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Abstract

Since the beginning of the 215 century, coastal areas worldwide have witnessed an accelerated severity and high
frequency of natural disasters. Although coastal areas represent 15% of the inhabited areas, they host more than 60%
of the world's population. This contradiction between the high population density and the sensitive ecosystem of such
areas places high pressure on resources and raises the vulnerability against risks in those areas associated with natural
flooding resulting from storms and tsunamis. Consequently, there is a pressing need to understand, investigate, and
address the dynamics of coastal areas. The paper aims to propose a model to assess the resilience of urban coastal areas
against natural flooding risks. Employing an inductive research methodology, the parameters of both the Egyptian
coastal Urbanism and the natural flooding risk are analyzed and studied to define the UT-NFR (Urban Typology
due to Natural Flooding Risk) Model. The model comprises three main stages: (a) identifying the risk of community
pattern, (b) identifying the risk of urban Pattern, and (c) calculating the UT-NFR index. The model is challenged by the
limited methods to determine the impact of the urban environment on the natural flooding risk, adding to the existing
descriptive methods for classifying urban areas in Egypt. Based on a comparative study of three international cases
selected due to their compatibility with Egypt, a set of indicators to identify the parameters of Egyptian Urbanism
in coastal areas is initially deduced. The final list includes 58% of the deducted indicators, which are valid to act as a
proactive tool to predict the degree of urban resilience for the new Egyptian coastal developments. Additionally, the
model is valid for defining the degree of resilience and detecting the deficiencies of the existing coastal development,
offering effective mechanisms to enhance the ability to promote the required contingency preparations.

Index-words: Coastal floods, Resilient Urbanism, Digital tools, Egyptian communities.

Regarding the concept of sustainable development,
the international community explores ways to face
risks at coasts by improving resilience depending on

I Introduction with literature
review

natural, socio-economic, and strategic approaches

Along 440.000 km of sensitive ecosystems, coastal
populations live in a state of instability due to
exposure to the risk of natural disasters caused by
the natural phenomena associated with seas and
oceans, such as storms and tsunamis [1]. Such a
vulnerable coastal population has been doubled and
is still increasing to host around 60% of the world’s
population in areas that represent only 15% of the
inhabited land worldwide [2]. The Egyptian coasts,
along 1,150 km on the Mediterranean and 1,850 km
on the Red Sea, are exposed to many environmental
and socio-economic pressures [3]. Coasts on the
Mediterranean are part of the most fragile marine
regions due to faults that cause destructive tectonic
activity side by side with unsustainable policies
of development, especially on the Northern West
Coast of Egypt [4].
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[5], [6]. The strategic approach includes displacement
plans to face long-term phenomena as sea level
rise and instant evacuation plans to face short-
term events as floods risks [7], [8]. These plans
operate depending on routes, buildings, and outdoor
spaces representing the components of the urban
environment [9], [10].

Variations of urban components provide different
urban configurations known as urban forms [11].
A sustainable coastal urban form should be able
to adapt the uniqueness of a coastal area including
natural, cultural, and social needs [11]. Several
studies attempted to set a classification for the
Egyptian Urbanism depending on three standards;
level of Governance, socio-economic patterns, and

urban patterns [12].
Eos]
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The Egyptian Urbanism needs to be re-classified
in accordance with the coastal flooding risk [10].
Consequently, an inductive research method is
employed to propose a framework depending on the
degree of resilience for the main parameters:

a. The urban Pattern including:
(i) wurban fabric,
(ii) urban network,

b. The community pattern including:
(i) degree of hazard,
(ii) vulnerability,
(iii) resistance. (Fig.1)

This paper introduces the UT-NFR (Urban Typology
due to Natural Flooding Risk) model based on
the findings of a comparative study analysis for
a number of cases compatible with Egyptian
Urbanism. The model comprises three main stages:

a. Identifying the risk of community pattern,
b. Identifying the risk of urban Pattern,

C. Calculating the (UT-NRF) index that ranges
between Oand1duetothelinear normalization
for the included indicators for both patterns.
(Fig.1)
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Figure 1: Proposed Framework.
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A. Natural disaster and coastal Egyptian
Urbanism

1. Natural disasters and Egyptian coasts
A disaster is an unexpected event that causes
damage, human suffering, and overwhelming local
capabilities [13], [14]. Disasters classified as natural,
human-caused, and combined of both causes could
be described by source, location, and occurrence
rate [15]. The most critical hazard is global warming,
which causes the sea level to rise by 1 to 2 mm
annually [16]. Natural coastal disasters are classified
into:

a. Long-term phenomena such as sea level rise or
landslides,

b.  Short-term phenomena including storms and
tsunamis [17], [18].

Egypt typically faces sea level rise, tsunamis, and
26 seasonal maritime storms [19], [20]. A set of non-
seasonal storms caused more than 227,000 victims
and half a billion dollars in property losses in Egypt
since the 1990s [21]. Historically, Egypt has been
exposed to a well-documented number of tsunamis
from the Mediterranean as a seismically active
region, causing a major event almost every 800
years [22]. One of the events occurred in the year
365, and the second one occurred in 1303, which
destroyed the ancient, significant world wonder of
the Alexandria lighthouse [23], [24].

There are concerns towards the unstable geological
conditions of Etna Mountain which is known for its
volcanic activity at the east of the Mediterranean in
a way that may cause a tsunami hitting North Africa
[25]. In May 2017, researchers observed a sliding
of 8 cm in Mount Etna’s edge at the south of Sicily
confirming the previous concerns towards it [26].

