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Abstract

In the last decade, more emphasis is given on the human aspect of early warning or the attribute of
“people-centered” early warning systems. This study seeks to better understand the specific
conditions that shape people’s vulnerability in relation to their tsunami early warning response
capability. The study lays emphasis on the bottlenecks within social conditions, issues of perception,
and their linkages with urban evacuation spatial and infrastructure requirements. The study is based

on an in-depth case study of the coastal city of Padang, Indonesia.

Founded on literature study on vulnerability and early warning concepts, a conceptual study was
developed. Here, vulnerability was defined as “the conditions which influence the level of exposure
and capability of people to respond to the warning and conduct appropriate evacuation, and in the
long term, to change those conditions and enhance their response capability”. The study is
composed of three main assessment blocks: i) current spatial hotspots and bottlenecks within social
conditions assessments; ii) assessment of perception issues related with on-going or planned
interventions; and iii) assessment of urban planning’s role and influence on vulnerability and
people’s response capability. The first assessment block consists of spatial and temporal distribution
of various social groups in the exposed areas (dynamic exposure); their access to safe places; their
access to warning; and their evacuation behaviour. The second assessment block examines various
cognitive factors connected with objective knowledge as well as socio-psychological factors
pertaining to vulnerability reduction. These are intention to evacuate (reactive action) and intention
to support improvement of evacuation infrastructure and facilities (proactive action). Moreover,
perceptions connected with challenges of possible relocation as well as overall tsunami preparedness
are explored. The third assessment block explores the urban planning’s role and interventions linked
with various response capability components. In order to assess different thematic areas, an
interdisciplinary approach is required, using engineering and social behavioural sciences approaches.
Therefore, the combination of qualitative and quantitative data collection and analysis methods is

used.

The results show that Padang’s current response capability varies according to its spatial and
infrastructure setting as well as people’s socio-economic characteristics. Evacuation facilities and
infrastructure were still lacking and their utilization was influenced by social conditions of the people.
This implied a significant role for urban planning which needs to take into account various social
groups” specific needs while incorporating the importance of strategic risk communication within
various interventions. The assessment needs to be integrated in the overall urban planning process
and may provide guidance in finding the balance between long-term exposure reduction in

dangerous areas and additional protection measures for mass evacuation.



Zusammenfassung

Im letzten Jahrzehnt wurde der Schwerpunkt im Bereich ,Frihwarnsysteme” zunehmend auf die
menschliche Komponente der Frihwarnung im Sinne von "Menschen-zentrierten" Frihwarn-
systemen gelegt. Im Rahmen dieser Dissertation werden die Bedingungen analysiert, die die
Verwundbarkeit der Menschen gemessen an ihrer Reaktionsfahigkeit auf Tsunami-Frihwarnungen
bestimmen. Die Studie berlicksichtigt dabei Unterschiede in den sozialen Bedingungen, Fragen der
Wahrnehmung, und verknipft diese mit den stadtischen rdaumlichen und infrastrukturellen
Anforderungen der Evakuierung. Die Studie wurde in der Kistenstadt Padang, Indonesien,

durchgefihrt.

Basierend auf einer Literaturanalyse bestehender Verwundbarkeits- und Frilhwarnungskonzepte
wurde ein Rahmenkonzept entwickelt. Hierbei wurde die Verwundbarkeit definiert als "die
Bedingungen, welche zum einen die Exposition der Menschen und zum anderen deren Fahigkeit
beeinflussen, auf die Warnung zu reagieren und an einer Evakuierung teilzunehmen, und auf lange
Sicht, diese Bedingungen zu andern und ihre Reaktionsfahigkeit zu verbessern". Bei der Umsetzung
wurden drei Untersuchungsbereiche unterschieden: i) die Einschatzung der aktuellen raumliche
Engpdsse und unzureichende soziale Bedingungen i) die Analyse der Wahrnehmung in Bezug auf die
laufenden oder geplanten MalRnahmen, und iii) die Bewertung der Rolle und des Einflusses der
Stadtplanung auf die Verwundbarkeit und Reaktionsfahigkeit der Menschen. Der erste Bereich
bestand aus der raumlichen und zeitlichen Verteilung der sozialen Gruppen in den exponierten
Gebieten (dynamische Exposition), deren Zugang zu sicheren Orten, deren Zugang zu
Warnmeldungen, und deren Evakuierungsverhalten. Der zweite Bereich untersuchte den Einfluss
verschiedener kognitiver Faktoren, insbesondere objektiven Wissens sowie sozio-psychologischer
Faktoren, auf die Evakuierung (reaktives Handeln) und die Verbesserung der notwendigen
Infrastruktur und Einrichtungen (proaktives Handeln). Die Wahrnehmung einer moglichen
Umsiedlung und die Tsunamivorsorge wurde ebenfalls ermittelt. Der dritte Bereich untersuchte die
Rolle der Stadtplanung in den tatsdchlichen Interventionen in Bezug auf die verschiedenen
Komponenten. Um die einzelnen Themenbereiche auszuwerten, wurde ein interdisziplindrer Ansatz
verfolgt. Dazu wurden Ansatze aus der Technik, den Sozial- und Verhaltenswissenschaften verwendet

und qualitative sowie quantitative Datenerhebungs- und Analysemethoden kombiniert.

Die Ergebnisse zeigten, dass die aktuelle Reaktionsfdhigkeit der Menschen in Padang von den
raumlichen und infrastrukturellen sowie den sozio6konomischen Gegebenheiten abhdngig ist.
Einrichtungen und Infrastruktur zur Evakuierung fehlen und zudem wird ihre tatsdchliche Nutzung
von sozialen Bedingungen beeinflusst. Dabei zeigt sich die bedeutende Rolle der Stadtplanung, die
die spezifischen Bedirfnisse der verschiedenen sozialen Gruppen in ihrer Planung beriicksichtigen
und dementsprechend ihre Risikokommunikation strategisch ausrichten sollte. Diese Einschatzung
sollte in alle Stadtplanungsprozesse integriert werden. Zusatzlich kénnen dadurch Abwagungen im
Hinblick auf eine Balance zwischen langfristiger Reduzierung der Exposition und Bereitstellung

zusatzlicher SchutzmalRRnahmen fiir eine Evakuierung ermdoglicht werden.



Dedicated to: people of Padang city

“..everybody (should) knows, being prepared is a command from God. That is indeed in God’s hand,
when disaster would happen, but we need to be in alert, do our best to save ourselves. Do not do

suicide, we have to struggle...”

(Non-structured interview with a community religious leader, Padang, 2009)
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1 Introduction

1.1 Background

Coastal areas are among the vulnerable locations identified in light of global environmental change.
Rapid urbanization in the coastal areas is likely to increase their disaster susceptibility in view of the
growing populations in coastal cities that are particularly vulnerable to sea-level rise, tsunamis and
other hazards (Klein 2002). During the 20th century, coastal populations grew rapidly around the
globe due to economic opportunities and environmental amenities in the coastal zones, thus putting
unprecedented pressure on the economic development that led to the development of a variety of
important economic activities in coastal zones (Klein, Nicholls and Thomalla 2003; Klein 2002; Turner,
Subak and Adger 1996; Post and Lundin 1996). Low Elevation Coastal Zones (LECZ), the continuous
areas along coastlines with an elevation of less than 10 metres above sea level, represent 2% of the
world’s land area but contains 10% of its total population and 13% of its urban population
(McGranahan, Balk and Anderson 2007). Low-lying coastal areas have been identified as areas with
the largest number of people concentrations (Small and Cohen 1999). Nicholls and Small (2002)
estimated the population in the areas within 100 meters elevation and 100 kilometres distance of
the coast in 1990 at 1.2 billion or 23% of the world’s population. Thus, these areas are very prone to

coastal hazards.

