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Abstract: With predictions of extreme precipitation and sea-level rise under climate change that may
induce morphological changes of estuaries, increased estuarine flood risk needs to be considered.
The aim of this case study was to contemplate sustainability from the perspective of flood resilience
that focuses on environmental problems and solutions. The study provided insights into retailers’
resilience thinking regarding the flood-prone Shetzu Peninsula in Taipei City. It is of concern that the
retailers strategically identified potential flood risks and have developed adaptive knowledge, skills,
and networks. The Location Quotient (LQ) analysis was conducted to verify that the retail sector of
Shetzu Peninsula was considered a basic industry. Further assessments, an interactive visualization
model and a consumption intensity map, were provided as supportive data. Based on the results,
semi-structured interviews were conducted to explore 15 key retailers’ resilience thinking on how
to adapt to floods in terms of risk communication under climate change. This approach is vital to
meet the adaptation challenge in the Shetzu Peninsula. As a result, the study indicated that retailers
have strategically identified potential weather-related risks and have implemented adaptation plans
for each store functions. The study discussed that, in the face of climate change, maladaptation,
interactive visualization models for communicating flood risks, and place attachment are key issues
to increase flood resilience under climate change. The introduction of adaptation interventions in
terms of urban resilience as a part of a comprehensive strategy helps to manage the impacts of climate
change towards urban sustainability.
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1. Introduction

Climate change is inherently linked to sustainable development issue; adaptation and
development are considered as the two major challenges of the 21st century, and the need to tackle
them together is a widely accepted discourse [1,2]. Increasing attention is being placed on the role
of the private sector to support disaster and climate resilience [3]. According to flood hazard level,
recent works on flood-risk assessment have estimated for the global population and found that gross
domestic products (GDPs) are at risk to river-flooding exposure in the present climate and under
future climatic changes [4–6]. Research efforts have also pushed forward the understanding and the
mapping of flood risk under present and future climate conditions to better inform people on their
adaptability and resilience. However, climatic impacts and uncertainty that are experienced locally [7]
are challenging the local sustainable development.

As the retail sector is expected to be influenced the most by flooding [8–10], this study sought to
explore 15 key retailers’ resilience thinking on how to adapt to floods in terms of risk communication
under climate change. It is noted that damages to the retail sector greatly affect communities in terms
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of jobs, essential goods, and services. The study site is a flat sandbar in the villages of Taipei City,
located in an estuarine region at the junction of the Keelung and Tamsui Rivers in Taiwan. The focus
was on the retailers’ perceptions of coping with and adapting to floods under climate change [11–13].
The study underlined the importance of climate impacts that are closely correlated with the level
of attachment that individuals experience around their settlement or place. This concept of place
attachment describes one of the three elements: the identity created around a settlement or place,
a sense of pride associated with belonging to a village, town, or city, and the friendships and networks
that exist within them [14]. Most of the cumulative results of such human–environmental interactions
are directly reflected by human adaptability in responding to the environmental impacts [15,16].
The present study underscored the important elements in advancing community flood resilience
and sustainability, in particular, local knowledge, skills, and networks of the community and their
contribution to the people’s well-being and their quality of life.

In the following section, the study introduces an interactive visualization model and
a consumption intensity map to simulate the impact that could be informed by geographic contexts.
Furthermore, Location Quotient (LQ) analysis was used to explore the industrial concentration under
flood scenarios of both extreme precipitation and sea-level rise. Supported by the visualization model,
the consumption intensity map, and the LQ approach, semi-structured interviews were conducted to
explore retailers’ responses to climate change and their resilience thinking in terms of sustainability.
As a result, the study indicated that retailers have strategically identified potential weather-related
risks and have implemented adaptation plans for each store function. In addition, the study discussed
that, in the face of climate change: (1) maladaptation often occurs when adaptation measures only focus
on short-term objectives; (2) visualization model helps stakeholders communicate flood risks towards
resilience; (3) flood resilience denotes reducing flood risk by raising risk perceptions of the community;
and (4) place attachment is emerging as an important factor for climate adaptation. The final section
summarizes the insights of this paper, and calls for the introduction of adaptation interventions in
terms of flood resilience as a part of a comprehensive strategy to manage the impacts of climate change
towards urban sustainability.

2. Materials and Methods

2.1. Study Site: A Flat Sandbar of Taipei City

Flooding is considered to be the most immediate risk from climate change to Taipei City that is
developed near a river mouth, characterized by flood plain and low-lying topography in a coastal
zone [17]. An illustrative case is the Shetzu Peninsula, which is a low-lying and flat sandbar located in
an estuarine region at the junction of the Keelung and Tamsui Rivers of Taipei City, Taiwan. Although
Taipei is a highly developed city and has completed flood-control projects, it is still very vulnerable
to flooding when extreme climate events [17], e.g., sea-level rise, occur (Figure 1). Figure 2 shows
the fort map’s contour of Taiwan, which was published in 1904, and aerial photographs taken in
2017 (Google Map) demonstrate the geomorphic changes in the Shetzu Peninsula. In 1963, Typhoon
Gloria generated heavy rainfall, which induced a surge of river water, flooding the Shetzu Peninsula.
In light of this disaster, the national government began addressing flood risks in Taipei. In 1970,
the Taipei Region Flood Control Project was completed, designating the Shetzu Peninsula as a detention
basin to reduce flood risks in other parts of Taipei. As the Shetzu Peninsula developed rapidly and
the population grew, the government subsequently installed flood-control infrastructure, such as
embankments and pumping stations. However, the functionality of the flood detention basin and the
embankment in Shetzu Peninsula was the lowest protection height in Taipei. In addition, construction
was banned to restrict population growth and land use. Although Shetzu Peninsula has been restricted
to low-density development, approximately 10,000 residents, whose families have lived there for
generations, have continued to reside in the area. For more than four decades, these residents have
lived in settlements and houses that have been banned from major repairs and alterations.
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Figure 1. Sea level rise scenario of Shetzu Peninsula: A comparison of water level elevation between 
3 m and 6 m [18].  

