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1 ABSTRACT

The accelerated pace of climate change in toddgtsagworld has intensified the frequency and istgnof
extreme weather events. Structural engineering unessare the common ways to cope with disasters.
However, with the increasing frequency and intgneit extreme disaster events, the general engimgeri
design standards could not stand with severe disasiNon-structural engineering measures are the
alternative including zoning and insurance. In faesettlement or relocation is the possible apgrda
relocate people from high risk areas to relatiiersplaces. Nevertheless, such relocation mightrogshe
original living context and livelihood thoroughlin the other hand, traditional ecology knowledgehis
long lived knowledge inherited from ancestor. Ttiatial ecological knowledge could become a useful
warning system to warn people when should retnegitvehen should be prepared. As a whole, the purigose
to collect possible traditional ecological knowledm areas suffered from disasters and improve such
knowledge to become a feasible disaster mitigagproach.

Keywords: non-structural engineering measuresjtioadl ecological knowledge, extreme weather event
mitigation, adaptation

2 INTRODUCTION

Global climate change has intensified the frequeany intensity of extreme disaster events suchs as
torrential rain, snow storm, drought and so on. gkdong to the scientific reports, the extreme weath
events caused by climatic variability have alreadgurred in the past decades and it is very likelgmerge

in the future (Pareek & Trivedi, 2011). In orderrgspond the increasing disasters, a four-phasestdis
management strategy has been applied in the watidimicluding (mitigation, preparedness, responsd, a
recovery to cope with climate variabilaity (O'Briet al., 2006; Alexander, 2002). Structural and-non
structural enignnering measures are the two comapgnoaches. Structural enginnering measures such as
dikes, pump stations, dams are based upon engigetthnologies to mitigate potential impacts.He t
other hand, non-structural enginnering measuref s land use plan and insurance to lead human
settlements away from the disaster risks areaas.t®uhe frequent and intensified extreme disastaes
design standard of traditional structural engimegerneasures might not enough to cope with suclstisa
Therefore, more attentions have been put on naigtsiial enginnering measures.

Among a suite of strategies, retreat from hazaa@rocations seems to be a great solution to eethe
risk posed by climate change (King et al., 2014).fact, whether temporary, permanent, internal or
international migration is recognized as a vialild austainable adaptation strategy to reduce disask
and adapt climate change (King et al., 2014; Mar2@d2; Gemenne, 2011; IOM, 2011; Mayer, 2011; Blac
et al.,, 2011; Warner, 2010; Morton et al., 2008pwidver, such relocation and climatic migration nhigh
further result in the break down of couumities panticipated social chnges (King et al., 2014; iraige &
Boucher, 2004; UNDRO, 1982). In addition, involugtaoutmigration involves changes in family
commitment, livelihood opportunities, financial abraints and emotional ties and maladjustmenkéylito
occur (King et al., 2014; Olivedmith, 1991). The impacts of the society which $etfled for centuries may
cause devastating consequences and threat tasteree (OliveiSmith, 1991). A great amount of research
has indicated that relocation may levies high damat, including impoverishment, social disartatidn,
and decrease in livelihood security, social cagitad cultural ties (King et al., 2014; Marino, 20S2udder,
2012; Usamah & Haynes, 2012; De Wet, 2006; Oliveits 2006; Cernea, 1996, 1997, 2000;
Oliver-Smith, 1991).

In traditional disaster management systems, thg-lerm accumulated local knowledge has been one of
indispensable components and is a significanttmady (Mavhura et al., 2013; Pareek & Trivedi, 2014
order to adapt severe damages from climate changdifional ecological knowledge (TEK) has been
gradually recognized of the feasibility on copirigasters (Berkes, 1993). TEK refers to people’sstadge
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of their local environments, and is derived fronpenence and traditions evolving by adaptive preess
and has been passed down through generations thyratulransmission, about the relations of specific
human societies to the local environments (Herréhdiercillo et al., 2014; Leonard et al., 2013; Heud
2007; Folke, 2004; Berkes et al., 2000; Berkes,9199EK has enabled local communities to live in
harmony with their environment for generations amcuded information necessary for survival (Folke,
2004; Mwaura, 2008; Pareek & Trivedi, 2011; lloR@16). The long-term persistence of settlementbzan
seen as an evidence enough that the knowledge atateah through trial and error over many years work
(Folke, 2004; Freeman, 1992).

