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Abstract: Taiwan’s near-mountain alluvial plain is a high-risk area with frequent disasters, and resi-
dents have become more tolerant of the compound disasters that occur with overall environmental
changes associated with the development of urbanization in recent years. This paper presents a case
study of a near-mountainous alluvial plain in Southern Taiwan. The Hakka ethnic group is the main
community in the study area and also the main research object. This case study illustrates the disaster
resilience of the community to natural and artificial disasters. This study adopted two research
approaches, namely historical geography and political economic geography, as well as community
resilience theory. Research methods including case study, secondary literature analysis, fieldwork,
and interviews were used. Through text analysis, it was found that (1) the community’s awareness of
disaster avoidance was rooted in the experience of reclamation in the early 17th century; (2) com-
munities have experienced artificial disasters caused by political and economic intervention, which
have been transformed into disaster awareness and community resilience; (3) cumulative artificial
disasters have a greater impact on communities than unpredictable natural disasters; and (4) the
energy of community resilience and agricultural regeneration is based on the duality of disasters.

Keywords: actions; reorganization; artificial disaster; young farmer; resilience community

1. Introduction

There is an ecological network between humans and the environment, and in the face
of environmental threats, humans use culture to adapt in order to protect themselves in this
network [1]. This concept of cultural adaptation results in reflexive thinking and has opened
up research into environmental cognition. For example, human civilization must be close
to water and be able to prevent water disasters, which is part of the relationship between
reaction and behavior when flooding occurs [2]. International academic circles have begun
to focus on the importance of traditional disaster-prevention knowledge—especially in
the area of small regional, local and community-based knowledge research—and believe
that it should be regarded as a form of disaster-prevention technology [3–6]. Different
societies also have different levels of disaster awareness. For example, coastal residents
know how to interpret changes in walrus behavior and the environment to predict tsunamis
and earthquakes [7,8], while mountain residents in areas with frequent orogeny carefully
select their sites and test their bases during the monsoon season before settling down in
order to prevent landslide disasters [9]. One study showed that disasters are the result
of the interaction between the natural environment, socio-demographic characteristics,
and man-made facilities [10]. However, with the rapid development of human society,
there will be sudden changes when the natural load capacity exceeds the threshold [11].
Therefore, research on community resilience with regard to living environments in the face
of natural disasters, environmental degradation and toxic waste is being actively carried
out [12,13].

According to IPCC reports, human societies do not have sufficient resilience under
extreme climatic phenomena [14,15]. The latest research work is committed to contributing
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effective methods to deal with the impact of floods, e.g., applying big data to assist disaster
risk management and emergency response sharing [16], and a framework entailing AI/ML
methods for identifying the safest route to destinations using UAV and path planning has
been proposed for the timely disaster response and evacuation of the residents of aged care
facilities [17], as well as for the accurate identification of flood-affected areas after floods
for effective flood management [18]. The accurate assessment of flood sensitivity with
DEM in arid regions [19,20] can provide prediction models for flash flood disasters in small
catchment areas [21]. A study on community resilience to floods proposed local residents’
resilience practices that can be applied to flood management measures and focused on
rehabilitation, community participation, and local indigenous practices [22], as well as
developing more accurate forecasting methods for the flood sensitivity of the catchment
area to enhance the resilience of catchment residents to natural disasters [23]. However,
changes in hydrological conditions within a catchment not only affects communities but
also causes significant social change. Therefore, in addition to leveraging technology
for flood protection, the main question of this study was how can communities develop
resilience under the impact of long-term environmental disasters? This paper provides a
case study of an area located downstream of a catchment, where environmental conditions
are wet, rainy, feature floodplains that are often disturbed by flooding, and allow water to
infiltrate the area within a short period of time. This case provides reflections on the impact
and transformation of repeated flooding on community resilience.

Taiwan is a long mountainous island with a long north–south and narrow east–west
mountain; the plain area accounts for only 30% of the island [24]. Taiwan’s topographic
characteristics have created short river basins and steep slopes. The geology of the upstream
mountainous areas is young, and the clay slate is fragile. In addition, the daily rainfall in
the rainy season is 1030 mm, and sudden heavy rainfall often causes large-scale landslides
in the upstream areas [25]. Therefore, in order to stabilize the mountainous area and ensure
the safety of the downstream regions, most earth and rock disaster studies have focused on
the catchment region in the mountainous area, as secondary cascade disasters are caused
when the catchment region cannot be loaded [26].

However, small catchments are highly sensitive to land use and short rainfall, which
affect the safety of the downstream alluvial plain [27]; every heavy rain event may cause
serious disasters in the plain along the river [28–30] due to the limitations of the terrain.
More than 90% of Taiwan’s population lives in the western plain, and only 5% reside in the
mountains [31]. The near-mountain alluvial plain in the valley mouth area is marginal land
with a high flood sensitivity, and it has no urban disaster-prevention system or mountain-
monitoring system. Recently, the Taiwan government announced potential streams of
debris flow so that residents could take the necessary refuge and evacuation measures
before a disaster in order to maintain the safety of settlements on slopes and valleys.

However, research has shown that the lack of spatial coverage still puts communities
near mountains at high risk [32]. Another study confirmed that the gap between urban and
rural areas makes the disaster risk in rural areas much greater than that in urban areas [33].
With the development of urbanization, mountain areas must bear other risks associated
with overall environmental changes in addition to natural disasters, e.g., the output of
water resources and environmental pollution caused by the input of urban waste. It was
pointed out that the rapid development of Taiwan’s metropolitan areas in recent years has
affected the discharge of runoff and changed the hydrological cycle, resulting in increases
in flood frequency and water volume, as well as losses of life and property.