 
Figure 2. Development of Shetzu Peninsula: A comparison of the maps between 1904 and 2017 [19].  

After the embankment was built, Shetzu Peninsula seemed to exhibit the capacity to cope with 
the magnitude of the flood disembarked by Typhoon Gloria (1963). A close examination of the 
residents’ environmental and socio-cultural perceptions revealed that the local residents acquired 
knowledge about the impacts and adaptation to environmental threats based on flood-risk 
perceptions [20]: people who have experienced related impacts exhibit more knowledge and skills 
compared to those who have not [21]. However, Shetzu Peninsula residents currently rely entirely 
on the hard infrastructure for flood control and have grown accustomed to it. Therefore, residents 
have difficulty imagining flood situations that may happen in the future, and this causes the impact 
of climate risk to increase [22]. It was argued that flood damages caused by extreme climate and 
weather events without any adaptive measures could progressively increase, causing damages to 
the infrastructure and the residents [23]. The Shetzu Peninsula is a flat sandbar in the villages of 
Taipei City, which is located in an estuarine region that is exposed to flooding; and where additional 
risks are imminent with climate change and remain unmeasurable.  

2.2. Communicating Flood Risks 

Figure 1. Sea level rise scenario of Shetzu Peninsula: A comparison of water level elevation between 3
m and 6 m [18].
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After the embankment was built, Shetzu Peninsula seemed to exhibit the capacity to cope with the
magnitude of the flood disembarked by Typhoon Gloria (1963). A close examination of the residents’
environmental and socio-cultural perceptions revealed that the local residents acquired knowledge
about the impacts and adaptation to environmental threats based on flood-risk perceptions [20]: people
who have experienced related impacts exhibit more knowledge and skills compared to those who have
not [21]. However, Shetzu Peninsula residents currently rely entirely on the hard infrastructure for
flood control and have grown accustomed to it. Therefore, residents have difficulty imagining flood
situations that may happen in the future, and this causes the impact of climate risk to increase [22].
It was argued that flood damages caused by extreme climate and weather events without any adaptive
measures could progressively increase, causing damages to the infrastructure and the residents [23].
The Shetzu Peninsula is a flat sandbar in the villages of Taipei City, which is located in an estuarine
region that is exposed to flooding; and where additional risks are imminent with climate change and
remain unmeasurable.



Sustainability 2017, 9, 1650 4 of 21

2.2. Communicating Flood Risks

A science-based risk analysis with psychological risk dimensions may not be considered in
technical risk assessments for cultural subgroups of society [24]. To help the local residents better
understand and respond to the flood risks under climate change, this study used flood potential
mapping and a rise in sea level scenario through an interactive visualization model to communicate
flood risks with the local residents in the retail sector (Figure 3). It is noted that risk map may fail
to represent the information base that is needed by stakeholders for selecting the suitable objectives
and designing the appropriate actions for flood risk management [25]. This model focuses on raising
awareness throughout presenting information relevant to the interest and location of the end-user [26,27].
It underlines the concept of place attachment that is already well established within sociology and
geography, describing the identity created around a settlement or place [14].

The interactive visualization model uses Geodesign techniques to address the design and planning
method that tightly couples with the creation of design proposals and the simulation of the impacts
pertaining to geographic contexts [28]. It provides a design framework and supporting technology for
professionals to manipulate geographical information, emphasizing environmental evidence-based
data, design, and decisions. In a typical Geodesign procedure, the opinions and collaborations of the
public, designers, decision-makers, and related stakeholders are necessary during the project planning
and design stage [29]. The study used the three-dimensional modeling software program designed by
Esri CityEngine to create an interactive visualization model. This model is equipped with a procedural
modeling approach and a strong online model-sharing service for smoother communication and
interaction with stakeholders, such as the local residents and policy-makers [30].
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Figure 3. Interactive visualization model generated with Esri CityEngine (a,b) (modified from [30]); 
and consumption intensity map (c) (modified from [31]) were used to communicate flood risk with 
the respondents (retailers). (a) With layers of buildings, roads, land use, and flood potential map 
(red) of an extreme precipitation scenario, the map clearly indicates that the Fuzhou village has the 
densest concentration of buildings, while the Fuan village is lightly packed with buildings. (b) A 
rise in sea level scenario (based on Figure 1) in the Fuzhou village: the right side of the panel 
introduces a shape (an associated parameter list) or a layer (for adding a map using image data or to 
create mappings of image data for various attributes). (c) A consumption intensity map (low: green; 
high: red) indicates that the Fuzhou village is one of the two highly intense consumption area. 

2.3. Identifying Key Industrial Sector 

As mentioned above, the retail sector is expected to be the most affected by flooding. The study 
further conducted Location Quotient (LQ) analysis to verify if the key industrial sector of Shetzu 
Peninsula is referred to as a retail sector, by focusing on regional sectoral composition and 
concentrations of cluster activity [32,33]. The LQ technique is based on economic base theory and is 
the oldest, simplest, and most widely used technique for regional economic analysis [34]. It 
estimates the share of an economic activity in a spatial unit compared to the corresponding share of 
this activity in the national or specific denominator region’s economy [35], which, in terms of a 
variable, in this study, is the employment. The focus was put on the analysis of the economic base 
in an area to identify key industrial sector and focus groups of the study for formulating 
appropriate measures to be adapted to local conditions (problems, needs, and potential of the area) 
[36] in regard to climate change.  