Past studies have showed that settlements locatetzard-prone areas might come up traditionaloggodl
knowledge (TEK) including prevention and mitigatioparly warning systems, preparedness and post-
disaster recovery (Pareek & Trivedi, 2011). In faatce the 1970s, a growing evidences show thit ddh
improve disaster preparedness and practice (Hiwasaka & Shaw, 2014; Dekens, 2007). The inheriganc
of long live experiences and knowledge can be a@pl possible disaster mitigation and adaptatiotiné
future. Therefore, the knowledge acquired througtcgiving disaster and respond to natural hazaads c
help understand environmental science and imprasester mitigation and adaptation strategies (Dgken
2007). Hence, this This study attempts to build agmmunity resilience in hazard-prone area under
traditional ecological knowledge. First of all, ¢hétudy will review the nature, forms, and casemmding
traditional ecological knowledge. Afterwards, thitudy will apply GIS-based land suitability ana$ysi
methods to search for hazard-prone indigenousstibeouthern Taiwan. And then this study will gpal
systematic literature review in indigenous tribeghwhazard-prone area to collect traditional ecmalg
knowledge. As a whole, the purpose is to integteditional ecological knowledge (TEK) into scidiati
knowledge and help human beings improve capacitigaster adaptation and resilience strategiegdpta
the changing environment.

3 LITERATURE REVIEW

3.1 Migration in high risk areas

Migration from high risk areas (post-disaster risetent, post-disaster relocation, pre-disasterration
etc.) seems to be inevitable while it is much mooeplicated than expected. In fact, climatic mignat
might be related not only safety but also social aoonomic issues (King et al., 2014; Usamah & ldayn
2012; OliverSmith, 1991). Although resettlement indeed coulduoe direct exposures from disasters,
individual vulnerability might be increased due ttee process such as the loss of livelihood, loss of
community context, loss of religious belief and @o (Usamah & Haynes, 2012; Gaillard, 2008; Cernea,
1997; Oliver-Smith, 1991; Quarantelli, 1984). Artroigration strategy in Mayon volcano in the Philipgs
shows that the area has successfully reducedfrimksvolcanic- and typhoon-related disasters. kdtehe
community has lose the livelihood options. In ortiermake their livelihoods, people return to thel
workplaces or commute great distances to mainti@indod. The continuing mobility of resettles whavel

for their livelihoods may cause the loss of comrunbnnections (Usamah & Haynes, 2012). The economi
advantages which people have built in their origgstiement are the main cause of failure. (OliSarith,
1991). Thus, the consequences of migration can i@ mevastating than the disaster event (Usamah &
Haynes, 2012; Oliver-Smith, 1991).

Formalizing outmigration into disaster policy magduce resilience for those communities in the lamm,
thereby initiating unanticipated changes based aama@mic, political or sociocultural factor and expo
people to greater risks (King et al., 2014; Herm@allorcillo et al., 2014; OliveBmith, 1991). In most
migration policies,in order to maximize efficienche location of migration are mainly determined by
authorities. Land which government owned or cotdgtbinay be considered as a priority for migrathfith

the ignorance or lack of concern for social andnheatic, the resettlement in a top-down manner fratiye
cause the failure of migration (Oliv@mith, 1991). In addition to socioeconomic issuesised by
migration, people’s attitude towards relocatioraiso a material concern. Evidence shows that peiaple
hazard prone areas often show the reluctance toateigin the case of Antigua, suffered from severe
earthquakes and a huge landslide, the city wasatdd for the third time to safer terrain (Olihf&mith,
1991). Although the citizenry refused to immigraaenew capital, Guatemala City, was founded. Howeve
people remained in the old city and repopulatéchiihediately. Today, the old city continues to exst is
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one of Guatemala’s major tourist attractions (Qli8enith, 1991; Tobriner, 1980). Given such difficedj it
is suggested that migration should not be adopeaal strategy and efforts are make to rebuild aaigsites
(Oliver-Smith, 1991; Aysan & Oliver, 1987).

3.2 Traditional Ecological Knowledge

Over the last two decades, traditional ecologicedvdedge (TEK) has increasingly recognized as acgou

of information for environmental science, policpdamanagement (Hernandez-Morcillo et al., 2014gréh

IS a growing awareness on TEK for to contemporaspurce management problems in various parts of the
world (Berkes, 1993; Freeman, 1992). For illustratipeople in Uganda have forecasted seasonal evaath
order to increase or stabilize crop yields (Oko&yKroschel, 2013). It is quite common for peopleuse
words such as “local,” “indigenous,” “folk,” and ré&ditional” as synonyms to describe their local
environments (Hernandez-Morcillo et al., 2014; Meret al., 2010; Sillitoe, 1998).