2. Existing conditions of coastal cities

While a coast refers to the area of contact between
land and sea, coastal areas are the interactions
between land, sea, and atmosphere [27]. The total
length of the world’s coastline is one million km,
embracing 60% of the world’s population, occupying
only 40% of its accessible total length within glacial,
shelf, plain, vegetated, and marine island coasts
[28]. Coasts are remarkable dynamic environments
containing resources for food and habitats in a
highly sensitive ecosystem [29]. About 23% of the
world’s population occupies 100 km of the coastline,
inhabited by activities such as fishing, trade, and
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tourist activities determined by the natural and
demographic composition [30]. The risk of living by
coasts has escalated since the percentage of Gross
Domestic Product exposed to storms increased from
3.6% in 1970 to 4.3% in the 21 century, besides
increased losses of coastal habitats, which reached
85% of marine forests, 50% of wetlands, and more
than 25% of coral reefs [31]. A set of demographical,
socio-economic, political, and natural forces,
such as population growth, urbanization, and
industrialization, contributed to the aggravation of
that risk [15].

A number of threats emerged on the Mediterranean
coasts, such as pollution in the eastern basin and the
Adriatic Sea, with the non-stop biological invasions
and algal blooms due to the huge proliferation of
more than 600 alien plants and animals recorded
between 1970 and 1980 [32]. The Mediterranean
coasts face catastrophic effects on public health due
to the consumption of toxic seafood, which appears
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in sewage from marine navigation and agricultural
discharges, in addition to the risk of natural disasters,
including earthquakes, volcanoes, and tsunamis [32].

On the other hand, a number of threats have
emerged along the coasts of the Red Sea such as the
fluctuated tidal rates with submersion operations
up to 3 km deep [32]. The widespread of coral reefs
and mangrove forests along 2000 km hinders the
sustainable tourism development, adding to the
tectonic activity of the Great Rift Valley, and the
expansion of oil pollution by mining [32].

Based on the index of coastal vulnerability, a set of
influential parameters, including geomorphology,
slope, exposure to erosion, sea level, and tide values,
is used to classify the Egyptian North Coast. Thus,
the Egyptian North Coast is divided into five sectors
due to the homogeneity of these parameters [33]
(Fig.2).

Zone 4

Kafr Ekheikh Damisita

Port Saeed

“ —Delta of Egypt

]

Figure 2: Egypt North Coast classified by vulnerability index.
(Source: prepared by the authors, based on [33])

The western sector of the Egyptian North Coast
from Salloum to El-Hammam faces high erosion
rates due to the modification of the shoreline to
accommodate more touristic activities and the
unplanned areas that exceed 70% of human
settlements [4]. The second sector, between El-
Hammam and Edko, is exposed to developmental
pressures on resources that led to pollution and
infrastructure deterioration [29].

The sector at the Delta, between Idku and Port Said,
is exposed to drying of wetlands, land subsidence,
and decreased sedimentation rate of the Nile, which
decreased to 3.92 billion m3/year through the
Rosetta Estuary in 2007 instead of 62 billion m3/
year in 1912 [29].

The sector extending 70 km east of Port Said to
Bardawil suffers from shoreline changes resulting
from the construction of a breakwater at El-
Arish power station in 1995 and El-Arish fishing
port in 1982, with a rate of 35% erosion and 65%
sedimentation [4]. Nonetheless, the areas extending
130 km east of Bardawil to Rafah are exposed
to a rate of 70% erosion and 30% sedimentation
[4]. Based on the index of vulnerability, which
includes geomorphology, slope, erosion, fauna or
flora coverage, and land use, a set of influential
parametersisused to classify the coast of the Red Sea
that could be divided into a number of sectors due to
the diversity and lack of uniformity [33] (Fig.3).
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Figure 3: Egypt East Coast classified by vulnerability index.
(Source: prepared by the authors, based on [33])

3. Coastal flooding scenarios on
Egyptian coasts
Coastal flooding is an inundation of coastal

lands and properties, especially in areas with
high population densities, resulting from storms
or tsunamis with an increased impact on areas
below sea level [17], [18]. Flooding is affected by a
set of factors, including sea level rise and extreme
weather events [34]. The degree of risk is differently
affected by demographic, economic, environmental,
and urban characteristics [35]. As different types
of beach geomorphology record different response
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patterns to flooding, the impact of coastal flooding
depends on the level of vulnerability, sensitivity,
and resistance [36].

In addition to seasonal typical storms on the
Egyptian coasts, non-seasonal events from storms or
tsunamis on the Northern Coasts have historically
caused more than 227,000 victims and more than
half a billion dollars loss of properties [22]. In the
future, Egypt is expected to face a possible hurricane
at the eastern basin of the Mediterranean, especially
after the disaster of Derna, Libya in 2023 [37].

The

Mediterranean

Figure 4: Etna Mountain and Egyptian North Coast.
(Source: prepared by the authors, based on [25])

The geological conditions of Sicily, especially
Mount Etna, signal a possible future tsunami to
hit the coasts of North Africa [25] (Fig. 4). Based on
history and existing geological conditions, the risk
of a tsunami is limited to the Egyptian North Coast
[22]. Thus, the Egyptian North Coast is divided into
four sectors, which discuss the worst scenarios of
a tsunami [38], [39]. All sectors are subjected to the
tsunami scenario of the year 1303, while the worst
scenario likely to affect the sector along the Delta is
the tsunami scenario of 365 [10] (Fig. 5).

Figure 5: Future scenarios of tsunamis. Tsunami on the Egyptian North Coast.
(Source: prepared by the authors, based on [22], [38], [39])
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4, Urban resilience at coasts and
flooding risk: Approaches and strategies
Sustainability in coastal areas can be measured
through the ability to face the forces of flooding,
adapt to them, and restore stability to perform
functions in a process called urban resilience [40],
[41]. While urban community is the material exposed
to forces, urban resilience could be defined as the
ability to absorb forces with flexible releasing due
to the qualities of resistance, balance, and cohesion
that could be achieved depending on three main
approaches:

a. The environmental approach,
b. The socio-economic approach,
C. The strategic planning approach [42].

