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Abstract

The challenge of the city to face flood hazard is greater due to climate change and urbanization process.
Community and economic activities will be centralized in prone areas, particularly in the new city in Asia
and Africa which dominated by developing countries. Generally, urban planning in developing countries
places less consideration on disaster risk factors. It will be repaired after a disaster arises with a high cost
to fix it. Hence, Flood Disaster Risk Assessment (FDRA) is a progressive action in disaster mitigation to
increase cities'preparedness. FDRA in disaster risk management framework will be conducted in the
following steps: 1) risk identification; 2) risk analysis; and 3) risk evaluation. The result of FDRA is used
to 1) determine the prone area; 2) a city's development priorities, and 3) adaptation improvement to
enhance the resilience factor. This paper is a critical review of various approaches towards FDRA in
urban morphology framework. The purpose is to develop guidance and tool of FDRA in urban disaster-
risk management for reducing flood risk and enhancing risk knowledge. Discussions focus on driver of
flood risk and urban morphology as basic of variable assessment of FDRA. Component of assessment
divided into ecological, functional, economic, and spatial. An engineering approach is developed as
FDRA tools and methodology.
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1. Introduction

Climate change has been giving a big challenge for an urban area to face uncertainty conditions
because of hydrological hazards, such as floods, landslides, thunderstorms, hurricanes, tornados, etc,
which rose significantly in the last twenty years. Climate-related disasters dominate the view of
occurrences, reporting 91% of all 7.255 recorded between 1998-2017, which flood was the most frequent
type of disasters, 43% of all record events (Centre for Research on the Epidemiology of Disasters
(CRED), 2018; United Nations of Disasters Risk Reduction (UNISDR), 2004). Flood also impacted the
largest number of people at more than two billion and caused 23% recorded economic loses (CRED 2018;
UNISDR, 2004).

The challenge of the city to face flood hazard is greater due to the population of the city predicted
to increase and reach 68% of the world's population in 2050 which adds 2.5 billion people in the city area
and about 90% of the increase concentrated in Asia and Africa (Population Division of United Nations
Department Economic and Social Affair (UN DESA), 2018). The urbanization process has encouraged
the urban area to develop cities for increasing service-capacity for their people. Cities are growing
rapidly, and they need to build faster and more effectively. Urban growth without good planning has led
the city to become urban sprawl and pushed them to expand into undeveloped areas. Furthermore, it will
rise population density and change land use in urban areas (Berndtsson et al., 2019; WEF, 2015). Present-
day, urban development often decreasing urban hydrology system’s permeability. Urban design prefers to
use asphalt material and hard surfaces, rather than uses plantings and vegetation as an alternative
(Ungaro, Calzolari, Pistocchi, & Malucelli, 2014). The lack of knowledge and attention to urban water
flow, low quality of drainage system and lack of maintenance have raised flood risk in the urban area.
Berndtsson et al. (2019) has identified the key factors which are raising the impact of urban flood.
Urbanization, urban sprawl, decreasing permeability, poor infrastructure is identified as a high-risk

element of urban flood. Therefore, it must get high attention and govern properly.

2. Problem Statement

Towns and nations around the earth have commenced for being aware that more citizens and
economic activities will be centered at prone areas, mainly in new cities of developing countries
(Harrison & Williams, 2016).

The structural and non-structural measure has been done to reduce flood risk, especially to
decrease the potentially significant damage and disruptions which cause of death and economic losses.
Unfortunately, it still can't reduce flood disaster impact, particularly in developing countries, which is
often difficult to invest in budgeting to minimize disaster risk before risk becomes a disaster (Matsumaru,
2015). If urban development is held in a limited budget, the city government must prioritize the process of
risk analysis as mitigation strategies and recovery processes in resilience analysis (Rus, Kilar, & Koren,

2018).
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3. Research Questions

Scholars have progressively acknowledged that is decreasing flood disaster impact should be
analyzed from risk. Research of flood disaster is gradually developing from traditional prediction to
disaster risk analysis (Shi et al., 2019). Risk analysis as part of risk assessment in the risk management
framework is an effective measure in disaster mitigation schemes and prevention. It is developed as part
of preparedness program (Shi et al., 2019; Van Westen, 2013; Aeron, Garg, Arsya, & Aggarwal, 2012).
The result of risk assessment can be used to establish development strategies and determine priorities for
improvement and development (Shi et al., 2019).

Urban flood disaster is a complex problem because it is related to economic pressure, governance
networks, and social dynamics (Sitko, 2017). Research has highlight significant correlation between
planning order and flood-risk control but still poor in relationship and coordination (Ran & Nedovic-
Budic, 2016). Urban morphology is the study of how urban form is determined by social, political, and
economic factors (Whitehand, 2012). Urban morphology relates to history and finds relations between
historical and modern-day transformations at different layers and resolutions to recognize main factors
that shape physical infrastructure and natural ecosystem (Warner & Whittemore, 2012).