Establishing early warning systems is one of the important measures to reduce vulnerability and risk
by providing information that will enhance the disaster preparedness of the people and elements at
risk. It was almost a decade ago when the devastating event of major earthquake and tsunami in the
Indian Ocean Tsunami in December 2004 occurred. This event drew a strong international attention
to and concern of existing tsunami hazard and importance of tsunami early warning system for the
region. The Hyogo World Conference on Disaster Reduction took place in 2005 and called for the
establishment of an effective and durable tsunami early warning system for the Indian Ocean. From
then on, more emphasis has been given to the people at risk and their capability to take actions to
reduce their risks to such hazard events. The ,people-centered” early warning systems were
promoted, in contrast to the traditional early warning systems as mere detection and dissemination
technology. In this regard, early warning systems deal not only with planning and the activities of
detecting the potential hazard and sending an alert, but also ensure that the warning message
reaches the people at risk and triggers appropriate and timely response (UN/ISDR 2006a; UN/ISDR
2006b).

The Indian Ocean tsunami event 2004 has also been one important driver of various milestones of
disaster management in Indonesia. Establishment of a tsunami early warning system in Indonesia
was initiated not long after this event. In parallel, this event also triggered significant changes in
disaster management scheme in Indonesia that highlight disaster risk reduction and its linkage with
the overall development planning. In this regard, the newly established tsunami early warning
system should be integrated in the overall development planning and the existing institutional

setting, and not as a stand-alone system.



Disaster risk reduction especially related with disaster preparedness and early warning is often seen
as primarily the responsibility of emergency planners. However, disaster preparedness also deals
with some factors which need long-term interventions and involvement of other actors, like urban
planning. The linkage between urbanization and disasters has been emphasized in the existing
literature (Sanchez-Rodriguez et al. 2005; Kraas 2003; Smith and Petley 2009; Field et al. 2012).
Among several factors of urban development that increase disaster susceptibility are livelihood
opportunities in hazard-prone locations or subsequent urban growth there, environmental
degradation, concentration of people and investments, slow rate of urban replacement, lack of
redundancy of functional systems, social-spatial segregation, existence of vulnerable populations,
lack of institutional coordination, and limited resources to accommodate various demands including
disaster risk reduction (Mitchell 1999; Lavell 1999; Field et al. 2012). The risk is higher especially in

rapidly growing small- and medium-sized cities with limited capacity and resources (Cross 2001).

In the specific context of early warning systems, especially for major, sudden-onset hazard events
like tsunamis, the early warning response often involves mass evacuation. This is particularly more
complex in urban areas, with dense built areas, daily dynamic, and various existing other pressures.
Thus, the requirements of early warning and emergency response need to be integrated in long-term
planning. For instance, concentration of population and rapid development in tsunami prone areas
will increase the exposure of the population and the complexity of early warning and mass
evacuation. Sufficient road networks for evacuation routes and accessible constructions for
evacuation shelters are also required. Such concerns in the “Last-Mile” need to be anticipated in the
long-term involving in some cases high investment as well as multiple stakeholders; two factors
requiring to be addressed in the overall long-term urban planning scheme. These are also related
with general urban planning questions like: Where and how to provide disaster-resilient city services,
infrastructures, and facilities? What are the limits and opportunities for urban development against
existing risks? How many protection measures are required considering the existing vulnerable

groups?

This dissertation has emanated from the scientific work performed within the scope of a research
project called “Last-Mile — Evacuation”" in the city of Padang, West Sumatra, Indonesia. This project
dealt intensively with the issue of the “Last-Mile” (planning and preparedness efforts at the local and
community level) in the context of the tsunami early warning system. The research project aimed to
provide a detailed information system for tsunami early warning and evacuation planning, consisting
of hazard and vulnerability information, as well as the identification of potential bottlenecks in

evacuation for the coastal city of Padang. The research product of this study is embedded in the

! This project belonged to the DFG/BMBF special Programme “Geotechnologies” — Early Warning Systems in
Earth Management (Sponsorship code: 03G0666A-E). UNU-EHS, for whom the researcher conducted the study,
was responsible for the Work Package 1000 “Socio-Economic Vulnerability Assessment” (Project Period: May
2007 — July 2010).



overall objective of the project and supports the development of evacuation strategy and early
warning components in the “Last-Mile”. It complemented the project’s other research works on
tsunami inundation modelling, evacuation modelling, remote sensing, and geo-database
development. The study mainly addresses the conceptual framework and assessment of vulnerability
with regard to people’s early warning response capability, and subsequently promoting the role of

urban planning in relevant vulnerability reduction interventions.

1.2 State-of-the-Art

Anticipated response is a crucial component of early warning systems which has been promoted in
the recent decade (Villagran de Ledn et al. 2006). However, the UN/ISDR’s (2006b) global survey of
capacities and gaps of early warning systems still identified warning dissemination and response
capability as the weakest elements, while the technical monitoring and warning service have been
advancing. This means a lot of work has to be done in assessing and improving these components.
Moreover, Villagran de Ledn (2011) stated that little has been addressed in the traditional framework
of early warning on the prior knowledge of risks and the preparedness to act. In this regard, Villagran
de Ledn (2011; Villagran de Ledn, Weerawarnakula and Chandrapala 2006) provided a case study of
Sri Lanka that emphasized the importance of risk and vulnerability assessment to guide early warning
strategies, such as who to warn first, prioritization of evacuation routes, and required community

preparedness activities.

The emphasis on the “people-centred”-ness of early warning systems has given a new perspective in
contrast to the traditional early warning framework that focused primarily on the monitoring of
hazard and hazard characteristics. Therefore, this new perspective also incorporates the people at
risk and their capacity in the design of early warning systems. This view conforms well with the
concept of vulnerability that sees disaster impacts not merely as a result of the magnitude and
intensity of the hazard (which would be the focus of the traditional view of early warning), but also,
and even more importantly, as a consequence of the intrinsic characteristics of the people exposed

to the hazard (issues related to warning dissemination to and response capability of the people).

The concept of vulnerability has been developed and defined in various scientific discourses (Adger
2006; Cutter 1996; Birkmann 2006), as well as its operationalization into measurable indicators to
assess change and evaluate political strategies (Birkmann 2006). However, the linkage of vulnerability
measurements with on-going disaster risk management and specific disaster risk reduction measures
is still lacking (Gebert in preparation). The vulnerability assessment in this study shall contribute to
bridge this gap and assess in more in-depth specific factors that are relevant in the context of

tsunami early warning and evacuation.

Vulnerability assessments to tsunamis have been conducted, e.g. by Birkmann et al. (2007) in Sri
Lanka, which revealed differentiated impacts and the coping capacity of social groups and indicated
variation of vulnerability. The assessment and indicators used show overall baseline susceptibility
and coping capacity of the people to tsunamis, but are not directly linked with any disaster measures.
Another study conducted by Fernando (2010) on the tsunami in Sri Lanka dealt with relocation within

the disaster recovery phase which considers the coping capacity of various vulnerable groups. Such
3



analysis of vulnerability linked to the specific disaster risk reduction measures may guide the

planning and practical implementation of such measures.