The environmental approach appears through
the coastal resources management policy, which
depends on preserving resources and reducing the
destructive forces of flooding [40], [43]. This policy
relies on coastal forests, mangroves, dunes, and
coral reefs certified to reduce up to (40-50) % of the
destructive effects in Southeast Asia during the
2004, 2006, and 2007 tsunamis [44].

The socio-economic approach appears through
a set of social policies such as raising awareness,
encouraging participation, placemaking for open
spaces depending on user well-being strategies,
and training teams of emergency support [15],
[45]. This aligns with set of economic policies
such as conservation, development, and creating
interactions with economic basis [46].

The strategic planning approach appears through
the urban disaster management strategy, aiming
to achieve a high response to risk and mitigate the
destructive effects of coastal flooding through two
main groups of policies[47],[48]. The first isa group of
urban policies including safe use allocation, fortified
landscaping, upgrading, replacement, renewal
plans, improving infrastructure, and waterfront
development [49], [50]. The second is a group of
organizational policies, including displacement plans
todeal with long-term phenomena such as rising sea
level and evacuation plans to deal with short-term
phenomena such as storms and tsunamis [51]. The
evacuation is the process of moving people to safe
areas to reduce potential losses by the involved
parties [51]. However, the individual responsibility
to survive is a main motive; parallel preparations for
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the disadvantaged groups are required to overcome
the mobility inequality in densely populated cities
[52], [53].

Evacuation operations consist of warning system:s,
signage systems, and escape maps that depend on
buildings for vertical evacuation, urban spaces for
horizontal evacuation, escape routes on streets,
service centers for rescue preparations, and districts
as hazard zones [54], [55], [45]. This highlighting
the role of the urban environment to achieve
sustainability of the coastal areas [56], [57].

5. Egyptian Urbanism: Typological forms
and patterns

The role of the urban environment to achieve
sustainability at the coastal areas have been proven
through activating strategies such as evacuation
plans [58], [59], [60]. Sustainable Urbanism depends
on a sustainable urban form that needs to be raised
in consistency with the parameters of an urban
area, especially areas of a high sensitivity index such
as coastal areas facing the natural flooding risk [61],
[62].

An urban form is defined as a product of the
accumulation of the city over time in a spatial
space [11]. This accumulation is created by masses
suitable for life purposes explaining the ability of
urbanization to meet needs of confronting flooding
risk and reduce the losses caused by the deficiency
of these urban forms [63]. Several studies have
indicated that different patterns of urban forms had
been crystalized according to a set of parameters of
different sectors in a process known as the typology
of urban form [64].

The Egyptian Urbanism is classified based on the
method of triple typology for urban forms, which
contributed to a deep understanding of these
complicated systems with three bases, including:

a. Urban Governance,
b. Community pattern,
C. Urban Pattern [12].

The base of urban Governance represents the level
of controlling and organizing the urban morphology
through three main indicators, including
spontaneous, semi-organized, and organized levels
[12]. The base of community pattern expresses
the nature of relationships between residents
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through three main indicators, including Bedouin,
rural, and urban patterns [12]. The base of urban
Pattern emerged by vertically-built volumes with
horizontally-extended spaces consisting of two
basic elements:

Urban fabric issuing the principles of densities,
clustering, and ordering with outputs of
compacted, integrated, loose, and scattered
urban fabrics,

B (Rural, linear integrated,
spontaneous), T.

A (Rural, Grid integrated,
spontaneous), Assiut, Egypt.

%

.- b X TR S

F (Semi-urban, collective
integrated, semi-organized),
Cairo, Egypt.

E (Modern urban, collective,
loose, organized), Helwan,
Egypt.

C (Rural, primitive compacted,
spontaneou
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Urban network issuing the shape of circulation
system with outputs of primitive, grid, and
collective systems [12].

The possibility of having patterns for urban forms
based on the method of triple typology produces
unrealistic patterns, such as coupling the Bedouin
pattern with an organizational level of Governance
and an integrated urban fabric [12]. Additionally, a
number of patterns expressing the predominant
logic of urban forms are produced [12] (Fig. 6).

D (Trad. urban, collect. compacted,

s), Suhag, Egypt. spontaneous), Luxor, Egypt.

-

e

S

G (Old urban, grid integrated, H (Modern urban, grid loose,

semi-organized), Alexandria,

organized), Giza, Egypt.
Egypt.

| L, m

=

Figure 6: Examples of the predominant patterns of urban forms in Egypt.
(Source: prepared by the authors, based on [12])

Based on the method of triple typology for the urban
form of Egypt, the predominant patterns of urban
form along the Egyptian coasts and their recurrence

Traditional Urban, Collective Compacted, Semi-organized
Modern Urban, Collective Loose, Organized

Modern Urban, Grid Loose, Organized

Traditional Urban, Grid Integrated, Semi-organized
Semi-urban, Collective Loose, Semi-organized
Semi-urban, Grid Integrated, Semi-organized
Semi-urban, Grid Integrated, Spontaneous

Semi-urban, Primative Compacted, Spontaneous
Traditional Rural, Linear Integrated, Spontaneous
Traditional Rural, Primative Compacted, Spontaneous

Patterns of Urban
Form

Traditional Bedouin, Primative Scattered, Spontaneous

Value of Repetition

rate are identified using samples from the North
Coast [10], [12] (Fig. 7).

