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Abstract  Cities face various types of risks; some are 

natural such as floods, extreme heat, and earthquakes, 

others are urban risks such as fires, crime, and riots. Urban 

spaces can be creatively utilized to protect the city and 

increase its resilience. In some cases, urban spaces can be 

a “safe refuge” for the city residents. Such a concept is an 

untapped opportunity which has not been applied in the 

local context and there is not much literature about it. This 

research aims to help the designers and urban planners to 

make the right decisions about urban spaces enabling them 

to improve the Egyptian city’s resilience. A framework for 

planning and designing urban spaces is created based on 

the concepts of resilient cities, disaster risk reduction 

approach, and some international case studies. The 

framework is verified using Delphi technique for testing 

and prioritizing the framework principles. The main result 

(the framework) includes the planning and design 

principles and the procedures applied to find them. For 

example, an open space can be a refuge from earthquakes, 

where people can escape dilapidated buildings. The safe 

dimensions of space are related to the height of the 

surrounding buildings. Additionally, a set of principles has 

been developed for each type of natural disaster. This 

framework highlights some of the conflicts that can occur 

in a recommendation that solves one problem and increases 

the risk of another, such as encouraging wind movement to 

withstand heat waves which conflicts with using 

windbreaks to reduce exposure to sandstorms. The 

framework integrates diverse principles of planning and 

design in urban spaces in order to mitigate several risks. 
The principles of the framework are classified into a group 

of sub-categories, and then arranged based on the relative 

importance index and the number of responses of design 

principles to disasters. 

Keywords  Resilient City, Disaster Risk Reduction, 

Urban Spaces, Safe Refuge Sites 

1. Introduction

Disaster risks are increasing around the world. This can 

be attributed to the city's inability to mitigate these risks, 

the weakness of its infrastructure, the weak management of 

emergency services, and the lack of awareness. As the 

population increases, the need to the city's resilience 

increases, especially in the developing countries. The 

Egyptian cities are exposed to major natural hazards such 

as floods, earthquakes, sandstorms, sand dunes, extreme 

heat, and epidemics. These disasters have been studied as 

the main reason behind such substantial human and 

financial damages. However, the impact of sand dunes has 

not been thoroughly studied, as the solutions to this 

problem often lie outside the urban areas and are not 

directly reflected within the city spaces, which is the 

primary focus of the study. Additionally, there is a 

necessity to increase the city's resilience which can be 

defined as “increasing the ability of the city's systems to 

confront disaster risks with the least number of losses, and 

quickly regaining its ability to carry out its normal 

functions and activities after the disaster” [1-3]. Enhancing 
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resilience also helps achieving sustainable development, as 

stated in the eleventh goal of the United Nations 

Sustainable Development Goals 2015-2030 [4]. The lack 

of frameworks focusing on urban resilience in local context 

emphasizes the importance of focusing on one of the urban 

tools, such as planning and designing urban spaces to help 

the city mitigate the natural risks. 

2. Disaster Management Approaches 

Disaster management approaches have been developed 

to focus on three temporal phases of disaster management, 

which are pre-disaster preparedness, response during the 

disaster, and post-disaster recovery. Each timeframe 

contains a set of procedures as shown in (Figure 1). The 

purpose is to reduce the increasing rate of disaster losses 

and improve preparedness to respond rapidly to disasters 

so that countries can recover better after a disaster strike [5-

8]. Planners and engineers can intervene in the preparation 

phase before disasters helping the city mitigate the risks 

through effective planning and design strategies.  

Some of the global community resilience assessment 

frameworks which have emerged recently focus on 

assessing the resilience of the coastal areas, the buildings, 

and the spaces. The most famous framework is City 

Resilience Framework 2015 (CRF) of The Rockefeller 

Foundation, whose goal is to strengthen risk management 

organization in all sectors and invest in disaster risk 

reduction measures that enhance resilience [9]. By 

analyzing some of these lists, general procedures for 

addressing disasters, which must be implemented before a 

disaster, are deduced and summarized in 4 main 

dimensions as shown in (Figure 2). There are strategic 

dimensions; such as effective leadership and management, 

social dimensions; including community awareness of risks 

and training citizens to protect themselves in emergency 

cases, economic dimensions; such as the investment 

sustainability to enable the city to maintain its 

infrastructure, and urban dimensions, which focus on the 

effective management and maintenance of vital facilities 

and the integration of transportation networks with 

information and communications technology. 