Figure 3. Interactive visualization model generated with Esri CityEngine (a,b) (modified from [30]);
and consumption intensity map (c) (modified from [31]) were used to communicate flood risk with the
respondents (retailers). (a) With layers of buildings, roads, land use, and flood potential map (red) of
an extreme precipitation scenario, the map clearly indicates that the Fuzhou village has the densest
concentration of buildings, while the Fuan village is lightly packed with buildings. (b) A rise in sea
level scenario (based on Figure 1) in the Fuzhou village: the right side of the panel introduces a shape
(an associated parameter list) or a layer (for adding a map using image data or to create mappings of
image data for various attributes). (c) A consumption intensity map (low: green; high: red) indicates
that the Fuzhou village is one of the two highly intense consumption area.

2.3. Identifying Key Industrial Sector

As mentioned above, the retail sector is expected to be the most affected by flooding. The study
further conducted Location Quotient (LQ) analysis to verify if the key industrial sector of Shetzu
Peninsula is referred to as a retail sector, by focusing on regional sectoral composition and
concentrations of cluster activity [32,33]. The LQ technique is based on economic base theory and is the
oldest, simplest, and most widely used technique for regional economic analysis [34]. It estimates the
share of an economic activity in a spatial unit compared to the corresponding share of this activity in
the national or specific denominator region’s economy [35], which, in terms of a variable, in this study,
is the employment. The focus was put on the analysis of the economic base in an area to identify key
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industrial sector and focus groups of the study for formulating appropriate measures to be adapted to
local conditions (problems, needs, and potential of the area) [36] in regard to climate change.

The LQ analysis identified the employment concentration by utilizing the data from the
government census of the period: 2006–2015 [37,38]. This approach addresses industrial sectors
that differ significantly in respect to exposed assets and susceptibility to floods [39]. In addition,
LQ analysis determines the highest concentration for sectoral composition for an area, identifying
a local measure of geographical concentration of industries by comparing the local share of jobs in
a specific industry and in the City. It was noted that (Table 1):

• An LQ greater than 1.0 indicates that an area has proportionately more workers than the larger
comparison area employed in a specific industrial sector [40], which implies that the area is
producing more products or services than is consumed by area residents, and the excess is
available for export outside the area.

• An LQ significantly less than 1.0 indicates that the industry is a non-basic industry for the area,
which denotes industries that do not exert significance in the area.

• The rational underlying the LQ as a means of separating basic and non-basic industries is based
on two measures: variance and magnitude. Variance reflects the degree of specialization of
employment to a specific industry across a number of places. Magnitude of the LQ for a specific
industry and place, can be interpreted to indicate that the activity is residentiary (self-sufficient),
exported, or imported depending whether the LQ is greater than, less than, or equal to 1.0 [41].

Table 1. Location Quotient (LQ) analysis for Shetzu Peninsula.

Villages Basic Industry (LQ > 1.0) Non-Basic Industry (LQ < 1.0)

Fuzhou, Fuan,
and Yonglun

Disaggregated into seven sectors:
manufacturing, electricity, construction, retail,

transport, finance, and services.

The industry is deemed
non-basic for the area

Peripheral places, such as Shetzu Peninsula (compared to Shihlin District and Taipei City) would
have smaller LQ deviation since the LQ indices represent the level of sectoral dominance in the regional
economies and are to issue economic diversity, size and economic scale. That is, the industry in question
may not show large location quotients because the relative importance of the sector is muted with
respect to overall economic activity. Therefore, the study neglected to incorporate agglomerating
influences and the sectoral distribution in the analysis, simply using LQ to correlate the regional
convergence of retail industry within the sectoral distribution and with the relevant allocation of
employment at regional level to define whether retail sector is the basic industry for Shetzu Peninsula.

The study took into account that the employment population disaggregated into sectors of
manufacturing, electricity, gas and water, construction, retail, communication, finance and insurance,
and service sectors. Data that were conducted every five years were gathered from the Industry,
Commerce and Service Census of the Directorate General of Budget, and Accounting and Statistics
(DGBAS) of Taiwan, and the census numbers from 2006 to 2011 were interpolated and used to
extract the employments for 2005, 2007–2010, and 2012–2015, respectively. The census divides the
employment data into two-digit sectoral division, where the different sector division categories were
used in accordance to the 2001 and 2006 data divisions. It is noted that: (1) data from the industry
and commerce census were compared to aggregated data from the Ministry of the Interiors of Taiwan;
(2) data included annual demographic data (municipal level and national level), employment, industry
and commerce census data in the eight sectors according to the two digit category; and (3) the
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aggregated ratio for the gap years of each census data (every five years) was used to conduct the LQ
analysis. The LQ formula is:

LQ =

(
Ei,r
Ei

)
(

Er
E

)
where

Ei,r is the number of employee jobs in industry i region r;
Er is the number of employee jobs in region r;
Ei is the number of employee jobs in industry i; and
E is the number of employee jobs in Shetzu, Taipei City.

The study focused on the three villages of Fuzhou, Fuan, and Yonglun that are located in
Shetzu Peninsula. These areas are identical to the redevelopment areas proposed by Taipei City.
The study computed proportionally the employment population from the extrapolated employment
in the industry and commerce and services census of 2006 and 2011 from the growth ratio obtained
from the annual population census from the Ministry of Interiors; and the results were used to
explore the employment population for the other gap years between the two censuses. For the three
villages of Fuzhou, Fuan, and Yonglun, the sectoral employment of each neighborhood was computed
proportionally with the total employment extrapolated for the Shihlin District. After obtaining the
extrapolated employment for the years of 2005–2015, the LQ analysis was conducted.

This approach enabled the observation and analysis of any LQ changes in the three villages
and the opportunity to compare the results to that of Shetzu Peninsula and Shihlin District. The LQ
approach represents the level of sectoral dominance in the regional economies and is sensitive to issues
of economic diversity, size and economic scale. The study neglected to incorporate agglomerating
influences and the sectoral distribution in the LQ analysis to correlate the regional convergence of
retail industry within the sectoral distribution with the relevant allocation of employment at local level.
This helped to understand the changes in the industrial sectors of the studied site and to identify the
key industry of the Shetzu Peninsula in the retail sector.

