Community based debris flow risk appraisal for loca
risk management. Case Study: Villa Restrepo, Coiamb

Edward Alexander Garcia
March, 2009



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE OF
STUDY: VILLA RESTREPO TOWN, COLOMBIA.

Community based debris flow risk appraisal for latsk
management. Case Study: Villa Restrepo Town, Colamb

by

Edward Alexander Garcia

Thesis submitted to the International Institute@ao-information Science and Earth Observation in
partial fulfilment of the requirements for the degrof Master of Science in Geo-information Science
and Earth Observation, Specialisation: (fill in tleeme of the specialisation)

Thesis Assessment Board

Prof .Dr. V.G.Jetten (Chair)

Prof. Dr. A. van der Veen (Examiner)

Drs. J.J. Verplanke (First Supervisor)

Drs. N.C. Kingma (Second Supervisor)
Dr. G. Peters Guarin (Second Supervisor)

©

ITC

INTERNATIONAL INSTITUTE FOR GEO-INFORMATION SCIENCE AND EARTH OBSERVATION
ENSCHEDE, THE NETHERLANDS



Disclaimer

This document describes work undertaken as part ai programme of study at the International
Institute for Geo-information Science and Earth Obgrvation. All views and opinions expressed

therein remain the sole responsibility of the authg and do not necessarily represent those of the
institute.






Abstract

Although many activities relating to community bagésk assessment of different hazard types are
currently undertaken, only a few of these actigitaetually focus on debris flow hazards.

This case study was developed in Villa Restrepmallsown in Colombia. The town is located in the
central cordillera, specifically in the Combeimdlexa close to Ibague, city. Because of its locafion
the confluence of three basins (La Sierra, El Satih Gonzales river basins) with steep slopesa Vill
Restrepo is highly prone to the occurrence of deftwivs, particularly at the end of the rainy seaso
Besides along the history several debris flow evérave occurred affecting lives, causing economic
loss and disruption of activities.

Due to scarcity of information on this area, théisearch attempts to develop a community based
methodology for debris flow appraisal for localkrimanagement with hazard, vulnerability, risk
perception and local adaptation capacity (risk cidn actions) factors integration. Villa Restrepo
people’s experience, knowledge and participatiordéaling with the debris flow hazard are key
information resources to carry out this researalrtHérmore the application of different tools and
methodologies in this study were aimed to providevrdeas to solve a problem related to poor
environment information.

The research followed a three stage approach. il$tephase was used to identify the data available
and the actors to be involved in the participatacivities. During the second phase or fieldwortk al
the information for risk appraisal was collected means of community-based activities and
secondary data necessary to complement the riglaiapp The last phase the data coming from the
community was integrated and modeled in GIS in otdgroduce the risk appraisal and scenarios for
risk reduction

The present research is aimed for local municipaldtivities and planners applications considering
mostly activities related to debris flow risk maeagent , mitigation and preparedness and as well as
an important support document for studies relatét wdebris flow risk assessment on small scale
study area with scarcity of base information.
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1. Introduction

1.1. Background

In many parts of the world debris flows are ondgh&f most dangerous of all mass wasting events.
They can occur suddenly and inundate entire towres matter of minutes. Furthermore the mass
can travel long distances over fairly gentle slog@saging structures and many other elements that
lie in their paths. Different elements at risk sushpeople and infrastructure, whether in urban or
rural environments, are directly affected by thecuwspence of these events disturbing their
economy, development and sustainability.

In Colombia, most of the debris flow events haweuwred in towns and cities close to the
Cordillera Central (Kunzler, 2008) affecting bdkte life and properties of the communities since
the early history of Colombia. In addition somfetlre valleys e.g. the Combeima valley, are
located close to ice caped volcanoes and therdfakéng lahars and flood hazards.. In the
Combeima valley steep and unstable slopes are itdnigy heavy rainfall is the main trigger factor

to cause debris flows with several events beerstegid in the last decades in this valley (Godoy,
1997).

Despite the existing hazards people have decidsdttle in the Combeima valley because it offers
several opportunities for improved livelihoods, daets tourism and fertility of soils. Debris flow
hazards have affected Villa Restrepo town sevamad in recently years ago and negatives impacts
have occurred such as injuries, loss of lives,gased disease incident, loss of crops, damage to
infrastructure, loss of land and water shortagescaBse all these negatives impacts it has been
deemed as necessary to identify and evaluate thwésdow risk and the local coping strategies,
actions or mechanisms taken by the communitiesléptato this threatening hazard. On the other
hand because of the speed at which the threatsapgening, it is urgent that the vulnerability of
the community in the Combeima valley is reducedough the implementation of adequate
adaptation strategies such as dissemination of latlg&, preparedness and mitigation activities,
improve housing design and others.

The community participation and engagement into phecess of identification, analysis and
implementation is considered as an appropriateibraetccording the UN-ISDR Hyogo Frame
work for Action (2005).For this reason DisasterkRisanagement has been proposed as a broader
and more proactive approach in which decision-n@kinsupported by structured and systematic
process and procedures such as participatory bosliive and community- based risk assessment
(Peters, 2008).
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The risk reduction scenarios with local adaptatimeasures may assist planners of lbague
municipality to explore the best action or stragsgo implement and finally reduce debris flow risk

face by the community, according their resourcadglet and capacities. The aim is that debris flow
risk identification and assessment may help thepidn and take decisions accordingly in order to
manage the risk they face.

1.2. Research Problem

The study case of this research is Villa Restrepamtlocated in the Combeima Valley which lies in
the Cordillera Central ,Colombia and is part ofgba city .According to Barrios and Olaya
(2007) Villa Restrepo town has the best infrastiteetof Combeima valley towns offering a
comfortable ecological environment to visitors. Hus reason is has become an important touristic
place for the urban dwellers of Ibague.

The town is built on the alluvial fans of La Gore| EI Salto and La Sierra rivers. In these three
river basins several debris flow events have oecuin the past which are related with rainfall
events and land uses changes. La Gonzales, El &altd.a Sierra rivers are important tributary
rivers to the Combeima River. In addition to faiktriggered landslides, the Combeima valley is
endangered by hazards from the glacier-cappedeaaticano Nevado del Tolima.

By other hand in 1952 debris flows and landslidesurred on the Combeima valley and
approximately 120 people died on the Combeima yalteluding Villa Restrepo population
(Vegara and Moreno, 1992). For this reason sometheflast events occurring during 1945,
1952,1996, 1998, and 2006 have been kept in Villstlepo community’s memories because these
events have affected the town causing considednieage to human being, buildings and crops
among others (Kunzler, 2008). The recurring evemgstherefore a serious threat to life, welfare
and local economy. So far, activities have mainderb focused on reconstruction after disaster
happened, and prevention and preparedness actititiee not been sufficiently been developed
Huggel (2008).

The town was declared as a national calamity plafter the debris flow disaster in 2006
according to the national authority for disasternagement in Colombia (rule number 1495;
(Minambiente Colombia 2006). More than 40 familesre affected by this event, as well as 52
dwellings, and vital infrastructure.

Furthermore crops, dwelling and touristic infrastiwe were damaged affecting the tourism which
is the main economic activity in this town. Aftéretevent national funds (approximately 107.000
USD) were received by the authorities of Ibagueréaonstruction works (Picture 1.1).

10



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE
OF STUDY: VILLA RESTREPO TOWN, COLOMBIA.

Picture 1.1 Reconstruction works after debris flonevent in 2006Interpraevent (2009)

In general terms it can be said that even if tharoanity of Villa Restrepo is facing a real thregt b
remaining in this area, most of the people do mwelplans to leave or resettle in other, safernsow
or cities. According to them moving to other plagasuld reduce their livelihood and change their
life style. Ibague city ( about 10 km distance dlla/Restrepo) is for them an unsafe place as this
city has one of the highest unemployment ratesha dountry, is highly contaminated and an
unsecure place to live; therefore the communitfguseto stay and face the local ‘natural’ hazards
(Barrios and Olaya, 2007)

1.3. Previous researches in the study area.

Villa Restrepo is affected mainly by lahars andéle coming from Combeima River, debris flows
from El Salto, La Gonzales and La Sierra river hs&siThe threats from natural hazards in the
Combeima Valley have been recognized by internatiomstitutions and for this reason some
projects such as Colombian-Swiss project for thev@mtion of glacio-volcanic and hydro-
meteorological disaste(®royecto Colombia-Suiza de Prevencion de Desaglacio-Volcanicos

e Hidro-Meteorologicos have been carried out Combeima valley and Ibagte (Zurich
University, 2008).

The project developed a rapid risk assessmentfinst-aorder analysis of lahars and rainfall rethte
flood hazards and vulnerability (See figure 1). Thedels LAHARZ for lahars and HEC-RAS for
floods were applied to generate hazard maps. ovdalnerability analysis the poverty and age of
the population in the towns were taking into coasadion for the final vulnerability map (Kunzler,
2008).

In addition the University of Tolima developed adst in Villa Restrepo known as Debris and flash
flood risk assessment in Villa Restrepo (Evaluafioiegral de Riesgo por avenidas Torrenciales,
caso Villa Restrepo) supported by local institusiomhich analyzed the factors triggering debris
flow as well as the characterization of the watedshsurrounding Villa Restrepo were using Flo-
2D software . Yet, the lack of adequate informationited the evaluation according to the
conclusions of the study.
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Figure 1.1 Rapid assessment of hazard, vulnerabiitand risk of lahars in Villa Restrepo (Kunzler,
2008).

The University of Zurich has supported other at#gi in the Combeima valley with the local
authorities collaboration related with early wamsystem in 2008.

The objective of this project presented in Davos2008 (IDRC, 2008) was identification and
quantification, of landslide risks and the set-upan early warning system for an improved
protection of vulnerable people. The weather statimstalled use internet connection to monitor
the rainfall across the basin. Besides this systatnded geophones in order to communicate by
internet the occurrence of debris flow in the upgarso that it allows the residents downstream of
the Combeima river to evacuate in case of an emeyge

Regarding debris flow risk analysis however onetltd most relevant problems is the poor
information management existing both in Villa Reptr and the municipality of Ibague. For this
reason the officers in the planning office havethtions to adequately design plans for debris flow
risk reduction.
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Map 1.1 Rain gauges located on the Combeima vallyith their respective alert level
Interpraevent ( 2009)

1.4. Research Objectives
1.4.1. Main Objectives

This research attempts to develop a community basstiodology for debris flow risk appraisal
for local risk management using Villa Restrepo asaae of study. The proposed methodology
develops approaches for assessing hazard, vulligralbisk perception, risk estimation and
identified and evaluates local risk reduction scesafor local authorities and planner in data poor
environments.

1.4.2. Specific Objectives

1. To develop community based debris flow hazardyaisabased on past events experienced by
the community in Villa Restrepo.

2. To carry out a vulnerability analysis to debtiswf based on social, economic and structural
parameters.

3. To explore possibilities for spatial represemtatdf risk perception and its integration into sbci
vulnerability assessment.

4. To generate qualitative and quantitative deftois risk scenarios to estimate expected damage
according to a given return period.

5. To identify and evaluate local risk reductioratggies [local adaptation capacities] in qualitativ
debris flow risk analysis.
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1.5. Research Questions
Objectives Research Question Proposed Methods
-Collect data on intensity, magnitude and
1 1. Regarding debris flow, what damage caused by previous debris flow
knowledge do communities have? | events according to specific return periog
- Meeting with key people which have
experienced debris flow events in the tov
-Transect walks with people that have
2. Which participatory and spatial | experienced past events supported with
tools are adequate to uncover and | GPS and maps.
collect data on historical debris flow -Meetings with local community supporte
events? with maps and conventional pictures of tf
study area.
1. How to acquire adequate data | - GIS-based home-basis survey.
2. about structural and socioeconomig
factors contributing to vulnerability
and needed for its analysis?
2. Which indicators of vulnerability | -Data analysis for each vulnerability
are relevant for analysis and indicator through maps, figures and table
applications at municipality level?
- To use Spatial multi-criteria evaluation
3. How to develop a vulnerability | methods for developing vulnerability mag
assessment in a data poor -Meeting with local authorities and
environment? community for weighing up the criteria fo
vulnerability assessment
1. How people in the studied - To develop participatory tools that
3. community perceive the risk from | allowed to elicit and collect the knowledge
debris flows? and perceptions about flow risk existing
among the community members.
- Home by home survey.
2. How to integrate the risk - Compare risk perception with
perception of the community into | vulnerability indicators and develop a
vulnerability assessment? method to integrate risk perception into
vulnerability and risk analysis.
3. What are the elements at risk and-ldentification of the essential facilities ar
4, how to get data required for the lifelines utilities of Villa Restrepo town by

analysis of risk due debris flow?

means of maps and transect walks with
community leaders.

d

- GIS based interviews.
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-Meeting with key people in the
community (leaders, eldest people,
local government )
- To develop risk assessment by combining
2. How to develop quantitative and| hazard and vulnerability factors.
qualitative debris flow risk - To develop expected damage of structyral
assessment in a data poor elements based on building cost.
environment such as villa Restrepo?

1. What local adaptation capacities| -Home-basis survey.

5. have developed the people in Villa| -Analysis of coping mechanisms carried
Restrepo to deal with the risk out by the community before, during and
represented by debris flows? after the occurrence of debris flow events.
2. How integrate local adaptation | -Develop risk scenarios with ILWIS spatial
strategies into risk analysis? support system module.

Table 1.1 Research Questions

1.6. Research Design and Thesis Structure

This research consists of nine chapters as sha\Siglire 1.2.

| Introduction | Chapter 1

| Study Area | Chapter 2

| Methodology | Chapter 3

| Hazard Assessment ‘ Chapter 4
| Vulnerability Assessment ‘ Chapter 5

| Risk Perception Assessment ‘ Chapter 6
| Risk Appraisal | Chapter 7

| Risk Reduction Scenarios ‘ Chapter 8
| Conclusions and Discussion | Chapter 9

Figure 1.2 Shows the chapters integrated into theesearch design
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Chapter one to chapter three contains the intraslucstudy area as well as the methodology. The
chapter four constitutes a hazard assessment ichwbcal People’s knowledge of debris flow is
retrieved by means of participatory GIS. The ide#tion of vulnerability and risk perception
factors used to develop a final vulnerability assent based on data gathered from fieldwork
constitutes the chapter five and six.

The chapters seven and eight consider a debris filskvappraisal and management integrating
hazard and vulnerability information which is pnetsel in Chapter seven. The chapter 8 makes up
the four steps which integrates the analysis oflladaptation capacity [local risk reduction
strategies] performed by the community into riskrarios. Thesis ends with specific and general
conclusions and recommendations for further work.
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2. Study Area

This chapter contains a general description abdw study area and a brief description of
probable causes for the occurrence of debris flavghort description about the characterization of
Gonzales, el Salto and the Sierra river basin iggi The influence of the three river basins on the
town along the time is also described.

2.1. Generalities about Villa Restrepo

This research was carried out in the town of iflestrepo. Located 1630 meters above mean sea
level, Villa Restrepo belongs to lbague municigaltvhich in turn is the capital of Tolima
department. Ibague city has 440.000 inhabitantin{ate for 2008, by Municipio de Ibagué) and
has been built on a volcanoclastic fan with degdsam lahars and pyroclastic flows having their
source on Nevado of Tolima (Thouret and Laforge9419/ergara Sanchez and Moreno Espitia,
1992) (See figure 2.1).

Tolima cepartmen

Combeima Valley with the Villages of Juntas, ViR&strepo, Pico de
Oro, Pastales, Llanitos and the city of Ibagué@rear lies Nevado
del Tolima (Kunzler, 2008)

Vila g,

Restrepo

A
Combema Yaloy ‘\_‘

Figure 2.1 . Study location.
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The town of Villa Restrepo has about 230 inhabgawitich earn their living mainly by agriculture,
stock breeding, and tourism . Villa Restrepo waaldished in the Combeima valley located in
Cordillera central, Colombia (Barrios M. Olaya #07) and drained by the Combeima River
which flows close to the settlement of Villa Reptre

As result of this geographical context the commuoit Villa Restrepo faces other natural hazards
such as lahars and flooding. The Combeima Riveiclwiiows through Ibague, becomes the main
water supplier for the city. El Salto and La Sienirger basins flow trough Villa Restrepo too and
provide the water supply for this community. Théas® rivers are part of the Combeima river
basin, and therefore when debris flow occurs thm@mma River is affected too. In addition the
catchment of the El Salto and La Sierra river bagiresent steep and unstable slopes and heavy
rainfalls are frequent (Godoy, W and C. Amp, 1991).

2.2. Characterization of Gonzales, el Salto and the Sierra river basins.

La Gonzales, El Salto and La Sierra river are legtatithin the rural portion of the municipality of
Ibague. Administratively the river basins belong/itta Restrepo town (see map 2.2).

432,24 Ha
\ Combe a River N

a-Sierra Catchmen A

182,9

H -
a\:l El-Salto C3 / b Town

/ - ~——

4
/ a_Go
./ s Legend

\— Combeima River
Villa Restrepo Catchements

<all other values>
/ — El_Sailto Catchment
— [ \— La_Gonzalez Catchment
211,11 ] \— La_Sierra Catchment

Ha ————

Map 2.1.The three river basins catchments.

The Sierra river basin is the longest river basithe study area with approximately 432, 24 Ha. La
Gonzales river basin has 211, 11 ha and finallg&to river basin with approximately 182, 9 Ha

(See map 2.1). As mentioned before the locationcanfiguration of the Salto, Gonzales and Sierra
Basin Rivers make Villa Restrepo a region highlgne to debris flow events. From these three
basins El Salto presents the highest incidencelofisi flow to Villa Restrepo town.

The hazard faced by the region represents a bireesuse of the large social and economic losses
associated to the occurrence of debris flows. Dahdgpmes, disturbance to people’s lives and
livelihood activities particularly the tourism whids the main source of revenues in the zone are
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some of the negative consequences of these evgartisos M. Olaya E. 2007) .In this way this
situation affects directly and indirectly the inftahbts, especially the poor, which main livelihood
depends on tourism and farming activities.