Therefore, the increase in downstream population and water demand should be consid-
ered to be water resource factors [27,34]; according to early research data, the groundwater
resources in near-mountain areas also bear a high risk of pollution from the development
of metropolitan areas [35]. From this point of view, disasters should not only be regarded
as natural events caused by natural driving forces, as they may also result from social
problems. Therefore, researchers should also seek solutions in community development
context [34].
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In this study, five cases were used to explore the relationship between disasters
and community resilience. The first case comprised irrigation waterways built in the
Ching Dynasty, mainly located in the north of the Meinong Plain. At that time, the
irrigation waterway was completely excavated by local residents in accordance with natural
conditions. The second to the fifth cases comprised modern environmental events, which
are cases of cross-regional water allocation. The geographic area spanned two counties and
cities along the Gaoping Stream and the time range was from 1975 to 2019, which makes
them indicator cases of artificial disasters.

This study argue that natural disasters and social forces are intertwined, and the
phenomenon that communities near mountains bear the dual risks of natural and artificial
environmental disasters should have more attention paid to it. Therefore, based on the
dual points of view of nature and society, this study used the flood plain in Southern
Taiwan as the research object. A case study on a regional scale was used to explore the
process of disaster resistance and the agricultural regeneration action of environmental
awareness transformation. This research mainly contributes to bridge the research gap
between physical and human geography. In contrast to disaster research that only considers
natural factors, social factors can also be considered when looking at the man-made causes
behind natural phenomena. In terms of research innovation, we propose an approach to
escape a single disaster event or single point in time and integrated two research methods
and theoretical perspectives in an attempt to understand the interrelationship between
disasters and resilience.

2. Materials and Methods
2.1. Study Framework and Design

This study adopted two research approaches, namely historical and political economic
geography, as well as community resilience theory. Research methods including case
studies, secondary literature analysis, fieldwork, and interviews were used. This study was
focused on five cases in the north floor area of the Pingtung Plain, covering the period of
1680–2020.

(1) Historical geography of natural disasters: from the historical perspective, we
analyzed how a balance between man and nature was achieved with agricultural technology
in the face of natural disasters during the process of reclamation by the well-cultivated
Hakka ethnic group in the Meinong Plain.

(2) Political and economic geography of modern disasters: four cases were used to
explain the change in the nature of disaster and community anti-disaster action in the
study area.

(3) Community resilience theory: knowledge reorganization and the social self-
organization process of residents facing disasters in the study area were examined.

The simultaneous application of the two approaches allowed us to effectively compare
the community’s response to the same issues. The selection of the research method was
based on the results of exploratory research [36,37] and the data of the study cases, which
have the main characteristics of fragmentation and heterogeneity. A limitation of this study
is that the political economy and the stakes involved in civic movements will keep some
of the data hidden. In the late 1970s and early 1980s, actor network theory was able to
effectively explain the relationship between actors and space [38]. However, the spatial and
temporal relationships of the five cases were relatively scattered, and although there was a
common issue, there was no intersection between the actors; therefore, we advocate for
the concept of underground rhizomes as a research strategy [39]. The phenomenon of data
dispersion was found in the exploratory research [36,37]. This research suggested that the
effective integration of data is the most important link in the research process.

Therefore, we used case study as the main method, treated the plains community as a
unique phenomenon, and collected data from different sources as the basis for the analysis.
An important step in analyzing secondary literature is to interpret the data collected by
original studies from another perspective [40].
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The inclusion of multiple viewpoints in this study could have helped to prevent
the researchers’ personal values from affecting the research results because a wide vari-
ety of data, different methods, and perspectives of researchers in different fields can be
neutralized [41,42]. In response to two research approaches, this study firstly collected
official and quasi-official public information and secondly analyzed media materials and
interviewed reporters and interviewees on the subject in the process. Third, Triangulation
for the study to cross-check three different types of data (Figure 1). The reliability of the
research originated from the use of various methods and different data sources. The data
were verified at all levels of time (long-term), space (specific), and people (key roles). The
scientific philosophical framework of this research comprised a multi-method approach
of considering “retrospections data components back and forth”, “triangulation to seek
the most applicable interpretation”, “descriptive laws from all levels”, and “breakthrough
awareness of research limitations” [43], with the aim of generating more trustworthy
research interpretations [42].
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Figure 1. Data triangulation.

2.2. Study Area

The study area is located at the northernmost end of the Pingtung Plain in Southern
Taiwan, in the center of Kaohsiung City and the northernmost plain of Pingtung County.
As the plain is located between a fault zone and a trench, it forms a complete geographical
area [44–46]. The geographical scope is to the east of Chishang River, to the north of the
Ligung Embankment, to the west of Dawu Mountain cliff, and to the south of Moonlight
Mountain. It is an independent plain isolated by the natural environment. The admin-
istrative area includes Ligung Township in Pingtung County, Meinong District, and the
Chishang District in Kaohsiung City (Figure 2). The total area of the Meinong Plain is
approximately 106 km2, as shown in Figure 2. The formation of its range comes from the
coupling of special geographical conditions, which are the Laonong Stream, Chishang
River, and Meinong Stream alluvial fan and alluvial plain.

The area of this study has received attention from the humanities and nature perspec-
tives, but no previous studies have explored the relationship between the two simulta-
neously. In terms of humanities, the Hakka people’s reclamation and development have
formed a special social group. As many as 93.5% of the Hakka people in Meinong District
(Table 1) are characterized by a high level of education, a strong sense of national identity,
and strong political and cultural influence [47,48]. The geographical space where the settle-
ment is located is also a high disaster-risk area. This area has a maximum water output of
surface and groundwater (including underlying water), as well as natural energy due to
the intersection of a fault zone, uneven rainfall, and typhoons [49].
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Table 1. Population and ethnic groups in the study area.

District
Name of Village Population Main Ethnic

Meinong District

Hehe vil.; Luxing vil.; Zhongtan vil.; Dexing vil.;
Longshan vil.; Guangde vil.; Dongmen vil.; Tai’an vil.;
Minong vil.; Jidong vil.; Fu’an vil.; Zhongzun vil.;
Qingshui vil.; Jiyang vil.; Jihe vil. (Total 15 vil.)