In the phase of disaster preparedness, a detailed vulnerability assessment related to people’s
response capacity is also important to develop an effective early warning system and its supporting
interventions. This does not mean assessing solely the potential losses of lives using evacuation
modelling and simplified demographic variables (Sugimoto et al. 2003). Rather, many studies have
shown that various factors related with people’s perceptions, evacuation behaviour and organization,
determine the success of early warning dissemination and evacuation conduct (Sorensen 2000;
Santos and Aguirre 2004; Riad and Norris 1998; Roy Lachman, Maurice Tatsuoka and William J. Bonk
1960; Baker 1991; Lindell, Lu and Prater 2005; Tierney, Lindell and Perry 2001). Those factors also

need to be considered in assessing people’s response capability and potential loss of lives.

Moreover, the specific needs of early warning identified by the vulnerability assessment should not
only inform the short- and medium-term emergency planning but also the long-term urban planning.
Both emergency and urban planning interventions have to be linked and assessed. Chang Seng (2010;
2012) has emphasized the importance of communication process between various actors also in the
time when there are no hazard events as well as the influence of various political, social, economic,

and technological systems on the effectiveness of early warning systems.

Presently, integration of risk assessment and management in the urban planning mostly deals rather
with the identification of hazard and hazard-prone areas to guide land-use planning (Greiving 2002;
Greiving and Fleischhauer 2006), bringing very little on the vulnerability and coping capacity of the
people to the surface. In this regard, it is important to link vulnerability assessment with relevant
urban planning interventions and by doing so, identify areas where urban planning can play a role in
reducing vulnerability and enhancing people’s response capability in a continuous and sustainable

manner.

1.3 Research Objectives and Questions

There are two main issues to be addressed in the study, namely assessing vulnerable conditions
which are relevant to disaster risk reduction measures of early warning, and strengthening the
synergy of emergency and urban planning interventions in developing a sustainable early warning
system. It focuses on response capability component of early warning systems and argues that the
conditions that generate vulnerability and lack of capacity to respond to early warning are influenced

by the interventions of both emergency and urban planning.

The main objective of this study is to develop an assessment framework and methodologies to
understand and measure the early warning response capability of the people, which is also useful to
guide urban planning in integrating the early warning needs in their long-term planning. The study
describes various approaches including engineering, modelling, remote-sensing, social science
approaches which were partly developed by and worked out jointly with the colleagues within the

“Last-Mile — Evacuation” Project. The study lays emphasis on the bottlenecks within social conditions,



issues of behaviour and perception, and their linkages with the urban spatial and infrastructure

requirements of evacuation.

The main overarching question of this study is: What are and how can we assess the conditions
causing people’s vulnerability which are relevant to tsunami early warning at the local level and
subsequently use this information basis to strengthen the synergy of emergency and urban planning

interventions?

In order to answer the main research question and meet the research objectives, the following sub-

research questions are posed:

1. What are the conditions/factors that shape the vulnerability of the people related with their

early warning response capability?

2. Are there any subjective factors or issues of perception that influence the response capability

of the people as well as the on-going efforts to reduce vulnerability?
3. How can we assess those conditions/factors to identify existing bottlenecks and needs?

4. Is there any linkage between spatial and social bottlenecks within early warning and

evacuation stages?

5. What is the role of urban planning in altering the response capability and vulnerability of the

people?

6. How should urban planning take into account existing bottlenecks in their long- and medium-

term planning?

The main audience concerned with the outcomes of this research is the community of urban and
emergency planners as well as a range of actors involved in early warning systems. The research is
specific for tsunami hazard application in the urban context in Padang city, Indonesia. However,
Padang city is representative of many medium-sized urban areas in developing countries, where
extreme hazards exist that have not yet been experienced by the generations presently living in the
area. It also represents a similar problematic situation as in other developing countries, where a good
knowledge basis for disaster risk reduction is lacking and there is no coordination among the various
actors in planning, managing limited resources, and resolving conflicts of interest. Furthermore, it
describes the initial process to concretize the integration of tsunami early warning in the overall
planning scheme. The results of the research should in the first place derive recommendations for
application in Padang, but also draw lessons in a wider sense for other urban areas within similar

contexts.

1.4 Research Structure

The research consists of three main parts: i) development and contextualization of the conceptual
framework; ii) operationalization of the conceptual framework in the case study area; iii) reflection
on the results. The first part is described in Chapter 2, where existing concepts related with

vulnerability such as early warning and integration of vulnerability assessment in urban planning are



reviewed as a basis of the conceptual framework; and Chapter 3, where prior knowledge of the study
area is collected and incorporated in the conceptual framework. The second part deals with the
operationalization of the conceptual framework and presented in Chapters 4 and 5, where
gualitative and quantitative data are collected and analysed using mixed approaches. It covers the
assessment of the current response capability of the people (dynamic exposure, access to safe places,
access to warning, and evacuation behaviour); people’s intention to reduce vulnerability (human
cognition and issues of perception); and the role and influence of urban planning. The third part
(Chapter 6) derives recommendations on criteria to be incorporated in urban planning interventions
based on the empirical results and evaluates the assessment framework and methods. Figure 1-1

gives an overview of the research workflow and tasks involved.



Figure 1-1 Research workflow and tasks
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2 Nexus between Vulnerability, Early Warning, and Urban Planning

As illustrated in the introduction, the study links the concept of vulnerability and early warning, and links
these concepts with the field of urban planning. This chapter provides a summary of relevant conceptual
discussions in these fields and identifies the existing gaps (Sub-chapters 2.1, 2.2, 2.3) that will be
addressed to and are necessary to define the conceptual framework (Sub-chapter 1.1).

2.1 Conceptual Discussions of Vulnerability

To begin with, the following discussion on vulnerability and its components follows the basic
understanding that disaster risk is a composition of hazard and vulnerability of the exposed elements. It
argues that the disaster risk or potential impact of hazard events is not solely determined by the
characteristics of the hazards, but more by its interaction with the exposed elements which is
characterized by vulnerability. Conceptually, disaster risk should include both the likelihood of the
occurrence of the hazard events and the severity of potential impacts of the hazard events. As defined
by UNISDR (UNISDR Glossary, 2009), the potential impacts may include categories such as losses of lives,
health, livelihoods, assets and services, which could occur to a particular community over some specified
future time period. In this study, the term disaster risk is used in a quantitative and qualitative manner
that is not including any probability measurement. The term of tsunami risk and vulnerability reduction
would be used interchangeably, but the emphasis is given to the component of vulnerability and
vulnerability reduction, and not the hazard.

2.1.1 Development of Vulnerability Concepts in Hazard and Disaster Risk Research

The concept of vulnerability has been developed and evolved as a response to the paradigm that

|II |I’

disasters are “natural” and that disaster risk is solely determined by the “natural” characteristics of the
hazards. Vulnerability research was shaped by various epistemological orientations and theoretical
traditions, such as physical science, political economy, human ecology, and geography/spatial analysis
(Adger 2006; Cutter 1996; Birkmann 2006). An extensive review on vulnerability in the recent IPCC
Special Report on Extreme Events (Field et al. 2012) describes the notion of vulnerability as a social
construction of disaster risk by “transforming physical events into hazards of different intensities or
magnitudes through social processes that increase the exposure and vulnerability of population groups,
their livelihoods, production, support infrastructure, and services”. The concept of vulnerability has
gained more weight in the disaster discourses starting with many bodies of research and literature on
the concept in the 70s and a wide range of literature in the field has been growing especially after 90s
(Field et al. 2012; M. A. Janssen et al. 2006; Janssen 2007). To date, vulnerability is applied as a core
concept in disaster risk, study of livelihoods and poverty, food security, and climate change (Miller et al.