2.4. Semi-Structured Interviews

Supported by the interactive visualization model, the consumption intensity map, and the LQ
analysis that identified key industrial sector, a semi-structured interview process was conducted
using focus groups. The study underlined that studies that use more than one method require fewer
participants, as do studies that use multiple (very in-depth) interviews with the same participant [42,43].
For this reason, only 15 respondents were included in the study. As such, the semi-structured interview
process continued until the respondent either repeated the same answers or was not able or willing to
answer [44].

It was underscored that the risk events occur in a societal context and that the residents who
provide a vital workforce would acquire an understanding of flood risks and have adopted acceptable
levels of these risks. It was also argued that the flood-resilient residents are able to tell a “story” about
the environmental impacts, and that their response collaborates with researchers [45]. The interview
process underlines another aspect that complicates how people perceive, evaluate, and act on climate
change risks, namely the concept of social amplification of risk framework [46,47]. That is, social and
cultural risk amplification processes modify perceptions of risk in terms of risk communication [48].
It was noted that risks are communicated through different signals, such as images, and these
signals can amplify or attenuate the perception of risks and their manageability [49]. That is,
the semi-structured interview was used to determine the respondents’ flood-risk perceptions that are
related to their flood resilience thinking under climate change. The interview addresses residents’
reactive awareness, their proactive actions in response to climate change, and their inextricable blend
of face and feeling, reason and gut reaction, and cognition and intuition [50]. The interview format
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helped to provide insights into retailers’ resilience thinking in a systematic manner and enabled us to
have an open dialogue with residents and explore how risk events interact with psychological, social,
and cultural processes [51].

The study underlined that flood risks refer to the local residents’ knowledge, skills, and
networks (indices) that organisms accumulate during their developmental processes, which reflect
their adaptability to the changing environments; the changing of social relations and the context
lead to a change in the meaning of places [52]. The indices of knowledge, skills, and networks are
built upon a psychological methodological perspective, and reflect an uncertainty related to the
input data and provide emphasis on the qualitative character of the assessment results in terms of
potential impacts [13,51]. The study argued that the indices refer to residents’ preferences, values,
attitudes, behaviors, and decision models, which the individuals exhibit differently depending on
the environments and their perception of these environments. These differences cannot be evaluated
using physical geographical data. Therefore, flood resilience in the retail sector was explored based on
human adaptability by using the three indices: knowledge, skills, and networks. The study underlined
that human adaptability positively influences individual responses to the impacts of climate change.
Consequently, the indices were calculated using positive points.

It is noted that human adaptability, which influences risk perceptions, is the key to coping
and adapting to changes toward social resilience [52,53]. Human adaptability reflects the influence
of various impacts on individuals and is strongly related to individual knowledge and skills,
socioeconomic structures, and institutional policies [52]. The learning of new knowledge and skills
to reduce vulnerabilities and manage climate change risks also help achieve sustainability [54].
Many studies have also started to focus on the role of social networks, and the frequency with which
people talk to or are influenced by close friends and family on the issue of climate change [55,56].

The study conducted semi-structured interview schedules with respondents who were key
retailers of the village of Fuzhou. The interview was open-ended, allowing new ideas to be brought
up during the interview by the respondents. That is, the interview design allowed us to have open
dialogues with the respondents, noting that risk events interact with psychological, social, and cultural
processes, which helped to guide the interviewing process towards an understanding of respondents’
resilience thinking in a systematic manner [51]. The respondents were selected to represent age, gender,
occupation, and leadership. Interviews took place in their stores. All of the interviews were recorded
and transcribed. Interview questions with specific themes included exploring memories and responses
to the flood scenario of both extreme precipitation and sea level rise, focusing on their awareness of
the potential flood risk in the future climate.

Respondents’ opinions were then arranged according to the aforementioned indices: knowledge,
skills, and networks (referred to human adaptability), and the keywords of building, road, land use,
and flooding (referred to risk information) based on the interactive visualization model (Figure 3).
The categorical values of the respondents’ flood-resilience thinking can, thus, be obtained. Supported
by those indices and keywords, the study developed and used an interview guide focused on
respondents’ human adaptability and risk information as follows:

• Human adaptability: Have you ever gained any knowledge, used any skills, or shared your
knowledge or skills in your neighboring networks? (if referred to one index, note value “1”).

• Risk information: Are you aware of the protection of buildings, roads, and land use against
flooding (if referred to one keyword, note value “1”).

This interview guide addressed an informal grouping of topics and questions on how to adapt to
floods in terms of risk communication under climate change that the interviewer can ask in different
ways for different respondents.
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3. Results

3.1. Retail Sector in Adapting to Climate Change

The LQ analysis was conducted for the time period of 2006–2015 (Table 2; Figure 4). The result
reflects that retail sector is the basic and residentiary (self-sufficient) industry of Shetzu Peninsula with
average LQs above and near 1.0 and with small standard deviation that may determinate a long-term
influence of one sector with respect to one another. All three villages in Shetzu Peninsula exhibited
similar Location Quotient results, but with the retail sector having the most consistent LQ for most
of the years that the analysis was conducted. Among all the industrial sectors that had a LQ > 1.0,
this study focused on retail-related businesses, as retail is the consistent basic industry in Shetzu
Peninsula. That is, most of the residents in the study site rely on retail for their daily needs, and the
adaptability of the retailers is pivotal to substantiate residents’ livelihood.

Table 2. LQ analysis conducted for the time period of 2006–2015.