28,359 Hakka

Chishang District Dongping vil.; Guangfu vil. (Total 2 vil.) 2786 Hakka

Ligung Township Sanbu vil.; Zhonghe vil.; Mili vil.; Tuku vil. (Total 4 vil.) 4549
Hokkien and

unnan–Burmese
Veterans
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2.3. Data Collection and Analysis of Secondary Literature

According to the research design, this study began with an investigation of: (1) natural
disaster data in historical documents (mainly water and soil disasters); (2) how regional resi-
dents altered nature to meet their survival needs (mainly irrigation waterways); (3) artificial
disasters (mainly public pollution and environmental movements, such as the anti-Meinong
reservoir and the anti-Jiyang artificial lake (after the artificial lake project was rejected in
2013, the government reintroduced the new project and named it Gaoping Great lake; in
this study, it is called Jiyang artificial lake) movements in 1992); (4) water conflicts (such as
the well sinking in Ligung in 1975, the well closure and power shut-off in Ligung in 1990,
and the anti-deep-water well in Meinong District in 2015–2017); and (5) environmentally
friendly actions (such as young men returning home for farming, organic farming and
environmental protection). All the collected data were classified and coded with Excel
software. There were two main sources of data. The first was secondary literature on
natural disasters, including data on (1) and (2), which were mainly from research reports
and research papers; the second source comprised data on (3), (4), and (5), which came
from official and institutional information, official statements, internal meeting minutes,
research reports, planning reports, survey reports, etc. Historical water conflict events and
management organization data were also collected. Sources included newspapers, maga-
zines, and social media, as well as various planning reports and statistical data from the
Ministry of Economic Affairs (MEA) and the Taiwan Water Company (TWC) and its related
sub-organizations. In addition, announcement information, planning reports, and meeting
records were collected from the Pingtung County government. The interview records
from various agencies represented unofficial opinions and descriptions. Data analysis was
conducted with Excel statistics software on 54 natural disaster incidents, 35 adjusted natural
incidents, 11 water conflict incidents, 26 artificial disaster incidents, and 7 environmental
action incidents (Figure 3).
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2.4. Case Studies

Five cases were used to explore the relationship between disasters and community
resilience (Table 2). Objects included residents, farmers, religious groups, organizations, and
county governments. A network of nodes and connections, including attitudes, experiences,
knowledge, and awareness, was constructed. This network illustrates the experience of
disaster in life and in the environment, as well as culture, ordinary people’s knowledge of
the local hydrological environment, the formation of environmental risk awareness and the
resilience of life, and the process of organization.
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Table 2. Basic descriptions of five study cases.

Case Location Related Parties Claim Situation

Waterway in
Ching Dynasty

Meinong
District,

KHC

1. Hakka ethnic group
2. Hakka lineage
3. Irrigation waterway owner

Survival and
settlement Settlement

Ligung Well
Closure and

Power Shut-Off

Ligung
Township,

PTC

1. Ligung villagers’ congress
2. Pingtung County

Government
Well closure

and compensation

Complete well
closure and monetary

compensation

Anti-Meinong
reservoir

Meinong
District,

KHC

1. Group 7
2. Meinong People’s

Association
Stop Whole project is

cancelled

Anti-Jiyang
artificial lake

Chishang and Meinong
District,

KHC

1. Anti-Jiyang artificial lake
self-rescue association

2. Meinong People’s
Association

3. Kaohsiung teachers’
Association Ecological
Education Centre

4. Pingtung teachers’
Association Ecological
Education Centre

5. Pingtung Environmental
Protection Alliance

Stop Whole project is
cancelled

Meinong
anti-deep-water

well

Meinong
District,

KHC

1. Anti-deep-water well
self-rescue association

2. Chishang, Meinong and
Ligung villagers

Stop Project is on hold

The first case was an irrigation waterway built in the Ching Dynasty, mainly located
in the north of the Meinong Plain. At that time, the irrigation waterway was completely
excavated by local residents in accordance with natural conditions. There was no official
waterway until the mid-19th century. The second to the fifth cases covered modern en-
vironmental events, which are cases of cross-regional water allocation. These involved
compensation for power shuts-off for closed wells in the Ligung Township, the anti-
Meinong reservoir movement, the anti-Jiyang artificial lake movement, and the Meinong
anti-deep-water well movement. The geographic area spanned two counties and cities
along the Gaoping Stream, and the time range was from 1975 to 2019, which makes them
indicator cases of artificial disasters.

2.4.1. Irrigation Waterway in Ching Dynasty

In 1736, the Hakka ethnic group crossed the Laonong Stream from Pingtung to the
Meinong alluvial plain for reclamation. At the beginning, a few people travelled back and
forth for reclamation every day. There were two types of irrigation waterways for agricul-
ture. One was used to divert water from the depression on the plain (called Zhongzhenpi)
to the rice field, and the other was used to divert the water left in the valley to irrigate dry
fields when floods subsided [50]. After the cultivated land was slightly enlarged, Meinong
Stream water was introduced into the irrigation waterway, and the rice field environment
was completed towards the end of the Ching Dynasty, with some areas already having the
ability to harvest two crops a year [51]. Due to the fear of invasion by the indigenous people
near the mountains and the difficulty of fetching water from the plain, settlement did not
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take shape in the Meinong Plain until the middle of the 18th century, i.e., after the irrigation
waterways were roughly completed [52]. In the Ching Dynasty, all irrigation waterways on
the Meinong Plain were located in areas that were not easily flooded. A total of six irrigation
waterways formed the prototype of the settlements. At the end of the 19th century, in order
to expand the demand for land development, the Japanese government built the Lion Head
waterway in flooded areas. However, the waterway has been damaged by floods year after
year, so the government has further built the Ailiao River embankment on a larger scale to
protect the developed land and waterways, which has prompted changes in land use and
industry in Meinong Plain [25,28,29].