TEK is holistic and dynamic in nature and is gagidenver generations through accumulation of expeeig,
society-nature relationships, community practiced mstitutions, and observation in long term (Meret
al., 2010; Berkes, Colding & Folke, 2000; Flavierak, 1995). The knowledge based on tradition iaoial
industrial societies is ecology-oriented, it attésnfp understand and explain the operation of etesys,
containing many interacting species of animals gladts (Freeman, 1992). Evolved through trial amdre
Traditional ecological knowledge has a unique lyvistyle to confront a variety of environments and
transmitted to future generations by oral narraéimd practical experiences (Berkes et al., 2000n&fari

& Berkes 1997). Therefore, TEK can be viewed ag paithe adaptive strategies to dwell and survive
(Hernandez-Morcillo et al., 2014).

Since the 1970s, there is grown evidence that TBK mnprove disaster preparedness and practice
(Hiwasaki et al., 2014; Dekens, 2007). Those haatdesl in inhospitable environments may develop a
capacity for the survival of whole groups and haskectively accumulated a vast number of knowledge
disaster prevention and mitigation, preparednedsr@sponse and post disaster recovery (King eR@1.4;
Pareek & Trivedi, 2011; Freeman, 1992). The natfirthe community affects the knowledge which those
have acquired (Dekens, 2008). The region in Hinmlagd often been suffered from landslides and flash
floods. Through experience and accumulated knoweleofgthe generations, the people here develop the
sensitivity to select habitation places that wetatively safe from these disasters.

Though people cultivate lands closed to areas taffieloy these disasters, they decided to settle dawime
upslope locations where are less vulnerable tostdisgRautela, 2005). During the December 26 tsiinam
which caused 163,795 death in Indonesia’s nortAeeh province, the knowledge of the sea phenomenon
and the behaviors of buffaloes helped people infSineeulue community flee the shore for nearby lfdlis
Ledn, Bogardi, Dannenmann & Basher, 2006). As roeetil previously, over the course of history andoup
this day, it is demonstrated that traditional egalal knowledge is critical to save lives in thedaof
disasters (Pareek & Trivedi, 2011; McAdoo, MoordB&umwoll, 2009). Traditional ecological knowledge
gained from local experience and practices shoaldntegrated into disaster mitigation and adaptatm
further aim for sustainability.

4 RESEARCH DESIGN

4.1 Conceptual Model

The purpose of this study is to integrate tradalagcological knowledge (TEK) into scientific knaaige to
improve disatser adpatation and resilient strategieler global climate change. Therefore, thisysheatjins
with the suitability analysis of overlaying disastisk areas (such as flood-prone areas, sdiatition, Dip
slope areas, landslide-prone areas, collapse-pamas, fault zone areas, rockfall-prone areas efritus
sliding-prone area) and human settlements. Aftaigjathe study conduct comparative analysis between
disater risk and past disaster records to findsetttements located at hazard-prone areas andexulifféth
disasters. This study assumes that such hazaré-geitiements might have TEK to help them contiivee

in such high risk areas. Therefore, a systematiewewill then be applied to collect possible THKgure 1

is the conceptual model of this research.
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Fig. 1 Conceptual model

4.2 Suitability Analysis

This study applies geographic information systeniSjGas the main methodology to precede suitability
analysis on hazard-prone settlements. GIS is a stanpased tool that analyses and visualizes gpbigra
data on the map. There are various software coeldded for analysing and visualizing geographia dat
such as Maplinfo, ESRI ArcGIS, QGIS, GeoDa and so AmGIS can visualize the features that can
recognize the patterns and provide vital informatio the users. It can demonstrate and convert rouse
diverse data into a single visualization platforim. this study, we apply ESRI ArcGIS as the basic
workstation to find out the spatial distributiontaizard-prone settlements.

4.3 Systematic review

Systematic literature review is one of the methapglied to summarize both present and past findimgs
specific topic. The main purpose is to integratd aategorise relevant research to collect inforomatit
aims to assess the strengths and limitations aftiegi findings and integrate the fingings into ogpitial
framework (UschePines, 2009). In this study, systematic literatieéiew enables us to understand how
people in high risk area respond to disastersi@nglveal the application of traditional ecologikabwledge
related to disaster management.

5 HAZARD-PRONE SETTLEMENT

This study has applied suitability analysis viagrapgic information system to select settlementatied at
hazard-prone areas. Afterwards, the comparativlysieas conducted to further find out settlementsch

had disaster loss. Eventually, the results wilbkerlapped with historical disasters including tlpalebris
disaster and slope disaster. The purpose is t@explhy people could continued live in such higik mreas
and find out whether traditional ecological knovdecexists or not. After the screening process alibvee
settlements that located at landslide-prone anedsuaffered from disasters are selected.