 

Figure 1.  The procedures of the three temporal phases of disaster management. Source: Adapted by the researcher based on [6] 
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Figure 2.  The general procedures for disaster risk management in the preparedness phase. Source: Adapted by the researcher based on [10-14] 

It is noted that these lists have largely focused on the 

administrative and organizational measures to withstand 

disaster risks in the preparation phase. They also touched 

on some structured mitigation measures within the urban 

dimension, such as the mobility of basic needs and services, 

choosing safe sites to avoid risks, and developing slums. 

However, it overlooked employing the rest of the various 

planning and urban design tools that can help the city 

withstand natural risks. Although there are international 

examples of urban spaces that help the city adapt to natural 

risks, there is no clear framework for using urban spaces in 

the local context to help the city in this respect. Hence, the 

research question is: How can urban spaces get prepared to 

help the Egyptian cities confront natural hazards and save 

the lives of residents, especially during disasters? This is 

achieved by creating a framework of principles for 

planning and designing urban spaces to increase the 

resilience of the Egyptian cities to withstand these risks. 

This paper aims to help designers and urban planners to 

make righteous decisions to use urban spaces to improve 

the city's resilience. Public urban spaces, as defined by UN-

Habitat [15, 16], include squares, pocket parks, 

playgrounds, parks, and a network of roads and corridors. 

3. Forming the Framework 

The framework consists of three Pillars using the 

deductive approach as shown in (Figure 3). 

3.1. The First Pillar: Assisting Urban Design in the 

Mitigation Phase 

The first pillar depends on disaster preparedness by 

studying the theoretical methods to protect cities from the 

risks of the five aforementioned disasters. It aims to 

deduce the design principles for urban spaces that enhance 

the city’s resilience using examples of spaces around the 

world. The study investigates some of these principles that 

adapt to such risks. For example, one way to deal with 

urban flood at the city level is identifying the areas 

designated for water flooding and the areas protected from 

the water flowing [17], e.g., the case of Zollhlen Square 

within the network of spaces in Copenhagen city [18]. In 

this pillar, a good connection of the pedestrian path to safe 

refuge areas from earthquakes, floods, sandstorms, or 

epidemics is provided to link them together with public 

transport stations, taking into account time, comfort, and 

safety. Planning circuits of active safe pedestrian and 

cycling paths linking neighborhoods and four parks in 

Montreal City, Canada provides a good example of this 

connection. The goal is to go out to urban spaces and 

practice walking and cycling to increase physical activity, 

raise immunity, and reduce cases of depression during 

curfew periods [19]. 
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Figure 3.  Pillars of the framework. Source: Adapted by the researcher based on [5]; [20-22] 

The use of permeable pavements is one of the basic 

principles in the interior design of urban spaces. It helps the 

city to reduce surface runoff resulting from heavy rains. It 

has also been successfully tested in urban spaces and 

pedestrian paths in the Arkadien Winnenden neighborhood 

in Germany [23] and Derbyshire Street Pocket Park in 

London [24]. In addition, rain gardens have been used to 

retain rainwater and recharge groundwater such as the rain 

gardens in Portland, Oregon [25] and the permanent rain 

gardens in Waltham Forest neighborhood in London [26]. 

3.2. The Second Pillar: The Response Phase Reflection 

on Urban Design 

The second pillar depends on studying the response and 

containment measures that were implemented at the time 

of the event. Reflection of these procedures on the 

appropriate urban planning and design of spaces in the city 

prepares the space to help the community carry out 

response procedures effortlessly. These procedures are 

search, rescue and evacuation in addition to providing 

water, food, shelter, health, emergency social services, etc. 

[6]. 

Deploying search and rescue teams, distributing food to 

those affected and facilitating evacuations are reflected in 

designing straight emergency movement corridors to 

enable the entry of urgent service vehicles (ambulance, 

firefighting, rescue and relief) to carry out evacuation 

efforts and transport emergency supplies in the right time. 

It is necessary to take into account a good design for 

pedestrian escape paths by using ramps that help people 

with special needs reach safe places, with quality paving, 

crossing areas, and directional signs for the safety of 

residents. Some other response actions are reflected on 

identifying safe spaces, then designing and repurposing 

safe areas according to the type of disaster. For example, 

large spaces are designed to allow camping after an 

earthquake, while adding community needs such as water 

sources like Rokko Kaze No Sate Koen Park in Japan [27], 

central cooking facilities, and public toilets.  