2.4.2. Ligung Well Closure and Power Shut-Off

Since 1974, Kaohsiung City and Gangshan Township have relied on 13 deep-water
wells in Ligung Township. They extract 127,700 cubic meters per day, supplying 420,000 peo-
ple with domestic and industrial water [53,54]. In 1987, the water company dug five deep
wells in the Shoujinliao area of Kaohsiung County, which caused panic among residents
in Ligung, who jointly opposed it [53] (in 1989, the Ligung Township Congress predicted
that the groundwater level would drop, with accompanying reductions in crop yield and
demand and the cessation of pumping). The Pingtung government (PtCG) shut down
the power of its own accord when the water rights of two wells expired, and the water
company appealed to the Provincial Construction Department [54]. The PtCG implemented
a water cut-off, and the Kaohsiung County government responded by cutting off road
access, preventing people from entering Kaohsiung [55–58]. In 1988, the Ligung Township
Congress petitioned the PtCG and requested that the TWC carry out evaluation work. In
1989, the TWC agreed to conduct an evaluation and appraisal with Fengjia University; in
1990, the TWC signed a consultation resolution. The conclusions included a deadline to stop
pumping, funding subsidies and pipeline compensation, and water conservancy facility
subsidies. The well closure and power shut-off incident in Ligung ended in 1994 after the
well shut-off was completed.

2.4.3. Anti-Meinong Reservoir

The goal of the Meinong reservoir is to meet the long-term water demand in Kaohsiung,
Tainan and Pingtung [59]. Due to safety concerns caused by the fact that the dam site of
Meinong reservoir is located above a fault [60] and will seriously damage the ecological
environment of the tropical forest in Yellow Butterfly Valley [61] (as well as the impact on
the traditional Hakka culture that has long been present in Meinong village), at the end
of 1992, after the villagers learned that the reservoir was about to be built, local residents
formed a Group 7 and then established the Meinong People’s Association to take action
against the Meinong reservoir [62,63]. In 1993, they led Meinong’s residents to take a night
bus to Taipei to protest the construction of the reservoir. Through effective mobilization and
lobbying by Congress, the Legislative Yuan removed the project budget for the Meinong
reservoir in 1993 and 1994. In 2000, the government announced that it would not build the
Meinong reservoir, although it still proposed to build it in 2015, causing residents to protest
again [64]. It can be seen that the water resources on the Meinong Plain are still a hot spot
of industrial demand.

2.4.4. Anti-Jiyang Artificial Lake

The Jiyang artificial lake was proposed by the WRA in 2000 and was intended to
address the daily 500,000 tons shortages of long-distance and industrial water in Kaoh-
siung [59,65]. In other words, it is part of a new scheme to replace the function of the
Meinong reservoir [66].

This project planned to use the surplus water from Laonong Stream during the wet
season for introduction into the artificial lake for regulation and storage in order to increase
the water supply in the Kaohsiung and Pingtung areas. The excavated earthwork could also
provide a source of sand and stone materials, which is one of the reasons for the prohibition
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of sand and gravel mining in the Gaoping River. In this project, the existing farm would
have been excavated into a lake, surrounded by earth embankments, and arranged into
five lake areas (A, B, C, D and E), with a total area of 770 hectares. The project is located at
the Shoujinliao farm and the Tuku farm at the confluence of the Laonong Stream and the
Chishang River [67–72]. Residents from the Jiyang, Mili, Guangfu and Sanbu villages in the
Chishang and Meinong Districts, as well as Ligung Township, comprised the main members
of the self-rescue association, while the Meinong People’s Association, the Kaohsiung
Teachers’ Association Ecological Education Centre, the Pingtung Teachers’ Association
Ecological Education Centre, and the Pingtung Environmental Protection Alliance jointly
launched an appeal. The main reason for the appeal was that the development of the
artificial lake may cause groundwater resource issues, flood safety concerns, and disputes
over the government’s expropriation of a large amount of soya bean agricultural land.
After 13 years of continuous negotiation and resistance, the plan was terminated at the
Environmental Impact Assessment stage in 2013 [73–75].

2.4.5. Meinong Anti-Deep-Water Well

In the case of the Meinong anti-deep-water well movement, the conflict directly
involves the water corporation on the front line. Based on the support of residents and
non-profit organizations, local and central representatives hold the same view. They also
formed a self-rescue association that can be expanded. Since the Ligung incident in 1979,
Meinong’s anti-deep-water well movement has engendered a sense of opposition. In the
local area, water conflicts have forced the suspension of a strong water distribution policy.

2.5. Field Investigations and Interviews

Field investigations and interviews were conducted from 2014 to 2019. In 2014, the
TWC planned to dig deep-water wells in Sojingliao in Chishan District, which triggered
mass resistance from residents who set up a self-rescue association. Between 2015 and
2017, the association had several violent conflicts with TWC; as of 2019, the association
was still in operation because it thinks the TWC is just suspending the plan and that if the
well-sinking plan was enforced, it would have a negative outcome for the 2020 elections.

The main interviewees were local people familiar with the situation (school principals,
members of NGOs, public opinion representatives, farmers, residents, and members of
self-rescue associations), local officials (the Taiwan Agricultural Research Institute, the
Seventh River Management Office, the Ministry of Economic Affairs, the water resource
authority (WRA), the Water Resource Planning Institute of the WRA, the Water Resources
Bureau of Kaohsiung City, the Department of Urban and Rural Development of Pingtung
County, and the Department of Agriculture of Pingtung County), and professionals (a
professor of hydrology). A total of 20 interviews were conducted, and the responses were
snowballed to connect related objects.

2.6. Community Resilience

Resilience is a social–ecological system concept [76] that is complex, nonlinear, and
unpredictable and that feeds back to other systems [12,77,78]. It differs from natural
disasters in that the system emphasizes slow-onset hazards associated with slow drivers
of change [79,80]. However, the social–ecological system view emphasizes that resilient
communities can be identified and have development advantages, establish resilience
through self-organization, and pay attention to the connection between humans and land,
values and beliefs, knowledge and learning, social networks, collaborative governance,
economic diversification, infrastructure, leadership, and outlook [12]. By applying the
concept of resilience to space science, a living environment that will not collapse in the face
of the impacts of disaster can be created [81,82]. Scholars in Taiwan have long paid attention
to the relationship between human settlements and disasters [83], emphasizing disaster
prediction, especially the use of disaster sensing before early warning monitoring systems,
such as the more sensitive detection of stratum subsidence from all aspects [84], slope
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disasters [85,86], flooding [87], earthquakes [88,89], and learning recovery and adjustment
after disasters [88–94]. In recent years, people’s participation in disaster prevention and
traditional indigenous disaster-prevention knowledge have been further studied [34,95,96].