2010).

In its conceptual development, the term vulnerability provided the basis to understand the interface

between social and environmental systems in the context of disasters that firstly focussed on the
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distribution of hazard and human occupancy in the hazardous places (Cutter 1996; White 1974; White
and Haas 1975; Burton, Kates and White 1993). This concept also bridged disaster and development,
wherein disaster impacts were considered more as a product of social concerns and pressures to be
addressed as on-going day-to-day planning (O'Keefe, Westgate and Wisner 1976; Hewitt 1983; Lewis
1999).

Bohle (2001) defines an analytical framework called the double structure of vulnerability that views the
external and internal sides of vulnerability. The external side deals with exposure and structural
dimensions of vulnerability and risk, which can be explained using human ecology perspectives,
entitlement theory, and political economy approaches (Watts and Bohle 1993). On the other hand, the
internal side focuses on coping and action to overcome or mitigate the negative effects of economic and
ecological change, and combines the conceptual and theoretical discussions in action theory approaches,

models of access to assets, and crisis and conflict theory.

Blaikie et al. (1994; updated in Wisner et al. 2004) promoted the necessity to address the root causes of
vulnerability. They introduced a widely known Pressure and Release Model (PAR) as an analytical
framework to understand vulnerability going through processes of root causes, dynamic pressures, and
unsafe conditions, which are linked to people’s access to resources and power. These processes interact
with existing hazard events and may cause disasters. This model further emphasizes the strong linkage
between long-term developments that may seem “distant” with the resulting unsafe conditions. This
requires understanding the broader socio-economic processes linked to various political and economic
levels and often uses class-based analysis. In contrast, Cannon suggests that there is another form of
social construction of disasters, which could be considered “innocent”, which rather involves preference
to live in dangerous locations due to the benefits related to livelihood activities (Cannon 2008). In this
case, Cannon (2008) emphasizes taking into account the cultural and psychological factors influencing
the risky behaviour, so that risk reduction in this sense may involve persuading people to act against

what they think is in their own interest and to deny their cultural or psychological interests.

In the recent decade, holistic approaches have been developed that show the multi-dimensionality of
vulnerability (Birkmann 2006). One of the holistic approaches of vulnerability assessment is the BBC-
Meta-Framework (Figure 2-1) which was developed by Birkmann (2006), based on the works of Bogardi
& Birkmann (2004), Cardona (1999), and Cardona (2001). It explores the linkage of the socio-economic
spheres (who is vulnerable, e.g. social groups and institutions) and the physical-natural spheres (what is
vulnerable, e.g. built environment, critical infrastructures). It also promotes the role of interventions to
reduce vulnerability through preparedness before and emergency management during natural disaster
events. This also implies that interventions in place influence the vulnerability in the future and have to

be taken into consideration in assessing vulnerability.



Figure 2-1 BBC-framework of vulnerability
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This framework implies various components of vulnerability: exposure, susceptibility, and coping
capacity, and link hazard-dependent and independent factors in environmental, social, and economic
spheres which contribute to various disaster risks. The components of susceptibility and coping capacity
are visualized in the BBC-Framework as overlapping components since they are not always separable.
Susceptibility commonly refers to the likelihood of suffering harm and damages and this to some extent

also incorporates the available capacity to decrease potential harm and damages (coping capacity).

2.1.2 Strengthening the Use of Vulnerability Assessment in the Development of Specific
Disaster Risk Reduction Measures

The development of the vulnerability concept did not originally rest on a well-developed theory and was
not yet associated with widely accepted indicators or measurements (Watts and Bohle 1993). As to the
mode of development of the concept, vulnerability assessment is conducted in different ways depending
on its scientific and practical domains, as well as its context (some extensive reviews can be found e.g. in
Birkmann 2006; Cutter 1996; Cutter et al. 2009). It is also still debatable whether vulnerability is
quantifiable. Some efforts were done to develop vulnerability indicators that can be used for setting
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baselines through mapping distributions and assessing changes, or for evaluating political strategies or
specific disaster management measures and monitoring their implementation (Birkmann 2006). It is
recognized that vulnerability indicators have limitations in terms of its development and use; thus, they
are suggested as descriptive rather than predictive tools, to guide policy development on vulnerability
reduction (Cutter et al. 2009).

Many vulnerability assessments develop indicators representing the overall vulnerability, i.e. exposure,
susceptibility, and coping capacity of community or systems at various levels (cf. Birkmann et al. 2011;
Cutter, Boruff and Shirley 2003, 2008; Fekete 2009; Schneiderbauer and Ehrlich 2006). The existence and
effectiveness of disaster risk management and various measures are often included as part of coping
capacities either at administrative or community level (Schneiderbauer and Ehrlich 2006; Arakida 2006;
Bollin and Hidajat 2006). Cardona (2006) developed a separate Risk Management Index (RMI) to
measure risk management performance at country level. While such assessments are important and
useful, they only provide general indication of the existing gaps but little practical guidance for
developing effective specific disaster risk reduction measures.

Buckle 1998 argued that vulnerability in the context of emergency management has to be linked with the
goal of effective delivery of services to the most appropriate target group and meeting needs and that
thereby vulnerability needs to be categorized on the basis of the corresponding issues in the particular
focus of emergency. Buckle proposed several meta-categories for vulnerability such as management
capacity, access to services, cultural attitudes, etc., which should be linked with the dimensions of loss

(lives, properties, social, psychological, etc.).

Moreover, Gebert (in preparation) argued that vulnerability consists of lack of various capacities which
are linked with specific activity fields of disaster risk reduction and adaptation. He further suggests to link
vulnerability assessment with actual disaster management goals and its specific measures, i.e.
anticipation, prevention, and preparedness, providing a practical tool for disaster management actors.
Generic factors and comprehensive profiles to describe vulnerability are not easily translated into useful
information needed by the practitioners and therefore disaster risk reduction measure-specific

vulnerability assessment may be a useful tool in this case.

2.1.3 Consideration of Cognitive Factors in Assessing Vulnerability and Disaster Risk
Reduction Measures
Social scientific works on disaster have long been studying people’s behaviour in case of emergencies
and individual and collective perceptions (Quarantelli 1987; Drabek 1986; Lindell and Perry 1992; Tierney,
Lindell and Perry 2001). However, such studies were not yet linked with the study of risk (Cardona 2004).
Some of the studies to explain people’s behaviour have been developed borrowing the theories of the
field of psychology. One of the theories is “Reasoned Action” (Fishbein and Ajzen 1975), which had a
significant impact in the development of models to predict behaviour (Lindell and Perry 2004). The
theory states that a behavioural intention (that leads to behaviour) is influenced by people’s attitudes
11



towards the particular action and social norms. This was extended by Ajzen (1991) as theory of “Planned
Behaviour” in which the behaviour was linked to the actual control of the behaviour, i.e. the intention to
engage in behaviour can be realized only if the behaviour is under volitional control. On the other hand,
this also influences the perceived behavioural control which plays an important role in building intention.
The theory postulates three determinants of intention: attitude towards the behaviour, subjective norm,
and perceived behavioural control.