2.3. Debris flow contributing and triggering factors in Villa Restrepo

2.3.1. Land Use of Gonzales, El Salto and La Sierra catchments

Legend

Land Use
Forest
mm Urban Zone
mm Cultivation
mm Shrubs
Grass and Fodde:

Map 2.2 .Gonzales, El Salto and La Sierra river bass Land use

The land use on the three river basins highly erflees the economy of Villa Restrepo but it also
contributes to increase the debris flow hazardlgevihe soil in the study area, mainly in the upper
part of the catchments, is very productive as ibriginated in volcanic source materials rich in
minerals and nutrients. However, the active larg alsange, mainly on steep slopes, causes slides
during the rainy season. Therefore the unproteateds on volcanic soils in the catchment are
becoming increasingly susceptible to landslidesctvitonstitute the source of material for debris
flows.

The different land uses observed and mapped dtiiagransect walks in the fieldwork phase are
presented in map 2.2 and table 2.1

Theurban zonedand use is represented by the settlement of Ri#latrepo. This zone offers to the
people a wide quantity of services, infrastructanel basic urban elements but on the other hand
constitutes an impervious area that can increaseutioff on the surrounding unprotected soils and
therefore cause landslideSransitional Cropsland use consider the short cycle Crops (Their
vegetation cycle is generally up to one year), tlaitegory includes bean crops. This type of crops
requires bare soil which favours a major infiltoatiof runoff generating superficial erosion and
landslides (See picture 2.1). Other land use ptaésdhe river basins iBermanent Cropgcluding

all crops with a long life cycle which allow mangrvest along the years such as coffee, banana and
blackberry. This land use covers an area of 4,54vitta 1.03 % of total area of Gonzales river
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basin, 7,01 ha in the sierra river basin and 4@ ®epresenting 2,26 % of the total area on El Salto

river basin (In the map 2.2 is represented witlegreolour).

River Basin
Land cover class| Land Use Gonzales EL Salto La Sierra
Ha % |Ha % Ha %
1. Urban Zones
Population Zone Residential 0.71 0.16 5.82 2.74 63.31.83
Transitional Crop | Commercial 2.92 0.66 1.68 0.79 971. | 1.07
Permanent Crop Commercial 454 1.03 4.79 226 1.3®.74
Commercial -
Mosaic crops to live 11.13 | 2.53 7.33 3.45| 7.01 3.82
Grass Animal Food 57.53| 13.08 65.7 3095 86.2 46.98
Fodder Grass Animal Food 0.60 0.14 0.34 0.16 084.450
Forest Protection 349.89 79.52 125.28 58|02 78.4L.7HA
Shrubs Recuperation 12.67, 2.88 1.34 0.63 2.28 1{34
Total 439.98 | 100.00| 212.28§ 100 183.46 100

Table 2.1 .Land Use in the river basin around VillaRestrepo. Modified from Barrios and Olaya (2007)

Mosaic Permanent and Mosaic Crops are considereguate covers due to the presence of trees
and shrubs that protect the soil from runoff andessive infiltration. Landslides in these two types
of land cover were scarce and related more tonitlation of the terrain (see picture 2.2).

TheGrass and Fodder gradand use include all the area covered with cleasggwhich is used for

livestock. One of the main problems associated Witk land use is overgrazing which generate
ruptures, accumulation of runoff and increasedtration of rain in the terraces created by the
cattle (see picture 2.3).

Finally the Forest and Shrubs&nd useConsist of all the natural and second generatigasfo
Shrubs were included in this class. This coverissiered as protective of the soil and therefore
no contributing to landslides occurrence.
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Picture 2.1.Bean crops Picture 2.2 .Mosaic crops in Picture 2.3 _.Grass land use
(Transitional crops) represented  this case coffee crops mixed with represented in Gonzales river
in La sierra river basin. banana trees and forest basin

2.3.2. Seismicity

The low density of monitoring points in the ColombiNational Seismological Network (RSNC)
did not allowed to perform a correlation analysgween the seismic activity and the generation of
mass movements associated to the debris flow eireifiia Restrepo.

The recording of seismic activity for the studyaaie carried out by means of a monitoring station
closest to Gonzalez, El Salto and La Sierra rivasins, which is located at coordinates: 4.59 °
latitude and 75.34 degrees longitude and a heifj2580 meters, in the foothills of the Tolima
snow mountain. The review of information provided the seismic daily Colombian National
Seismological Network generated by INGEOMINAS arastpstudies such as Barrios and Olaya
(2007) allowed concluding that no significant sdgsmactivity was reported before or during the
days in which mass removal in the study area tdagep Therefore the internal geodynamic process
(seismic activity) was discarded as the triggermeism for the mass movement phenomenon that
took place in June 4, 1996, 27 August 1998, 28e3eiper 1998 and June 22, 2006.

2.3.3. Rainfall

Rather heavy precipitations and accumulation ofidiiynin the soil at the end of the rainy season

were found as the detonating factors for landsjidesording the last studies such as Barrios and
Olaya (2007) .This factor is integrated into corsadion in this study to support the development of
a debris flow hazard.

The historical rainfall of the study area will allaletermine the critical rainfalls that have gertexta
debris flow events in Villa Restrepo .So the fimaéined to integrate this factor in the study is
determine debris flows return periods in Villa Repb .This information will be related with the
debris flow events according local knowledge of geenmunity of Villa Restrepo in debris flow
hazard assessment development.
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3. Research Methodology

This section presents a brief description about niethodology applied to achieve the research
objectives, the proposed approach and the reseenticeptual framework. The Research methods
were divided into three stages: pre-fieldwork,digbrk and post fieldwork.

3.1. Proposed approach

According to Community Based Disaster Risk Managem@006) by ‘community’ is meant
certain characteristics of a group or more or lessiogenous unit that has reasonably defined
decision-making processes with shared goals angesand also have a clear spatial or conceptual
boundary. A community may share one or more aspeatemmon such as living in the similar
environment, same hazard exposure, or having Hésxted by a natural disaster.

The community in this research is the main sourtenformation to achieve the proposed
objectives. People’s experiences, and knowledgetathe debris flow occurring in their context
along the history as well as their perception &f lazard they represent are considered important
contributions to risk assessment. Common problemscelrns and hopes regarding disaster risk
may also be shared. Different persons making gaatammmunity can have different vulnerability
levels and capacities, for instance dependingeifptrson is an adult or a boy, has been in theplac
for long time and the like. In this way some peoplay be more vulnerable or more capable than
other with respect to a given hazard . More oftitmes these circumstances are well known by the
people in the communities making their awarenessuwable source of information.

The approach proposed in this research considdebas flow risk assessment which takes into
consideration community’s knowledge , risk pera@mptand local adaptability capacities to face
debris flow were identified among the community amdre therefore integrated into the final

analysis under the figure of risk scenario analy3ise study aims to be a tool for local

municipality and organizations working with decisimaking processes with regards to risk
reduction and mitigation activities .The figure Zgplains the role of the research in the local
community and local authorities context. In thisywdhe knowledge and perception of the

community is used in the process of debris flow riEanagement and assessment (modified from
Peters Guarin 2008).
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Figure 3.1. Shows the proposed approach.

The study was developed in three phases: Theiptdwbrk, the fieldwork and the post field phase
The first phase was used to identify the data alslland the actors to be involved in the
participatory activities. During the second phas@addwork all the information for risk appraisal
was collected by means of community-based actssifide last phase the data coming from the
community was integrated and modeled in GIS in om@roduce the risk appraisal and scenarios
for risk reduction (See figure 3.2).

With respect to debris flow risk the knowledge présamong the community was initially collected
through the participatory use of GIS. The PGIS t{Bipatory geographic information system) tools
such as sketch maps, GPS, PDA, pictures, transaksvare tools and activities supporting the
collection of people’s knowledge and the spatigkesentation of their experiences, understanding
of risk and local coping mechanisms to deal withazard. According to Peters Guarin (2008)
participatory use of GIS enable the communicatiatween local actors, community and
researchers; it offers opportunities to both theeagcher to acquire a deep understanding of the
situation at hand and to the community to express Bwareness and convert it into further actions
for identifying, analyzing and managing he risk gubsy debris flow.

Later on the information collected in the fieldlkoras transformed into spatial and non spatial
inputs for risk assessment applications.
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Figure 3.2. The conceptual framework research.

As mentioned the application of different tools améthodologies in this study was aimed to
provide new ideas to solve a very common problelocat level which is related to the lack of data
for risk assessments. It also seek for acknowleftie existence of local community knowledge
and understand the role it plays when communitee&ho deal with the occurrence of debris flow
in their town (Villa Restrepo) .The proposed mettlody seek for contributing to the growing
application of community based and PGIS tools fek assessments with the aim that it could be
applied in study zones facing similar hazards aitld similar data scarcity characteristics.

3.2 Data Collection

In this phase a workplan was followed in order biain all the data required to develop a risk
assessment at local level for debris flows. Théetd8dl shows the different activities by time, work
topic and actors involved in each stage. Aside fthendata collected through these activities other
data were acquired and involved in the analysie §dtondary data available for this study were as
follows:

- Urban Foot print map from year 2005-2006 in sdal10000 made by local authority

- Debris flows hazard Map (amenaza por avenidagnoiales) for this area based on the 2006
event, scale 1: 750 made by University of Tolima.

- Land use map for the rural area (2005), scale.@@D made by Yulima NGO
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- Historical rain records of the study area (IDEAM)
- Analysis of risk lahars and floods in Combeimé#eya(2008) by Zurich University..

A A PR %z
0.5 Week 1Week 1 Week 1 Week 0.5Week 2 Days
Verify Meeting with Work shops PDA Collection Data Transect walks with Sharing briefly
Preliminary | actorsinvolved | and CyberTracker Home by Home maps, photos and analysis of
Information inthe management. with the both PDA to identifythe | informationwith
fieldwork methods PDA and hazard in the town. students and
phase. questionnaires on local authorities.
papers.
Visiting the Communicate Sketch maps to Discuss with the Collection
study area. Objectives identify capacity community the external data
Jimitations Collection external indicator of the problem required.
and goals data required community with perception.
about the older and younger
research people.
project.
“' DXPERT SROUR NGO (CORTOLIMA,INGEOMINAS
Legen(l ‘¢ (ITC,UNIVERSITY OF TOLIMA ( ’ Gls

LOCAL AUTHORITY (CLOPAD) APPLICATIONS

M’ COMMUNITY VILLARESTREPO

Table 3.1.Activities, time and actors involved intie fieldwork phase

The data was acquired in some local governmentititiens as University of Tolima,
INGEOMINAS and CORTOLIMA. Some of these main dataaeailable in first instance were
updated during fieldwork (i.e the land use) in orideimprove the reliability of the analysis.

3.3.  Field data collection Preparation

The data collected in the fieldwork was collecteithwhe support of 23 forestry engineering
students of University of Tolima and seven commuigaders of Villa Restrepo supporting the
process of collection of information carried out ®@ptember month. Besides in order to optimize
the data collection phase with the support of sitslét was deemed necessary to develop a
workshop a week before entering the study areasaaes 3.1).

The workshop was used to explain the research ilgsand results expected providing training in
the use of the GPS and PDA as well as some basimepts on community participation in risk

analysis. The next step was performance of allatiivities related to data collection in Villa

Restrepo with the students and leaders accordititetoesearch objectives (See picture 3.2).
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Theoric classes manage mobile GIS.

Practical exercises with PDA and GPS Practical exercises with PDA and GPS

Picture 3.1. Shows the workshop activitgé done along a week with students.

The lack of the required detailed information febds flow risk assessment made it necessary to
implement a survey adapted to the study area degeeabout the building type, number of people,
income per household and other attributes was atetle The survey allowed to obtain the
minimum data required to develop a hazard, vulrnabnd perception analysis and identification
of the local adaptation capacities. The questiornaicluded a field for an unique identifier which
constituted the identification code per buildingtire database (See questionnaire in the appendix
1). Some of the requirements to develop the suoomsidered were that the interviewee should
reside in the study area, should have more thapeh8s old and finally should not be mentally
disable.

Picture 3.2.0n the left arrival of the data collection team (esearcher, students and leaders) to Villa
Restrepo Town and on the right the group of studertintegrated to fieldwork.
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3.2.2 CyberTracker as a tool for collection data

CyberTracker is the most efficient way to gathegéaquantities of geo-referenced data for field
observations at a speed and level of detail nasiplesbefore. Observations can be entered with a
simple Radio List or a Check List (CyberTracker €envation, 2008). The CyberTracker Screen
Designer makes it possible for users to designr tbein Electronic Field Guides with the
information required to collect in the fieldwork

The questionnaire developed and adapted by thésrels was integrated in CyberTracker software
collection. According Louis Liebenberg , authortbfs software (CyberTracker, 2008) a survey
research theory has indicated that paper-basedcdégation methods do not provide the scope for
frequent data collection and fast data procesdgiltgaugh the previous statement in this study was
applied both techniques in practical (based paperGyberTracker integrated into a PDA) in order
to obtain an analysis comparison.

The intuitive data capture sequences and toucleisdomnic options developed for this survey of
Villa Restrepo town makes the capture of highlyadetl data possible by semiliterate and non-
literate users who have no computer literacy skilée figure 3.3). In the case of this study ther us

were students of last semester of forestry engimgeand some leaders of the Villa Restrepo
community who contributed during the collectionadphase.

CyberTracker base station software in this studg ptovided a query system that allowed the user
to perform tabular queries and simple GIS (Geograbhnformation System) analyses related
mainly with vulnerability analysis. The data wapensted to Microsoft excel 2007 allowing the
feeding of data from other sources for instancephper questionnaires. During fieldwork both
techniques were applied and definitely the Cyber@a application showed easier to collect data
and decrease the error while entering the dataregihect to the paper-based collection data.

As mentioned a home by home basis interview wasldped in order to collect most of the
required data for risk analysis. Carrying out thelview took approximately fifteen minutes when
the students used paper-based formats, and abgr sginutes when a PDA with CyberTracker
was used. Another point about the use of palm ayimbracker for the application of home-basis
gquestionnaires is that that this technique motivdbhe students to get a better involvement and
understanding of the risk issues during the prooéskata collection. Regarding the constrains and
problems faced, the weather (specifically heavy mjmyurs) in Villa Restrepo constituted the only
limitation in the data collection process as theABANnd other electronic devises could be affected
by humidity.
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3.3 Visualization of some screens related with the suey designed on CyberTracker program and

implemented in a PDA (Compaq Palm with GPS)
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4. Hazard Assesment

This chapter presents the methodology applied t@lde a debris flow hazard identification and
assessment based on local knowledge and some segatada such as rainfall data. It describes
debris flow as a hazard and the use of rainfalladahalysis for obtaining return periods for the
events experienced by the community.

4.1. Debris flows as a natural hazard.

Debris flows are one of the most dangerous of alssnwasting events normally this is viscous to
fluid like motion of debris. Debris flow events caocur suddenly and inundate entire towns in a
matter of minutes (Earth science, 2009). Debrisvdlooccur when rain water begins to wash
material from a slope or when water sheets off @feahly burned stretch of land. A debris flow
(sometimes called mudflow) is a flowing mixturevedter-saturated debris that moves down slope
under the force of gravity. Debris flows consistsmmaterial varying in size from clay to blocks
several tens of meters in maximum dimension. Wheawvimg, they resemble masses of wet
concrete and tend to flow down slope along charmrettream valleys (See figure 4.1).

debris flow

Origin of a ‘ww

Debais flow affectationn Villa
Restrepo (Barrios.2006)

s |

l_l;lmﬂ il
e :
Debris flow affectation in Villa
Debris flow representation Restrepo (Barrios, 2006)

Figure 4.1. Role of Hazard analysis for community-ased disaster management.
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In order to obtain comprehensive community basedsi#bw risk analysis it is necessary to count
with a reliable hazard analysis. A hazard assessisethe ultimate outcome of the process of
hazard identification, analysis and mapping (IDRX04). In the other hand a detail understanding
of what hazardous events have occurred in the giadt their effects provides the basis for
understanding what could happen in the future (B&earin, 2008).

In absence of official historical records local wiedge about the occurrence of past events has
been proved as an important information resourcerder to establish the probability for future
events. The community through their local knowledag®l experiences represents an accessible
solution to overcome the lack of detailed datahfazard and risk assessments (Peters Guarin, 2003
and 2008; Marschiavelli, 2008).

Due to the poor information available to developdetail hazard assessment that takes into
consideration several return periods for the delflegsv phenomena in Villa Restrepo the
community knowledge was used as the main souroerae of information for the present study.

Data related to hazardous characteristics of délbris such as intensity, magnitude, probability of

occurrence and degree of destruction was takercorisideration for this study in order to develop

a community based hazard assessment. The faceni®psly mentioned were deemed appropriate
to analyze the threat represented by debris flosvthay help to determine the degree of hazard
embodied by this natural phenomenon. In additi@y there found to be the most easily to identify,

remember and represent in spatial terms by the ecorityn

4.2. Community-based hazard mapping of past debris flow events.

Community-based hazard mapping is aimed to denatastnat communities have the capacity and
ability to identify and reconstruct previous eveatperienced along time.

| Rain fall data | | Local Knowledge |
Debris Flow Identification Debris
Return Periods Flow events
y
Debris flow Debris flow 50 vears
2 vears Retumn Period Retumn Period
| 1
Intensity Magnitude Damage
Amnalysis Analysis Occurred
¥ h 4 L
Debris flow Hazard Map ‘

Figure 4.2. Flow chart showing the approach to devep debris flow hazard regarding an event with a
return period of 50 years.
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The information kept as mental records on the @ of the most damarging debris flows events
was found a useful tool for developing scenariod tnidentify and represent the hazard they
embody for the people in the study area.

