective within the Asia-Pacific zone.
Under the system of democracy, new government policies are usually questioned by the people. Thus,
it is more efficient to consider the government as similar to the service industry, which should create
niches to drive the competitiveness of a country. A sound foresight policy-making system can assist in
conducting long-term policy surveys and supporting policy-making. By regularly employing the focus
group method with multiple stakeholders, the government could obtain advice and opinions from
experts in different fields during the policy-making process to reduce problems that occur following
the execution of policies and to increase policy-making quality. During the operation of the foresight
mechanism, the greatest challenge is participant organization, such as ensuring the participation of
experts and coordination among fields. In addition, performing the adjustments in accordance with
policy change is another difficulty. In the future, actions must be modified to execute strategies, and
regular expert meetings should be held to facilitate examinations and revisions to reach the ultimate
goal of “considering climate and socioeconomic change, watershed resources being managed on a
multiple-use basis to avoid disasters and to sustain SWC” can be realized by the year 2025.
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