In the field of public health, the relationship between people’s risk perception and behaviour in reducing
or placing themselves in health risks has also been long investigated. One of the widely used theories is
“Protection Motivation” theory which was introduced and further extended by Rogers (1983) to explain
the cognitive processes that mediate change in behaviour. It describes that the intention of an adaptive
(risk-reducing) or maladaptive (risk-increasing) behaviour or willingness to conduct a protective action is
a product of four critical cognitive factors: perceived impact, perceived vulnerability, individual efficacy,
and perceived efficacy of the particular action. The theory has been applied for persuasive
communication of risk (Neuwirth, Dunwoody and Griffin 2000). This theory has also been used in the
context of natural hazards, e.g. Martin et al. (2007) used the theory in combination with other models to
explain the intention of households to protect themselves against wild-land fires, while using

differentiation for people at different stages of decision-making.

Originally, in the context of seismic hazards Lindell and Perry (1992; Lindell and Perry 2000) developed a
protective action decision model that hypothesizes protective action intention as a function of attitude
towards a behaviour (evaluation of alternative actions) motivated by perception of a hazard, and
normative influences to engage in the action. This model was consistent with the theory of reasoned
action and originally developed in a study of response to evacuation warnings. It identifies critical pre-
decision processes: reception, attention, and comprehension of warnings or exposure or interpretation
of environmental or social messages. The information from various sources needs to be heeded and
comprehended by the people determined by their expectation, competing attention demands, and the
intrusiveness of the information (Lindell and Perry 2004). Subsequently, the information is processed
under the influence of various perceptions existing prior to the receipt of information or the event itself.
Lindell and Perry (2012) have updated the model to account for three core perceptions — threat,
protective action, and stakeholder (Figure 2-2). The threat perception includes expected personal
impacts, associations people have from different sources of information about the hazard or prior belief
about the hazard, and experience of hazard events considering the ability of people to estimate their
exposure. Perception of protective action is related with attitude towards the action and perceived
attributes of the action. Perception of social stakeholders encompasses interrelationships among
stakeholders, power to ensure compliance, and how the people perceive responsibilities of taking
actions. The decision stages consist of risk identification, risk assessment, as well as protection action

search, assessment and implementation.
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Figure 2-2 Information flow and protective action decision model
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Furthermore, understanding how the people prioritize the risks they face in everyday life and continuous
risk communication is crucial, especially when dealing with low-frequency extreme hazards (Bogardi et al.
2009). Households might be capable of doing very little about extreme infrequent hazards such as strong
earthquakes and tsunamis, and rather put emphasis on everyday risks than preparing for low frequency
events (ibid.).

Slovic (1987) pointed out the importance of understanding how people think and respond in effectively
communicating risk and promoting risk reduction. The perception of natural resources and their
associated risks is one determinant factor of how people and various social groups respond to natural
hazards. Renn (2008) has also incorporated the evaluation of social concerns in the overall risk appraisal
to identify existing behavioural patterns that may, on the one hand, generate secondary consequences
due to heightened response to risk or, on the other hand, impede the needed protective actions due to
attenuated response to risk (cf. Kasperson et al. 1988). In the context of climate change adaptation,
assessment of cognitive factors with regard to climate change risk perception and perceived adaptive
capacity in adaptation assessment has also been incorporated (Grothmann and Patt 2005). In the
vulnerability assessment to extreme hazards such as tsunamis, the role of cognitive factors and
perceptions needs to be recognized or seen as part of vulnerability. The important aspect of cognitive
factors which influence motivation and behaviour of the people with regard to reducing their
vulnerability is considered crucial. This means that people may perceive the risks that they face
differently, and consequently accept the on-going or future interventions according to different levels of

acceptance. This may impede vulnerability reduction interventions if not supported by an effective risk
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communication or consideration of such issues in developing the interventions. The motivation to reduce
risk can relate to acknowledgement of the existing hazard and own vulnerability and the actual
constraints faced towards conducting risk-reducing actions. Socio-psychological and subjective
perceptual factors which may also influence the decision relating to vulnerability reducing actions are
often not addressed in vulnerability assessment and should be incorporated in this study.

2.2 Vulnerability Reduction through “People-Centred” Tsunami Early Warning
Systems and Evacuation

2.2.1 “People-centred” Early Warning System and the Issue of the “Last-Mile”

In light of disaster risk reduction, early warning systems are an important means to inform public and
other authorities on impending risks, which is directly linked on the one hand with risk identification and
impact assessment and on the other hand with disaster preparedness and emergency management.
UN/ISDR (2007) defines early warning as “the set of capacities needed to generate and disseminate
timely and meaningful warning information to enable individuals, communities and organizations
threatened by a hazard to prepare and to act appropriately and in sufficient time to reduce the
possibility of harm or loss”. This definition encompasses a complete warning chain that not only
functions as an interface that delivers information on the natural hazard event, but also integrates risk
reducing actions that at risk perform as a response to the warning. It added the phase of anticipated
response to warning in addition to monitoring, forecasting catastrophic events, and alert notification,
which composed the traditional framework of early warning systems (Villagran de Ledn et al. 2006). This
means that early warning should ensure clear messages that reach those at risk, and practiced and
knowledgeable responses by risk managers and the public, i.e. it must be embedded in an
understandable manner and relevant to the communities they serve ((UN/ISDR 2006a; UN/ISDR 2006b).
In the discussion on early warning in the last decade, the adjectival expression “people-centred” has
been an essential attribute of early warning. It puts emphasis on the human aspect of early warning and
involves systematic approaches in identifying the (vulnerable) people, determining their needs, and
involving them in planning activities and enhancing their capacities (Basher 2006).

The UN/ISDR states that a complete and effective early warning should contain the following four

elements:

1. Risk knowledge: systematic data collection and analysis that take into account the dynamics and
variability of hazards and vulnerabilities; this should support prioritization of early warning

systems, response preparation, and disaster prevention activities;

2. Monitoring and warning service: sound scientific basis for predicting and forecasting, reliably

operated twenty-four hours a day;

3. Dissemination and communication: clear, useful information that enables proper responses with
appropriate regional, national and community-level communication channels;
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4. Response capability: communities” respect for the warning service and knowledge of how to
react to warnings.

Figure 2-3 UN/ISDR elements of early warning systems
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Source: UN/ISDR 2006b

The UN/ISDR (2006a) has developed a check-list for the development of early warning systems with
regard to the four elements of early warning systems, cross cutting issues of governance and
institutional arrangements. With regard to the “Last-Mile”, the check-list addresses various aspects to
ensure that the warning message is recognized and understood considering the specific needs of those
at risk, incorporating the understanding of how people access and interpret early warning, public
perception of natural hazard risks, and the enhancement of the preparedness plan and community
response capacity. The linkage of the early warning system with the overall development is recognized
and UN/ISDR put the issue of governance and participation of local communities in the development of
early warning systems in this checklist under cross-cutting issues.