Figure 4.2 shows the different steps followed iis tiesearch to develop a final debris flow hazard
of Villa Restrepo. Through correlation with secondainfall data the main event reconstructed by
means of community-based information was correlate@ 50-year return period according to
critical rainfall development in this research. WVitespect to debris flow hazard, the factors
collected on the home-basis survey were relatedagnitude, intensity and damage caused to the
buildings by two events occurred in 1945 and Ju2@¥6 which correspond to a 50-year return
period and extremes events categorized by the coitynThe events with return period of 2 year
were not integrated into consideration to hazaalyais because they are not considered as relevant
debris flow event for the community according teeleof damage.

2. Meetings for reconstruntiof past events

3. Transect walks with elderly people using maps$ @PS. 4. Identification critical affected elerte

Picture 4.1 . Exercise with community in hazard idatification, interpretation and analysis in Villa
Restrepo.

The reconstruction of past events was carried aget on the testimonies of people between 50
and 70 years old who were able to identify and ides¢he characteristics of these past events and
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who were living in the area by that time. The taslobtain a spatial representation of every past
event was carried out by using GPS, transects vealédpaper-based mapping (see pictures 4.1).

Date Triggering Location Damage
factor

Approximately 50 houses damaged.
La Sierra river | Especially those located near to the
1945 Rain basin current central park. The church and
school were affected by the accumulation
of debris
100 people affected, 2 houses destroyed.
Drinking water system moderately

Jun. 4 of 1996 Rain El Salto river | destroyed.
basin Affectation of Ibague city water system
August 27 of Rain El Salto river | Landslides affecting 25 ha (crops) in El
1998 basin Salto river basin.
4 houses totally destroyed
El Salto river :
Jun. 22 of 2006 Rain basin 54 houses partially destroyed
5 injured people
57 people left people
Jun. 22 of 2006 Rain Gonzales riverFarms affected by debris flow ( Crops
basin and fish industry)

Table 4.1 . Local knowledge on the largest and modangerous debris flows affecting Villa Restrepo.

During the practical activities with maps, pictusesl meetings people in the community were able
to remember different experiences related to pdaiadebris flow episodes. In this case people act
as a “sensor’ which records images, sounds andrierges that later on can be represented in
spatial formats. The presence of local knowledg®eraymthe eldest members of the community
allowed to develop the historical reconstructioreeénts presented in table 4.1 which describes the
most important debris flow occurred in the studyaafaccording to people’s remembrances).

With respect to the reconstruction of past evettis, main objective was to get an idea on the
temporal and spatial distribution of debris flowtlire Town as well as the damage caused by them.
The information collected from the community wasweerted into maps that represent the most
important events remembered by the community. Maredhe community was able to provide
descriptions on the most important events whichuohed differences in debris flow patterns and
behaviour depending on the magnitude of the giwemtand the features of the zone where the
event took place. As mentioned the community wde &b recognize and remember past events
occurred in Villa Restrepo as far as fifteen ydssk in the past without difficulties. However, for
them was easier to fully describe the last evenstijose on 1998, 1996 and 2006) than those
happening 20 or more year ago. According to sometings with external sources such as
INGEOMINAS, CORTOLIMA, Villa Restrepo Police and migipality officers as well as historic
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newspapers the largest debris flow event in thés anok place in 1945 coming through La Sierra
river; the second one was the event occurring in2D06 coming from El Salto river.

From the meetings with locals it was not possibleleéarly map the event of 1945 most probably as
result of the time span since its occurrence. R teason it was deemed necessary to interview
people in Ibague city who were living in Villa Resstio when this event took place and could
support the spatial reconstruction of the debrisvflevent in 1945 taking into consideration
intensity, magnitude and damage occurred on dvgallioy that time. A brief description of the
most important events occurred in Villa Restremotheey were described by the communities and
reconstructed for this study, is as follows:

-Debris Flow of 1945, River basin La Sierra: According to the people in Villa Restrepo a
massive slide of rock and soil at approximately @B5.a..s.| caused a debris flow which moved
down affecting the centre of Villa Restrep®his event totally destroyed two houses locatedeclo
to the downtown, where the central park is locatedadays. Both the school and the church were
affected by the accumulation of debris. This eweidt not cause deaths or injured people but
severely affected the farmers who lost a vast amofitheir crops. According to the community
leaders would this event occur nowadays it couiecahimore than the 50 % of the community in the
town and about 70 % of the community’s vital eletsesuch as church, pipe line water,
telecommunications and the like ( See maps 4.&nte1945).

-Debris Flow of 4 Jun of 1996, El Salto River basinAccording to Vergara (1998) and some

records found in the local newspaper at around grB@& huge rock was removed at approximately
2200 m.a.s.| causing a debris flow along this rividris event destroyed two buildings as result of
the impact of the flow (see map 4.2).

-Debris Flow of 22 Jun of 2006, El Salto river basi This event occurred as a mixture of mud,
wood and debris that flowed through the center dfa\VRestrepo. The debris flow occurred at
around 8:30 pm. and had heavy rains as triggeantpf. The flow affected several houses due to
the accumulation of debris.According to the intewges the accumulation represented by the
magnitude of debris reached nearly three metershdiep some zones. Four buildings were
completely destroyed and the Villa Restrepo Scheed severely affected. In the other hand this
event affected about 54 houses and caused totahgiaraf fishing pools. The aqueduct was
destroyed affecting water supply for Villa Restrepa Ibague, 4 persons were injured and 57 left
homeless (see maps 4.3, event 2006).
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Rivers

=] Debris Flow 1945 = Debris Flow 1996

Map 4.1. Debris flow event of 1945 according to Map 4.2. Debris flow event of 1996 according
local knowledge to local knowledge

Map 4.3. Debris flow event of 2006 according to lat knowledge
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Between 1945 and 2007 other small scale eventsdwotared in the town causing fewer damages
that those previously mentioned. According to tbenmunity the reason why these small events
did not affect them was due to the profundity a tiver channel which capacity has been enough
to contain the amount of debris, rocks and woodensls flowing on these smaller events. In fact
with direct observations in the fieldwork phase Hladley depth in some sectors reaches 10 meters,
contributing to minimize the debris flow hazard gmme places.

4.3. Assessments of return periods for debris flows based on rainfall data

As mentioned before the rainfall is considered rign triggering factor for debris flows in the
study area. Therefore an analysis of historicalfalli was carried out in order to correlate the
return periods of the precipitation that triggeesbds flow events as those experienced by the
community. The first step to calculate return pasiovas to indentify the gauge rain stations closer
to the study area (see Map 8). Afterwards the Beiepolygons method was carried out in ArcGIS
software in order to determine the area of infleeatthe rain on the gauge rain stations available.
The events occurred in 4 of Jun1996, 27 of augd@8.128 of September 1998 and 22 of Jun 2006
were taken into consideration for developing thiefaedl analysis.

Juntas Station Area

Thiessen Polygons
respect gauge rain

. stations
ales’ Station Area

Legend ®  Juntas Scale

Gauge rain Stations .
& Pastales 1:50.000

Map 4.4. Catchment of Gonzales, la sierra and el 8a river basin and the location of the gauge rain
station.

The map 4.4 shows Juntas (red point colour) antalas(yellow point color) gauge rain stations.
During the meetings with farmers living in the ¢atents of the river basins it was know that usually
most of the landslides take place on the area dfueince of the Juntas station.

For this analysis the daily rainfall informatiorofn July 1971 to December of 2005 provided by
IDEAM was used. The event of 22 Jun 2006 was ri@rtanto consideration as during the time at

36



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE
OF STUDY: VILLA RESTREPO TOWN, COLOMBIA.

which it took place the Juntas rain gauge stati@s wnder maintenance and therefore no records
exist for the period April and Jun of 2006.
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Mean — |131,3]131,3)131,3]131,3[131,3]131,3[131,3]131,3]131,3]131,3[131.3[131,3
Debris Flow A
events Time (months)

Figure 4.3. Medium measurements inter-annual of raifall in the period 1971-2005 IDEAM (2008)

From figure 4.3 it can be seen how the highestfakioccur during the period April - Jun and
August — October. The red triangles on the histogrepresent debris flow events occurred in the
study area The first period coincides with the Hidés and debris flows remembered by the
community (see above). The four events (landslm=urred in the study area correspond to an
inter-annual measure of 131, 3 mm considered agedawith respect to the general medium
showing a direct correlation between heavy pregtiphs and the occurrence of landslides on el
Salto, la sierra and Gonzales catchments.

4.3.1. Analysis daily rainfall with reference to debris flow.

In order to know the amount of critic rainfall thatty have caused mass movements it was deemed
necessary to study the past behaviour of rainfalbé able to establish correlations with the
occurrence of debris flows.

The statistic Gumbel method or Extreme value intigxe 1 was used to know the extreme rainfall
for the study area. This method allowed determinirgthreshold of critic rainfall that may cause
landslides according to the specific events untletys By these means it is possible to establish
return periods for specific events and thereforeerdeine if the rainfall factor is related to the
occurrence of landslides which finally are the seunf material for the debris flow affecting Villa
Restrepo. In the case of he 4 of Jun (1996) evienigs found that the accumulation rainfall fits
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return period of 2 years with rains falling for spaof 43 days and an accumulate rainfall volume
of 357,6 mm (see figure 4.4).
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Figure 4.4. Accumulation of rainfall, frequency andduration for the event of 4 of jun-1996 (Juntas
station .1975- 2005)

Regarding the 27 of August (1998) event, the @iittainfall reported was of 77, 1 mm as result of
rainfall accumulation during three days (See figufs).
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Figure 4.5.Accumulation of rainfall, frequency andduration for the 27 of Agoust-1998 event (Juntas
station .1975- 2005).

The analysis for the event taking place 28 of Sapt of 1998 produced a threshold of critical
rainfall of 462 mm in 63 days for this episode (8gare 7.6).
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Figure 4.6. Accumulation of rainfall, frequency andduration for the episode on 28 of Sep-1998 (Juntas
station .1975- 2005)

Based on the previous analysis, the landslideglabds flows in the study area can be triggered by
two types of rainfall episodes. The first one regslian accumulation of 7 to 8 mm of daily rainfall
during an average period of 43 days or more. Thergktype is related to more intense rains with
an accumulation of 25 mm falling in a time sparito&e days (in average). The analysis therefore
determines that in the Gonzales, El Salto and ear&itwo types of rainfall can trigger landslides
and subsequent debris flows; one of them repreddntehigh intensity-short accumulation period
with heavy rains falling within few days and otlrefated with low intensity-long accumulation
period or medium to normal rains continuously fajlduring 43 days or more.

From interviews with community members and farmerghe upper catchment of El Salto and La
Sierra river basins, it was estimated that durmg dun 2006 event rains fall during 4 days with
episodes of about 40 minutes (daily rainfall of rfeth approximately). According to the Gumbel
model the whole episode, lasting 3 days, could tekan average accumulation of 200 mm days;
representing a 50-year return period event.

4.4. Debris flood hazard scenario for a 50-year return period event

In order to develop a debris flow hazard scenarcaf50-year return period, the damage, intensity
and magnitude factors were evaluated accordingdal®45 and Jun 2006 events. As mentioned
intensity and magnitude indicators are the factbad allow determining the level of hazard and
destruction that could affect a building.

As previously mentioned through the interpretatidrhistorical records and people’s experiences
related to debris flows, newspapers informatiorsebdata and meetings with leaders (who have
lived by long time in this town), it was possibte dchieve a better understanding on the causes,
behaviour and damage caused by the debris flowtgva Villa Restrepo. This research takes
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Impact and accumulation indicators as the facmidetvelop debris flow analysis in Villa Restrepo
for they were the factors that the community idgnds most dangerous when these events
occurred. For instance the pictures 4.2 show aehu¥illa Restrepo affected by the accumulation
of a debris flow during the 2006 event (left). Smthconcepts, Intensity and magnitude, are briefly
described as follow:

Intensity: It's a factor assessed by the community which iatdis the zones where the rocks,
wood and debris carried by the flow collide agaigsiments such as buildings, infrastructure, and
crops on Villa Restrepo. This Impact causes a ftraecan damage the elements depending on the
velocity and the specific weight of the mass on ement.

"L] |

{. TR W ﬁﬁﬂh

Picture 4.2. Debris flows in Villa Restrepo, leffpicture was taken during the event in June 2006 (50
years return period event). Right picture was takerin 2008 during fieldwork. (Source: Red Cross).

Magnitude: According to the community this factor is repregehiby the accretion of materials or
volume of displaced materials involved in a lardislhazard. So the resulting damage is not caused
by debris depth reached by the flow. This fact@resents the accumulation of debris obstructing
and causing huge damage on buildings, their castepdds and other vital infrastructure as show
the picture 4.2.

4.4.1. Intensity Factor Analysis

To develop anntensityanalysis it was necessary to collect data in igld through a home-basis
survey integrated on CyberTracker. Tiheensityfactor was described and classified according to
three levels which mainly relate the damage tocttines and buildings, as follows:

In order to represent thimtensity factor or level of impact per building reportedridg the
interviews a point map was drawn from the GIS-bamsadey (see map 4.5 and table 4.2).The red
points in the represent buildings where high impaes reported, the yellow points represent
moderate impact and the green points a low impaant the last debris flow events.
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Intensity
Value Characteristics Percentage damage
Category
- Slight to No Impact to the building wasLight damage(less 10 %)
reported by the people according to thBo not involve damage to the
different debris flow events. building structure.
1 Low Small destruction of floors, doors

Intensity | -This class also includes houses we@nd windows, dwellings and
information was not obtained or peopléurniture are mostly affected by
hardly remember mainly because th#e rocky and muddy materials.

damage was negligible. Walls mayneed a paint repair. In
general the building stability and

structural elements are not
affected

-The house was somewhat affected by [Mederate damage (10— 50 %)
Impact of debris flow. According t¢mportant damage in columr
community reports the energy producediffects Building  stability anc
2 Moderate | these events affected the house strucewacuation to secure place v
Intensity | and destroyed fences, doors and woogderded. Need building structu
components of the buildings and hougeparatior

and block the exits

High Damage (more 50 %
- The energy delivered by the event wdiggh damage on the building;
the main factor causing damage to tAknost complete destruction of tl

3 High houses. Extended damage to houses Istilicture, its neceary the
Intensity | in concrete and wooden materials. dogesacuation to a secure place. H
walls, columns, floors was reported. affectation to building stabilit

Table 4.2 Categorization of Intensity as a factorfodebris flow hazard

To calculate an intensity map for the whole studgaaa Kriging surface interpolation from the
previous points map was applied. In this case thein@ry Kriging method with a spherical
semivariogram model integrated into ARGIS softwaras deemed adequate to represent the
Intensitysurface map (see map 4.6).

On the map 4.6 the red colour represents the am®e o high impact which constitutes 34 % of
the total built area, where severe building dameaye be expected during a 50-year event. The
yellow colour represents the areas that can undegterate impact and the green colour the areas
with low intensity and potentially low damage (degimg on the characteristics of the exposed
elements).

The houses close to the break in slope (left side)the most prone to be affected by this factor
(intensity or impact). According to the charactatisn in table 4.2 these buildings may undergo
more than 50 % of damage which will affect alimb&t tomplete structure. Most probably people
inhabiting these buildings will have to evacuatentheven before the event take place in order to
protect their lives and belongings
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Map 4.5. Spatial point representation of debris Map 4.6 .Intensity map for a 50-year return
flow magnitude level in Villa Restrepo. period debris flow

From the finalintensity map is can be seen that some houses reportedglaly kiamaged by
intensity factor were located far away from theeatns (see building located on the bottom left
corner on map 4.5). According to the people this W result of changes in the direction of the
flow due to small topographical features which déxil the mud and materials such as wood and
rocks, affecting houses in areas where the peopke aaught unaware as they did not expect the
event would arrive there.

4.4.2. Magnitude factor

The magnitudefactor represents the flow accumulation used toutate the level of hazard posed
by the depth reached or volume by the debris. @uiigldwork this factor was found as the easiest
to remember and identify by the community, at |dastthe last events. Data on the depth and the
damage caused at certain depth levels (espeaidiyitdings and residential houses) was requested
to the interviewee. The depth reported was measuitbda tape and recorded in the questionnaire.
In some cases it was found that people perceivisdaghthe most important hazardous factor due to
the potential damage it embodies.

While carrying out the interviews it was still pdde to identify and measure some watermarks left
by the last episode in Jun, 2006 associated toyea&0event. In most of the cases however it was
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found that people did not remember the accumulaitomagnitude of the debris flow taking place
during 1945. This may imply that some resident¥iila Restrepo, particularly the new residents,
are completely unaware that events like this mgypbka there. In these cases it was necessary to
ask neighbours or leaders who indicated the déythtihe debris reached before in theses buildings.
The data collected covered the total number ofiingk in the town as show the map 4.7.

Picture A Picture B

Picture C Picture D

Picture 4.3 .The accumulation depth was another faor for hazard analysis in Villa Restrepo. The
pictures show the examples of local knowledge wittespect to magnitude of debris flow events.

As can be seen from picture B in some cases thesdédw mark was easily identifiable, in some
other cases people show and pointed the depthu(Pi€ and D) and in other cases a neighbour
helped to identify the debris depth (Picture A)eTdata collected was classified in three categories
as show the table 4.3 regarding to the damageetbutiding when these events occurred

In this case the data collected for debris flowthejuring the interviews was represented by points
across the study area .The yellow points in magebresent low magnitude and houses where the
debris flow depth did not affect the building. Theilding in this case was slightly affected (see
description damage in table 4.3).
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Magnitude Category
Value Characteristics Percentage damage

Less than 30 cm depth for past eventight damage (less 10 %)
with 50-years return period
Do not involve damage to

No damage to the house. This clasghe building structure.

includes houses were no information The amassing of mudd
1 Low Magnitude | was obtained as the people did notcaused minimum problem
remember or the people was not there2n main wall and front doors.

in the moment the event occurred. | Walls and doors may need| a
paint repair. In general th

building stability and
structural elements are npt
affected.

n <

D

Between 30 cm and 60 cm depth foModerate damage (10% -

past event with 50-years return period 50%)

Important damage by muddy
S

The building was moderately and@massing inside the dwelling
slightly affected by the accumulation jnThe ~ Building  stability
2 Moderate Magnitude| Past ~ debris  flow. This debrisaffectation require a
accumulation produced by last eventénmediate  clean up df

was easily removed without affecimaterials in order does not
directly the buildings. evacuate to other secure pldce

.The accumulation of
materials affected slightly the
human health

Above 60 cm depth accumulation fprHigh Damage ( more of 50
past event with 50-years return period %)
High damage on th

3 High Magnitude | Extended damage to buildings jirPuildings. Amassing of debris
concrete and wood. The accumulatipgnd mud more of 1 metg
of debris was the main factor ofwhich obligate to peopl
affectation or destruction of theevacuate to a secure place.

buildings related past events occurreligh  building  stability
in the study area. affectation. High affectatloT

by health human.