14 16

o

Figure 7: Prevailing patterns of urban form at the Egyptian North Coast and the rate of repetition.
(Source: prepared by the authors, based on [10])

B. Case studies of digital models for urban
resilience in coastal areas

Recent research on coastal sustainability in Egypt
demonstrated that indicator-based models are the
most practical tools to integrate urban parameters

with natural risk considerations [65]. Among the
set of global models measuring urban resilience at
coastal areas, three models are selected based on
proposed evaluation criteria to investigate the most
appropriate models matching the Egyptian coastal
Urbanism (Table 1), and (Fig. 8).
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Table 1: List of initial global models, with color code, and final score

Code | List of initial global models
MAS-Based Evacuation Simulation of an Urban Community during an Urban Rainstorm Disaster in China [66]. 6.60
Hurricane Evacuation Modeling Using Behavior Models and Scenario-Driven Agent-based Simulations [67]. 5.70
Modeling Evacuation Behavior Under Hurricane Conditions [68]. 5.50
The Impact of Urban Form Facing Risk of Tsunami [10]. 8.10
Quantitative analysis of urban form: a multidisciplinary review [69]. 5.10
Urban Form and Natural Hazards: Exploring the Dual Aspect Concept of Urban Forms on Flood Damage [70]. 7.50
Coasts at Risk: An Assessment of Coastal Risks [71]. 7.60
Coastal Hazard Vulnerability Assessment Based on Geomorphic, Oceanographic, and Demographic Parameters [72]. | 5.70
Mapping Urban Resilience for Spatial Planning [73]. 6.70
An interdisciplinary and catchment approach to enhancing urban flood resilience [74]. 6.90
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Figure 8: Evaluation criteria and score for the initial list of global models for urban resilience at coastal areas.

Based on the evaluation criteria for the initial list
of global models, the most suitable practices are
numbers 4, 6, and 7, respectively. These practices
will be used to develop a deeper understanding
of the relation between formative parameters of
Egyptian coastal Urbanism and natural flooding
risk, and develop the proposed model for assessing
urban resilience against the risk of coastal flooding.

The evaluation process assigned numerical values to
indicate the suitability of each model to the thesis,
with a minimum score of 0.5 expressing a descriptive
adherence to the criteria, without having tools

or final results to prevent value dispersion from
ineffective scores. Three categories are defined
for the evaluation, including (>0.5 to 0.7) for tools
without results, (>0.7 to 0.9) for tested tools with
expressive results, and (>0.9 to 1) for validated tools.

1. Role of urban network facing risk of
Tsunami: A case of Egyptian North Coast
Based on formative parameters of urban fabrics, the
evacuation plans will be used to identify the risk of
the urban network along the Egyptian North Coast
employing a model to predict the survival rates
generated by GIS [10], [75] (Table 2), and (Fig. 9).
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Table 2: Results of the application of evacuation plans on areas exposed to flooding along the Egyptian North Coast
(Source: prepared by the authors, based on [10], [75])

Accumulative Survival Rate

Surviving Population

Urban
fabric

Temporal
Surviving Population

minutes | minutes

m Survival Rate After
(10 minutes)

M Survival Rate After
(5 minutes)

Primitive |[58334 41178 32221 32221 58334 99512 131733 |163954 |26% 44% 59% 73%
Compacted
Linear 59647 |54831 |48946 (44367 |59647 |114478 (163424 (207791 |(27% 51% 73% 92%
Integrated
Grid 59982 142876 |39257 [35900 |59982 102858 142115 |178015 |27% 46% 63% 79%
Integrated
Grid Loose [60003 48176 |[45575 |36258 60003 108179 153754 (190012 |(27% 48% 68% 84%
Collective 62513 57000 |54393 |[51033 62513 119513 |173906 224939 |28% 53% 77% 100%
Loose

Q

E 200% 26% 44% 59% 73% 279 51% 73% 92% 279 46% 63% 79% 579 48% 68% 84% 589 53% 77%100%

.'én 0% — — — — — —

g Primative Compacted Linear Integrated Grid Integrated Grid Loose Collective Loose

a Urban Fabrics

Survival Rate After
(20 minutes)

Survival Rate After
(15 minutes)

Figure 9: Results of the application of evacuation plans on areas exposed to flooding along the Egyptian North Coast.
(Source: prepared by the authors, based on [10], [75])

The most remarkable output is that linear integrated
fabric offers a 92% survival rate despite its high
densities. This comes as a result of its perpendicular
network on the shoreline, facilitating evacuation by
minimizing the routing length and time needed to
reach shelters [10].

2. Impact of urban form on flooding risk:
A case of Seoul, South Korea

A set of factors is utilized to describe an urban
form in the area affected by flood damage in the
case of Seoul, South Korea, including Floor Area
Ratio, which increases directly with the increased
flood damage [70]. However, Population Density,
Urban Dispersion depending on the Gini coefficient,
Urban Clustering depending on Moran’s I index, and
Randomness (irregularity) of Spatial Distribution
depending on the Entropy Index increase inversely
with the increase of flood damage [70].

3. Assessing community risk at coasts: A
global assessment of the case of flooding

The index of coastal risk expressing resilience
against coastal flooding is calculated by combining
indicators, including exposure, vulnerability, and
resistance [71]. This method is used to calculate
the risk of community pattern in the equation

CR=DX (%) where CR is the index of coastal risk
due to community pattern, while D is the degree of
exposure, V is the degree of vulnerability, and A4 is
the degree of Adaptability that equally represents
resistance.