However, the disaster data in this study area showed that, because the three water-
sheds affect the alluvial plain, they are no longer a single catchment, which may explain
the causes of the natural disasters. Moreover, the types of disasters in the study area have
changed, and the factors of the disasters are complex and feed back into each other. The
current research results also lack insight into how social–ecological systems learn to resist,
absorb or adapt to disasters from the diachronic time axis. Therefore, it is necessary to
study the actions and feedback of communities experiencing disasters from the perspective
of social–ecological systems. Scholars have proposed four aligned suggestions: learning
to live with change and uncertainty, nurturing diversity for reorganization and renewal,
combining different types of knowledge for learning, and release and reorganization [77].

3. Results
3.1. Natural Disasters and Changes on the Plain

The central mountain range on the east side of the Pingtung Plain rises from 100 to
3000 m above sea level within a horizontal distance of 12 km. When the highlands on the
east side of the plain are violently eroded by rivers due to the high source and long flow,
a strong scouring force and a large amount of accumulation form a wide plain [97]. The
Meinong Plain, which is alluvial and formed by three drainage systems, has received the
largest concentration of heavy rainfall in recent years [98]. The geological conditions of the
plain are fragile, and the erosion under the flow path is rapid, able to carry rock debris and
sediment and to promote the resurgence of tributary river erosion. Moreover, this area also
has a rainfall form with summer rain and winter drought. Showers often cause large-scale
landslides in the upstream, and a large amount of debris forms debris flows, resulting in
vertical and lateral erosion. Due to accumulation, it is often diverted or overflowed, which
is also the main cause of disasters [99].

According to historical data, Taiwan experienced 223 typhoons in the Ching Dynasty
from 1684 to 1887, 31 of which were disasters that stuck Southern Taiwan [100,101]. From
1897 to 1945, the country experienced a total of 178 typhoons, 13 of which caused serious
disasters to Southern Taiwan [102–104]. The disaster events in the study area in recent
years have mainly been caused by typhoons. Heavy rainfall caused the collapse of the
upper reaches of the Chishang River and the Laonong Stream, resulting in the flooding
of the plain [30,98,105–107]. Disasters in the study area have been the focus of research in
recent years [107–109].

In 1736, the Hakka ethnic group reclaimed land from the high ground at the foot of
the mountain and irrigated it with Zhongzhenpi on the plain. After it was stable, it was
gradually expanded to the Moonlight Mountain at the upstream of the Meinong Stream to
form Meinong and other villages. The Meinong Plain was maintained in a stable state by
the Hakka ethnic group. In the early 20th century, a large number of immigrants entered
the Meinong Plain after the Japanese government built the Ailiao River embankment [50].
Before the embankments of Ailiao and the Laonong Stream were built, the streams flowed to
the southwest. One can imagine that if heavy rain caused flooding, it would be difficult for
the whole north Pingtung area to survive. After the embankment was built, the waterway
of the Ailiao River was restrained to the north while the braided river of the Laonong
Stream was restrained to the south (Figure 4), converging to Gaoping River [110]. After
the construction of the embankment, the riverbed of Laonong Stream became reclaimed
land, which is now Sojingliao Farm and Tuku Farm (also the main area in of cases 4 and 5),
Kaohsiung Farm, and the Shingo area.
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Since the Japanese rule of law, the construction of embankments has become the most
important policy to protect both banks of the rivers [25,29]. However, recent studies have
shown that typhoons can induce gully-type earth rock flow. Taking the 2009 Morakot
typhoon as an example, the farmland that was expanded after the construction of em-
bankments after 1948 was submerged during the Morakot typhoon, while the farmland
reclaimed before 1948 was outside the area of flood overflow [30]; This study has con-
firmed that the farmland reclaimed on the flood plain before 1948 is an area with disaster-
prevention awareness.

3.2. Artificial Disasters in the Ecological-Social System: Reservoirs, Artificial Lakes, Deep-Water
Wells and Public Pollution

In 1921, the Japanese government built the Ailiao River embankment to control the
flood disaster on the Pingtung Plain, resulting in the gradual drying up of the original
river due to the closure of the upstream embankment. Later, due to man-made reclamation
and cultivation, the appearance of the original river gradually disappeared on the surface,
though there was abundant groundwater [111]. Industrial development in Southern Tai-
wan, including traditional and science and technology industries, totally depends on the
groundwater resources in the plain. Industrial water grabbing is another disaster for com-
munities that have been farming for generations. As early as 1990, the Ligung Township
had an environmental recession due to groundwater over-pumping, and the following was
announced by the PtCG in the media:

“Over the past decade, a large amount of water from Pingtung has been pumped to
Kaohsiung, with 500,000 tons a day. For many years, thousands of wells have been
scrapped because they can’t get water; The loss of irrigation water in the countryside is
serious and farming is affected.” [112]

Residents recounted the disappearance of water and species:

“In the past, Tuku area were swamps on the other side of the soil bank. Now there is no
water and it has become a dry field. I remember that in summer, the water was knee deep
and there were loaches and eels in the water. I had several classmates there, this is our
common experience. Now it is dry.”