1%

=

%2

Table 4.3 .Characterization of debris flow magnitu@ categories according to a event of 50 years retur
period.

The red points represented in the map 4.7 indiuigte magnitude .At some buildings the red point
colour represent a high destruction level as restilthe accretion or volume of material that
affected both inside and outside the dwellings.

The next step to obtain a better visualization aseful information for hazard analysis was to
perform an Ordinary kriging with a spherical semiogram model (operation available in ARGIS)
in order to obtain a surface that represents theisiléow accumulation map for Villa Restrepo. In
map 4.8 the red colour represents the high accuimnilareas and green colour areas where low
accumulation can be expected. The magnitude mawssh@o areas with high magnitude. Each
area correspond to a specific event (1945 and anettrent in 2006).
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Map 4.7 .Shows magnitude level according to aMap 4.8 .Debris flow magnitude map.
debris flow event with 50 years return period.

From the map it can be seen how the area wherpatieis located exhibits a high to moderate
accumulation hazard. From the meetings and tra;missatks with the eldest people of Villa
Restrepo it was know that this zone was the mdsti&id by debris accumulation in the event of
1945.The debris flow event in 2006 change its flaw,a Sierra river directly affecting buildings
where people was not aware that they could be egbloh this type of events.

4.5, Debris Flow Hazard Assessment

To obtain a final debris flow hazard assessment@presentation for the study area both the debris
flow impact and accumulation were combined in arixdhat relates the magnitude of these two
factors with hazard levels (see table 4.4).Aftedgathe matrix in table 4.4 was converted into
conditional ‘if’ rules in ILWIS software (See app#n section 2 formulas applied in ILWIS.).

To develop a classification representation for fihal hazard map the values were classified by
equalitiesmethod in ArcGIS. By these means a map thatalspthree levels of debris flow hazard
was obtained (see map 4.9).
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] Intensity
Low Moderate High Intensity
Magnitude Intensity Intensity

Low Hazard | Moderate Hazard| High Hazard

Low Magnitude

Moderate Moderate Moderate Hazard| High Hazard
Magnitude Hazard
High Hazard | High Hazard High Hazard

High Magnitude

Table 4.4 Final debris flow hazard Matrix relating magnitude and intensity factors.

In map 4.9 the red color represents the high ddlong hazard zones ,the yellow represents areas
with moderate hazard and the green color low haaegds. According to the spatial distribution of
this hazard at a building level (map 4.10), 42 fawiare located in a high debris flow hazard
representing a 30 % of the total number of buildimgVilla Restrepo (See figure 4.7). The debris
flow with moderate hazard comprises 55 houses agtoris] flow hazard with low level is
represented with 39 buildings.

Once the final debris flow hazard map was availahke location of critical facilities such as
schools, church, library, parks, municipality artiess with regards to hazardous areas could be
obtained as shown in map 4.11. This map represevafuable output of this study, as it can help to
support mitigation activities that may need to heried out for authorities and planners in order to
implement restructuration or maintance to reduessthuctural vulnerability.

From map 4.11 it can be seen how the central ek, of the main attractions for the tourist on
weekends is located in high to moderated hazardsaibesides t he church which holds a vast
amount of pilgrims during weekends (coming fromgb@) occupies a high hazard zone. According
to the final hazard map some other vital infragtreee such as the municipal town hall, shops and
library are located in a low hazard zones (see maf). According to this analysis if a 50-year
debris flow event would take place the school cdnddaffected and potentially undergo about 50 %
of damage. The schooling activities could be affédirectly for more than two weeks.
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Map 4.9 Final debris flow hazard regarding to a retirn period event of 50 years.
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hazard level.

Map 4.10 . Families Hazard map
representation
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5. Vulnerability Assesment

This chapter describes the methodology to calcudaiz develop a community based vulnerability
assessment in Villa Restrepo. The first part cosggrithe analysis of physical, socioeconomic and
emergency factors involved into the vulnerabilityalysis. The second part presents a spatial multi-
criteria evaluation carried out to integrate therpaneters analysed into a vulnerability assessment.

5.1.  Vulnerability definition.

The United Nations International Strategy for DisasRisk Reduction (UN-ISDR) developed
accepted and conceptual basis and definition fangénvolved in risk assessment, as follows:

-Vulnerability: The characteristics and circumstances of a contysyistem or asset that make it
susceptible to the damaging effects of a hazarérelare many aspects of vulnerability, arising
from various physical, social, economic, and enwvinental factors. Examples may include poor
design and construction of buildings, inadequategation of assets, lack of public information and
awareness, limited official recognition of risksdapreparedness measures, and disregard for wise
environmental management. Vulnerability varies iigantly within a community and over time.
This definition identifies vulnerability as a chararistic of the element of interest (community,
system or asset) which is independent of its exgoddowever, in common use the word is often
used more broadly to include the element’s expoldulkeISDR, 2009).

-Elements at Risk: Means the population, buildings and civil engiiegrworks, economic
activities, public services, utilities and infrastture etc, at risk in a given area.

According AGSO (2001) the vulnerability term haveeh accepted in all the methods of risk
assessment involving several components such dal,seconomic and physical components.
Methods for vulnerability assessment, particuléolys estimation, are available in the form of loss
e- damage curves which can be developed from adalais flow events and are used to simulate
damage for future events. The expected lossedaresults of a generalized relationship between
debris flow characteristics such as magnitude ssed by accumulation (debris flow depth),
intensity or impact and physical damage. Additignahsed on UNDRO (1991), the definition of
vulnerability means the degree of loss to a giviement at risk or set of such elements resulting
from occurrence of a natural phenomenon of a gimagnitude. It expressed on a scale from 0 (no
damage) to 1(total loss).
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These methods are mostly based on field intervavasquestionnaires on damage to properties and
levels of injury to people. These results dependhenresponse of the interviewees and difficulties
exist in extrapolating the curves from one placartother as a result of differences in warning time
building type and content (Sande Van der, 2001).

The previous section on hazard analysis evidenoed the community is highly threatened by
debris flows and how in absence of conventionabrimfation the local knowledge was used to
develop a spatial analysis for debris flow hazarawrder to perform a risk assessment however it is
necessary to incorporate also a vulnerability asialyVulnerability analysis is complex and
dependent on large data sets, and on qualitatizlysis that requires the involvement of the people
concerned in the evaluation of their vulnerabilifyannon, 2000). Vulnerability assessment is
intended to provide communities and local authesitivith information on measures for mitigation
and preparedness. When this assessment is canti@d a spatial way these actors will also be able
to know the geographical distribution of people aements which can be negatively affected
(Peters Guarin, 2008).

In this research socioeconomic and physic factersnalyzed with regards of their contribution to
a household’s vulnerability to debris flow; the alatsed for the analysis of vulnerability to debris
flow was collected through the home-basis surveg @uestionnaire in the Appendix section 1).
The list of indicators taken into consideratiorthis study to evaluate the household vulnerahidity
debris flow in Villa Restrepo is provided in TalBel. Each factor contains the indicators and
categories used to define them .Besides the viiiligyarating in the table mentioned the level of
vulnerability according the categories integratetb ithe indicators. For instance high values
represent a high vulnerability according to the=gaty.

5.2. Socio-economic Status Factor

This factor has six indicators that represent tifileeénce of the social and economic conditions of a
family on their vulnerability to debris flows. Thedicators used for the socioeconomic analysis are
occupation or source of income, Income Dependeatiy,family size, members of the family in
vulnerable age groups ratitamily income, and time of residence in Villa Repb and ownership
status of the residence.

5.2.1. Source of Income or Occupation.

This indicator designates the main economic agtpérformed at family level. Through interviews
it was found that occupations such as farmer, eyapl@nd house workers have an influence on the
vulnerability of the family.
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Factor Indicator Category Vulnerability Rating
Employee 1
Housework 2
Informal worker 3
Occupation Farmer 4
Small in-house shops 5
ltol 1
Income Dependengy 2o0r3tol 2
Socioeconomic Ratio 4t01 3
status 5ormoreto 1 4
Less than 3 1
Family size 4t06 2
6 people 3
Members of the 18 - 54 years old 1
family in vulnerable 13-17and years old 2
age groups ratio <13 and > 54 years old 3
Family Income > 3 minimum daily wages 1
1- 3 minimum daily wage 2
Less than 1 daily wage 3
Time of residence i More 5 years 1
Villa Restrepo 1-5years 2
Less 1 year 3
Owned 1
Land Ownership Rented- tenancy 2
Illegal 3
Structural House type Concrete 1
Wood 2
<10 mts (Easy access to 1
evacuation)
Distance of building 10 -20 mts (Moderate access td 2
from the main road evacuation)
> 30 mts (Difficulties for 3
evacuation)
Emergency Car 1
Transportation Motorcycle 2
means Bus
No transportation mean 4

Table 5.1 Factors and indicators involved in the MInerability Analysis of Villa Restrepo.
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The home-basis survey helped to identify the maiivity from which the family derives their
livelihood. The survey showed that the more afféaie vulnerable once a debris flow take place
are those who depend on a small in-house shopsindss and farmers working close to the town
(see picture 5.1).

Picture 5.1 Small in -house shop in VillRestrepo.

The analysis of information collected during thevey shows that a 10 % of people depend on
small shops in home activity and other 10 % is espnted by farmers. A high percent of people
depend on housework (30 %) .

Occupation Percent Number People
Stude ‘- 60 H Number
ousework 40 People
30%
20
Many

Activiti SmaIIShop

12% %ﬂﬁ 10% &N & @ &
armer S qu@ &R o

10% 10%

Figure 5.1 Representation of number of people accding to their occupation in Villa Restrepo.

The indicator related with occupation was clasdifia three levels: low, moderate and high
vulnerability. High vulnerable occupations wereniars and people that depend of their small
shop. Moderate vulnerability were informal workarsd house workers and low vulnerability was
assessed to people who are employees working fieretit activities in Ibague as their income is
not threatened by debris flows. The spatial digtidn of these categories is presented in map 5.1

The percentage distribution of vulnerability asulé of income source or occupation shows that in
Villa Restrepo there are 30 of families (22 %) wiitighly vulnerable occupation, 53 (39%) with
moderate vulnerability occupation and other 54 (B@4th low vulnerable sources of income. The
Furthermore with reference to figure 5.3, 25 fagsiliocated on a moderate hazard level in Villa
Restrepo are considered with a moderate vulnetakilth regards with source income indicator
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Figure 5.2  Distribution of income
vulnerability in Villa Restrepo
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Map 5.1 Source of income indicator and hazard levlFigure 5.3 Number of families when i
compared with source of income and hazargl
level.

5.2.2. Family Income

This indicator refers to the amount of money avddat family level to cover their basic needs on a
daily basis. In this case the categories were ksial taking into consideration if the income
earned by the family was enough to keep them abm/poverty line and satisfied the needs of the
family members regarding food, shelter, educati@alth and other basic needs, in which case they
were characterised as less vulnerable. By the a@frthis research (2008) the minimum monthly
wage was established at $461.500 Colombian Peqas/éent to $256 US Dollars) and therefore
the daily wage was around $15.380 Pesos (arousdB dollars per day).

Families with funds below this poverty line are simlered more vulnerable as these needs are not
meet even during what is called ‘normal’ times (disaster occurrence). These households
therefore will be less able to withstand criticahds as those following the occurrence of debris
flows as the one under analysis (50-year returingeavent).
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Figure 5.4 Percent of family Income category
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Figure 5.5 Number of families when i$
compared family income and hazard
level

Map 5.2 Family income categories

The data collected through the survey allowed terd@ning that for instance people who depends
on small in-house shops received more than 3 mimmvages income and therefore their
vulnerability from the point of view of income alafle was considered low. On the other hand,
farmers and people working in informal activitiesf¢rmal workers) were found as earning less
than one minimum daily wage ( families with redagoin the map) and then were considered as
living below the poverty line and therefore hightyinerable. Families in this group will find more
difficulties in recovering in case they are affecbs a debris flow.

Families living below the poverty line (<1 minimuthaily wage) comprise 48 % of the households
in Villa Restrepo ( see red colour in the map 5tApse receiving between 1-3 minimum daily
wages are around 13% and families earning abovenBnomm daily wages represent nearly 39%
(see figure 5.4 and map 5.2 the orange colour)figdme 5.5 the relationship between hazard level
and family income categories is presented. It carsden how for instance 16 of the vulnerable
families that live with less than 1 daily minimunage are located in a high hazard area and 28
poor families live in moderate hazard areas.
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5.2.3. Income Dependency Ratio

This indicator represents the economic dependepdird member of a family. This indicator was
obtained by calculating the family members relyimgeach worker. Figure 5.6 shows the category
percent of this indicator .By other hand the figbt& shows the percent of buildings or families
which is compared the income dependency ratio oat=gand level of hazard.

1tol

Combeima River
19%
Figure 5.6 Categories of local Independency
£ by percent.

— 10

Legend 19 J 16

Income Dep. Ratio

Categorie.g Independency 9 10 13 9

5 or more 4tol 2or3tel 1tol
tol

i Moderate Hazard High Hazard

Map 5.3 Income Independency ratio categories Bhrigure 5.7 Percent of building regarding
family level. level of IDR and hazard level.

The vulnerability analysis it was considered tiaise families were 5 or more members depend on
the income of a solo worker are highly vulneralneVilla Restrepo this families constitute around
the 36% of the total. Families with IDR 4 to 1 ctitate the 19%, IDR 2 or 3 to 1 represent another
19% and finally families were one worker is respblesfor another person and him/herself (IDR 1
to 1) represent 26% of the households. In theysaréa, 9 families of the highly vulnerable
families were found settled moderate hazard anditab® families in a high hazard (see map 5.3
and figure 5.7)
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5.2.4. Family Size

Family size represents the number of members afraly living in a building. A numerous family
is considered more vulnerable and will find mor#iclilties in recovering in case to be affected by
debris flows than a family with few members, e$algcif as | can be seen from the previous
analysis big families tend to rely just on the imefrom solo workers.

More of Less of
6 3
persons P
19% 20%

to 5

Persons
61%

Figure 5.8 Categories of family size

Legend
Family size
Categories

= No building e
[Flessof 3
=4 -6
mmMore of 6

Hazard Level 15 e 7
Low Hazard (i 14
Moderate h "

High Hazard Less of 3 Persons 4 to 6 Persons More of 6

JErsons
HighHazard Moderate hazalrg

Map 5.4 Representation family size indicatof Figure 5.9 Displays the number of familie;
considering family size indicator and hazarg
level.

On the other hand from the experience of previogisrid flow events it was known that local
authorities had more difficulties in handling ardinhg care of families with many members that
small families. For instance during emergencieargd family would take more time to evacuate
and put all their members at safety that a smadl &Emily.

The spatial representation of families regarding ¢htegories used in these analyses is shown in
map 5.4. From it, it can be seen how large fami{iesre than 6 persons, dark brown colour)
represent 19% of the households in the study deaerately large families (4 to 5 members)
constitute 61% and small families (less than 3)aaeind 20% and this category is display in the
map 5.4 and figure 5.8 with light brown colour. Aading to the figure 5.9 from the category
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considered moderately large (4 to 5 members) 54liemmare located in a high debris flow hazard
areas and 62 in moderate hazard .

5.25. Members of the family in vulnerable age groups.

This indicator considers that depending on the& Higre are members of a family less able to
defend by themselves, in case of a debris flown thihers and therefore they are considered as
more vulnerable. family members younger than 13s/@ad older than 65 years old. During the

interviews these groups of persons were found tthbamost affected by the events that have hit
Villa Restrepo for instance.

5.10

POPULATION IN POPULATION IN

VILLA RESTREPO | VILLA RESTREPO
AGE URBAN ZONE RURALZONE
CLASS |WOMENS| MENS |WOMENS| MENS

<5 8 6
5-9 8 12 2
10-14 5 10 2
15-19 6 13 OMen OVWomen
20-24 9 7 Figure 5.11 Percentage of gender
25-29 6 8
30-34 4 9 —
35-39 9 4 2 1 Mk i i S ey
40-44 6 8 ; %
45-49 6 6
50-54 6 4 1
55-59 5 6 1
60-64 6 3
65-69 3 3
70-74 3 4
75-79 1 1
8084 | 1 2 K
85 Yy + 2
Total 92 106 5 4 Y ; 4 —
Table 5.2 Population distribution according E(')gpulj;tiog'ilnzvmg';tgsbtl:gsg_ of age classes
to gender and age categories

In order to evaluate the distribution of this irattimr in the study area members of each family were
categorised according to their age and gender #fetethtiated into urban and rural population as
shown in Table 5.2 and Figure 5. 11 and 5.12.

The categories of age vulnerability indicator wdeveloped according the capacity and hability hef age
people of Villa Restrepo in previous events relatétth debris flow.In this way individuals < 13 ysaand >
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65 years old were considered with a high vulnditgbiMembers of a family between 13 and 17 years
were considered with a moderate vulnerability andlliy according the experience with previous

debris flow, members of a family in the range of dYd 54 years were considered with a low
vulnerability. This indicator that represents tlye aulnerability was calculated and represented by
family level. To calculate this indicator of vuliaility were considered the number of members in
high vulnerability with respect to the total menef a family.

The total population was found composed by 53 %eraad a 47 % women (see figure 5.11), from
which the largest feminine population was foundha range 20 to 24 years old (9 persons). For
male from the range was between 15 to 19 year§l@lghersons).