Urban morphology has dynamic transformation because of society, and it is going to be issued and
rising the uncertainty condition due to impacts of climate change. Understanding the creation of urban
form is essential for future development and reshaping cities and their components (Kropf, 2005).
Therefore, FDRA in urban morphology framework can be an alternative way to assess flood risk and used
to assemble data as base information in risk identification. This paper will be focused on critical review to
find the answers to the following question:

=  What are the key indicators of Flood Disaster-Risk Assessment (FDRA) in urban morphology

framework?

4. Purpose of the Study

The final goal of disaster-risk management to reduce disaster risk should be gained by integrating
structural and non-structural measures (Ran & Nedovic-Budic, 2016) which focused on emergency
preparedness (UN, 2015). In flood-risk management, structural measures focused to redirect water away
from vulnerable areas. Meanwhile, non-structural action applied knowledge, practice, agreements, and/or
policies to mitigate flood hazards (Ran & Nedovic-Budic, 2016).

FDRA is a potential strategy to encourage people for understanding disaster risk capacity. It must
be done periodically, continue, and sustainable to obtain good and strong data as baseline information for
determining the best strategy for prevention and mitigation in community involved and spatial scale on
ecosystems, according to national conditions (UN, 2015). Risk assessment in disaster-risk management
framework will be conducted in the following action: 1) Risk identification; 2) Risk analysis; and 3) Risk
evaluation (Van Westen, 2013). Results of risk analysis will be used as an important consideration in
decision process on risk evaluation stage. Values and judgment in risk evaluation will be associated with
social, environmental, and economic significance. A range of measures will be recognized as a result of

risk evaluation to reduce the risks (UN-ISDR, 2004). Hence, the purpose of this study is developing

125



https://doi.org/10.15405/epms.2019.12.13

Corresponding Author: Muna Hanim Abdul Samad

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2421-826X

guidance and tools of FDRA in urban disaster-risk management for reducing flood risk and enhancing

risk knowledge of the communities.

5. Research Methods

Critical reviews are carried out on scientific papers published during the last five years and
indexed by SCOPUS. The focus of the review is emphasized on the keywords that have been determined,
namely: 1) Flood Risk; 2) Flood risk assessment; 3) urban morphology; dan 4) engineering approach. The
conceptual of review guidance developed with a moderation approach (Figure 1) based on Van Westen

(2013) model. The result of review is used to arrange guidance and tools of FDRA in urban morphology

framework.
FLOOD DISASTER RISK ASSESSMENT (FDRA)
Urban Morphology
Framework Engineering
(developing variable Approach
of assessment)
N
. Risk . . . ’
Flood Risk T Risk Analysis Risk Evaluation
Identification
Collecting Data of The use of available .Decrs.rcn Pl
; : : identify a range of
variable as base information to .
; : : ; afternative for
information estimate the risk ) .
managing the risks

Figure 01. Critical review guidance

6. Findings

6.1. Risk identification

FDRA is developed based on an understanding of risk knowledge learned from past disasters
(Figure 2a). In traditional concept of disaster-risk management has shown that risk level will depend on
the interaction between hazard, exposure, dan vulnerability (Lyu, Shen, Zhou, & Yang, 2019; Van
Westen, 2013). Lyu et al. (2019) have determined climate change and rapid urbanization will increase
urban flood risk. The effect of climate change has to give consequences on hazard intensity and frequency
(Lyu et al., 2019; Dhar & Khirfan, 2017). Berndtsson et al. (2019) have identified and qualitatively
determined seven key drivers of changing flood risk which divided based on hazard and vulnerability
drivers. Shi et al. (2019) identified precipitations as hazard parameters in assessment and used the last
historical flood disaster data in risk analysis by simulation methods. Therefore, variable assessment of
FDRA is determined to start from key drivers of urban flood risk which is divided in to 1) vulnerability;
2) capacity; 3) element at-risk/exposure of human and assets; and 4) hazard nature and habitat (Muis,
Giineralp, Jongman, Aerts, & Ward, 2015 ; Shi et al., 2019; UN, 2015).

Variable assessment of FDRA developed in urban morphology framework to show interaction and

coordination between urban design concept and flood disaster risk assessment. Dhar and Khirfan (2017)
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have given urban design concept that includes urban design interrelated with urban morphology
components of the built environment. It is a potential concept for increasing the urban form resilience.
This concept assesses four components which consist of ecological, functional, physical, and spatial.

These four components are related to each other and influenced by time and scale (Figure 2b).
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Figure 02. (a) FDRA basic concept (Van Westen, 2013) (b) Urban morphology framework in
resilience thinking (Dhar & Khirfan, 2017)

Drivers of flood risk and urban morphology components are used as basic concepts of FDRA to
determine variable assessment. Variables assessment will be divided into four component which is

developed from Dhar and Khirfan (2017) and Shi et al. (2019) (Table 1).
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Table 01. Variables assessment of FDRA