In the 1960s, Taiwan’s economy was booming, and most of the infrastructure was
reinforced concrete structures, so a lot of sand and gravel were needed as building materials.
The sand and gravel in Ligung, Tuku and other areas at the northern end of the Gaoping
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River alluvial fan were of good quality and had good traffic conditions, making it the
most important material supplier at that time. In particular, many low-use lands, such
as Taiwan sugar company land and retired farm land, are highly suitable for sand and
gravel development. The integrity, large area, and low utilization of this kind of land
make it suitable for use as a sand and gravel resource area [113]. The construction of the
Ailiao River embankment stabilized the land and brought economic benefits, but it has
also brought stagnant river sand. A large amount of sand and gravel accumulated in the
center of the river, forming a high ridge. Heavy rainfall in summer resulted in the river
sand washing into the two embankments, causing the collapse of the embankment and
the erosion and loss of fields near the river. The annual siltation volume of the Laonong
Stream (1975–1990) is 4.07 million cubic meters, and that of the adjacent the Ailiao River is
approximately 60,800 cubic meters [53]. Therefore, with the early development of artificial
mining and the establishment of special gravel areas by the government, the north and
south banks of the Laonong Stream have become a special area with the highest density of
gravel in Taiwan [49,99,114].

While meeting the needs of infrastructure construction, the government continues to
plan the remote development of water resources in the Gaoping Stream basin to meet future
needs. Under the premise of giving priority to economic development, all resources must
fully contribute to economic policies [66,67,115,116]. Therefore, implementation plans have
been formulated, as with cases two to five in our study; however, a few elite-led programs
that lack a local environmental perspective have become a form of artificial disaster. One
study showed that the north of Ailiao River has the largest water yield, the highest soil
yield/value, and the highest number of gravel fields in Taiwan [49]. This phenomenon
is known to be caused by the gravel pits (locals call it the “Grand Canyon”) and waste
pollution caused by illegal gravel mining on river banks and on agricultural land (Figure 5).
For example, agricultural land in Chishang was backfilled with waste slag that polluted
the Chishang River in 2013, and other rivers were also polluted by industrial waste in
1999, 2000, 2013, 2016 and 2019 [117–119]. The gravel pits formed by illegal mining led the
government to establish the artificial lake project and directly use a large number of gravel
pits in this area as recharge pools for groundwater recharge [120].

Early research results have revealed that the groundwater resources in this study area
bear high pollution risk from the development of Kaohsiung and Pingtung [35,121]. Recent
studies have also shown that politics and economic integrated regional scale strategies
to carry out cross-regional water distribution in the study area have resulted in fierce
conflicts [122]. The export of water resources in the study area contributes to economic
development, but industrial waste returns to the area, with the whole social–ecological
system linked through the negative feedback of artificial disasters. The main reason for
this is that economic factors distort the allocation of resources, and scholars have pointed
out that this can be regarded as interference. The stronger the interference, the weaker the
resilience and the lower the stability of the system [123].

3.3. Social System and Action of Residents in Disaster Events

In the case of Ligung, it was found that there was no solution to residents’ complaints
about the declining groundwater level, the reduced agricultural production, and the sub-
sidence of the land. In Meinong, the self-rescue association used eddy currents, starting
from Jiyang at the center, and sent a message to the Ligung and Chisang areas to use street
sweeping, virtual and physical gatherings, and collective appeals to the power center;
that is, the association directed the areas to fight against lobbying with knowledge and
materials, reject compensation and exchange, and use every means available to organize
social cohesion.

In 2017, the deep-water well project was restarted in Meinong. Mainly, the Kaohsiung
City Government actively encouraged the TSMC (Taiwan Semiconductor Manufacturing
Company) to set up a factory in Luzhu Park, Southern Science Park. The aim was to provide
stable water resources as promised. In addition, in order to maintain the advantages of
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the semiconductor industry supply chain, the central government had to restore regional
integration and dynamic balance [122].
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At the upper reaches of the Gaoping Stream is the intersection of Tainan, Kaohsiung,
and Pingtung. In 1992, the location of the Meinong reservoir was quite controversial. At that
time, it resulted in the most influential water environment movement in Taiwanese history
and led to the formation of an important environmental sustainability group [61,124,125].
After these projects failed, the central government began to develop adaptation plans. The
plans were to shift the reservoir model to a distribution model by using a combination of
surface water and groundwater abstraction. For example, the Gaoping River has multiple
water abstraction options [125–127], and deep-water wells in the underground aquifer
are designed to increase pure raw water to supply the south-moving high-tech industrial
park [122]. However, after the plan to drill new deep wells was resisted, there was proposal
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to rent the existing water wells from the Taiwan Sugar Corporation. Using the old wells
to improve and clean the wells to make up for the original plan because the two could
together increase the daily water supply by 100,000 cubic meters [128]. Based on five deep
wells dug in Sojiliao, Kaohsiung County in 1987 [53], the TWC initiated negotiation and
compensation [128]. Finally, in 2011, 14 more deep-water wells were dug in the Sojiliao area.
The daily water intake was raised 100,000 tons to fill the gaps in Kaohsiung’s livelihood
and industrial needs for water, as well as to maintain the dynamic balance of the region’s
current situation by means of negotiated diffusion.

3.4. Risk Awareness and Community Resilience

The main impact of adaptation plans is that the Meinong Plains are full of water-intake
facilities and the expected reservoir space has turned into water-intake weirs, radiation
wells, deep-water wells and artificial lakes. More facilities have brought more disasters and
risks to local residents, such as lower agricultural production (R15), water pump motors
being damaged due to groundwater level drops (R13), the general feeling of residents that
the fountain disappeared (R6), groundwater level drops (R7), and the illegal mining of
sand and gravel (R12) (Figure 6). The residents’ experience of water shortage in their lives
directly formed their awareness of disasters, which not only prompted the establishment
of self-rescue associations but also led to anti-deep-water well operations. Because these
previous disaster experiences were often flooding or prolonged drought rather than the
decline of the groundwater level, they were different from the experience of extreme natural
disasters that promotes the formation of risk awareness.
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The personal experience of residents slowly suffering from disasters in their lives is the
main reason for the formation of environmental awareness. Residents in the study area were
found to have different reactions to sudden disasters and disasters accumulated year after
year. When economic losses are caused by natural disasters (such as floods that wash away
farmland), residents can apply for tax reduction. However, when residents find that the
main cause of the disaster is man-made, their main response has been to regroup as a crowd
to demand that all human intervention be stopped. The specific methods have included
self-organization, active information collection, external connection, knowledge learning,
showing that the community can learn from and adapt to disaster risks to strengthen
community resilience (Table 3).
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Table 3. Five cases and community resilience.