3.3. The Third Pillar: Lessons Learned from Post-

Recovery Case Studies 

The third pillar depends on the lessons learned from 

analyzing the international case studies exposed to natural 

risks after the recovery phase, then identifying the 

structural methods for designing urban spaces to help the 

city’s resilience.  
The cities of Singapore [28], Rotterdam [29], Los-

Angeles [30], Seoul [31], Mexico [32], and Medellin [33] 

are chosen to join the 100 Resilient Cities Network 

launched by the Rockefeller Foundation, owing to their 

exposure to natural hazards which is targeted for the 

present study. In this respect, some socio-cultural 

characteristics are similar to the Egyptian situation, such as 

the interest in family ties, hospitality and friendliness as in 

the Mexican culture and Rotterdam [29], and the ties 

between members of society such as friendship, 

brotherhood and cooperation in Medellin and Los Angeles. 

The people of Mexico [34] and Seoul generally enjoy good 

morals such as politeness, respect and patience. They are 
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generous in compliments, loyalty and honoring deceased 

relatives every holiday. Los Angeles [30] is a city of culture, 

arts and creativity that attracts large numbers of visitors, 

and its community has the same welcoming qualities of 

Egypt. Seoul's [35] population density is similar to the 

Egyptian cities and is characterized by an ancient history 

and vibrant historical sites that residents cherish. 

Additionally, it gives women the right to work, inherit and 

share property, the right to freedom in marriage and divorce, 

and the participation in senior positions. Medellin [32] has 

a cultural heritage as it contains many local markets for 

handicrafts and crafts in addition to diverse customs and 

traditions such as festivals and celebrations. Finally, 

Singapore [28, 36] is characterized by participatory 

planning and design to enhance ownership and social 

cohesion, and interest in improving the quality of life for 

residents, promoting participation and volunteer work, and 

building a strong community support system for the elderly. 

Common spaces and platforms are also developed to 

enhance community interactions and build social cohesion 

to reduce the disadvantages of ethnic diversity. 

The lessons learned from Singapore city are presented as 

an example to identify the planning and design of urban 

spaces to help the city adapt to such risks. Singapore city is 

exposed to stormwater runoff due to large areas of 

impermeable roads, extreme heat, and epidemics. Greening 

the city and planting a large number of trees have helped 

the city control of stormwater runoff. Moreover, trees help 

reduce temperatures in the city through transpiration and 

shade provision. Singapore has also focused on expanding 

the network of green spaces. The Park Connector Network, 

a linear green corridor (Figure 4), and the Rochor River, a 

rainwater channel (Figure 5), connect separate pocket parks 

and open spaces with walking and cycling paths [28]; [37-

39]. This network features cool breezes along scenic roads, 

rivers and canals that connect to Singapore's major parks to 

reduce heat stress and also increase immunity during 

periods of epidemics. 

 

Figure 4.  Park Connector Network [39] 

 

Figure 5.  Rochor Canal [38] 

The proposed framework is built on the basis of the 

previous three pillars. It is divided into 5 parts based on the 

natural disasters to which the Egyptian cities are exposed. 

The parts of the framework present the principles of 

planning and design of urban spaces to enhance the city’s 

resilience against the risks of urban and flash floods, 

earthquakes, sand storms, extreme heat, and epidemics 

separately as shown in (Table 1). Each risk is reflected 

differently in the space design, as indicated in the first pillar. 

Some principles are also deduced in the framework by 

reflecting the practices of the response phase on the 

planning and design of the road network and the urban 

spaces in the city to facilitate their use during the disasters, 

as indicated in the second pillar. Similarly, some principles 

are deduced from the adaptation of urban spaces in the 

cities (selected case studies) whose spaces are analyzed to 

determine how to face risks, as indicated in the third pillar. 

Table 1.  The proposed framework 

Principles of planning and designing urban spaces to enhance the city’s resilience against: 

A. Flash & Urban floods [17]; [23 - 26]; [28, 29, 31]; [40 - 43] 

- Direct the movement of surface water in specific paths through periodic maintenance of flood channels. 

U
rb

an
 

p
lan

n
in

g
 

- Determine the locations of flood zones and safety zones to avoid the flow of surface water. 

- Establish ground reservoirs to receive the flood water, and use it in agriculture and landscaping in squares. 

- Make a green street plan by creating a network of spaces to collect surface water from high areas to low areas. 

- Plan flood channels as urban linear parks. 

- Design the transverse and longitudinal inclinations of the roads to collect water from high to low places. U
rb

an
 

d
esig

n
 

- Design the road level higher than the valley floor, or lower the levels of roads to avoid facing the flood. 

- Use permeable pavements. 
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Table 1 continued 

- Use rain gardens in large unused areas and stormwater planters in narrow spaces to reduce surface runoff. 

 
- Use bioswales on road islands, parking lots, and spaces to enhance groundwater recharge by the infiltration 

- Locate dry detention ponds when landscaping near a rainwater source to collect and retain it. 

- Design wet retention ponds as part of landscape elements for spaces and gardens. 