High Low
A % 37%

ombeima River

Moderat
e
42%

Figure 5.13 .Percentage of age indicator in
Villa Restrepo.

Legend

No Building
Low Vuln 25

Moderate Vuln. 22 9
High Vuln. ] 19 15
Hazard Level
Low Hazard
-Moderate hazard
High Hazard

Loy Wul, Maod. vul High wul.

High Hazard Mod. Hazard

Map 5.5 Representation of family members i Figure 5.14 . Number of families regarding
vulnerable age group age indicator levels and hazard levels

The spatial representation of families accordinght categories used in this analysis is shown in
map 5.5. From it, it can be seen how those familiaich majority of members are found in
vulnerable groups (<13 and > 54 years old,) repite3E% in the study area. Moderately vulnerable
families (members between 14 to 17 years old,) tdats 42% and families with a low
vulnerability (18 — 54 years old ) are around 378d #his category is display in the map 5.5 and
figure 5.13 with light blue colour.

Figure 5.14 shows how from the families with majpodf members in high vulnerable age class are
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located in a high debris flow hazard areas anch2Baderate hazard. The second figure represents
a combined analysis using level of hazard and itied fesults of age vulnerable group indicator.
Regarding this analysis the moderate vulnerakilifg factor are larger in moderate and high hazard
(see figure 5.14).In this way the families with lewinerability are represented 8 in high hazard and
22 families in moderate hazard.

5.2.6. Time of residence

This indicator represents the time that a familg resided in the study area. Through interviews it
was know that there are people who have just rcesttled in the town and therefore are not
knowledgeable of the occurrence of previous deftwiss and the disastrous situations they have
caused.

Less 1
// year
1to s 10%
years \
15%

IMore of
5 years
T5%

Figure 5.15 .Percentage of family incom
categories in Villa Restrepo

11

Legend 38 4
Residence Time 1 2
No buildings
[ More 5 years

[ 1- 5 years 32 4

B Less 1 year 4
Hazard Level
[ Low Hazard
| Moderate hazard
] High Hazard Moreof5 1to5years Less1year
years

High Hazard Moderate Hazard

Map 5.6 .Representation of the categories of therigure 5.16 .Time of residence categorigs
time of residence compared with hazard levels.

This indicator is related with the experience andvwdedge that long-residents have about debris
flow events .For instance if a family have residedre than 5 years in Villa Restrepo is likely to
have experienced several of the debris flow thak fmace in the last years (particularly the one in
2006). For this research they are considered as kmmywledgeable and aware (and therefore less
vulnerable) than a family that have just arrivedte town or have been living there for less than
one year, which in turn are considered as highlgenable..
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For Villa Restrepo it was found that nearly 75 %itof families have resided in the town for most
than 5 years. Families settled there between 1yeabs are 15% and those with less than 1 year
represent 10 % (see figure 5.15 and map 5.6). Ei§U6 represents a combined analysis between
level of hazard and the time of residence categode-amilies between 1 to 5 years of residence
are located in high hazard areas and 12 in modkeaterd ones.

5.2.7. Land Ownership

Families living in illegal buildings are more vuhadle than those who own or rent the land.

According to the municipal authorities (informalnasmunication, 2007) during the 2006 event it

was very complex to assist these families with liks for repairing or rebuilding their houses as

they have no legal deeds on the land they occuamilies that own their house become then less
vulnerable not just because they have more ecombmesources but also more direct access to
subsidies after each calamity (see picture 5.2).

lllegal housing in the study area comprise 3 %heftotal buildings (see map 5.7 and figure 5.17),
other 25 % were found as rented and 72 % of thidibhgs are owned by their inhabitants .

Picture 5.2 .Left illegal buildings and right represents an owned building used to tourism on weekesd

The vulenrability analysis performed in this resbkaconsidered that people living in their own
houses as low vulnerable, those inhabiting renteasés are moderately vulnerable and illegal
settlers as highly vulnerable. The figure 5.18 vahohe number of buildings comprised in each
ownership category compared with the hazard lA®Ilshown 27 buldings in owned category are
located in a high hazard and 35 buildings locatea inoderate hazard
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Figure 5.17 . Percent of ownership categorigs
in Villa Restrepo.
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Map 5.7. Representation of Ownership categories |Figure 5.18. Ownership categories compared
with hazard level.

5.3. Structural factor

For this research the structural factor was andlysesed on the type of materials of the buildings.
Regarding vulnerability this aspect is related witk level of protection or exposure that a given
type of house can provide to its inhabitants. s tase safety was related to the type of material
from which the house is made off.

5.3.1. House Type

The type of material has a high influence in thpetyf structural damage that a building can
undergo when it is stricken by a debris flow. Pietg.3 shows some of the typical houses found in
the study area. The preferred materials for buysliare brick and reinforced concrete, wood or a
mix of both. From them the houses in wooden mdgevidere found to be the most vulnerable to
debris flows as they can get easily damaged by thettimpact of the flow and the accumulation of
debris materials.
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Concrete and Wood material buildings Wood material Building

Concrete buildings Wood material building

Picture 5.3. Typical houses in different building naterials in Villa Restrepo

Map 5.8 presents the distribution of buildings iild/Restrepo according to the material used for
their construction. Figure 5.19 shows how concbefiédings comprise 79 % of the total number of
houses. The other 21 % corresponds to buildinggzdnden materials. Figure 5.20 shows the
number of buildings per category (wood — concrete)l hazard level. In this case 40 concrete
buildings and 10 buildings in wooden materials laated in high hazard areas. 37 buildings in
wood and 12 in concrete are located in moderatartiazeas.

This information should be useful for local autties and planners in order to mitigation activities

If the municipality know where and how the mostnarable buildings are located with regards the
occurrence of a debris flow they can be more wgllto support to the resettlement of more
vulnerable and poor people to safer areas or towrage people to build in stronger materials so
that the house can withstand the occurrence ofisilibws and provide safety to the family when

these events take place.
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Figure 5.19. Percent of categories accordirlg
to house type
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Figure 5.20 .Number of buildings representedl

Map 5.8. Map of materials type buildings by Type of material and hazard level.

categories in Villa Restrepo.

5.4. Evacuation Factor

Prevention and emergency response capability opdople residing in potential debris flow areas
can make a difference when one of these eventytake .Moving away from the path of the flow
to a stable area can reduce people’s exposurdharefdre their vulnerability. People living close t
disaster evacuation routes and having the mearssdape on time are more able to protect
themselves and minimize loss.

In order to evaluate the capacity of families t@@iate on time two indicators were taken into

consideration: distance from the building to thémmaad and the type of transportation used by the
family. These indicator are related with the parfance of the family during emergency activities

which contribute to increase or decrease theid lefreulnerability and physical exposure.
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5.4.1. Distance to main Road

During open community meetings, it was know that treople is aware of the likelihood that
during the rainy months of after heavy rain showgisris flow can take place. Therefore they are
used to carefully listen in case that a debris fisvapproaching the town and get ready to evacuate
in order to save their lives.

Local authorities and people in the community naed that the first action taken by the
community once they know an event is approachirey&uating to the main road because in their
perception it provides the safest escape route.

To calculate this indicator three distance buffeese considered as follows: buildings located less
than 10 meters from the road, buildings between 20 mts and finally buildings that are farther
than 20 mts. People living in the buildings insikch of these buffers were considered as low,
moderate and highly vulnerable respectively.

Pictures 5.4 represent two categories in theseanati with buildings in the left picture locatedde
than 10 meters from the main escape road and htcsed farther than 20 m from it.

Picture 5.4 Representation distance from buildingo main road indicator.

The map 5.9 represents the spatial distributiothisfindicator in the study area. The blue color in

the map represents buildings with a distance torthim road less than 10 meters; it comprises 22 %
of the total buildings in Villa Restrepo. Buildings red color are those located farther than 20
meters from the main road. Their inhabitants aresiciered highly vulnerable and correspond to 53
% of the houses in the town. From them 28 buildingse found in areas of high debris flow hazard

and 26 in moderate hazard (see figure 5.22).
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Figure 5.21 Percent of categories distange
from building to main road.

Legend
Evacuation Factor 26
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] < 10 mts main road
77 10-20 main road 17 28
L:mmsmammd 10
Hazard Level 7 5
| Low Hazard
[ Moderste hazard 10-20mts  >20mts <10 mts
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Map 5.9. Distance from building to main road| Figure 5.22. Distance from building to mairy
categories road categories compared with hazard level

5.4.2. Transportation means

The last indicator taken into consideration for lemting vulnerability to debris flows was the
transportation means. This indicator was considérgmbrtant as cars, buses and other transport
action means can help people to rapidly leave getans place and besides they can support a
mass evacuation during emergencies. As mentionbdsd#ow is a fast destructive event but
according to the local experience, some peoplégpBave had time in previous events to evacuate
to safe locations; nevertheless it should be meatiahat the capacity to perform fast and timely
evacuation activities depend on the time at whitghevent takes places. Evidently an event taking
place during the night when people is resting @éimand more time for them to get ready and
make use of these means to escape.

During the interviews it was know that some fansilifeave used cars or motorcycles to evacuate the
town when significant debris flows have taken pladewever they also mentioned how they use
the vehicles to supported them during recoveryiiets for instance after the disaster in June 2006
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Picture 5.5 .Type of transportation means in Vilh Restrepo.

On the other hand it was found that this indicgtamvides information about other aspects such as
family income and family size. For instance if anfly owns a car they are considered less
vulnerable because, in the Colombian context, plies the moderate to high economic level.
Pictures 5.5 show two of the most common trasgortatneans found in the community.

Car
6%

Motorc
ycle
26% No
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t
68%

Figure 5.23 Percent of categories distance fron
building to main road.
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[ ] No Buildings
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Map 5.10 Shows the transportation meankrigure 5.24 Distance from building to main road
categories by family categories compared with hazard level.

From map 5.10 it can be seen how an important namibt&milies do not own a vehicle or have
access to private transportation means. These @aopially have to make use of public buses for
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transportation during normal times. During critidahes these people have to rely on vehicles
provided by the local authorities and civil defenoe get some assistance to evacuate from

neighbours and relatives.

5.5.  Spatial Multicriteria Evaluation for vulnerability assessment

Spatial multi-criteria evaluation (SMCE) module #adale in ILWIS software was used to calculate
a vulnerability index that integrates all the fastand indicators previously explained. The SMCE
become useful as it helps to determine how andhichwproportion every indicator and factor

contributes to the overall vulnerability of the fidies to debris flow.

In a SMCE the data is input as raster maps andgtao that criteria could be compared against
each other. The criteria tree was created by fatignthe structure of factors, indicators and

categories listed before and are fully presentdterfigure 5.25.
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Figure 5.25 Multicriteria evaluation tree.
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Figure 5.26 Standardisation of vulnerability Figure 5.27 Show the Pair wise function used
indicators (family size) where high values to weights all the factors and indicators

contribute to high vulnerability (1).

Each indicator was standardized as shown in fi§u2é and evaluated against each other through

pair wise comparison methods as shown in figuré.5.2
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The figure 5.26 shows for example the standardinati the family size indicator. In this case high

values (big families) contribute to increase therall vulnerability of the household and therefore
the indicator is considered as a ‘Benefit’. The agife if higher values of the indicator contributes

to decrease the vulnerability (i.e. higher incothen it was considered as a ‘Cost”.The red arrows
in figure 5.26 shows the option chosen in the famiite indicator to develop its standardization.

After standardising all the categories the next fimal step was the weighting process which was
meant to assign the relative importance for detboi vulnerability of the whole criteria. The
weighting was performed between the indicators fogra factor and finally the weighing of the
factors themselves. The method to make this weightias pairwise comparison (see figure 5.27).

The weight given for indicators and factors congmar were given according the criteria of
community and direct criteria observation in theddwork phase.

5.6.  Vulnerability Analysis

As explained in section 5.5 , the spatial multea evaluation was developed in order to calculate
a final representative vulnerability map in thedstarea with values of 0 to , in which 0 represent
low vulnerability and 1 represent high vulnerakiliThe figure 5.28 shows the distribution values
from O to 1 representing the families vulnerability Villa Restrepo.The clasification of these
values were created throughantile methoévailable in ArcGIS sofware .
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Figure 5.28 Histogram that represents the Figure 5.29 Percent of families units

distribution of values in the vulnerability map ?ececs?rrglpnog to their vulnerability level in Villa

The figure 5.29 and the map 5.11 represent thé Vudaerability for the families in Villa Restrepo
in number of families and spatial means. Besidefa@dlies were classified with low vulnerability,
43 with moderate vulnerability and finally 35 fdies were found as highly vulnerable.

The pictures related with the map 5.11 help to aliga the vulnerability of families in Villa
assessed through the SMCE module, after combinlinidpea factors, and indicators presented in
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Table 5.1. The first picture show the main churENitla Restrepo which is conidered with a high
vulnerability. two families small inhouse-shops weronsidered with moderate and low
vulnerability and finally a woden building represasshwith a moderate vulnerability.

ombeima River

e T S Sl

egend
Vulnerability Level
No Building
Low Vulnerability
Moderate Vulnerability
Hig Vulnerability
Hazard Level
ILow Hazard
s IModerate hazard
0510203040 "~ High Hazard

High Vulnerability

Map 5.11 . Vulnerability map of Villa Restrepo. Thebottom layer displays the hazard map of debris
flow with a return period of 50years.

This qualitative vulnerability analysis represeiits local authorities an important source of

information for activities related with mitigatiornprevention and attention of emergencies.
Although a final debris flow vulnerability analysigas developed, local authorities and planners
should analyze separately the vulnerability indicsiin order to obtain relevant analysis according
to specific requirements.
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6. Risk Perception Assessment

In this chapter the risk perception by family isabised and evaluated. Nine questions were
integrated into the home basis survey in order éflect information on how the households
perceived the risk from debris flow. Risk percaptias also analysed regarding its incidence in
increasing or decreasing the vulnerability of treukeholds and the vulnerability indicators.

6.1. Risk perception definition

There has been a considerable amount of empidsabrch undertaken on the way people perceive
risk, how they manage it and how they live withAn important starting point is that, in some
important instances, perceptions of risk do noteappo correlate with measurable probabilities of
risk and therefore other factors are clearly imgioirin understanding how people understand risk.

This can have an important impact on the abilityolicy makers to communicate risk analysis
decisions in cases where such mismatches occuradtbeen suggested that societies select
particular risks for attention and that risks dreréfore “exaggerated or minimized according to the
social, cultural, and moral acceptability of thelarlying activities” (Covello and Johnson , 1987).

Personal experience, memory and other factors imflwence in the way people perceive the risk
and these may ignore the probability of the eveatsurrence — thus risk perception is socially
constructed . In addition, it appears that peopleha level of risk with which they feel comfortabl
and will adjust the riskiness of their behaviouthie presence of safety measures.

The personal perception during hazardous event®nsidered in this research as an important
aspect in for the final appraisal to hazard, vidbéity and risk regarding debris flow. In the
process of developing perceptions of risk, a perswterstands the hazardous context in which is
living and depending on how he/she interpret thieahwill take actions (or not) to avoid or adapt
him/herself and the circumstances to the threageevironment.

6.2. Risk Perception assesment for debris flow

In this research the knowledge, experience andcpEation of the families to debris flow hazard
are indicators considered to calculate and reptesefinal risk perception in Villa Restrepo.
However, given time constraints, the nine-quesitiverview was carried out just for the head of the
households and it was assumed that this was rejatise of the whole family (although that may
not be the case). These question where carriedinbegrated to the home-basis survey for
vulnerability data collection.
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Table 6.1 Questions Involved with Answerers to evahte risk perception on families in Villa Restrepo.

OF STUDY: VILLA RESTREPO TOWN, COLOMBIA.

Indicator Question involved Answers options Evaluabn
1. Have you experienced a debris No | havent 1
flow event in Villa Restrepo? No but | was informed 2
Yes. | lived this experience 3
2.Given a debris flow who you rely | 544 1
on for protecting your life and savir
belongings? God and myself 2
Only myself 3
Anything 1
Material properties 2
3. In case of a debris flow which logsamily and material
do you consider more important? | properties 3
Experience - Family wellbeing 4
No. | don't think it can
Knowledge occurs 1
4. Do you think that a debris flow cqiXSars 2
take place in Villa Restrepo in? 50 years 3
10 years 4
2 years 5
Yes, with justification. 6
No 1
5. Do you think that your house coylges/Not. Without
be affected by a debris flow?* Justification 2
Yes/No with justification
and matching the hazard
map. 3
6. Are you concerned about he No 1
occurrence of debris flows in this
town? * Yes 2
No activities 1
Attending municipality
7. Do you participate in activities | workshops 2
carried out in order to reduce the [ Attending municipality
risk? activities and proposing
measures to reduce the risk 3
| don’t know 1
Be at home 2
8. Do you know what to do in case p&et out of my place 3
- an emergency triggered by a debrig Follow the instructions
Participation flow? given by the municipality 4
9.Do you know which are the zone§No idea 1
considered as very hazardous due fo
debris flow ? More or less 2
Yes | know 3
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The table 6.1 shows the indicators and the questiohthe potential answers considered in order to
develop a risk perception appraisal. Accordingtétide 6.1 if the evaluation in the question isi$ th
represents a head of household with a low peragepéigarding the indicator evaluated. An answer
of 4 or 5 would mean that the person has a higbeption (see questions and answers developed to
integrate in risk perception). Finally each questiovolved was represented in maps in order to
analyse the spatial distribution of these risk pption factors. Finally the spatial multicriteria
module was used to integrate the indicators ima fisk perception index.