Resilience
Transformation

Five Cases
Water Tunnel in
Ching Dynasty

Ligung Well Closure
and Power Shut-Off

Meinong
Anti-Reservoir

Jiyang Anti-Artificial
Lake

Meinong
Anti-Deep-Water Well

Learning change and
uncertainty in disasters

• Typhoon (R1)
• Floods (R2)

• Groundwater
level drops (R7)

• Declining
agricultural
production
(R15)

• Reservoir
collapse (R4)

• Earthquake (R3)
• Breaking the

embankment
(R5)

• Edamame fields
were expropriated
(R14)

• Illegal mining of
sand and gravel
(R12)

• The fountain
disappeared (R6)

• Groundwater
level dropped (R7)

• The water pump
motor was
damaged due to
groundwater level
drops (R13)

Water sensitivity nurturing
diversity for

reorganization and renewal

• Hakka ethnic
group

• Hakka
lineage

• Irrigation
waterway
owner

• Farmer
• Ligung

villagers’
congress

• Pingtung
County
Government

• Group 7
• Self-rescue

association
• Meinong

People’s
Association

• Self-rescue
association

• Self-rescue
association

Combining different types of
knowledge for learning

• Feng Shui
• Belief
• Tradition
• Culture

• Agriculture
• Water resources
• Disappearance

of species

• Earthquake
• Fault zone
• Hakka culture,
• Yellow Butterfly

ecology
• Food

self-sufficiency
food safety

• Water resources
• Education
• Ecology
• Agriculture

• Agriculture
• Groundwater

pollution (R8)
• River water

pollution (R9)
• Hazardous waste

(R10)
• Factory waste

(R11)

Release and reorganization

• Meinong
consciousness

• Hakka
consciousness

• Ligung, Tuku,
and Sanbu

• Chimei
Community
College

• Agricultural
regeneration

• Kaohsiung
teachers’
Association
Ecological
Education Centre

• Pingtung teachers’
Association
Ecological
Education Centre

• Pingtung
Environmental
Protection
Alliance

• Chishang,
Meinong, and
Ligung

4. Discussion
4.1. Learning Change and Uncertainty in Disasters

The spatial sequence of reclamation in the Meinong Plain was related to natural
disasters. During the Ching Dynasty, avoiding disasters was the first choice. The Hakka
ethnic group, who have skilled farmers, knew how to conduct the reclamation so that
disasters could be avoided in the environment (Lingshan). The top of the fan area has
almost no settlements and or farming due to the flooding of the Laonong Stream in the
rainy season (from the south of Jingualiao to Hengshan). Moreover, residents know how to
adjust crops for the flood season and temporarily leave the cultivated land (Beishangtang),
as well as how to adjust crops according to the dry land (Jingualiao), as follows: select the
fertile field after floods to plant rice (Longdu); plant seedlings according to the season; use
rainwater, stream water, and waterway water in a planned way (Longdu, Dafen, Xiaofen,
Hobienliao, and Hengshanwei); set up cultural symbols in key places of water (Shuikou-
lisher-jenkuan-bogong); and name the space with regard to water (Sanjia means three
water clips, Xiaoshuigou means gate for distributing water, and Longque means hole for
distributing water).

After the irrigation waterway was built, the community residents used the processes
of digging culverts and wooden boards to adjust the water volume in order to prevent
disasters [50,129]. Even after torrential water from the Laonong Stream washed away land
and caused collapse, the affected households successfully applied to the government for
rent reduction (Nanlong) [130]. At this time, spatial development was restricted by natural
conditions. Even if the Japanese government had intended to set up an immigrant village
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here, it would still have failed. The main causes of failure were flooding, lack of water
supply and drainage facilities, and ant damage [50].

Building embankments was the starting point of environmental awareness. During
the initial reclamation period, the rules for allocating crops were based on the amount of
water. Even if it was necessary to divert water, the residents still chose to avoid the flooded
areas. However, after the Japanese government built the official irrigation waterway, large
and flat agricultural areas were developed in the south of the Meinong Plain, and they
planted a larger number of high-economic-value crops, such as sugarcane and tobacco,
than that on the Meinong Plain [50].

4.2. Water Sensitivity Nurturing Diversity for Reorganization and Renewal

The changes in the irrigation system on the Meinong Plain in the Ching Dynasty were
mostly funded by the lineage or Kenshou (capitalists). Farmers did not need to pay grain
rent, but they had to pay the costs of management and maintenance. The mayor in the
irrigation area was responsible for the maintenance of the irrigation waterway and water
rent. If the mayor was too busy, he was able to employ more staff [50].

The organization of waterways in the Ching Dynasty was large-scale and stable;
however, the Japanese government began to designate private irrigation waterways as
public waterways, mainly because the irrigation waterways in the Ching Dynasty had poor
equipment and were particularly vulnerable to damage in the case of rain. Joining the public
irrigation waterways meant owners could obtain bank loans to build waterways, obtain
legal protection, and manage themselves under the supervision of the government [131,132].
In 1912, the Japanese government announced the Taiwan water conservancy combination
rule, under which all irrigation waterways now belonged to the government, thus allowing
the waterways to enter a complete water conservancy organization system [133].

The scale of disasters and development has prompted the continuous renewal and
reorganization of waterway organizations, and the residents on the plain have adjusted
their corresponding abilities for hundreds of years. This means that when facing issues
such as reservoirs, artificial lakes, and deep wells, local residents have been able to organize
the Group 7 and the Meinong People’s Association and to invite various groups from
Kaohsiung and Pingtung to challenge the government’s economic and environmental
policies in terms of safety, ecology, culture and industry [63,134].