Manufacturing Electricity Construction Retail Transport Finance Services

2015 0.973397 0.904879 1.010425 1.022034 0.9678419 1.012693 0.985439
2014 0.989884 1.022337 0.938916 1.019645 1.0084655 0.980845 1.027493
2013 0.988068 1.024349 0.911447 1.016331 0.9594180 1.003050 1.093737
2012 1.023043 1.162471 0.934613 0.995891 0.9855920 1.013610 1.042453
2011 1.063601 0.897692 0.842233 1.005497 0.9800534 1.007144 0.998202
2010 1.066507 1.064037 0.852022 1.022298 0.8953453 0.978248 0.926761
2009 1.077299 1.066935 0.896413 1.033301 0.9118685 1.067363 0.896413
2008 1.046234 1.333254 0.904607 1.002916 0.8895303 1.087798 0.920204
2007 1.048020 1.319257 0.862404 1.015257 0.8219791 1.095546 0.992579
2006 1.031857 1.053583 0.822474 0.992867 0.9992030 1.052358 1.038645

* The values in bold indicate the industrial sector with LQ >1.0.

Sustainability 2017, 9, 1650 9 of 20 

The study further indicated that: (1) industry sectoral composition remain even in the past few 
years, having retail, construction, and financial exhibiting an LQ >1.0; (2) urban industries tend to 
be allocated within Shetzu Peninsula is in accord to Taipei City, since the tertiary industry that 
provides services to its consumers has taken the lead in concentration; (3) tertiary industry 
distribution in Shetzu Peninsula is quite dispersed within the urban vein, having a concentration 
throughout the area; and (4) retail’s LQ performs in accordance with the national trend, and the 
retail sector was identified as the basic industry for Shetzu Peninsula throughout the study period. 

As a result, the study indicated that: (1) the retail sector consistently showed a LQ >1.0 in the 
time period of 2013–2015; (2) tertiary industry distribution in Shetzu was quite dispersed within the 
urban vain, having a concentration throughout the area that was in accordance to the residential 
area along the artery road; and (3) the persistent higher LQ for the retail sector alerted the authors 
that, if it continues to exhibit the trait of basic industry, then the land use practice, building height, 
and usable ground floor should consider the floor height practice, as being just above ground level is 
considered suitable.  

Table 2. LQ analysis conducted for the time period of 2006–2015. 

Manufacturing Electricity Construction Retail Transport Finance Services
2015 0.973397 0.904879 1.010425 1.022034 0.9678419 1.012693 0.985439 
2014 0.989884 1.022337 0.938916 1.019645 1.0084655 0.980845 1.027493
2013 0.988068 1.024349 0.911447 1.016331 0.9594180 1.003050 1.093737
2012 1.023043 1.162471 0.934613 0.995891 0.9855920 1.013610 1.042453
2011 1.063601 0.897692 0.842233 1.005497 0.9800534 1.007144 0.998202 
2010 1.066507 1.064037 0.852022 1.022298 0.8953453 0.978248 0.926761 
2009 1.077299 1.066935 0.896413 1.033301 0.9118685 1.067363 0.896413 
2008 1.046234 1.333254 0.904607 1.002916 0.8895303 1.087798 0.920204 
2007 1.048020 1.319257 0.862404 1.015257 0.8219791 1.095546 0.992579 
2006 1.031857 1.053583 0.822474 0.992867 0.9992030 1.052358 1.038645

* The values in bold indicate the industrial sector with LQ >1.0. 

 
Figure 4. LQ analysis results of the study: retail is the consistent basic industry in Shetzu Peninsula. 

3.2. Human Adaptability and Risk Information 

Supported by the visualization model, the consumption intensity map, and the LQ analysis 
that identified key focus groups of the study, the semi-structured interview process sought to 
explore key retailers’ resilience-thinking on how to adapt to floods in terms of risk communication 
under climate change. The interview process was conducted with 15 respondents, who were key 
retailers of the village of Fuzhou, and continued until no new relevant information could be 
obtained from respondents. As mentioned above, they either repeated the same answers or were 
not able or willing to answer. From all 15 respondents (R1–R15), significant messages on their 

Figure 4. LQ analysis results of the study: retail is the consistent basic industry in Shetzu Peninsula.

The study further indicated that: (1) industry sectoral composition remain even in the past few
years, having retail, construction, and financial exhibiting an LQ > 1.0; (2) urban industries tend to be
allocated within Shetzu Peninsula is in accord to Taipei City, since the tertiary industry that provides
services to its consumers has taken the lead in concentration; (3) tertiary industry distribution in Shetzu
Peninsula is quite dispersed within the urban vein, having a concentration throughout the area; and
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(4) retail’s LQ performs in accordance with the national trend, and the retail sector was identified as
the basic industry for Shetzu Peninsula throughout the study period.

As a result, the study indicated that: (1) the retail sector consistently showed a LQ > 1.0 in the
time period of 2013–2015; (2) tertiary industry distribution in Shetzu was quite dispersed within the
urban vain, having a concentration throughout the area that was in accordance to the residential area
along the artery road; and (3) the persistent higher LQ for the retail sector alerted the authors that,
if it continues to exhibit the trait of basic industry, then the land use practice, building height, and
usable ground floor should consider the floor height practice, as being just above ground level is
considered suitable.

3.2. Human Adaptability and Risk Information

Supported by the visualization model, the consumption intensity map, and the LQ analysis that
identified key focus groups of the study, the semi-structured interview process sought to explore
key retailers’ resilience-thinking on how to adapt to floods in terms of risk communication under
climate change. The interview process was conducted with 15 respondents, who were key retailers
of the village of Fuzhou, and continued until no new relevant information could be obtained from
respondents. As mentioned above, they either repeated the same answers or were not able or willing
to answer. From all 15 respondents (R1–R15), significant messages on their resilience-thinking focused
on human adaptability (referred to knowledge, skills, and networks) and risk information (referred to
buildings, roads, land use, and flooding) in the retail sector was gained repeatedly as follows:

Knowledge

• R1 and R10: During Herbert Typhoon in 1996, the flood was about 1 m or more and lasted over
a week; there was no more flooding after the incident.