The questions integrated for risk perception anslygre focused to participation and knowledge
factors related to debris flow event. For instaifca person that represent the family in the
interview has not experienced a debris flow everhis town, the study considers this person has a
lower perception regarding a person who has expezit a debris flow event. So each map has a
guestion involved which the answers are represespadially. The next perception indicators
described are analyzed by maps and graphics inr eodbave a wide understanding about the
influence of each factor in debris flow hazard &asl perception

6.3. Experience and knowledge Indicator

This factor comprises the experience and the kragdeof the families as factor to evaluate risk
perception. This indicator was evaluated with siestions (see table 6.1). To illustrate the analysi
carried out in this indicator three questions Wélexplained in this section as follows:

6.3.1. Family experience on debris flow events.

The gquestion (1) was meant to determine if the lfalms experienced a debris flow event in the

town. To evaluate this indicator three categoriepatential answers were considered .The first

when the family had experienced a debris flow dretdfore this experience has increased their
awareness and knowledge. These families then wdwergidered as having a high perception. The

second category is represented by families that mt experienced a debris flow event, mostly

because they are new in the town, but have bedateg about previous events by neighbours,

news or local authorities. In this case the househ@s classified as moderately vulnerable. The

final category corresponds to those families thetehnot experienced debris flows and besides
know anything or very little about them and have Ioeen updated about previous events such as
the ones occurred in 1996, 1998 and 2006.

According to the analysis in figure 6.1 around 90%) of the families in Villa Restrepo have
experienced a debris flow event and therefore #remvledge and perception about the hazard was
found as high. 35 families (15%) have not expeeendebris flow event up to know but they were
informed about the previous events and hence theye wonsidered with a moderate risk
perception. In the last category 8 families wenenfib as no having perception of the risk of debris
flows either because they have not experiencedfthe events or because they have not received
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any information about their occurrence in the pagtrough the interviews it was also found how
these households do not have a clear understamditige hazard itself nor about the level of
damage they can cause.

In Map 6.1 the spatial distribution of families aoding to their perception of risk from debris flow
is presented.

Question involved (1) Have yoJ
experienced a debris flow event in Villa
Restrepo?

97
Famili
S

35

gend

[—No building
= Low Perception
EIModerate Perceplion
mmHigh Perception
Hazard Level
Low Hazard
Moderate hazard
High Hazard

H No No,Butl know HYes

Figure 6.1 Shows the Number of

Map 6.1 Spatial representation of families tha buildings in each category of answers.

have experienced debris flow events.

From figure 6.1 it can be seen how around 60 %heffamilies with high risk perception are
located in a high hazard level. It can be alsocedtihow even in some areas where the hazard from
debris flow was considered as low the families hav@igh perception of the risk they embody.
Finally, and most important, are those families thhare found as newly arrived and without risk
perception living in areas considered prone toiga affected by debris flow (high hazard) such
as two or three families living close to the stream

6.3.2. Family awareness about building susceptibility to debris flow

This indicator assesses the knowledge that famiiiage about the likely impact of debris flow
event on their home and the consequences. Thregotets of answers were evaluated to calculate
a representative indicator.
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The question (5) tries to analyze the perceptiotheffamilies regarding the safety of the building
they inhabit and the possibilities they considet #ndebris flow will affect them. Depending on the
answer this questions can indicate the perceplierhbusehold regarding their own location and
exposure (vulnerability) with respect to the hazand the need to look for safe refuge during this
events (preparedness).

’ Question Involved (5): Do you think tha
A your house could be affected by a debris
flow?
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Map 6.2 Representation risk perception Figure 6.2 Shows the number of building in
according to building affectation awareness | each category of answers

Families that believe that a debris flow event dochuse damage to their residences or not but
provided a logic justification for the answer arebigles it matches the hazard map were considered
as having a high risk perception. The main reasoniged by these families for their perception
about possibilities to be or not affected wereteglavith their closeness or distance from the sver
The families who perceived that their houses camcabe affected by debris flow but did not
provide a justification for their answer were calesed as having a moderate perception. Finally the
last category was assessed to the families whaalichnswer or their response (yes/no) did not
match the hazard map were considered as having gdk perception.

The statistical distribution presented in figur@ 8hows that 53% of the families (73 families)
perceive that their house (and therefore they)beaaffected by a debris flow event and provided a
coherent reason for their answer mostly relatethéoperception of the strength/weakness of the
building (type of materials) or their location witklation to the river. In the other hand 37 %l t
households (51) fall in the category of moderatk derception because they understand that their
buildings can/cannot be affected but did not preagustified reason for their answer. Finally 10 %
of the families (14) were found as having a lownorrisk perception for debris flows for they do

75



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE
OF STUDY: VILLA RESTREPO TOWN, COLOMBIA.

not know if their buildings can be affected by &de flow or not. As mentioned the families in this
category were mostly those that arrived to the ttass than 1 year ago and have a very poor or no
understanding about the magnitude and affectatiah debris flow can cause in Villa Restrepo.
According to map 6.2 two of these families are tedaon areas with high debris flow hazard.

6.3.3. People concern about debris flow events

This indicator is related to the concern that #raify may have with respect to the occurrence of
debris flow in the study area.

Families whose response was affirmative were cens@tlas having a high perception of risk. They
have a high awareness level about the possibifities debris flood to hit the town and they are
sensitized about the hazard. According to figurg this category comprises 78% of the total
number of families in the town.

Families not concern represent 22 % and were casegoas having a low risk perception. .From
map 6.3 it can be seen that 15 of these familiedarated in high hazard areas. The interviews
determine that some of the reasons for their lomcem of these households were that they do not
have expensive possessions or economic assetathbe damaged by a debris flow. Some of them
were also found as renting other people house imgbsuatters.The contrary people who have
money investments or valuables in their dwellirfgs,instance in small shops were found as being
seriously concerned about the occurrence of aslélbw event as they can lose their livelihood and
properties.

‘“\ Question Involved (6):Are you concerned
about the occurrence of a debris flow in this
town?
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6.4. Participation and attention of emergencies

These indicators are represented by the percemtiothe community in the moment that an
emergency related to a debris flow in Villa Restrepn take place .Three factors were incorporated
to calculate a risk perception about participatéord attention of emergency analysis. The first
indicator was considered the activities taken lgyghople to reduce the debris flow risk, the second
the activities taken during an emergency and firthlé debris flow hazard awareness.

6.4.1. Activities taken to reduce the risk

This indicator represents the level of participatid the family in activities or measures carry out
(by themselves or local authorities) to reduce tigate this risk in Villa Restrepo.

The question (7) involved in this analysis seeletaluate the importance that the households
attributes to get involved and become part of ttevisies carried out to reduce the risk and raise
awareness. Activities related with awareness mgisind reduction of risk were workshops by
local authorities in relation to early warning prags, emergency attending and preparedness and
mitigation. All these activities have been carrizgt in order to increase the awareness and
emergency actions..

Question Involved (7):Do you participate in
activities carried out in order to reduce the
risk

B Noactivities

B Atteading
municipalicy
warkshops

Family Activities
[=INo building W AClive
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Hazard Level Lo ”Od e rlSk
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Figure 6.4 Shows the percent of building
in each category of answers.
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People comprised in the category of active paudidim to reduce the risk were considered as
having a high risk perception. According to fig&.€ they were 19 families comprising 16% of the
total households in the town. The survey showettiwest of these families are located in the center
of the town (see Map 6.4).This is a touristic segtere most of the small in house-shops, school,
church, bars and park are located. This groupraflies usually reinforce their buildings, attene th
workshops, early warning actions and participatenmergency activities

The second category of families is considered thts® occasionally attend workshops
programmed by the municipality but are not realynenitted to collaborate with risk reduction
activities in the town. For these reason theseli@snivere considered as having a moderate risk
perception. They were found as comprising 54 %heftiouseholds. These families with moderate
risk perception were found located mostly in higlds flow hazard (see Map 6.4)

Finally the families that do not perform activitiess reduce the risk are considered with low risk
perception and were found comprising 30 % or aradmdamilies. Families who were affected in
the debris flow event of 2006 correspond mostlyh® moderate risk perception category for they
have attended workshops implemented by the mutitgipBor community preparedness and
evacuation.

The information provided by this indicator can beeiul for local authorities as it made evident
areas were more activities and motivation for a&cpearticipation of the community may need to be
implemented. The municipality can easily targetftmailies that do not attend or participate in risk
reduction activities and optimise the use of thafilen scarce, resources.

6.4.2. Actions taken in case of an emergency

The second indicator regarding participation artérgibn of emergencies in the town was the
actions taken by the community in case of an enmengeThe question used in the interview with
the families was: do you know what to do in a aafsgn emergency triggered by a debris flow.

For this indicator four categories were createdoating to the responses given for the families
during the survey (See fig 6.5).

The first category comprises the families that,eoaaebris flow take place, follow the evacuation
routes and know where the safe places are. Thisaite$ also that these families most probably are
active and take part of the awareness raising iskdeduction activities programmed by the local
authorities. These families were considered asihgare and knowledgeable and therefore with a
high risk perception. They comprise 27 % (36) thef total families of Villa Restrepo.
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Question Involved (8): Do you know
ﬂ what to do in a case of an emergency
triggered by a debris flow?
ombeima River ,
Evacua Don’t
tion Know
Route 8% Beat
27% home
23%
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&E:lxmotf Go out
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Evacuation route
Hazard Level
Low Hazard
Moderate hazard
High Hazard
Map 6.5 R ati ¢ action taken b Figure 6.5 Shows the percent df
ap ©.o Representation of action taken bypiiging in each category of answers.
the families in case a debris flow event.

Figure 6.5 shows that 41 % of the families movedaduheir buildings but do not have a clear idea
about the safest routes to take and places whezeattuate. Often people are aware that a debris
flow is approaching because of the sound they meduhile flowing down from the mountain.
However as most of them have not attended theialfficills or workshops for evacuation they do
not know the adequate routes for escaping andt@kst the main road as evacuation route but
without following a plan, making evacuation acie# more difficult to implement. This was found
as the most widespread practice of the peoplella Riestrepo.

According to the interviews there are families tlatnot know what to do in case of an emergency
and other that often prefer to stay at home foy {herceive being safe there. These families were
considered having a Low risk perception. Accordihg community these people have a short
residence in Villa Restrepo and some of them dohawe any knowledge about the occurrence of
debris flows (see map 6.5)

6.4.3. Hazard Awareness

The knowledge of the people regarding where aratéacthe hazard zones in Villa Restrepo was an
indicator to evaluate the risk perception of thaifies in Villa Restrepo.
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Map 6.6 Representation of risk perceptioneach category of answers.

according to family hazard awareness.

Figure 6.6 shows that 29 % of the households hakigla perception because they were able to
spatially locate the most dangerous zones withrdsg the 2006 event. They also identified the
areas where debris flows can cause most damaggnieral it can be said that people who have
lived or experienced a debris flow event can easigntify, locate and differentiate areas with
different level of hazard within the town. 30 % tbhe households were found as having no idea
about the location of hazard zones. Often they afbattend municipality workshops nor attend
preparedness activities. They were assessed lapereeption.

According to map 6.6 the households with high gskception are located on moderate hazard area
(debris flow event with a return period of 50 ygai®ne of the reasons found for their high
perception is because normally these families terge time of residence in Villa Restrepo.

6.5. Final Risk Perception assessment

The spatial multicriteria evaluation was implemente develop a perception assessment as the
same manner was used it in vulnerability assesstiiéaig evaluation was developed to obtain a
final risk perception that represents a family peton level (low-moderate or high).

For this analysis the participation of the familiasworkshops, awareness raising activities and
evacuation drills and other emergency-related gietsywere considered as more important than
actually experiencing the debris flow events. Tassumption was considered logic as during
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interviews it was know that for instance persoret tave a good emergency reaction and is an
active person working in mitigation and reducti@udfa higher risk perception.

During the final weighting process a 0.75 was theeased to participation factor and 25 % to
experience and knowledge factors (factors explagmetanalyzed in previous section).

According to the International Risk Governance @ilun Reen (2006) analyzing risk perception is
important as it can shed light about how people tedsponsibility for managing risks for their
health, emphasizes the importance of understaratidgeacting to risk perceptions

This represents that is more important the firstegary (participation and attention of an
emergency) on perception analysis (See figure 6.8).

e ——————————————————————————————————————————————————————————————
File Edit Mode Analysic Generate VYiew Help
= E et | MW S ® % %o (5 X | m o
Criteria Tree I
4 Perception Final -- Pairwise
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%F 0. 17 Experience in Debris ... [[J] mapabase__1:P_experien
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EgF 0. 17 valoration loss - Std... [[f] mapabase__1:P_import
EgF 0.17 Debris flow occurenc... [[I] mapabase__ 1:P_Occurenc

" 0. 17 Affectation House —... [I]] mapabase__1:P_Houseaff

%F 0.17 Concerned of a debri.. [[] mapabase__1:P_concerne
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EF 0.33 In case of Emergenc... [[I] mapabase__1:P_Activiti

3 0.33 Hazard Knowledge —... [If] mapabase__1:P_location

Figure 6.8. Spatial Multicriteria Evaluation three to Figure 6.9. Distribution of values regarding
calculate final perception map in VillaRestrepo. risk perception in Villa Restrepo.

The figure 6.8. shows the entire factors involveithwheirs weights.A final map was developed
according to the spatial multicriteria evaluatialogess . This map was classified witly@antite
methodvisialization becasue the values that represefitsal perception were distributed on a righ
side of the histogram ( 0.3 — 0.9) and this mettmnutributes to obtain a better visualization about
the values calculated with the SMCE ,see the &g .

The map 6.7 represents the risk final perceptivallby family. As can see according the buildings
pictures integrated into the map 6.7 the type, ttmmdor value of the dwelling is not represented
with the level of risk perception of family.

Besides the figure 6.10 shows that 51 % of famdiesrepresent with high risk perception. Besides
supported with the figure 6.11, 51 % of this familith high perception, 29 families are located on
a high debris flow hazard, 23 in a moderate 17 iova debris flow hazard. As can see these
families with high perception have experienced junes debris flow hazard and other of them are
located on the oldest areas close to the main park.

In the town 18 % families have a low perception &% a moderate perception which are
represented in the map 6.7 and figure 6.11.Be&idamilies with low perception according to the
figure 6.11 are located in a high debris flow. Tehdmiildings should be taken for the local
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authorities as priority buildings in order to impient actions and activities in order to increage th
risk perception. This study implement the risk peton into vulnerability assessment and risk
assessment as will be seeing in the next chapter.

“Combeima River

. [Legend
) Perception_map

Risk Perception Levels

[ 1No buildings

[ High Perception

[C] Moderate perception

B Low Perception
Hazard Level

[ ) Low Hazard

[ |Moderate hazard

[ High Hazard
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ﬂ” -Jsm:--n_mcm ;

Moderate Risk
Perception

Map 6Debris flow Risk Perception in Villa Restrepo.

The map 6.7 shows some buildings in which areadlatith the family risk perception level. So the
pictures represent the level of risk perceptioroatiog to the questions indicators involved in the
study to evaluate the risk perception.

As mentioned although the study area is considaneith a high hazard many people have a low to
moderate risk perception .This reason become thiiéa more vulnerable.
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Figure 6.10. Distribution percentage Figure 6.11.Number of families when is compared ris
of risk perception levels. perception and debris flow hazard level.

The perception analysis developed in this chaesini important indicator for further analysis
related with vulnerability and risk assessment. femilies with a high risk perception will be less
vulnerable and thus with a lower risk level. In #ane way that the vulnerability assessment, the e
risk perception assessment should be used for &aghbrities and planners in activities and rules
implementation in order to reduce and mitigatertblein Villa Restrepo.

For instance the risk perception is a dynamic faetnd could be increased through socials
programs. Different activities could be implementedhe families in order to increase their risk
perception level. Further community activities tethwith risk perception increasing depend on the
local authorities’ needs and the budget to implen@mmunity programs. Relation of Risk
Perception and vulnerability indicators.

The relation between risk perception and some fadtat integrate the vulnerability analysis were
compared in order to understand the influencesif pierception in the study area. In this idea the
vulnerability factors were compared with previoisk perception .The comparison was analyzed in
low, moderate or high relation as shows the figlie.

Relatlon
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relation
Low
relation

D
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R @\ & & e
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Figure 6.12. Relation risk perception compared withrsome vulnerability indicators.

83



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE
OF STUDY: VILLA RESTREPO TOWN, COLOMBIA.

Indicator of vulnerability such as the land owngrsthows a low relation regarding the families
risk perception. The age factor indicator in ViR&strepo represents a high perception in a person
in the study area (see figure 6.12).

Other vulnerability indicator such as the time efidence by the community in Villa Restrepo
shows a moderate relation when is related withpisiception. Although a family with a large time
of residence in Villa Restrepo the risk perceptiexpected should be higher in this case is
moderate. Besides 48 % of the families with morel@fyears in Villa Restrepo have a low
perception, 46 % moderate perception and 7 % lskvpérception.

These outcomes would be considered because thepmeple living in Villa Restrepo (new
generation) have not lived or experienced a ddlovg event .They are representing the families
with low to moderate risk perception. The genddidator has a low risk perception relation. In this
way 40 % of men have low perception and 60 % mddeaisk perception, besides 52 % women
have low risk perception 43 % moderate perception.

The occupation or source income vulnerability iatlic shows that the farmers have a strong
relation regarding the perception level. In thisy@8 % of farmers have high perception and 22 %
a low perception. By other hand 71 % of informabple (many activities) have a low perception.

These results determine that the hazard awarees® lmccupation indicator has a high influence
regarding the risk perception level. When a defiois event occurs the most affected are mainly
the farmer which the loss of land and crops isemfld with economic losses too. For this reason
they are close related with the hazard and undwetsteeir affectation level.
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7. Debris flow risk appraisal

This chapter presents an approach for qualitatine guantitative appraisals to risk of debris flows
at local level in data poor environments. The rigirception calculated on the chapter 6 is
integrated into risk analysis in order to createotgyualitative risk scenarios (with and without risk
perception involved). Besides it provides a calttata and evaluation for quantifying the
consequences of a 50 years return period debns eent in Villa Restrepo

7.1. Qualitative risk analysis

The purpose of risk assessments (or appraisalsg igeneration of knowledge linking specific risk
agents with uncertain but possible consequencesi(2607). The final product of risk assessment
is an estimation of the risk in terms of a probapitlistribution of the modelled consequences
(drawing on either discrete events or continuogs loinctions). A risk appraisal has the objective
of providing the knowledge base for the societalisien on whether or not a risk should be taken
and, if so, how the risk can possibly be reducecbatained.