II. Methodology

A. Urban Typology due to Natural
Flooding Risk UT-NFR Model

UT-NFR is a proposed model to measure urban
resilience against coastal flooding at the Egyptian
coastal Urbanism, depending on calculating the risk
of its two main parameters. The first parameter is
the community pattern developed by combining:
(A) the level of urban governance, and (B) the type
of socio-economic Pattern. The second parameter
is the urban Pattern, developed by keeping its both
original components: (C.1) urban fabric, and (C.2)
urban network, which were traditionally proposed
to classify Egyptian Urbanism throughout several
previous studies. UT-NFR index ranges between (0)
and (1) due to the process of linear normalization
for the included indicators that describe Egyptian
coastal Urbanism (Fig. 10).
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A Model for Measuring Urban Resilience Against Natural
Flooding Risk at Egyptian Coastal Urbanism:

UT-NFR (Urban Typology due to Natural Flooding Risk) Model
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Figure 10: A theoretical framework for the UT-NFR model.

1. Stage 1: Identifying the risk of the
community pattern parameter

This parameter relies on measuring natural, socio-
economic, and governance indicators to assess three
main principles:

a. Hazard,

b. Vulnerability,

C. Resistance employing a set of validated
indicators [71], as indicated in Eq. (1):

B (Ha X W) SV X Wy)
CP; = ( SW, b Hif + W, Vif])
(ZRaX W) 1 )

Where CP; is the main risk parameter of community
pattern, H, is the linear-normalized value for an
indicator of hazard in an area, W}, is the relative
weight of this indicator, and Hijy is the impact factor
for the hazard principle. ¥, is the linear-normalized
value for an indicator of vulnerability in an area,
W, is the relative weight of this indicator, and Vi
is the impact factor for the vulnerability principle.
R, is the linear-normalized value for an indicator
of resistance in an area, W, is the relative weight of
this indicator, and Rjs is the impact factor for the
resistance principle. Linear-normalized values for
principles of hazard, vulnerability, and resistance
[71] are indicated in Eq. (1-1):

X — XO _Xmin.
" Xmax. - X}m’n. (1-1)

Where X, is the linear-normalized value for an
indicator, X is the actual value of this indicator in
an area, X, is the minimum officially-recorded
value of the indicator historically, and, X,,,4,. is the
maximum officially-recorded value of the same
indicator historically.

2. Stage 2: Identifying the risk of the
urban pattern parameter

This parameter relies on measuring the urban form
impact on flooding by assessing two principles:

a. The impact of urban fabric on flood losses,

b.  Theimpact of urban network on survival rate
of evacuees during the evacuation, [70], as
indicated in Eq. (2):

_ LU B Lmiﬂ. ) .
R e o)
Y(T x Pl + [T xB]) 1 1
(BB R o)

Where UP; is the main risk parameter of urban
Pattern, L is the predicted value of flooding losses in
an area, L,,;; and L,,,, is the minimum and maximum
officially recorded historical values of flooding losses,
respectively. P; is the total population of an urban
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area, Iy and Ty are the required time to evacuate a
building and to arrive at a safe assembly area on the
urban network at the sub-area, respectively, P, and
F, are estimated proportions of the population inside
buildings and on streets, respectively. N is the total
number of module areas, and T}, is the allowed time
to complete the evacuation plan. UF;s and UN;f are
the impact factors for the urban fabric and the urban
network principles, respectively [10], [70], [75].

o Step 1: Assessing the effect of urban fabric
on flooding risk
The study adopts a numerical tool to assess
the impact of engineering characteristics of
an urban fabric on flooding losses [70], as
indicated in Eq. (2-1):

(@ + FAR, + )
Lc.: +
(Di +GI +MI +EI + '”)

9-Tm |\ 1
=5

Where g is the coefficient for the average
value of historical flood losses in official
records, FAR; is the floor area ratio, D, is the
population density, G; is the Gini coefficient
referring to the degree of urban dispersion,
M; is Moran’s I index referring to the degree of
urban clustering, and E; is the Entropy index
referring to the degree of urban distribution.
M; is the indicator that has an impact on losses
to calculate Mean Absolute Error, and i is the
impact factor for an indicator.

(2-1)

o Step 2: Assessing the effect of urban
network on flooding risk
Recent studies prioritize pedestrian mobility
during the evacuation of densely populated
cities toavoid congestion caused by high traffic
demand. This promotes walkability through
improving the morphological, functional, and
social dimensions [76].

The study adopts a numerical tool to simulate
the evacuation process using pedestrian routes
as a priority to assess the impact of urban
network characteristics on the survival rate.
This tool is carried out using the Pedestrian
Evacuation Analyst as a GIS application.
Meanwhile, Global Mapper is utilized to obtain
geospatial data to get the inundation maps of
the potential flooding scenario [10], [75]. The
required time to evacuate a building to a safe
location on the urban network is indicated in
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Eq. (2-2-A) and Eq. (2-2-B):

4 A‘lmit + Favg(ﬁ + Bdepth)

o= (8o % [1+ iBE] x [1 — iBE,] x ) (@2:A)

_— (Savg + Reva) X 4 2-2.8)
> (ao x [1+iBE] x [1—iBE,] x )

Where A,,,,;¢ is the average area of a unit as
per the maximum perimeter distance to exit
unit, Favg is the average number of floors,
P is a constant coefficient due to the typical
height of floor for the distance on stairs, and
B gepen is the block depth for the distance on
internal corridors of a building. S4,,4 is the
average length of the internal evacuation
route at a module area, Rgyq is the length of
the horizontal evacuation route on the main
external urban network, and A4 is the Spatial
Deviation Coefficient between theoretical and
physical distances. &, is the average speed for
the prevailing age category of residents, iBF,
and iBF; are variables that have a positive or
negative impact on the evacuation speed [10],
[75].