Fig. 2 Potential disaster risks. (A) Landslide-panea
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Southern Taiwan

Fig. 4 Historical disaster records: (A) Historiflalod disaster, (B) Severe debris disaster, (C) listbslope disaster

According to the suitability analysis, three settémts of Paiwan peope have been selected inclodlimg
tribe is located in Laiyi Township, Siadanlu tribad Chiaotung tribe had settled in Shizi TownsHipe
historical disaster data shows that Yilin tribe vedicked by Typhoon Megi in 2016. In 2010, typhoo
Fanapi brought extremely heavy rain and causedsliaedwhich buried roads and rivers and rushed into
houses. Typhoon Trami in 2013 caused Siadanlu sitfiering from slope disaster. Because of theidebr
accumulation affecting the waterway, the tribe wasirgent need of help from the government during
typhoon Haitang and Nesat in 2017. During typhoap&itak in 2016, collapse of trees crushed high-
voltage power lines and traffic was impacted indhiing tribe because of the damage of electric. pole
addition, historical disaster records indicate 8tape disaster occurred in neighboring area dheawy rain

in the winter of 2017. To sum up the above, disastee very likely to occur repeatedly in the three
settlements that located at hazard-prone area adé them suffered from disasters continuously. dfbes,
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the study attempts to explore if there is any THEKoag Paiwan people to keep them staying such fégh r
areas.

Fig. 5 Study area: (A) Yilin tribe, (B) Siadanlubte, (C) Chiaotung tribe

6 TRADITIONAL ECOLOGICAL KNOWLEDGE OF PAIWAN PEOPLE

Paiwan is one of the indigenious people in TaiwRaiwan people practice traditional social contexd a
believe in Christianity, Catholicism and aboriginedditional beliefs (Laiyi Township Office, 2020)he
settlement pattern is collective village and maidistributed in the southern part of Taiwan moumdai
Pingdong and Taitung (the height is around 500 redt® 1,300 meters) and most of Paiwan people are
located in Laiyi township, Pingtung county (Lin,12Y). Situated in the subtropical monsoon regiomayviie
rain and cyclones occur frequently in Taiwan. FamRn people, because of weather and geographical
environment, is often affected by earth and rodastiers and floods. Hence, Paiwan people havesaxten
knowledge to cope with disasters.

Fig. 6 Landscape of Yilin tribe
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Traditional ecological knowledge could be dividedoi various stages including days before disasidr a
during disaster. There are multriple signs coul@jpglied to forecasting whether there is a stormiog or

how bad will the storm is. In general, Paiwan peamuld predict a storm is coming by observing Wweat
condition such as thunderstorm comes in summernaib®@ and stops suddenly, feather shaped clouds or
horsetail shaped clouds. or the color of the skghinbe changed right before the storm. In additimn
meteorological changes, unusual animal behavioratsm be used to predict the onset of extremelyyhea
rain. Ant migration is believed to sense the nessrad heavy rains. There’s a Paiwan nursery rhyabesit

it, “window in the sky, window in the sky, when doi rains, look at the ants climbing up (Guo & @he
2017).”

Fig. 7 Cloud signs

Landslide are predicted when it’'s raining. Paiwaogle observe environmental conditions to judgetidre
landslide will happen. Depending on the environrakahanges, Paiwan people will determine whether th
disaster will happen and when to leave. It's maivdged on changes in rivers and indicators included
rising of water level and the rivers become turliids noted that when the flow rate and velocityrigers
changes, accompanied by strong ground vibrationd, fag appears upstream, these signs represent the
appearance of the landslide (Guo & Chen, 2017; X28G3).

7 CONCLUSION

Traditional ecological knowledge enables local pedp adapt to their environmental problems forglon
periods of time. Although limited by the open dataly information in recent years has been colkkclieis
still revealed from the literature that indigendrises in high risk area have traditional ecolobiceowledge

to cope with disasters. The study found that th@iegtion of traditional ecological knowledge iniRan is
mostly used for disaster prediction or reducingaslier risk and less for disaster recovery. In taise,
migration is not a necessary solution which mayseadisruption of a society. In contrast, high rskas
without traditional ecological knowledge are mameneed of migration strategies or require the tiauil
ecological knowledge from surrounding area. Tradil ecological knowledge should contribute to stisa
application and help people in high risk improveithcapacities to disaster adaptation and resiienc
strategies to adapt the changing environment. Wghexpansion of traditional ecological knowlediges
highly possible to reduce the need for migrationhigh risk areas and the economic, political or
sociocultural problems derived from migration.
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