• R5, R9, and R12: Many retailers have worked here with their families for over 20 years, and have
indicated that there has been no flood ever since.

• R6 and R13: Most of the residents exhibit robust confidence on a future without flooding since
nowadays heavy rain only causes rainwater overflow and not a flood.

• R6 and R7: Typhoon Herbert (1996) left the premise with a flooding above 1 m since the location
is on the lowest part of the Peninsula.

• R3 and R10: The experience with the flood is most vivid because it was the time that the mayor
came to visit them on a boat.

• R4 and R6: The flood only came up to about 30 cm and was manageable; there was no need to do
anything else.

• R8, R11, and R13: Flooding is something that no longer exists and should not be a topic at all.
Everything is fine in the Shetzu Peninsula.

• R4, R9: Living quality in Shetzu Peninsula far exceeds the quality of downtown and flooding is
really non-existent.

Skills

• R3 and R5: Many buildings were renovated and elevated to decrease the risk of flooding.
• R2 and R8: The entire village was flooded, but the residents never moved away because the store

is rented and they live in the back of the main street; they still hang on to their businesses.
• R6, R9, and R12: The elevated floor was either an earlier construction or newly elevated; it was

elevated prior to their rental of the place.
• R1 and R13: The flooding was just getting the ground floor wet and t the furniture was put back

back; it was really nothing serious.
• R1, R3, and R14: The flood is a term in the past for them, since now with the pump station is

installed, and the dike really maintains the status quo in the village.
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• R5, R7, and R11: Everything turned around after the construction of the connecting bridge,
building up the dike, and adding the water pump; no flooding has occurred since then, even in
the lowest ground level in Shetzu.

• R5 and R15: Flooding is not an issue in today’s Shetzu Peninsula since the dike was built.
• R7 and R9: The government should not spend money trying to elevate the ground level

against flooding.

Networks

• R2, R13, and R14: Most of the retailers have lived here for over two decades and have no will to
move away.

• R4 and R11: The local people have been alerted through LINE (an instant messaging application)
as there was a risk of flooding.

• R2 and R11: The water came almost to chest level, and the Mayor came on a boat and gave
locals food.

• R11 and R15: Rain water just overflowed for a bit and their family has been living there for over
three generations; they began working in a tech company in Taipei and are still living there.

As a result, the study indicated that retailers have strategically identified potential weather-related
risks and have implemented adaptation plans for each store function. This builds resilience and
helps the retailers provide needed goods after natural disasters [57]. The statistic distributions of
respondents’ human adaptability on knowledge, skills, and networks in comparison to their risk
information on buildings, roads, land use, and flooding can constitute an example of exploring
key retailers’ resilience-thinking on how to adapt to floods in terms of risk communication under
climate change (Table 3 and Figure 5). The results indicated the different flood resilience-thinking of
respondents, and formulated a diverse response system under climate change. It is also of concern
that social-science knowledge of individual risk perception may be missing for an integrated urban
flood-risk assessment [26,27].

Table 3. Analysis of respondents’ human adaptability and risk information.

Respondent

Human Adaptability Indices Based on the
Psychological Methodological Perspective

(see Section 2.4.)

Risk Information Keywords Based on the
Interactive Visualization Model
(see Section 2.2. and Figure 3)

Knowledge Skill Network Building Road Land Use Flooding

R1 Yes (1) 1 1 1 0 0 1
R2 1 1 1 0 1 1 0
R3 1 1 1 1 0 0 1
R4 1 1 1 1 0 0 1
R5 1 2 * 1 1 0 1 1
R6 1 1 1 0 1 0 1
R7 1 1 1 1 0 1 0
R8 1 1 0 0 1 1 1
R9 1 2 * 1 1 1 0 1
R10 2 * 0 0 1 0 0 1
R11 1 1 3 * 1 0 0 1
R12 1 1 0 1 0 0 0
R13 1 1 1 0 1 1 0
R14 0 1 1 0 1 1 0
R15 0 1 1 1 0 0 1

* “Knowledge,” “skill,” and “network” were mentioned more than once.
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4. Discussions

4.1. Maladaptation

Maladaptation often occurs when adaptation measures do not increase resilience, reduce
vulnerability, or merely focus on short-term objectives and overlook long-term and overall
considerations [58,59]. Maladaptation describes a situation where the negative impacts caused by
adaptation decisions are as serious as the climate impact being avoided [60]. Given the spatial and
temporal complexity of climate change problems and responses, it is likely that the actions that are
judged by one group as successful adaptations may be judged by other groups, located in a different
place and time, as being unsuccessful [61]. That is, some practices may meet the needs of one group,
while increasing the vulnerability of others; sometimes, certain practice policies may deter future
choices by implementing costly engineering responses [62].

The case of Shetzu Peninsula reflects a planning obstacle that is commonly found in Taiwan,
as the focus of the Taipei City government is strengthening hard defenses, such as embankments and
pumping stations, and prohibiting construction. Specifically, planning units were disconnected from
local expectations; and adaptation measures could not fulfill the needs of urban resilience. When risks
arise, the planning units seek to continually enhance infrastructure and fail to adapt strategies according
to local needs; the general public lacked related knowledge, rendering a delay in reaching consensus
for appropriate development plans and obstructing the improvement of local resilience. The interview
results showed that the human adaptability and risk information of the respondents exist, causing the
residents and governmental planning units to fail to identify appropriate developmental mechanisms.
In respond to flood risks, the governmental approach may be maladaptive, whereas regarding to
climate-change risk, the residents exhibited a notable capacity in their knowledge of impacts and
adaptation. The planning units developed maladaptation strategies that were inconsistent with the
needs of local residents, thus, failing to properly address the impacts referred to flooding. Adaptation
strategies should primarily focus on bridging the gaps in these aspects of local needs and implement
strategies to solve the skewed asymmetric knowledge within the challenges of the impacts of climate
change. The study underscored that adaptation strategies should consider all options, investigate all
practices, and screen for possible adverse effects. Maladaptation may increase the vulnerability and
risks in a system or a sector of adaptation policies.