Morphol
Category 2:;:35 orphology Data Layer and Types References
1. Precipitation factor
2. Flood factor
H f di
azard of disaster Ecological 3. Terrain factor Shi et al. (2019)
factors:
4. Land factor
5. River network factor
1. Land-use changes Dhar & Khirfan (2017);
Spatial 2. Natural vegetations Irajifar et al. (2016); Van
3. Built-up areas Westen (2013)
Functional 1. Flood control capacity Shi et al. (2019)
Element at-
Physical 1. Buildi i i Irajif: 1. (201
risk/Exposure ysica uildings type and diversity rajifar et al. (2016)
1. Publi i
, ublic Service Sitko  (2017); Dhar &
Functional 2. Connectivity: links between .
Khirfan (2017)
streets and blocks
Spatial 1. Population density Van Westen (2013)
1. Physical | ility: 2013); Shi
Vulnerability Physical . yswa . vulnerability: | Van Westen (2013); Shi et
Buildings quality al. (2019)
1. E i 1 ility: GDP
Economic con.omlc vulnerability: G Shi et al. (2019)
per capita
2. Fl f
Ecological ord, - laund, ccosystems Van Westen (2013)
vulnerability
Capacity Physical 1. Flood control capacity Shi et al. (2019)
2. .C.omprehensive response- | . o (2019)
ability

6.2. Risk analysis

Data availability from past disasters is collected to gain information and identify risk in urban
morphology framework. The information from risk identification step is used as base information for risk
analysis. Risk analysis is the focus in risk assessment process which is influenced by the available good
and strong data. Engineering approach is using an assessment method that generally is defined into four
types: 1) methods of statistics; 2) multi-criteria analysis; 3) GIS and RS techniques, and 4) scenario-based
analysis.

Variable assessment and geographic scale will be determined the assessment method and study
area scale. Various studies have shown how FDRA is conducted with different models and
methodologies. FDRA comes in various term and different perspectives but it has in common, which is:
1) focused on risk analysis; 2) based on risk knowledge from past disasters; and 3) identified driver risk

(hazard, vulnerability, and exposure) as basic approach (Table 2).

Table 02. Summary research of FDRA method

Contribution for FDRA in urban

i indi References
Major Findings morphology framework

] ) Lyu et al. (2019);
Regional flood risk assessment methods are Van W 2013)
: faqe ot an Westen 5
defined into four methodologies: 1) statistical Engineering approach in risk analysis
methods; 2) multi-criteria analysis; 3) GIS and RS Moghadas et al
techniques, and 4) scenario-based analysis (2019)
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Contribution for FDRA in urban

Maior Findi References
ajor Findings morphology framework

Index System of urban flood risk assessment

categorized into four elements: 1. Variables aspects used in risk
1. Element of Hazard )
2. Environment susceptibility analysis stage Shi et al. (2019)

3. The vulnerability of the disaster-relevance | 2. Scenario-based analysis as an
frame
4. Competence of City itself in disaster

assessment method

prevention and resilience

1.  Assessment model as basic
The intersection between concepts of morphology

and Complex Adaptive System (CAS) identify
drivers of risk, wvulnerability, capacity and in urban morphology framework | Sitko (2017)
resilience at a range of scales across disaster and | 2. Index System as a static analysis
development contexts

principles for developing FDRA

method in risk analysis stage

Urban Design Resilience Index (UDRI) structure | Variables in UDRI concepts used for

as urban design program which can accommodate | . e oping FDRA component aspects

the city's adaptation performance for coping with | ) (2017)
in risk analysis

Dhar &  Khirfan

unknowing future

Spatial planning and flood-risk management
consolidation used the capability of Geographic | Assessment model in FDRA focus on | Ran &  Nedovic-
Information (GI) and Geographic Technologies
(GT) in Spatially Integrated Policy Infrastructure
(SIPI) structure

spatial aspect Budic (2016)

1. Identified urban form as driver

Hypothetical relationship between urban form risk
(land use mix, population density, building type Irajifar et al. (2016)

. . . 2. Statistical techniques as an
and diversity) and resiliency d
assessment method

7. Conclusion

The stable escalation of disaster risk, including the raise of human and assets vulnerability,
amalgamated with the experiences from past disasters, indicates to reinforce disaster preparedness for
response and prevention measures. FDRA in urban morphology framework promotes progressive action
for developing countries to adapt and to improve periodically disaster readiness and prevention. FDRA
results can be used to determine risk level at the prone area, priority action in urban development to
reduce impact when hazard occurred, and to enhance risk knowledge and participation of relevant
stakeholders.

FDRA in urban morphology framework is still strategic and important for further development,
especially in guidelines and tools for assessing land-use policy development and enforcement, including
urban planning, land deterioration assessments, and informal and casual housing, which related to the
physical environment and identified as the high impact in urban flood risk. Data availability is the highest
challenge for FDRA. Data is important and crucial for gaining knowledge, risk assessment, scenario
planning, and risk reduction practice. Engineering approach can be chosen as one of knowledge-based
methodologies and instruments to account for and to analyze mass data as part of risk assessment. These
results will be used to reinforce disaster risk modeling, assessment, mapping, monitoring, and multi-

hazard early warning systems.
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Integrating FDRA in urban planning development as part of preparedness program will enhance
resilience community to face flood hazards. It can be implemented through response and recovery
program after hazard. FDRA must be doing periodically, continue, and sustainable as part of risk-
management cycle to enhance resilience factors. Furthermore, the intersection between urban morphology

and risk assessment needs further development, especially for connecting it into the resilience framework.
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