3. Stage 3: Calculating the UT-NFR index
Finally, UT-NFR is calculated based on the main
risk parameters of the community and the urban
patterns [71], [70], [75], as indicated in Eq. (3):

UT — NFR = Lt
- ~ \icr, + ivp; )

Where CR; is the risk of the community pattern
parameter, UP; is the risk of the urban pattern
parameter, and i is the impact factor for parameters.

B. Adaptation of the UT-NFR Model
within the Egyptian context

A set of indicators was developed to apply the
proposed UT-NFR model to the Egyptian context
basedonadeepunderstandingof Egyptian Urbanism.
Each indicator's relative weight is determined
through acomparative study, highlighting the degree
of each global model reliance on each indicator in
Tables (3, 4, 5, 6, and 7), while (M1), (M2), and (M3) are
the given reliance evaluation for the global models
included into the previously selected case studies
numbers (4, 6, and 7) respectively, as follows:
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Table 3: Indicators for the level of hazard to identify the risk of community pattern with relative weights
(Source: prepared by the authors, based on [71])

Indicator | Principle | Relative Weight

H1 Rainfall rate in the region during the coastal storm season. 4 5 4 4.33
H2 Rainfall rate in climate exceptions caused by cyclones. 2 2 3 233
H3 Blizzard rate during the coastal cyclone season. 1 1 3 1.67
o H4 Thunderstorm rate during the coastal cyclone season. 1 1 3 1.67
§ H5 The temperature rate drops to zero or below during the coastal cyclone season. 1 1 3 1.67
uma Hé6 Average number of consecutive days that a coastal cyclone lasts. 1 1 3 1.67
E H7 Average wave height during the coastal cyclone season. 2 1 4 2.33
4 H8 Average prevailing wind speed during the coastal cyclone season. 1 1 3 1.67
H9 Historical temporal sequence of tsunami occurrence. 4 1 3 2.67
H10 | Average wave height of the Tsunami. 4 2 4 3.33
H11 | Average wave Speed of Tsunami. 2 1 3 2.00

Table 4: Indicators for the level of vulnerability to identify the risk of community pattern with relative weights
(Source: prepared by the authors, based on [71])

Indicator | Principle Relative Weight

Vi The rate of coastal erosion. 1 1 3 1.67
V2 The rate of pollution of the regional seawater. 1 1 8 1.67
V3 The rate of air pollution. 1 1 3 1.67
V4 The rate of salinity of the regional water. 1 1 8 1.67
V5 The rate of oil spills observed in the regional seawater. 1 1 3 1.67
Vé The percentage of land below sea level. 2 2 3 2.33
v7 The announced unemployment rate. 1 4 3 2.67
V8 The announced dependency ratio. 1 4 3 2.67
,:? V9 The outbreak rate of chronic diseases. 2 1 3 2.00
;'; V10 | The outbreak rate of infectious diseases and epidemics. 2 1 3 2.00
g V11 | The percentage of children. 3 1 3 2.33
E V12 | The percentage of elderly people. 3 1 3 2.33
% V13 [ The percentage of handicaps. 3 1 3 233
E’ V14 | The percentage of families that raise pets. 2 1 3 2.00
V15 [ The percentage of accommodations in mental hospitals. 2 1 3 2.00
V16 | The percentage of prisoners. 2 1 3 2.00
V17 | The percentage of workers in public and basic services. 2 1 3 2.00
V18 | The percentage of families that do not have emergency and evacuation equipment. 3 1 3 2.33
V19 | The percentage of residents without a training session on evacuation. 2 1 3 2.00
V20 | The percentage of land not suitable for development. 2 2 3 2.33
V21 | The percentage of families below the poverty line. 2 2 3 2.33
V22 | The percentage of families that do not own private cars. 2 1 3 2.00
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V23 | The percentage of families that depend on self-employment or non-stable crafts. 1 2 3 2.00
V24 | The percentage of families having income from coastal resources. 1 1 8 1.67
V25 | The percentage of the gross domestic product based on coastal activities. 1 1 3 1.67
V26 | The percentage of streets less than 14m wide out of the total number of streets. 2 1 3 2.00
V27 | The percentage of unpaved streets. 4 1 2 2.33
V28 | The percentage of streets without evacuation lanes. 4 1 2 2.33
.%’ V29 | The percentage of residential units located on ground floors. 2 1 3 2.00
;': V30 | The percentage of buildings with a height of less than three floors. 2 1 3 2.00
g V31 | The percentage of non-concrete buildings. 2 1 3 2.00
E V32 | The percentage of buildings with weak structural conditions. 2 1 3 2.00
% V33 | The percentage of buildings that do not contain a vertical evacuation shelter. 2 1 3 2.00
E’ V34 | The percentage of areas not supported by warning systems. 2 1 3 2.00
V35 [ The percentage of areas not supported by escape guidance signs. 2 1 3 2.00
V36 | The percentage of areas outside the coverage zones of rescue centers. 2 1 1 133
V37 | The percentage of areas outside the coverage scope of services. 2 1 1 1.33
V38 | The percentage of areas without escape plans. 2 1 3 2.00
V39 | The average distance between residential buildings and the nearest rescue center. 2 1 1 1.33
V40 | The average walking distance between residential buildings and the nearest shelter. 2 1 1 1.33

Table 5: Indicators for the level of resistance to identify the risk of community pattern with relative weights
(Source: prepared by the authors, based on [71])