4.2. Visualization Model

This visualization model is efficient in achieving rapid results in shared understanding of flood risk
issues. The interactive, dynamic and flexible nature of the model, combined with the immediacy with
which information is presented by the map and graphic symbols, can facilitate and speed up the process
of dissemination and communication among stakeholders [25]. During the interview process, the
interactive visualization model was successfully used as an effective communication medium between
interviewers and respondents. The development of sea-level rise scenarios in a three-dimensional
model helped to raise respondents’ awareness of flood risk and to participate in the interview process.
The study underlined risk communication as an evidence-based approach in the process of informing
people about potential hazards (high stress, high concern, or controversy) to the residents themselves,
their properties, or their community [63]. It was argued that the model can also become a discussion tool
in the decision-making process. The model underscores a Geodesign approach to the environmental
design profession that tightly couples the creation of design proposals with impact simulations
informed by geographic contexts [28]. That is, the Geodesign approach provides a reference platform
and supporting technology for professionals and the community to render and exchange geographic
information, giving valuable input that can contribute additional information along with the
environmental evidence-based data, design criteria, and the decision-making process. The progressive
adaptive approaches and actions can be documented and contribute to the understanding of climate
impact as well as facilitating the visualization of the changes and the space adaptation in a real-time
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simulation. That is, the visualization model functions by incorporating people, place, and policy
into the decision-making process, which can help improve, implement, and resolve conflicts between
stakeholders [64,65]. Eventually, the residents are anticipated to be able to investigate and execute
adaptation strategies [66]. For instance, under flood scenarios of both extreme precipitation and sea
level rise, environmental factors of Shetzu Peninsula such as embankments, houses, fields, and roads
are displayed through the interactive visualization model for better communication with the locals.

4.3. Flood Resilience

The notion of flood resilience in this paper denotes reducing the vulnerability of Shetzu Peninsula
that is exposed to flood risk by raising risk perceptions in developing responsive capacity of a changing
climate. The study underscored that people’s judgments about risks are influenced by the ease with
which relevant events come to mind [67,68]. Experiences of an extreme flood event might make climate
risk more cognitively available or salient in people’s minds. A person’s experience with flooding
(weather-related phenomena) provides a potentially important route to engagement with climate
change [69,70]. While risks are situated within the social experiences and interactions of individuals,
groups, and institutions, positive outcome after experiencing such a risk event is viewed as evidence
of resilience [21].

Resilience-thinking, therefore, could be sustained and allowed for progressive emulsification.
The concept of resilience has been gradually applied to managing risks, analyzing disasters, identifying
vulnerability, and enhancing impact resistance [71,72]. In addition to hard defenses, resilience focuses
more on a soft approach, such as social capital, economy, resources, and disaster-control policy
mechanisms. Resilience through soft defenses is centered on human adaptability because when people
are stricken by natural disasters, they rely on social capital to help them rebound and maintain basic
living standards. Consequently, risk-control strategies no longer adopt the conventional prevention
methods. Current risk-control strategies propose the building of resilience before impacts occur, and the
use of these impacts to develop adaptation methods. This progressive approach applauds and assists
strategies that emphasize absorptive, adaptive, and transformative capacities [30].

Shetzu Peninsula is a tide-influenced wetland along estuarine and riverine areas in Taipei, at the
confluence of the Tamsui and Keelung Rivers, with a comparatively lower water table, sometimes below
sea level; early settlers began to congregate along the Tamsui River side, on the higher land section of
Shetzu, avoiding the central to northern area with comparatively lower water table. As part of the
estuarine area, residents must use boats to move about along the riverside and to transport products to
be sold in the nearby markets in Taipei City. This lifestyle proliferated during the time of the Japanese
occupation. Even cargo ships discharged cargo in the ferry ports of these villages; with the government
building dikes in Shetzu, flooding ceased to be part of the daily life of these residents [73]. Currently,
such disaster-control engineering designs in Taiwan focus on single, partial risks or only considering
limited factors into the scenario. In Shetzu Peninsula, embankment construction is considered to be the
local flood risk solution. It was argued that, if basic facilities were designed with multiple functions
from a large-scale perspective, their effects would be substantially enhanced, or if local resilience is
considered in the design process, the result may be more tailored and suited for local adaptation.
Moreover, public consensus regarding appropriate solutions has been lagging, and the effect of
co-design cannot be observed nor tracked. The study suggested that the government incorporates
communication and promotion into their policy development, thereby engaging all citizens in the
decision-making process and facilitating the urban resilience.

4.4. Place Attachment

Place attachment is emerging as an important factor for climate adaptation is a concept that
describes the level of connection that individuals have with the people and the environments in which
they live; it is noted that the “place” is closely linked to the location and geographical character,
while the people are linked to the local culture and demeanor, and they are closely tied to places [14].
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In addition, culture plays a crucial role in generating useful coping strategies and can help communities
to mitigate drivers and pressures in a timely and dynamic manner [51,74], which contributes towards
the social resilience of neighborhoods. The study revealed that the retailers of Shetzu Peninsula,
with a strong attachment to their community, are unwilling to migrate to maintain their income levels
because they may be reluctant to leave behind their social and emotional support groups and adapt to
a new community [14].