Figure 7.1 shows how the risk appraisal is a p®dkat bring together all knowledge elements
necessary for risk characterization evaluation madagement. This includes not just the results of
(scientific) risk assessment but also informatidwowa risk perceptions and economic and social
implications of the risk consequences.

Management Sphera: Assessment Sphera:
Decision on & Implementation of Actions Generation of Knowledge

»
Risk Management Risk Appraisal
Implemen tation Risk Assassment
= Opfion Realsation v « Hazard Identification & Estimation
= Manitoring & Cenfrol «E & Vuinerabilifty A -
« Faedbark from Risk MamL. Practics  eed  Communication  dep +Risk Estimation
Cwcision Mm Concam Assesument
= Option identification & Generation » * Risk Perceplions
= OPION A St - Bocial Concems
= Option Evaluation & Section * BoCi-ECOnmIc Impacts
Fy v
Tolerability & Accaptability Judgament
Risk Evaluation Risk Charactersation
= Juaging the Toderability * Risk Proflis
& L e Juagement of the
= Nesd for Risk S derlousness of Risk p—
Fesauction hesmunss = Concusions & Risk
Recuction Cplions

7.1 Risk appraisal function .Taken from IRGC Risk Governance Framework (2008)
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The Risk appraisal in this study comprises thessssent of both the actual risk and the risk that
stakeholders may perceive concerning its socialeaadiomic implications. The first component of

risk appraisal, risk assessment, seeks to link tantial source of harm, a hazard, with likely

conseguences, specifying probabilities of occuedncthe latter.

Taken the concepts of risk and risk appraisal, wugk develops a qualitative debris flow analysis
according to a specific debris flow hazard withketurn period of 50 years which was assimilated to
the events in 1945 and Jun 2006 occurred in VidatRepo.

The final outcome of this analysis it is meant éoused by local authorities to select priority area
for implementing disaster risk reduction measurBise intention of this analysis is provide
municipality authorities a contextualized infornoatiand tools that help them to anticipate the
debris flow impact on their community and moreot@rdevelop an adequate risk management
policies aimed to strengthen the socioeconomi@sdn of the families in order to avoid disastrous
situation in their normal life each time a deblisf takes place.

The qualitative risk analysis is information foretitommunity and the local authorities that are
interested in knowing the spatial location on faesilthat could be badly affected by debris flow
event. To develop the qualitative assessment tmergke equation for risk was considered as
follows: Risk = Hazard * Vulnerability

A matrix was developed in order to calculate aeepntative debris flow risk map that combines
the hazard and vulnerability assessment develapetidpters 4 and 5 (see table 7.1). The matrix
determines that, if for instance, a family foundlas vulnerable is settled in an area with low
hazard therefore they are at low risk from deblosvf However if a highly vulnerable family is
settled in the same low hazard area, the final asdessment assess a moderate risk to it because,
given the family’s high susceptibility to be affedteven small events represent a high risk for
them.

Hazard
Vulnerab. Low Hazard Moderate Hazard High hazard

Low Vulnerab. Low Risk Moderate Risk High Risk

Moderate Vulner. Moderate Risk Moderate Risk

High Vulnerability Moderate Risk

Table 7.1 Final risk Matrix among hazard level andvulnerability to calculate debris flow risk map.
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These categories were applied to combine the hamatdsulnerability maps in ILWIS in order to
generate a map that displays the spatial distdhubf risk. The formulas applied are presented in
Appendix 3.

Map 7.1 shows the distribution of (qualitative)krisategories for Villa Restrepo. The qualitative
assessment determined that 79 families (59%)tatdgh risk from debris flow and therefore can
expericence heavy damage and disruption from theretce of a 50-year return period event. 48
families (33 %) were represented with a moderate Finally 11 families (8%) were assessed with
low risk and therefore may not experience anyasy Yow damage in case of a debris flow with a
return period of 50 years.

Combeima River

LMt s

Mo Buildings

| Low Risk
Modcratc Jish
High Risk
Hazard Level

| Low Hazard
Moderate hazard|

High Hazard

High Risk

Map 7.1 Debris flow risk level of families in VillaRestrepo town. In the left side some buildings wit
their risk level.
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Pictures in Map 7.1 were integrated to give a \isyproach to the risk levels faced by families.
The pictures in the lower left corner show two dimigs whose families belong to diferent
vulernability categories (moderate and low) buirthégh levels of exposure to debris flows make
their risk equally high for a 50-year event.

This information could be used for local authostte develop risk mitigation activities and polices
such as resettlement, retrofitting of buildinggemtion and prevention of emergency and early
warning in order to reduce the risk of the mosisk families.

7.2. Integrating Risk Perception into Vulnerability assesment.

In this step the risk perception factor developedthie chapter 5 was integrated into a risk
qualitative analysis as follows: Vulnerability 2\fulnerability* Risk Perception .The table 7.2
shows the way how the vulnerability 2 is calculatehen is integrated risk perception and
vulnerability. These categories were applied to loim the vulnerability and risk perception maps
in ILWIS in order to generate a map that displdayesgpatial distribution of vulnerability 2 .

Risk
Vulnerab. Perception Low Risk Perception Moderate Risk High Risk
Perception Perception

Low Vulnerab. Low vulnerability2 Moderate vulnerability2| High vulnerability2
Moderate

Moderate Vulner. vulnerability2. Moderate vulnerability2
Moderate

High Vulnerability vulnerability2.

Table 7.2 Final risk Matrix among vulnerability at family and risk perception to calculate
vulnerability2.

In this research the integration of risk percepiitio vulnerability analysis is proposed as during
fieldwork it was found that the knowledge, expecies and participation in awareness raising and
risk reduction activities can decrease the suduiéiptiof the family. In this sense one can argue
that risk perception is part of the capacities e household to deal with the risk derived from
debris flows.

The vulnerability2 analysis was performed moredeeemphasise the importance of activities that
help communities to raise their awareness, use kmeiwledge and experiences to keep high the
alert levels and to encourage both authorities @mmunities to carry out more activities that
actively involve the community and their experienceas this type of research.
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In the map 7.2 buildings with high vulnerabilitytexf integrating the risk perception factor are
represented in red colour. The orange color reptesfamilies with moderate vulnerability and the
green color represents buildings with a low vulbdity. This map symbolizes the level of a famity t
respectively recover, face or deal an event ocouaevith the risk perception involved.

Maps 7.3 and 7.4 show the resulting debris flow hisfore and after integrating the risk perception
factor. The results showed that when is involvell perception the level of risk at family level deto
increase.. So 6 families in the town changed ttiglirlevel from low to moderate and high level when
it was integrated the risk perception.

N

A

Combeima River

gend
FinalVuherahility 2
Mc Buildings
Luw Vulnerabilily2
Moderate Vulnerability2
High Vulnerability2
Hazard Level
| Low Hazard
|Moderate hazard
High Hazard

Map 7.2 Debris flow vulnerability2 (risk perception involved) of families in Villa Restrepo town.

The complementary analysis in figure 7.1 and 7,@wshhow the perception from the families
considering the knowledge ,experience and padiidp activities are influence factor to reduce the
risk status of the families. This is the case aisthfamilies living close to the central park (segps
7.3 and 7.4).

Even though their physical exposure and socioecanoomditions remain the same in the analysis the
fact that several families in the town have notesignced most of the events (knowledge) and
participate in the few preparedness activities (emass) determine that their risk level is high.

Besides if higher the awareness of a family oirttigk situation the more willing they will be take
actions oriented to reduce their vulnerability sastthe two families located in the bottom righthe
map7.4 which changed their status from high to matdedue to risk perception influence..
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The actions taken from the community due theihlpgrception can range from strengthening their
dwelling if they have the economic means to do woaltso for the poorer to look for assistance from
the authorities or to legalise their illegal setient status in order to access to subsidies anddtev
loans. People may also decide to resettle in lazarbdous areas or to have insurances and saviegs th
can use in case of such events.
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Figure 7.2 Shows the number of families in each
risk level. Without perception involved

Map 7.3 Debris flow risk without risk | Map 7.4 Debris flow risk with risk perception
perception involved . involved.
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Figure 7.3 Shows the number of families in eac

risk level with risk perception involved.

=

7.3.

Quantitative Risk Analysis

It is clear that the risk assessment would be meftevant and useful if it is accompanied by
guantitative information such as the number of pesdirectly affected, the economic losses and the
implication, in monetary terms, of evacuation aedovery activities for local authorities when a
debris flow takes place.
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Understanding the economic and societal impactdebfis flow is essential for informed decisions
that address the implications of the occurrenagebfis flows for communities at risk. Documentation
of number of people injured, dead, economic disompiproperty damage, relief and repair costs , and
environmental consequences is part of such an staheling. According to the committee on review
of the national landslide hazards mitigation stggat€2007) loss and risk assessment are essential fo
creating mechanisms for risk avoidance and shanwngjving the public and private sectors through
insurance and evaluating the cost-effectivenegsagfosed interventions for hazard-prone areas.

The quantitative risk analysis presented here at@duthe economic consequences derived from the
occurrence of a debris flow event in Villa Restrelpleally several events need to be included isla r
analysis to determine the possibilities for mulifmose risk reduction measures (protection to séver
return period events) and their cost-benefit amslyamong others. However, due to the scarcity of
information related to the reconstruction of seleedurn period debris flow hazard , this study
evaluates and develops a risk quantitative analgsisne of the most relevant debris flows foundtas
was the 50-year return period event.

As mentioned the risk means the expected numbkvesf lost, persons injured, damage to property
and disruption of economic activity due to a partc natural phenomenon, and consequently the

product of vulnerability, cost of elements at réstd probability of occurrence of event.

To calculate the specific annual risk the followagpression was used:

[ Specific Annual Risk= Annual probability * Vulnerability * Cost ]

In this formula the elements to calculate the dfreannual risk express:

Annual probability: The probability that an event will occur withinespecific year. In this case it
means the probability that a debris flow event veitheturn period of 50 years will occur in a given
year. The final value used in the equation is:Ql£®.02

Vulnerability = The level of susceptibility of the element undgaluation with respect to the hazard
expected. In this case the vulnerability elemealwated were the buildings according to the strattu
factor analysis in Section 5.3.

Cost = Cost of the element under analysis. The curreatyais used the value of the houses and
buildings for 2008 (expressed in Colombian Pesos).

7.3.1. Buildings cost

The analysis of the buildings cost was carriediouhis research in order to integrate it into $fiec
annual risk estimation. The real cost about thddimgs and facilities was acquired through open
meetings with leaders and local authorities.

The factors to evaluate the cost with respect ehhildings were: socioeconomic level, land use,
materials and distance to main road (see picturksvisual representation cost of buildings in ¥ill
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Restrepo). The cost of the building was not reqeeduring the survey as it was found that this is a
sensitive issue for households, as they may tlalstirvey is related with tax collection activities

A Freguency Distribution
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Figure 7.4 Frequency distribution cost building
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Map 7.5 Cost of building in pesos miles with level of hazd.

In map 7.5 buildings in blue dark color represérase high cost (121 — 200 millions of pesos). Light
green color represents buildings with lowest c@siss than 30 million). The differences in cost and
type of building can be better appreciate in Pl
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Picture 7.1 Show some buildings regarding their cost levaccording
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7.3.2. Final specific annual risk map analysis

Regarding buildings, the specific annual risk ild/Restrepo represents the loss expected in care ye
in case that an event with a specific return peoib80 years take place.

The histogram (figure 7.4) displays the frequenistrithution of the expected damage in monetary
terms per building. It shows that most of the ecoitdosses per building/household are between 1 to
3 millions of Colombian pesos (2.1 to 6.5 minimuranthly wages in 2008).

Map 7.6 displays the spatial distribution of builglilosses for a 50-year return period debris flow i
Villa Restrepo.

From figure 7.5 it can be seen that the annual amofilosses from buildings in high risk areas
(expected in 2008) amounted 114,20 millions of pe3de buildings located in a moderate hazard
represent annual economic losses of 123, 6 millafngesos. Finally the buildings located in a low
debris flow hazard represent annual economic loss84,5 millions of Colombian pesos (See figure
7.5).

ombeima River 123,6

LdLow L Moderate M High 35

Figure 7.5 Annual economic risk loss of the
buildings according to hazard level.”
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Figure 7.6  Histogram of distribution
Map 7.6 Annual economic loss by building represented| according to the annual cost loss.
in millions pesos by a 50 year return period.
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7.4. Elements in Risk

As previously explained an element is consideredstwhen is exposed to damage or loss by the
occurrence of a natural hazard, in this case ddlmgs. The elements at risk considered in this
analysis were buildings, bridges, facilities, and population from Villa Restrepo. Essential faieit
were classified herein as those buildings and atesiscould be functional for the population when a
debris flow event could occur (i.e hospitals, sdepmwn hall etc). Lifeline utilities such as eiécity

and telecommunication distribution networks wesmalonsidered as elements at risk.

7.4.1. Risk analysis according to distribution of population.

For this analysis the distribution of individuatsVilla Restrepo depending on the time of the dag w
taken into consideration. The presence of peopgediven building depends on the activities ofrthei
normal life carried out during day or night times Aas been mentioned Villa Restrepo has becoming a
touristic spot for the people in Ibague; thereforany activities are located in the center of thento

In addition the affluence of people changes dependn the day of the week and during the day with
more people coming during the weekends and day (Se® map 7.7).

Normally during daytime people can be found in dnsllops, butcher, commercial houses,
recreational areas, library, school, municipalityl dhe church. These buildings are located in lgh
moderate risk level (see map 7.4). The buildingth wrow color in the map 7.7 and 7.8 represent
buildings with a high population (> of 6 individsaland the blue color represent buildings with only
one individual in the nigh or day time.
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Map 7.7 Distribution of population day time Map 7.8 Distribution of population night time

The buildings on day time and located within a high level contain most of the individuals with 2
3 and more than six people .The buildings on nigte tand located within a high risk level contain
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mostly groups of 1, 2, an 3 individuals as showmMiap 7.8. From these maps it can be seen how
during day time the number of people in high hazaed is higher than during night time.

7.4.2. Lifeline Utilities

The utility lines in this study are the electrigald telecommunication distribution networks. Inl&/il
Restrepo 27 low electrical stations were found tiedavithin a high hazard level and 18 in a moderate
hazard (see green color points in the map 7.9).

The map 7.9 shows three high voltage electricédities for the town in a high hazard level and 4 in
moderate hazard. Finally with respect to the comication lines ( telephone and television) 7 are
located in a high hazard and 6 in a moderate hazard

7.4.3. Essential Facilities

From the risk of disaster point of view essentatdilities are buildings and other structures that a
intended to remain operational in the event of @rE events such as debris flow. They include
hospitals, schools, health care centers, polioe biiigades etc that should offer services as enesg
response, medical care and shelter.

The map 7.10 shows the location of the essentdlitfes in Villa Restrepo town. Seven facilities
were identified. The table 7.2 shows the esseffdicilities with respect to their risk level. Three
facilities are located in a high risk level and fan moderate risk level. This analysis should be
considered for municipal planning in order to applyigation and risk reduction measures that ensure
that after an event such as the 50-year returiogheiébris flow these facilities continue providithgy
more needed services to the affected community.
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Map 7.9 Lifelines in Villa Restrepo. Map 7.10 . Essential facilities in Villa Restrepo.
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Others essential facilities identified in the toware the main bridges located on the main roady The
according to the hazard map are directly affedtedcur a debris flow event. The affectation ofsthe
bridges could affect the economy of the town arsgfugition of other important activities such as
tourism; fulfil food requirements and transportatio or from Ibague — Villa Restrepo.

It is recommended that the essential facilitiegeha good condition in order to resist a debrisvflo

event. The investment in restructuration and resgment of the facilities should be an achievement
and commitment for local authorities.

Essential Elements| Risk Level
Municipality Moderate
Church High
Park Moderate
School 1 High
School 2 Moderate
Hospital High
Library Moderate

Table 7.3 Hazard level of the essential elements
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8. RiIsk Reduction Scenarios

In this chapter the influence of local adaption aegies for managing the risk of debris flow is
evaluated. A brief description about the role afdbadaptation in risk management and assessment is
given. The next procedure was to develop and caenjislit reduction scenarios

8.1. Local adaptation capacity

The local adaptation is considered as other fabimir may influence the risk from natural events. In
hazard prone areas it has been found that commesititive the ability to adapt certain aspects af the
life in order to deal and face the hazard. The tifleation of local coping mechanism or local
adaptation activities should be integrated intoetrid flow risk management as a mechanism of
mitigation in the risk reduction process.

Nevertheless, as Peters Guarin (2008) pointed outalh the coping mechanisms have the aim to
reduce the impact about a possible hazard, inddeatk copies strategies may increase the threat
posed by a hazard and lead to further marginadimatind impoverishment. Adaptation activities
should especially reduce the wvulnerability of thememunities at risk by improving their
socioeconomic conditions or otherwise modifying theeat form the natural event. According to
United Nations into the Third Assessment Repd@timate Change 2001(2008) many adaptation
strategies could provide multiple benefits in treamand longer terms. Enhancement of adaptive
capacity reduces the vulnerability of sectors amgions, including variability and extremes, and
thereby promotes sustainable development and equity

Although the terminology of local adaptation capats considered in the global literature into Git@
chance, this research considers local adaptatipacityg as the local activities carry out for the
community to cope and to deal with the debris fleazard and reducing their vulnerability status in
the medium to long term. For this reason local atagn capacities, risk reduction activities or icmp
mechanism are considered as activities that areedasut for the community in long or medium term
in order to reduce their risk level.

8.2. Local adaptation assessment

A comprehensive and integrated analysis and ideatiibn of local adaptation activities was evaldate
in this study in order to determine if certain @itiés carried out for the community are the most
appropriate and could be implemented as good #etivior risk mitigation or reduction. In this
consideration activities carried out for the fapsliof Villa Restrepo are analyzed and evaluatgzhes

of risk scenarios. The information to develop thisalysis was collected through the home-basis
survey carried out in the town. During interviewse tpeople was asked about the adaptation or
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reductions activities they perform based on theiovidedge and previous experiences with debris
flows. About 30 % of the families in the town wef@und as having implemented activities of
adaptation in order to reduce or manage the rigk (Sble 8.1).