Moreover, Chang Seng (2010) added the importance of communication between the four elements at all
times among various actors across scales in the framework, especially since in many cases different
actors are dealing with different elements in an isolated manner. Additionally, the communication
process within an early warning system during the time when there is no actual event is needed. Chang
Seng (2012) also suggested that the early warning model of UN/ISDR (Figure 2-3) seems to suggest active
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communication only between the monitoring, warning and response processes and “still lacks the
differentiation of the communication process between actors during the time when there are no
threatening hazard events or during impeding disaster events”. Therefore, it is necessary to differentiate
between the two communication processes and to show that communication is a central element across
all the components of an early warning system.” Strong involvement of actors which are not traditionally
identified as dealing with the subject is also required, as well as linkages to sustainable development and
community development agendas (UN/ISDR 2007). Here, the early warning system should also be

accompanied by “efforts to reduce the fundamental sources of vulnerability” (ibid.).

The promotion of the active role and involvement of various actors is particularly crucial at the local level,
where the new demands of disaster preparedness need to be reconciled with other priorities; their value
sets, willingness, and priorities determine the extent of implementation of early warning systems and
disaster risk management policies (Thomalla and Larsen 2010). The term “Last-Mile” has also been used
to put emphasis on the linkage between national level (the traditional top-down focal point of early
warning systems) and the local level, where the risk knowledge and potential response of the people are
dealt with (cf.Birkmann, Chang Seng and Setiadi 2012; Shah 2006).

The first entry point of involvement of and active communication with the local actors is the promotion
of programmes and activities such as awareness-raising, education, and the development of an
emergency and response plan. However this has to be followed-up with strong commitment at the
higher planning and political levels. For instance, planning and budget allocation for sufficient
infrastructures and facilities for people’s evacuation as a response to early warning for sudden-onset
hazards in densely populated (urban) areas need a strong institutional basis. Even if an alert were issued
on time reaching the people at risk and triggering an evacuation, lives would not be saved if
infrastructures were not sufficient (e.g. evacuation roads and shelters) to enable people to implement
the action they are supposed to conduct. In fact, the development of the endangered areas often does
not consider whether or not the existing early-warning system and capacity of emergency management
can cope with the increasing exposure and lack of response capability in the areas. Since actors which
traditionally associated themselves with early warning-systems are mostly the emergency planners, the
temporal planning cycle in an early-warning system tends to be rather short-term oriented (only
concerning emergency response and relief). As a consequence, the early warning systems developed are
rather stand-alone systems not integrated in an institutionalized manner within the whole development
planning scheme. Therefore, the basic argument of this study is that the early warning system should

continuously communicate with the other fields and be integrated in the overall development.

2.2.2 Enhancing People’s Early Warning Response Capability: Focusing on the Last-
Mile”

The UN-ISDR’s (2006b) global survey of capacities and gaps for early warning systems found that warning

dissemination and response capability were the still weak despite of the advancement of the technical
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monitoring and warning service. Overall, it identified several failures that impede response to warnings,
namely lack of planning and coordination at the national and local levels, lack of awareness for early
warning response, lack of evacuation drills, limited understanding of vulnerabilities and the public’s

concerns, but also inadequate plans for evacuation and emergency shelters for population.

In recent years, early warning systems have been improving also in terms of more consideration of risk
assessment up to promoting response capability, i.e. people’s reactions to early warning have gained
more weight when considering the development of early warning systems (S. Dannenmann, personal
communication 30.03.2012). Villagran de Leon (2011; Villagran de Ledén, Weerawarnakula and
Chandrapala 2006) also discussed the example of Sri Lanka and utilized information from vulnerability
and risk assessment for strategies such as who to warn first, prioritization of evacuation routes, and
required community preparedness activities. More studies are needed to get a better understanding of
the specific needs of the people at risk and their response capability when improving early warning

systems.

Access of the people at risk to the early warning information requires the availability and effectiveness of
various dissemination media. Various studies have shown that the target people are not passive and
uniform information receivers, i.e. their individual characteristics, their needs for information and
behaviour in searching information need to be considered (Zemp 2010). Study from Zemp (2010) on
flood events showed e.g. that the utilization of various media in different disaster phases differed.
Dissemination of early warning can be through formal and informal media. TV and radio have been
mentioned in literature as the most effective, also dissemination media which are supported by informal

notification, e.g. through mouth to mouth propaganda (King 2008; Sorensen 2000, 1991).

Effectively disseminating the warning information and evacuation instruction does not necessarily mean
that all people would evacuate or be able to conduct timely evacuation. Evacuation behaviour is a
complex theme which involves not only physical (evacuation route and places) and institutional aspects
(e.g. SOP, emergency plan), but also socio-psychological and socio-organizational aspects (Santos and
Aguirre 2004). Bhatti (2001) suggests that the early-warning chain consists of five phases: receiving the
warning, understanding the content of the warning, personalizing the warning and its sources, verifying
through other sources, and reacting to the warning. Mileti and O’Brien (1992) and Sorensen (2000) share
similar phases and also suggest that these phases are influenced by individual characteristics (age,
gender, education, etc.) as well as characteristics of the warning information (sources, repetition, etc.).
Gregg et al. (2007) describe these response phases as “how the people perceive the risk and shape their
behaviour in every warning received”. Moreover, in studies on evacuation, e.g. in case of hurricanes, by
Riad and Norris (1998), it was found that different communities interpreted the warning and the danger
in different manners, and the decision to evacuate derives from both individual factors and social

interactions. Other studies (e.g. Roy Lachman, Maurice Tatsuoka and William J. Bonk 1960; Baker 1991;
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Lindell, Lu and Prater 2005; Tierney, Lindell and Perry 2001) provide evidence of cases where warning
and evacuation instructions were not always followed by evacuation and influenced by various factors.

In the process of understanding the warning, knowledge generated from previous experience with the
hazard events, formal and informal education, as well as own knowledge, may play a role (Rajib Shaw,
Koichi Shiwaku Hirohide Kobayashi and Masami Kobayashi 2004). However, knowledge is also often not
directly translated into action and not the only determining factor; e.g. in a study conducted by the
Indonesian Institute for Science (Hidayati et al. 2006) that measured household preparedness level to
tsunamis, it is shown that although there were many households with a good level of knowledge about

tsunamis, only a few had prepared a concrete emergency and preparedness plan.

There is also another convergent factor that relates to knowledge and experience. Reflecting on the case
of the recent tsunami event in Japan where a large proportion of the people, especially the elderly, did
not evacuate due to “cognitive bias” (Parashar et al. 2011; Muhari et al.), that they associated the event
with their past experiences with tsunamis of lower magnitude and had underestimated the event (“false
sense of security”). This shows that risk perception, shaped prior to the event, is crucial. Therefore,
specific information such as warning level, height of the potential tsunami wave and existing protection
structures, also needs to be included in the early warning message. The design of the warning message
can significantly affect the public’s response (Sorensen 2000) and reduce vulnerability thus less potential

for losses of life.

An effective early-warning should enable the translation of a warning message to appropriate action in a
specific social context, but it should also ensure the provision of necessary infrastructure and facilities
taking into account the specific needs of the people at risk. Different population groups may have
different evacuation capability, depending on existing facilities (vehicles, transport arrangements for
emergency) or their physical capability (pedestrian evacuation) to conduct evacuation. Some studies
have found that demographic factors such as age and gender determined the difference in fatality rate
(Rofi, Doocy and Robinson 2006; Oxfam 2005; Birkmann et al. 2007; Guha-Sapir et al. 2006). Some
evacuation modelling differentiates running velocities of different population groups or household
characteristics (Sugimoto et al. 2003; Klupfel 2003).