In the cases of Meinong and Ligung, there were attempts to negotiate a water alloca-
tion plan after 2006 [135,136]. Even though the central budget was prepared, it was still
unsuccessful [137,138]. Residents in this area formed a social network across counties and
cities, and they refused monetary compensation. This community acted like a network of
underground rhizomes strung together [122]. Ultimately, the TWC removed its budget
and changed its allocation strategy [139]. This also proves that even small-scale political
bodies, such as local associations and communities [140], have the ability to enact water
negotiations with the central government.

4.3. Combining Different Types of Knowledge for Learning

The development of disaster-prone areas needs to incorporate more environmental
awareness. Disaster awareness on the Meinong Plain combines different types of knowl-
edge including geology, hydrology, ecology, culture, anthropology and agriculture. For
example, regarding the issue of the Meinong reservoir being located on the fault belt, the
residents continue to uncover academic data that have become important evidence for the
anti-reservoir movement. Academic attention has also deepened the geological study of the
Meinong Plain [60]. The development of artificial lakes and deep-water wells has helped
us gain knowledge of groundwater hydrology in flood plains [141].

The anti-Meinong reservoir issue not only strengthens the environmental awareness
of residents but also creates a special memory landscape [62,142,143]. In the process of
local consolidation, combined with different areas of knowledge such as hometown, land
and environment, the agricultural characteristics of “Meinong consciousness” and “home-
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town consciousness” have been created [144]. There are also Meinong’s local writers, who
continue to create and pass literature on from generation to generation, spreading the
meaning of local environmental characteristics to the community [145]. On the other hand,
the unique Hakka ethnic group and the preservation and development of Hakka local
characteristics have highlighted the implications of Hakka culture [146]. Following the
environmental movement, Chimei Community University has become a local knowledge
institution, holding agricultural experience education activities such as the Rice Trans-
planting Festival, the Harvest Festival, and a Farmers’ Market; cultivating rural issues;
promoting agricultural knowledge; and offering courses such as environmentally friendly
farming and agricultural machinery repair in order to shorten the distance between people
the land. They have also published a large number of stories about the lives of organic
farmers [117,147].

4.4. Release and Reorganization

The anti-Meinong reservoir movement promoted the formation of a Meinong con-
sciousness and a Hakka consciousness. The artificial lake and deep-water well strengthened
the characteristics of local environmental activism, while the multi-faceted view of released
water was encouraged by the agency of the society. Taiwan’s joining to the World Trade
Organization strengthened the protective emotions around local agriculture, encouraged
small farmers to enter the countryside, and created a rural regenerative social phenomenon
of young people returning home that is referred to as Meinong’s new rural movement [147].
It has also been found that the environmental awareness formed by the environmental
movement resulted in young people choosing to connect the land with agriculture and
becoming more willing to take action to respond to climate change and environmental
change issues [117].

The environmental movement on the Meinong Plain became the foundation for un-
leashing awareness of environmental disasters. Returning young farmers share their
farming skills and experience at Chimei Community University, further cooperating with
local farmers and participating in the social movement of contemporary agricultural re-
generation [147]. With the aid of media communication, the organic farming of young
farmers returning home has gradually influenced the local farmers to adopt environmen-
tally friendly agricultural methods [148–150] and has promoted the establishment of special
agricultural production areas [151,152]. The young farmers have also encouraged the re-
organization of local agricultural groups, improvements in farming methods, and the
renewal of agricultural products, thus forming a social–ecological system with a positive
feedback loop.

4.5. Summary: Community Resilience Developed from the Duality of Disasters

The resilience of the community in this study area can be further explained on the basis
of the achievements of research [78]. The resilience in this study area is interdependent with
agriculture and economy; coupled to geographical conditions, ethnic groups, agriculture,
economy, and so on; and coevolving in the duality of disasters. In addition, the agency and
reorganization of this area involve some concepts of vortex concentration of community
resilience [12], but their particularity lies in the fact that their community resilience is
generated in a dual loop of positive and negative directions (Figure 7).
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Under the interaction of natural and artificial disasters, different stages produce
different responses of adaptation, resistance, governance, and transformation. The study
found that under the threat of natural disasters, agriculture communities should first
develop the ability to adapt until the big government brings in technology to generate the
ability to resist natural disasters, and then these communities should develop governance
and accordingly transform their agriculture industries. However, the resistance of big
government to natural disasters is also the key point in the negative loop, because the
economic benefit of land development is the main purpose of this resistance. These results
confirm the idea that the nature of disturbing the stability of resilience is an economic
factor [11]. However, in artificial disasters, resistance to the economy is what first arises,
followed by the development of adaptation, governance, and transformation processes.
Developing risk-awareness resistance actions is also key to turning community resilience
into a positive loop, because the purpose of changing farming practices is to become
environmentally friendly.

5. Conclusions

This study focuses on the interrelationship between disaster disturbance and reor-
ganization within the study area. The main findings of this study are as follows. (1) The
disaster resilience in the study area is rooted in the experience of land reclamation in the
early 17th century, and its main factors are the Hakka ethnic group, culture, feng shui,
and belief. (2) The community has experienced artificial disasters caused by political and
economic interventions that have formed residents’ awareness of risk and community
resilience. The main events have been anti-reservoir and anti-deep-water well movements.
(3) Cumulative artificial disasters have a greater impact on communities than unpredictable
natural disasters, and their main factors are groundwater level drops, the disappearances
of species, declines in agricultural production, farmland expropriation, and illegal mining.
(4) The duality of disasters forms positive and negative loops that generate the energy of
community resilience and agricultural regeneration in resistance, adaptation, governance,
and transformation. One limitation of this research is that the natural disaster data in the
Qing Dynasty currently only have descriptive text. With accurate spatial positioning, more
complete research could be conducted on the sources and subsequent impacts of disasters.
Additionally, studies of social resilience in this case are suggested in the future to obtain
comparable findings.
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