Indicator | Principle Relative Weight

R1 The percentage of coastal front length covered by coral reefs. 2 1 4 2.33
R2 The ratio of the depth of coral reefs to the depth of the area. 2 1 1 1.33
R3 The percentage of the coastal front covered by mangrove. 2 1 4 233
R4 The ratio of the mangrove’s depth to the depth of the area. 2 1 1 1.33
R5 The ratio of the mangrove average height to the height of the flood. 2 1 1 1.33
R6 The percentage of the area covered by dunes and sand grasses. 2 1 3 2.00
R7 The ratio of dunes and sand grass average height to the height of floods. 2 1 1 1.33
R8 The percentage of area covered by coastal forests. 2 1 4 2.33
g R9 The ratio of the average height of trees to the average height of floods. 1 1 1 1.00
%’ R10 | The percentage of the area located above sea level. 2 1 4 2.33
g R11 | Theratio of land and building volumes above sea level to flood water volume. 1 1 1 1.00
% R12 | The prevailing average of the crossing slope at the shoreline. 3 1 2 2.00
E-’ R13 | Theratio of vacant housing units to the total housing units. 1 1 2 1.33
R14 | The percentage of the population (from 21 to 40 years). 2 2 3 2.33
R15 | Theratio of the working population to the total population at working age. 2 2 3 2.33
R16 | The ratio of training hours on awareness against floods to total school hours. 2 1 2 1.67
R17 | The ratio of hours specified for awareness against flood to total media hours. 2 1 2 1.67
R18 | The ratio of the population owning a smart device to the total population. 2 1 2 1.67
R19 | The percentage of the population using warning applications related to flood risks. 2 1 2 1.67
R20 | The percentage of workers at the agencies responsible for monitoring floods of the 2 1 4 2.33
total workers.
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R21 | The percentage of awareness and rescue volunteers out of the total population. 2 1 4 2.33
R22 | The percentage of families that own emergency equipment. 2 1 2 1.67
R23 | The percentage of families that have been trained at least once on evacuation. 2 1 2 1.67
R24 | The percentage of vacant lands suitable for development. 2 1 2 1.67
R25 [ The percentage of families that receive the minimum wage (at least or above). 2 1 3 2.00
R26 | The percentage of families that own at least a private car. 2 1 2 1.67
R27 | The percentage of families whose heads depend on permanent or stable work. 2 1 2 1.67
R28 | The percentage of areas that have conservation plans. 2 1 3 2.00
R29 [ The percentage of families that don’'t depend on coastal resources. 2 1 2 1.67
R30 | The percentage of GDP based on non-coastal activities. 2 1 3 2.00
R31 | The percentage of areas that are not exposed to risks. 2 1 4 2.33
R32 | The percentage of areas that are located within the scope of emergency services. 2 1 2 1.67
R33 | The percentage of street lengths is not less than 14 meters wide. 2 1 2 1.67
R34 | The percentage of paved streets. 2 1 3 2.00
R35 | The percentage of paved streets out of the total length of pedestrian streets. 2 1 2 1.67
R36 | The percentage of streets with lanes designated for emergency use. 2 1 3 2.00
g R37 | The percentage of streets with max. Longitudinal slope is 5% of the total streets. 3 1 2 2.00
g R38 [ The percentage of streets with max. The longitudinal slope is 8% of the total number 3 1 2 2.00
2 of pedestrian streets.
é R39 | The percentage of streets with max. Longitudinal slope is 8% of the total non- 2 1 2 1.67
° motorized streets.
% R40 | The percentage of streets with max. Longitudinal slope is 10% of the total motorized 3 1 2 2.00
= streets.
R41 | The percentage of buildings without residential units on the ground floor. 3 1 2 2.00
R42 | The percentage of built areas without residential use. 2 1 2 1.67
R43 | The percentage of buildings with more than three floors out of the total buildings. 2 1 2 1.67
R44 | The percentage of concrete buildings. 2 1 3 2.00
R45 | The percentage of buildings with medium to excellent structural condition. 2 1 3 2.00
R46 | The percentage of fortified lands against flood risk. 2 1 2 1.67
R47 | The percentage of buildings designed as per the requirements of civil defense. 2 1 2 1.67
R48 | The percentage of areas that have urban upgrading plans. 2 1 2 1.67
R49 | The percentage of land suitable for absorbing displacement and resettlement plans. 2 1 2 1.67
R50 [ The percentage of street length covered by the storm network. 2 1 4 2.33
R51 | The percentage of rainwater that can be recycled. 2 1 4 2.33
R52 | The percentage of areas covered with smart coastal systems. 2 1 2 1.67
R53 | The percentage of prone areas without the need for displacement plans. 2 1 3 2.00
R54 | The percentage of areas supported by signs and escape signs. 2 1 3 2.00
R55 | The percentage of prone areas within the coverage of rescue centers. 2 1 3 2.00
R56 | The percentage of areas that have officially approved escape maps. 2 1 3 2.00
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Table 6: Indicators for assessing the impact of urban networks to identify the risk of urban Patterns with relative weights
(Source: prepared by the authors, based on [10], [75])

Indicator

Relative Weight

Principle

N1 The percentage of evacuation routes out of the total corridors. 3 1 2 2.00

N2 The percentage of routes with evacuation lanes out of total routes. 3 1 2 2.00

N3 The percentage of pedestrian routes out of total routes. 2 1 1 1.33

N4 The percentage of routes with different patterns of movement out of the total routes. | 2 1 1 1.33

'i‘a N5 The percentage of routes with movement in both directions out of the total routes. 2 1 1 1.33

E Né6 The percentage of routes that are wider than 14 meters out of the total routes. 8 1 1 1.67

% N7 The percentage of straight routes that have break points out of the total routes. 1 1 1 1.00

,"é N8 The percentage of routes that contain more than a break point out of the total routes. |1 1 1 1.00

E N9 The percentage of routes with horizontal curves out of the total routes. 1 1 1 1.00

*% N10 | The percentage of routes with horizontal curves with 20m min. Radius out of total 1 1 1 1.00
=1 routes.

é N11 | The percentage of pedestrian routes with max. Longitudinal slope is 8% of the total 4 1 1 2.00
routes.