Moreover, evacuation behaviour also affects the overall duration of evacuation. Zelinsky and Kosinski
(1991) provided comprehensive compilation data and analysis of urban evacuation. Here they explored
various case studies to describe the important aspects that have to be considered with regard to
evacuation. Firstly, it relates to early warning and emergency planning, namely adequacy of warning and
the degree to which the governmental agencies had anticipated disasters and made contingency plans.
Secondly, it addresses the participation of evacuees and their characteristics (humber and proportion
compared to people at risk, categorization by age, gender, etc.). Thirdly, people’s behaviour related to

evacuation procedures and facilities such as distance travelled by evacuees, distance-decay effect in
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evacuation journeys, mode of transport, types of destinations, timing and duration of evacuation return,
convergent behaviour, and security issues like the danger of looting.

Furthermore, one has to understand the existing norms and values and prior beliefs of the community
associated with the particular risk. Are they aware of the risk? How do they perceive it? What kind of
information do they receive prior to issuance of the early warning? How do they relate it with their life
values, concerns, and priorities? Such issues are strongly linked with human cognition as discussed

previously in Sub-chapter 2.1.3.

2.3 Strengthening the Linkage of Urban and Emergency Planning in Vulnerability
Reduction

Disaster risk reduction is defined as the concept and practice of reducing disaster risks through
systematic efforts to analyse and manage the causal factors of disasters, including reduced exposure to
hazards, lessened vulnerability of people and property, wise management of land and the environment,
and improved preparedness for adverse events (UN/ISDR 2009). With the early recognition of the crucial
link between disasters planning and development planning in contrast to the traditional approach
focusing on emergency response (Lewis, O'Keefe and Westgate 1977), urban and spatial planning is

playing a growing role in disaster risk reduction.

Urban areas consist of physical and spatial elements that can be categorized in main functional areas:
settlement, working and shopping, public use, open space, transportation and supply (Albers and Wékel
2011), which offer people space for their basic and leisure activities. Spatial use and functions in the
urban areas influence urban growth and the social setting of urban areas which in turn shape the
exposure and vulnerability of the population to natural hazards. Due to the dynamics in urban activity
patterns, spatial-temporal variation of population is a crucial component regarding vulnerability. The
population of the city will be concentrated in the areas where more city services and infrastructures are
provided. The exposure increases with the intensity of the population in the dangerous areas and the
dynamics in terms of temporal scale, which ranges from long- and medium-term of planning periods
(due to urban development and migration towards the urban areas from the hinterland) up to daily
basics (due to daily mobility to and from the dangerous areas). (See also Birkmann, Chang Seng and
Setiadi 2012; Geurs and van Ritsema Eck 2001). Moreover, the spatial physical organization of urban
areas determines the allocation of built areas in contrast to buffer zones, green areas, open areas for

evacuation, etc., which shape the disaster risk.

Urban planning formulates the elements of a city, the structures and functions within urban areas, and
develops approaches to plan and regulate its development. It involves description and systematization of
objectives, fields of actions, how to assess them and link them with planning practices, which relates to
theories of planning as well as decision-making and political planning process (First and Scholles 2008).
Urban areas contain multiple demands that need to be negotiated and sorted in priorities considering

the limited available resources. This also applies for the allocation of land use, where the use of limited
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space is highly contested. Albers and Wekels (2011) divided urban planning in two categories: the
organization of the urban functional structures and the urban physical morphology. One of the tasks is
visioning city development, which can follow the city growth and extension of the built environment as
well as network and supply systems while maintaining the balance and functions (ibid.). Visioning of the
city form involves formulation and assessment of objectives and various, sometimes conflicting, options.
In building the urban areas, sustainability is often used as a general principle, which contains social,
economic, and ecological dimensions. Furthermore, Greiving (2002) suggested - in recognition of the
strong linkage between disaster and development - to add one more dimension, namely disaster
resilience, which is in close interaction with the other original three dimensions. This is an important
acknowledgement of taking into account disaster risk reduction as one important objective of

development.

The scope of urban planning in this study focuses on the urban spatial planning, which formulates the
allocation of spatial use (land use plan) and spatial structure adjusted to the context of spatial planning
in Indonesia (this will be discussed specifically in Chapter 3, but described generally in this section).
Focusing on the spatial aspect of urban planning, Greiving (2002) describes the task of implementing the
given social and political objectives spatially, providing a platform to assess benefits versus risks and
consequences spatially, and find ways to influence them. “Objective” risk analysis is an initial part of the
whole process, which is followed by decision-making process to assess and develop possible mitigation
options. In this regard, Greiving mentions the further task of spatial planning to communicate the
existing (and perceived) risks. Additionally, First & Scholles (2008) mentioned a strong function of
planning to mediate network between various actors who oftentimes work and decide in isolation of
each other as well as to support the social learning process in particular fields of action. Within the
decision process on the use of land, consensus on the acceptable risk has to be reached among the

various stakeholders.

The Hyogo Framework for Action (UN/ISDR 2005) stated explicitly that spatial or land use planning is one
of the key activities addressing the underlying risk factors. It mentioned several related key activities
such as incorporation of disaster risk assessment in the management of disaster-prone settlements or
major infrastructure projects, land use policy and planning, as well as building codes and standards. Jha
et al. (2013), promoted risk-based land use to identify safest areas to prioritize immediate investments in
urban development and infrastructure projects, and to influence the location, type, design, quality, and
timing of development. Basic information and methods are needed to assess risk spatially and spatial
planning should play a role in regulating (prohibiting or specializing) land use in dangerous areas to
minimize the intensity of natural events as well as its impacts (Fleischhauer 2004). Kotter (2005)
suggested various strategies of disaster risk reduction in the context of urban planning, such as
introducing models of sustainable urban growth, zoning regulation, definition of standards, integrating
risk assessment in the planning process, and good governance and land policy. Kotter (2003) also

mentioned other themes of contribution of spatial planning and land management, such as the provision
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of systematic information about natural and environmental risks for monitoring systems (early warning),
and the support in infrastructure and databases for emergency planning and risk management. Greiving
and Fleischhauer (2006) also suggested that local land use planning plays a decisive role in integrating
emergency response related interests within settlement and infrastructure activities, e.g. accessibility of
residential areas by the emergency units and allocation of emergency facilities.

In disaster management, the different phases of a disaster are normally used to categorize various
interventions and measures. The disaster cycle generally consists of phases or points of interventions:
prior to disasters, namely prevention (avoidance of adverse impacts of disasters), mitigation (lessening
impacts), and preparedness (capacities to anticipate, response, and recover, including an early warning
system), and after a disaster, notably response (emergency services) and recovery (restoring facilities
and livelihoods). The following Table 2-1 summarizes the various roles of urban spatial planning
identified in literature study according to these disaster management phases. In spite of the dominant
role of urban planning and disaster prevention/mitigation and recovery phases, the role of urban
planning in supporting disaster preparedness and response is also indicated.

Table 2-1 Mainstreaming disaster risk reduction in urban planning — Role of urban planning in
disaster risk management

Mainstreaming of DRR in the urban planning  Prevention/ Preparedness Response Recovery
process - Role of urban planning in DRR Mitigation

Formulation of goals and criteria in urban
development planning

Consideration of natural hazards in planning. X (x) (x) X

Consideration of the social characters of the X (x) (x) X
current and future populations and
vulnerability reduction.