The study further indicated that the prior experience of a hazard in regard to risk perception, can
also lead to different behavioral outcomes that are often mediated by other contextual factors [75].
It was also noted that the risk perceptions of the residence address integrated knowledge performance,
while awareness refers to information collection [76]. Chamlee-Wright and Storr [77] argued that
people’s expectations of the behavior of their neighbors and governments can profoundly affect
the recovery strategies that they adopt, and influence that responses to flood risks. It is noted that
indigenous knowledge that arose out of continuous experimentation, innovation, and adaptation,
is blended into many knowledge systems to solve local problems [78]. Those local knowledge
and skills that help decrease or prevent devastating climate change impacts are either location-
or community-specific [79]. In addition, people need to forge network connections among rapidly
changing communities of decision-makers and researchers to foster the necessary social learning for
effective adaptation to climate risks [80]. Experiential learning is facilitated through an emotional
response, which heightens the importance of the experience and its subsequent influence on attitudes
toward risk [67].

Jointly, local knowledge, skills, and networks affect the local flood resilience and address a system
that can be implemented when facing threats, but still retain the same controls of functionality and
structure, while maintaining options for further development [81]. In addition, the adaptive actions
of retailers toward flood resilience can inform and advance the decision-making process through
climate risk perceptions and management [82], and that these actions are always initiated by risk
perceptions [83,84].

5. Conclusions

The estuarine Shetzu Peninsula is the living habitat for local residents and provides the needed
activity base for the local industries. This study focused on retailer’s flood-adaptive thinking that
would enhance their resilience to climate change. Particular practices were documented for each
store, in accordance to their perception of risks and practices that help to foster their own resilience
when facing flooding risks. The risks of climate change are difficult to predict, and the impact of
climate change is diverse [85]. Climate change is predicted to cause sea levels to rise and more extreme
weather patterns, which may in turn cause a greater risk of tidal flooding, inland flooding from rivers,
and surface water run-off [86]. The necessity for resilience thinking is most directly reflected by the
adaptability of residents in responding to environmental impacts [15,16]. Adaptability, in turn, affects
the risk perceptions of surroundings and differs among individuals, depending on their upbringing,
perceptual experience, and epistemological systems from which subjective environmental images are
constructed [87,88]. Climate and environmental changes will further elevate the overall environmental
risks, necessitating local residents to familiarize themselves with the government’s coping strategies
and learn to respond to such risks.

The study compared the risk perceptions of the retailers who were exposed to the climate risks.
It is important to understand that their response to every dimension of climate change is mediated by
their local culture and lifestyle. The adaptability assessment was applied in semi-structured interviews
to analyze and score risk perceptions of the local retailers and documented their adaptive capacity.
It was argued that perceptions influence residents’ opinions and attitudes toward environmental
changes. The place where residents reside reflects their reaction and adaptation as most residents
have lived in the area for a few decades, allowing for the gathering of a deep understanding of the
place. Considerable maladaptation practice is evident in the area, since the government’s adaptation
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measures merely focuses on short-term objectives and overlook long-term and overall considerations;
the local people’s resilient lifestyle and practices, however, encourage the retailers’ flood resiliency.

The policies implemented may be maladaptive, but local residents’ capacity far exceeds the
public sector’s assumption. The focus of the Taipei City government on strengthening the hard
defenses, such as embankments and pumping stations, prohibiting construction, and maintaining
low-density development revealed that these measures may encourage residents’ over-dependency
on the embankment and, thus, neglect the potential impacts of future climate-driven flood. It was
argued that future urban planning should be conducted on a local scale and an overall consideration
basis provided to avoid maladaptation, rather than relying on a certain method alone. In addition,
new adaptation strategies should take actions to bridge the gaps and strengthen local resilience.
The study indicated that local adaptation methods are related to perceptions and practice methods,
which are linked to the local community. It is noted that local adaptation is related to local practice;
it is place-specific; and is initiated by risk perceptions.

The insights of this paper conclude with a perspective on flood resilience thinking that is based
on risk perceptions among small business owners, and calls for the introduction of adaptation
interventions in terms of flood resilience as a part of a comprehensive strategy to manage the impacts of
climate change to head towards urban sustainability. Urban industries necessities advance adaptation
approaches to moderate potential damages, take advantage of the opportunities and resilient practice,
or used to cope with the consequences of climate change that affect people and places; and urban
planning should incorporate the practice prior to any further actions. Current building code promotes
the proliferation of the tertiary sector in the area, coupled with lower rents, which encourage the
migration from the urban core towards the periphery areas in the Shetzu Peninsula. This demographic
increase is accelerated by the development of the tertiary sector in the area. The interactive
visualization model, through purposeful design, evaluation, decision, and implementation, elaborate
on an integrative interface that guides the urban industries toward adaptive development. In turn,
the design can assist policy and places to develop effectively. Place attachment describes the level of
connection that individuals have with the people and environments in which they live, and may also
shape localized adaptive responses. The study underlined the influence of local culture, experiences,
and environments on people [52,89] as keys toward a comprehensive strategy to manage the impacts
of climate change.

It was underscored that adaptive capacity influences risk perceptions, and perceived risk
determines the residents’ responses [53,90]. That is, human risk perceptions and behaviors are
inseparable portions of the coupled human–environment system. Resilience thinking offers a promising
framework for framing flood risks posed through climate impacts and uncertainties, and the adaptive
capacities that enable people to lead meaningful and dignified lives, which are still currently at risk
from climate change [14,53]. The study further concluded that the respondents are highly adaptable to
climate risks. Adaptive behaviors are the derivatives and embodiments of risk perceptions. The local
retailers exhibited resilient perceptions because of their adaptability and resilience thinking that
facilitated the formation of their knowledge and skills regarding their attachment to their home in the
estuarine area. Place attachment describes the level of connection that individuals have with the people
and the environments in which they live, and may also shape adaptive responses [14]. The study argued
that the local retailers in this study demonstrated an adaptive neighborhood system that allowed
them to absorb and recover from the impact of disruptive events without fundamental changes in the
function or structure of their livelihood. The system regulates and guides individual behaviors and also
applies resilience thinking as a transitioning model towards social and environmental sustainability.
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