N12 | The percentage of routes paved with non-slip materials out of the total routes. 2 1.33

N13 | The percentage of routes supported by warning systems out of the total routes. 2.00

N14 | The percentage of routes supported by signage systems out of total routes. 4 1 1 2.00

Table 7: Indicators for assessing the impact of urban fabric to identify the risk of urban Pattern with relative weights
(Source: prepared by the authors, based on [70])

Indicator

Relative Weight

Principle

F1 Floor Area Ratio. 4 5 1 3.33
;‘% F2 The percentage of residential use. 4 5 1 3.33
"“_;" F3 Population Density. 4 5 4 433
.-§ F4 Degree of Urban Dispersion. 2 5 1 2.67
"Dé' F5 Degree of Urban Clustering. 2 5 1 2.67
‘g F6 Degree of Randomness for the horizontal configuration. 2 5 1 2.67
g F7 The percentage of the homogeneous sub-zone average area to the total area. 2 2 1 1.67
- F8 Buildings Foot Print 3 3 1 2.33

The evaluation criteria assigned a scoring scale (1 to
5) to indicate the level of reliance on each indicator
as: (1) for no reliance, (2) for descriptive or indirect
underlying reliance, (3) for measurable reliance, (4)
for numerical reliance using a tested tool, and (5) for
numerical reliance with generalized results. The
study applies an equal impact factor for all principles,
including hazard, vulnerability, resistance, urban
fabric, and urban network. This application resulted
in a 60% impact for the risk of community pattern,

and a 40% impact for the risk of urban pattern
parameters of the UT-NFR model.

III. Results

Determining the impact of parameters and
principles and incorporating the relative weight of
the crystallized indicators within the UT-NFR model
led to the following set of results:
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1. The model's main parameters, (i) risk of
community pattern and (ii) risk of urban
Pattern, are inversely related to the UT-NFR
index, which has different impact factors 3.
(Fig. 11).

2. Model’s main parameter to identify the risk of
community pattern includes: (A) hazard, and
(B) vulnerability principles directly related
with the main parameter, while the principle
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of (C) resistance is inversely related with it
(Fig. 11).

The model’s main parameter to identify the
risk of urban patterns includes principles: (D)
the effect of urban fabric on flooding losses,
directly related to the main parameter, and
(E) the effect of urban network on survival
rate during the evacuation process, inversely
related to it (Fig. 11).

Risk of Community
Pattern inversed 60%
Hazard Directed

20% 20%
[ EAREENENESE S SR N RN lRiskofCommuni‘ty
Pattern inversed 60%
Directed inversed Vulnerability Directed
Effect of Urban Effect of Urban Risk of Community
Fabric on flooding Network on survival  Pattern inversed 60%
losses rate Resistance inversed
40% Risk of Urban Pattern
inversed inversed 40% Effect of

. Urban Fabric on
Risk of Urban Pattern flooding losses Directed

20% 20% M Risk of Urban Pattern
inversed 40% Effect of
Urban Network on
survival rate inversed

Figure 11: Main parameters and principles of the UT-NFR model and their impact factors.

4,  The Arithmetic Mean of the final score is
(1.95), which is very close to the value of (2),
which was originally assigned for the lowest
degree of reliance on indicators through the
comparative study, making it the minimum

acceptable value to select the valid indicators
of the proposed UT-NFR model. In this context,
54 out of 129 indicators (42%), as shaded in
Tables 3, 4, 5, 6, and 7 (Fig. 12), are supposed to
be removed.
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Figure 12: Indicators of UT-NFR and their relative weights.
IV. Discussions Furthermore, the UT-NFR model utilizes a developed

mathematical formula that can provide more

The paper concluded, through inductive research, accurate and realistic measurements in a way that
a framework for the UT-NFR Model depending expresses the parameters upon which the Egyptian
on the degree of resilience for: (A) urban pattern Urbanism is originally classified.

parameters, and (B) community pattern parameters.
http://apc.aast.edu
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The paper proved that only 58% of the inducted
indicators are valid to be included in the final
Egyptian UT-NFR model due to:

1. The unavailability of the official data in Egypt,
which is still trying to set up a transparent
reachable database, has led to exclude a
number of non-available indicators from the
primary list that deeply express the Egyptian
urban context.

2. The uniqueness of the Egyptian urban context

compared to the selected global models has led
to omitting a number of initial indicators.

3. The instability of the climatic and geological
conditions in the eastern Mediterranean
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A set of indicators is identified representing the
main parameters and principles for the Egyptian
case, with relative weights determined based on a
comparative study highlighting the degree of each
global model’s reliance on each indicator. Finally, a
list of 58% of the proposed indicators is found to be
valid for effective inclusion into the final UT-NFR
model.

The model is expected to act as a proactive
tool to predict urban resilience for new coastal
development. Additionally, it can be applied as
a reactive tool to assess urban resilience in the
existing areas to set up the required contingency
preparations by planners and decision-makers.

zone, where recent non-typical events

VI. Future works

observed with unusual indicators appeared
in the primary list that has been exclusively
formulated for this paper.

V. Conclusion

The UT-NFR model is a proposed model that can
assess and measure urban resilience against natural
flooding risks using two main parameters: (i) the
risk of community pattern and (ii) the risk of
urban pattern. The model is developed based on
the integration of a number of tools, such as “coasts
at risk” for assessing community risk, including
principles of: (a) hazard, (b) vulnerability, and (c)
resistance. Other tools are investigated for assessing
the risk of urban patterns, including principles of
(d) urban fabric based on a mathematical tool to
measure direct or inverse effect on flood damage,
and (e) urban network based on a model that
measures the survival rate of evacuees during an
emergency for an evacuation plan.
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