Consideration of disaster resilience in general X (x) (x) X
principles of urban development.

Mainstreaming disaster risk considerations X (x) (x) X
into planning procedures for major
infrastructure projects: design criteria, social,
economic, and environmental impact
assessment.

Provision of information for planning — data
collection and analysis

Analysis of the interrelations between the X (x) (x) X
spatial influences and the environmental
disasters to improve or renew the models of
spatial development.

Provision of a systematic framework for X (x) (x) X
assessment and mapping of hazard and
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disaster risk.

Multi-objective assessment, risks and benefit X (x) (x) X
assessment in spatial planning.

Support through a database for emergency X X X X
planning and risk management.

Disaster risk reduction tools/measures
Land use zoning, X X

Regulating (prohibiting or specializing) land X X
use in dangerous areas to minimize the
intensity of natural events as well as its
impacts.

Revision or development of new building X X
codes, standards for disaster-resistant
structures.

Integration of emergency response related X X
interests within settlement and infrastructure
activities, e.g. reachability of residential areas
by the emergency unit and allocation of
emergency facilities.

Support in infrastructure (evacuation routes X X
and spaces).

Monitoring

Develop and promote the use of guidelines X (x) (x) X
and monitoring tools for DRR in the context
of land-use policy and planning.

Mediator role
Risk communication X (x) (x) X

Provide the platform for consensus on land X (x) (x) X
use allocation among various stakeholders
and enhancing exchange / social learning
processes.

Source: own figure based on literature review

The importance of integrating emergency and urban planning has long been recognized. Britton &
Lindsay (1995) urged that not only emergency managers have to deal with coping with the risks after an
urban development plan has been made, but also urban planners have to consider the aspects of
emergency management in their planning. Urban planners have to take into consideration the existing
natural hazards, the social characters of the current and future populations, as well as ameliorate the
conditions that make them vulnerable (ibid.). The effectiveness of linking both domains has also been
recognized as part of institutional dimensions of vulnerability (Birkmann 2008).
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UN/ISDR (2009) defines emergency management as the organization and management of resources and
responsibilities for addressing all aspects of emergencies, in particular preparedness, response and initial
recovery steps’. Alexander (2009) described the process of sustainable emergency planning and
mentioned that there has been only little connection made between urban planning and emergency
planning, although linking both would be significantly advantageous, e.g. control of growth in dangerous
areas, maintenance of lifelines and preparation of areas for shelters. Alexander went further saying that
emergency planning should integrate the actions of different services, functions, jurisdictions and levels,
and be compatible with the legislation of other areas. Although it only focuses on disaster response
through resource allocation and coordination of various actors in emergency situations rather than on a
more proactive feedback to disaster risk reduction and other pre-disaster phases, it gives the first clue of

the importance of linking emergency planning with other fields.

In spite of the recognition of the important linkage between urban and emergency planning, the practice
has been challenging. Berke and Smith (2009) described various political and economic reasons for the
failure of integrating disaster mitigation in the local planning, or the land use management paradox
(Burby 2006), including lack of recognition that hazard mitigation planning falls under the responsibility
of the local land use planners and not local emergency management officials, and lack of incentives for
mitigation measures. One other challenge is also lack of coordination or instruments to provide a
platform between emergency and urban planners, as in fact both domains often work in isolation of each
other. There is also a significant difference in the time horizon of planning; the emergency planning

mostly focuses on short-term planning and urban planning on the long-term.

Greiving and Fleischhauer (2006) discussed how the elements of risk assessment and management can
be incorporated in the decision process about spatial plans. The planning and decision process consists
of three main parts, namely problem definition, data collection and analysis (scientific basis), i.e.
considerations of the information basis to decide on specific plans or programmes (political decisions),
and feasibility and possible hindrances in implementation (implementation process). Within this
framework, considerations of natural hazards, vulnerability, and risk become explicit in the planning goal
formulations, are assessed based on scientific requirements, bargained with various competing goals and
constraints in the overall spatial planning process, as well as continuously monitored in the
implementation. On the other hand, emergency planning — here represented by the component of
disaster control — should deal with the remaining risk resulting from the decision process of the spatial
planning (such as correction of land use or maintenance of status quo). Also here, the linkage and
feedback of disaster control within the risk assessment process seems to be weak. This may imply that

emergency planning is a rather passive agent and that there is lack of communication between

2 . . . . .
The expression “disaster management” is sometimes used instead of emergency management.
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emergency and spatial planning in the planning goal formulation and the risk assessment stages. Both
inputs related with emergency and spatial planning and possible measures to mitigate risk have to be
linked and assessed. Figure 2-4 visualizes Greiving and Fleischhauer’s framework but also points out the
need to include the concerns related with disaster preparedness and response in risk assessment and
development of measures that are relevant for both emergency and urban spatial planning.

Moreover, so far, risk assessment and management in spatial planning have mostly dealt with the
identification of hazards and hazard-prone areas to guide future land-use planning so that vulnerability-
related information was considered less important compared to hazards (Greiving 2002; Greiving and
Fleischhauer 2006). Greiving and Fleischhauer (2006) acknowledged the importance of integrating
vulnerability information in the overall disaster risk management that includes all structural and non-
structural measures including preparedness and response elements, but viewed land use planning as a
rather passive instrument. Bahlburg (2003) also mentioned similar limitations of spatial planning, in
which it has most influence on new land use but only little — if any — on the land use already in existence,
requiring that landowners be willing to comply with the assigned land use (or change of particular land
use) establishing an institutional set-up for compensation.

Vulnerability assessment informs urban planning about the current conditions (and to some extent also
hints at potential future conditions) that will exacerbate the potential impact of hazard events; therefore,
its use in urban planning needs to be promoted. Vulnerability information is especially important in
determining and prioritizing areas to restrict development or revise land use allocation, where the
potential impact of already “low” or “medium” hazard events may be high due to the low capacity of the
people and facilities currently located there. Also, as already pointed out in the previous discussion
(Table 2-1), urban spatial planning plays a decisive role in supporting disaster preparedness and response,
such as providing sufficient infrastructure and ensuring integration of emergency response related
interests in settlement and infrastructure planning. Such needs and concerns need to be addressed from
the beginning of the planning and decision process and require more interaction between both domains.
Instead of merely compensating the existing risks, emergency planners should be more involved in the
overall planning process and provide feedback to the existing plans that may have the potential to
increase risks and/or exceed the threshold of the existing emergency response capacity.
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Figure 2-4 Risk assessment and management as planning process
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2.4 Assessment Framework on Early Warning Response Capability for Urban
Planning Interventions

The following main points have been identified in the previous conceptual discussions (Sub-chapters 2.1,

2.2, 2.3) which are relevant for this study:

* Potential use of vulnerability assessment for early warning interventions: the study argues that
vulnerability assessment should also identify specific factors causing the lack of people’s
response capability linked to early warning interventions to derive practical recommendations at

the local level.

e Need for further incorporation of human cognitive factors in vulnerability assessment: the study
argues that issues of perception related with specific hazard and risk reduction measures are
crucial and are part of the decisive intrinsic factors that influence the effectiveness of

vulnerability reduction in the long-term.

e Limited linkage of the vulnerability concept with assessment with urban planning: the study
argues that vulnerability assessment is an important element that should be integrated in urban

planning, especially considering its continuous planning cycle.

e Potential use of vulnerability assessment as a tool to enhance synergy between emergency and
urban planning, In thi