Adaptation activity Benefit period Risk Perception level Number of
buildings
Dwelling Reinforce structure During event Moderate level 7
Preparedness and Early | Before — During — High - Moderate 29
Warning After event
Home Insurance After event Moderate 6

Table 8.1 Shows the local adaptation activities indentifétin the study area.

Families that have implemented risk reduction #@is are associated with a high and moderate level
perception. It explains again why the risk pera@pthould be a factor integrated into the procéss o
risk analysis and moreover reduction and management

The activities identified as implemented for riglduction were: reinforcement of dwelling structure,
attending and following preparedness and early iwgrmactivities and home insurance. The
Preparedness and early warning activities areegblat the actions carried out for families in ortier
attend an emergency or increase their preparedmessvareness to face the hazard. The home
insurance activity is a transfer of the risk ofdpand should be promoted as a small inversion that
prevents a large, possibly devastating loss (d#e84.). This is the most expensive adaptatiorviagti

for the community and for this reason is a limiteduction activity taken by the families.

8.3. Risk debris flow scenarios.

A scenario is a statement of assumptions aboutofferation environment (driving force) of a
particular system at a given time, it describes thecision and uncontrollable variables and
parameters for a specific modelling situation (8h&008). Risk scenarios assist the decision-mgki
process in identifying an appropriate reductionvitgtaccording their budget and requirements.

In this order of ideas the risk scenarios in thiglg are aimed to provide planners and local aittesr
with new entrance points for analysing and makiagiglons about debris flow risk reduction. Three
debris flow risk scenarios were developed in tleisearch with the objectives of highlight different
strategies that can be taken for reducing futusk (what happen if?) and create new knowledge
related with debris flow risk reduction and managatn

Table 8.2 provides an insight into the adaptatictiviies analysed into each risk scenario. It ban
seen how each activity target specific factors Whiodification can decrease the structural, physica
(exposure) and economic vulnerability status offélmeilies to debris flow. The reasoning is th&oif
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instance a building is insured, five vulnerabiligctors would be modified and therefore the overall

vulnerability could be changed to lower levels afnerability and in this way the risk level will be
changed.

Vulnerability Indicator Vulnerability Risk Scenario

Adaptation Activity Involved Factor class Number
1. House Type Structural Risk Scenario 1
Dwelling Reinforce structure
Family Size Socioeconomic

Members of the family
in vulnerable age groups
2. ratio

Preparedness and Early Warning

Socioeconomic

Risk Scenario 2

Time of residence Socioeconomic

Distance with respect to th¢  Evacuation

main road

Occupation Socioeconomic
3. Income dependency Socioeconomic

House Insurance Family income Socioeconomic | Risk Scenario 3

Land ownership Socioeconomic

House type Physical

Table 8.2 Shows each adaptation activity evaluated withespect to its vulnerability indicators involved.
Besides each adaptation is related with specific riskcenarios.

Qualitative risk scenarios (hazard x vulnerabilityere calculated by using the hazard and
vulnerability data developed in previous chapténsfigure 8.1 the evaluation criteria of the risk
reduction scenarios (alternatives) is presentedhil case three alternatives were developed which
propose risk reduction scenarios related to theptatlan activities identified before. The risk
scenarios are developed in the module of spatidii-eriteria evaluation (SMCE) module in ILWIS
within the option ofalternatives(see figure 8.1).
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The procedure to calculate the risk scenarios viadth a similar approach with respect to the
vulnerability and perception assessment.

Figure 8.2 shows one of the standardization metlisésl during the base vulnerability analysis (in
chapter 5). As explained In this case high valueth&f indicator implies the families are more
vulnerable. Figure 8.3 presents the adaptation uneassed to remove the vulnerability indicators to
calculate the reduction risk scenarios. In thisscagoal of no vulnerability (0) is kept and theref
the line designating vulnerability remains flat. eThed arrows in both cases show the different
methods chosen (Benefits, Goal) to include theyaisbf adaptation strategies into risk scenarios

Figure 8.2 Standardization of vulnerability Figure 8.3 Standardization of vulnerability
indicators for the base analysis. indicators for the three risk scenarios

The maps 8.2, 8.3 and 8.4 represent the risk dosnafter implementing the local adaptation
activities identified.

The second risk reduction scenario integrates Pedpass and early warning activities, which was
found as the most widespread action taken inside dbmmunity. Because the lower cost of
implementation, this is the activity of reductioroma applied by the authorities in the town after th

event of Jun 2006 (see map 6.4). Map 8.3 showsph#al distribution of risk once this activity has

been fully implemented within the community. Inghvay 3 families changed their risk statues from
moderate to low and 1 family from high to mode@geshows the figure 8.4 and 8.6.

The third scenario is related to house insurancadagptation activity or action taken by the faniily
order to decrease their vulnerability. Map 8.4 éigdre 8.7 compared with map 8.1 and figure 8.4
show that this strategy is the most appropriateifgrlementation because more families will be
benefited. In this strategy is encouraged ninelfagwill change their risk level from moderatelda
risk status. Besides one family will change it& tevel from high to moderate risk level.

This risk reduction scenario represents for thall@uthorities and planner the best mitigation or
reduction activity to decrease the risk in the camity. Nevertheless even if this scenario conggut
the most appropriate mitigation measure, it is sg@gy carry out a cost- benefit analyses that takes
into consideration the building type, income of thmily, ownership status and moreover that takes
into consideration the willingness of insurance pamies to design schemes for this type of events
and to the level of involvement and economic supfsubsidies) required from the municipality.

100



COMMUNITY BASED DEBRIS FLOW RISK APPRAISAL FOR LOCARISK MANAGEMENT. CASE OF
STUDY: VILLA RESTREPO TOWN, COLOMBIA.

Scenario Base Scenario 1: Reinforce Building.

Combeima River

Map 8.1. Qualitative base debris flow risk. Map 8.2. Qualitative debris flow risk scenario
1.
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Figure 8.4. Number of families by risk level.
Figure 8.5. Number of families by risk level.

Scenario 2 : Preparedness and early warning Scenario 3: Home Insurance

Map 8.3. Qualitative debris flow risk scenario 2. | Map 8.4. Qualitative debris flow risk scenario
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Figure 8.6. Number of families by risk level. Figure 8.7 Number of families by risk level
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9. Conclusions and Recomendations

9.1. Conclusions

Debris flow hazard Assessment.

The people of Villa Restrepo have experienced twents that can be considered as ‘extremes’ being
them the 1945 and 2006 debris flows. These eveaus hffected them in economic, social, physical
and emotional terms but have also determined thelolgment of a type of local knowledge that
relates the occurrence of natural hazards and @'sdpthaviour, experiences and perceptions of risk.

-Communities in hazard-prone areas are knowledgeablsome of the main characteristics of
hazardous events. In the study area people wast@hdeovide descriptions of debris flows which
included differences patterns and behaviour depgndin the magnitude and intensity and level of
affectation with regards to theirs buildings.

- Rainfall plays an important roll in debris flove@urrence. In this research historical rainfalledats
used to indentify two main return periods: oncergb@o years and every 50 years.

-During data collection the community were activelygaged with maps, surveys, pictures, transect
walks and meetings to identify, analyse and mortiterprocess of hazard assessment and analysis.

Vulnerability assessment

- Social, economic, structural and evacuation & thmilies were parameters used to develop a
vulnerability assessment.

-From interviews and direct observations it carcbecluded that physical aspects of the buildings ar
strongly related with social and economic statuthethouse holds living in it.

-CyberTracker software integrated with PDA and GiP&e fieldwork phase demonstrated to be an
efficient way to collect large quantities of datequired developing the vulnerability and risk
perception assessment. Community leaders and $tudérfiorestry engineering did not experience
problems using these technologies. The CyberTraaglication enables easier collection of data and
decreased the errors encountered while enterindatsewith respect to paper-based collection ad.dat

-The vulnerability assessment for families in ViR&strepo was possible with the spatial multidater
evaluation .The use of Spatial Multicriteria evdiom for vulnerability assessment facilitated the

understanding of people’s priorities and provides r@owledge related to community risk.

Risk perception
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-The questions integrated for risk perception asialyere focused on participation, knowledge and
behaviour of people before, during and after theuaence of debris flow. These aspects were found
important for determining the output of debris flband are often ignored in risk assessments.

- The direct experience of debris flows along timmas found as determining the level or risk
perception. People who have lived in the town aadehbeen confronted with several events were
found as having higher risk perception that thdsat have just arrived to the city or have not
experienced high magnitude events.

-Although many people have been affected by sedefalis flow events and have a high perception of
risk they do not have other alternative that camditiving in Villa Restrepo as moving to other mac
would decrease their livelihood and change thfsrdiyle.

- The risk perception was found as influencing #daptation activities taken by community.
Households that were found as highly aware of maabe and disruption that debris flow can create
were more willing and determined to take local ddtpn strategies to reduce or eliminate the risk
level.

-Risk perceptions belong to the contextual asptbetisrisk managers need to consider when deciding
whether or not a risk should be taken as well asnadesigning risk reduction measures.

Risk Appraisal and Scenarios of Risk reduction.

-The intention of the risk appraisal is provide neipality authorities with contextualized informeauti
and tools that help them to anticipate the dellois fmpact on their community. Moreover they can
help to develop adequate risk management polignesdato strengthen the socioeconomic situation of
the families

-A quantitative risk analysis improves the riskesssnent in order to know the affectation of differe
vital elements, buildings and infrastructure placetfilla Restrepo.

-The qualitative debris flow reduction risk sceparimprove the capacity of thinking for plannershwi
regards to mitigation activities implementation.

-Several analyses could be developed with theseisddlow risk scenarios depending on the
requirements of the local authorities and planners.

-Finally debris flow risk scenarios alternativespiove the entrance points to risk reduction for
planners as they allow more discussion about th@eimentation of mitigation and risk reduction
activities.

-Risk scenarios are spatial planning support infdiom that can help to foresee the consequences of
implementing or not adaptation measures in the town
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9.2. Contributions and Recommendations

- The approach can be undertake in other towns i€tmbeima valley with data scarcity problems
such as Pico de Oro, Pastales, Juntas and LLanitos.

- The issues of this work should be shared withhalgovernment authorities of Ibague municipality
in order to motivate them to carry out spatial mfiation risk analysis.

-The mapping and reconstruction of debris flow éwveperformed in this research illustrate the
potential of the combined use of local knowledge experiences and geospatial analysis and methods
to bridge this information gap. Besides as dematesdr this research the combination of local
knowledge and technical resources can support ra jwork on process of debris flow hazard
identification and analysis.

-The combination of methodologies used in the aaghdollowed in this study provides new ideas for
tackling two old problems at local or community éévack of data and the needs for detailed hazard
assessments, for further mitigation and preverdfgerogrammes.

-In order to develop a better and accurate delmig fiazard assessment in the study area is negessar
include other source of information to this anaysich as elevation contours at detail scale angem
satellite such as Ikonos at acceptable resol(tioh mts).

-The debris flow appraisal proposed in this redeatwuld help both the communities and the local
and municipal authorities looking to improve thésk management and planning measures.

-The vulnerability analysis for buildings and faied can be used as valuable information for local
authorities and planners to asses and design @®lioid activities related to preparedness, awaenes
and mitigation activities.

- Processes of information sharing between locadroanity and authorities of Villa Restrepo have the
capacity to increase their knowledge, improve thiik perception and increase their awareness
related to debris flow hazard.

-Ccommunity knowledge was found to havénae sparand therefore should be collected after every
event. The experiences from specific events can disappitia time or the occurrence of new events.
Therefore it is necessary implement mechanism asakiorkshops and home basis survey just when a
debris flow event has occurred that allow collegtihe information and experiences of the people and
converting them into useful data for the municiyali

-Although a final debris flow vulnerability analgswas developed, local authorities and planners
should analyze separately vulnerability indicator®rder to design adequate measures to deal with
each factor, according to their requirements.

-Debris flow risk scenarios with local adaptatiootidties integration would be more relevant
information if it is carried out with a cost andnigdits analysis.
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-In the research the concept of local adaptatios used to confirm that the community has the
capacity to adjust to certain hazardous circumstaticrough strategies and actions that modify their
risk environment either by managing the hazardearehsing their vulnerable circumstances.

-One of the challenges of using community-basedagmies for vulnerability analysis is to express
this information in spatial terms. Moving beyonde ttanalysis of individuals cases to more
representatives scales, such as the building lesegne of the difficulties faced by researches,
authorities and other actors , particularly whesnaary few data at hand.
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Appendices

Appendix 1: Home basis questionnaire

The follow survey was integrated into CyberTracs@ftware and then incorporated to PDA (Compagq

Ipaq) in order to collect the required data:

Name of Interviewer.
Elements at Risk
Inventory

Place: Villa Restrepo

Zona (canton) :

Block:

Plot id:

Number of Families in
dwelling:

Phisical Inventory:

Construction Type: Function: Floors Dwelling
House Residential 1 0 - 5 years
Building Business shop 2 5-10 years
Installation Government 3 or more 10 - 20 years
Hut Education Basement 20 - 30 years
Church Health 30 - 50 years
> 50 years
Materials
Roof walls Fences Height /street
Mud tiles Brick - Concrete yes: height >10cm
Absbest sheet Concrete - wood no 10-30cm
Iron Sheet wood 30 -50 cm
Concrete Prefabricated 50 - 70 cm
other others >70cm
Socio- economic
Member of family

In come Dependency in vulnerable
Occupation Ratio Family Size groups
Small shopinhouse| 1to1l Less than 3 < 13 andyeB#s
Farmer 2or3tol 4106 13to 17 years ald
Employee 4t01 6 people 18 to 54 years old
House work 5ormoreto 1
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Time of residence Family Income Family Transport Pecel:

Less 1 year Less than 1 daily wage car Ownership

1-5year 1-3 minimum daily wageMoto Rented

More 5 years >3 daily wages bus lllegal
Anything

Where do you attend your health care?

Debris flow Events knowledge:

1996 Damage 1998 Damage 2006 Damage

Height event Height event Height event

No remember No remember No remember

yes: High cm yes: High cm yes: High cm

Event Affectation: Event Affectation: Event Affetitan:

Damage General: Damage: Damage:

Health Health Health

Inside Goods Inside Goods Inside Goods

Daily Incomes

Daily Incomes

Daily Incomes

Structural Dwelling

Structural dwelling

Structuivelling

Moder/Low/Very Low

/Moder/Low/Very Low

other other other

Anything Anything Anything

The Impact was: The Impact was: The Impact was:
Very High/High/ Very High/High VeryHigh/High

/Moder/Low/Very Low

Damage by Impact:

Damage by Impact:

Damage by linpac

The Acumulation was :

The Acumulation was :

The Acmulation was :

Very
High/High/Moder/Low/Very
Low

Very
High/High/Moder/Low/Very
Low

Very High/High/Moder/
Low/Very Low

Damage by Acumulation:

Damage by Acumulation:

Dagntayg Acumulation:

Adaption activities:

Dwelling Reinforce structure

Dwelling Reinforceustture

Dwelling Reinforce structure

Preparedness Preparedness Preparedness

Fences building, Obstacules Fences building Felmaitding
Financial Government

Financial Government support Financial Governmappsrt | support

Insurement Insurement Insurement

Indicator |Question involved

| Answers options




Questionnaire of Risk Perception :

No | havent

1.Have you experienced a debris flow
event in Villa Restrepo?

No but | was informed

Yes. | lived this experience

God

2.Given a debris flow who you rely

God and myself

on for protecting your life and saving your
belongings?

Only myself

Experience
and

Anything

3. In case of a debris flow which loss do you
consider more important?

Material properties

Family and material properties

]

Family wellbeing

Knowledge

No. | don’t think it occurs

4. Do you think that a debris flow could occur i 100 years
Villa Restrepo in? 50 years
10 years
whatever time ( with
justification)
5. Do you think that your Not answer
No or Yes. Without
house could be affected by Justification

a debris flow?*

No or Yes. With Justification

6.Are you concerned about No

the occurrence of debris flows in this town? * sYe
No activities
Attending municipality
workshops

7. Activities taken in order to

reduce the risk*

Attending municipality
activities and participate in ow
proposals to reduce the risk

Participation
and
attention of

emergercy

| don’t know

8.Do you know what to do

Be at home

in case of an emergency triggered by a debris 1
?

Go out of my home

Take the evacuation route or
to secure zones

Follow the instructions given
by the municipality

JO

9.Do you know where the

No idea

high debris

More or less

flow hazard zones are located?*

Yes | know
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Appendix 2: Criteria used for debris flow hazard classification in ISV

ﬂf Intensity = Low and _Magnitude Low then Low’
If Intensity = Low and _Magnitude Moderate then "Moderate

If Intensity = Low and _Magnitude High then High’

If  Intensity = Moderate and _Magnitudee Low then Moderate

If Intensity = Moderate and _Magnitude on Moderate then Moderate’

If  Intensity = Moderate and _Magnitude High then High~

If Intensity = High and _Magnitude Low then "High~

If Intensity = High and _Magnitude s Moderate then "High~

Qf Intensity = High and _Magnitude Low then "High”~ /

Appendix 3: Criteria used for debris flow hazard classification ilMIS to calculate debris flow risk map.

Hazard= Low and _Vulnerabilit- Moderate then "Moderate
Hazard= Low and _Vulnerability High t hen Moderate

If Hazard= Moderate and _Vulnerability=- Low then Moderate

If Hazard= Moderate and _Vulnerabilitx Moderate then Moderate’

If Hazard= Moderate and _Vulnerability= High then "High~

If Hazard= High and _Vulnerabilitr Low then "High~

If Hazard= High and _Vulnerabilit- Moderate then "High ~

If Hazard= High and _Vulnerabilitz Low then ‘Moderate /

ﬂf Hazard = Low and _Vulnerabilit= Low then Low’ \
If
If