B. Earthquakes [17, 27, 32, 33, 44, 45] 

- Plan and design evacuation routes to be taken as escape routes and ensure quicker and safer access to spaces. 

U
rb

an
 

P
lan

n
in

g
 

- Choose locations of safe refuge, during an earthquake, away from buildings or slopes that may fall or collapse. 

- Identify earthquake survival kit storage locations with safe evacuation routes and spaces. 

- Utilize the city’s road infrastructure to grow vegetable gardens (such as planting road islands) for food security. 

- Design straight emergency roads to enable the movement of urgent service vehicles and handle evacuation efforts. 

U
rb

an
 

d
esig

n
 

- Ensure good connection of the pedestrian path to safe refuge areas and link them to public transport stations 

- Design the dimensions of safe urban spaces as they are linked to the heights of the surrounding buildings. 

- Plant slopes with plants to protect and maintain the soil from the danger of sliding in areas with sharp slopes. 

- Ensure that the safe assembly site contains some necessary services and facilities, such as: a source of potable water, a 

source for charging mobile phones, a reserve stock of food supplies, and public toilets. 

- Provide good design for the escape paths by using ramps that help people with special needs reach safe places. 

- Pave corridors in residential areas with rough-textured materials to reduce cases of slipping during escape. 

- Design the seats to fit in cooking pits or toilets if the spaces are used as shelter sites. 

- Regulate the directions of car traffic to a one-way system. 

C. Sand storms [17]; [46 - 48] 

- Use buffer zone evergreen belts in several rows to repel sandstorms and create protected areas. 

 

- Reduce the lengths of roads and corridors by using attached housing units. 

- Plant trees to direct the movement of dust storms away from urban spaces and movement paths. 

U
rb

an
 

d
esig

n
 

- Stabilize sand on both sides of the road by inserting rows of trees and plants to provide protection against dust. 

- Direct the space entrances and arcades away from sandstorms to avoid high air speeds. 

- Utilize water features like ponds and waterfalls which are effective in capturing dust. 

- Use climbing plants and grass which help trap dust and stabilize the air. 

- Employ the safe dimensions of the space with a maximum of 1/4 to provide good protection from sandstorms. 

- Orient the long axis of the space and the roads perpendicular to the direction of the sandstorms. 

- Expand the space entrances facing the sandstorms provided that the space entrances do not exceed 25% of its perimeter. 

- Install short advertising banners on paths and roads so that it does not cause risks to pedestrian and car traffic. 

D. Extreme heat [17, 28, 30, 49, 50] 

- Create public parks at the city level to disrupt the urban fabric. 

U
rb

an
 

p
lan

n
in

g
 - Increase public transportation linked to the pedestrian and cycling network. 

- Determine the locations of urban spaces and gardens in integration with the urban distribution. 

- Promote mixing uses to facilitate the process of daily transportation and reduce energy consumption. 

- Provide an environmentally friendly means of transportation to connect parking areas and residential areas. 

- Reduce the lengths of pedestrian paths by using attached housing units to protect from the direct sunlight. 

- Shade pedestrian paths, urban spaces, and sidewalks adjacent to buildings in various ways. 

U
rb

an
 

d
esig

n
 

- Connect pedestrian paths and urban spaces to corridors and green areas. 

- Use oblique orientation 45 ͦ of the main streets to obtain the desired air from the north-west direction. 
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Table 1 continued 

- Use water surfaces and cultivated land (soil covers) that disperse solar radiation.  

E. Epidemics [17, 22, 28, 32, 51, 52] 

- Plan a network of vibrant, multi-use spaces of the city to encourage the community to go out into open areas. 

 

- Allocate bike lanes to promote physical activity and thus strengthen the immune system. 

- Use perennial trees to improve air quality, as they are an essential element for the physical and mental health. 

U
rb

an
 

d
esig

n
 

- Orient public spaces along their longitudinal axes perpendicular to the direction of the prevailing winds. 

- Orient the main streets parallel to the direction of the prevailing winds to form main lanes for air movement. 

- Distribute shrubs in urban spaces and gardens by separating parallel pedestrian paths to create a safe distance. 

- Design directional signs that contain symbols to direct pedestrians to instructions that promote social distance. 

- Design a grid of squares drawn on the ground of urban spaces with a minimum of 1.8 meters of safe distance. 

- Use fountains as they symbolize the source of life and internal balance. 

 

This framework will be used to conduct the 

questionnaire to test the importance of each principle by 

calculating a relative importance index based on the 

analysis of expert responses. This will be explained in 

detail as follows: 

4. Testing the Framework: The Delphi 
Technique Process 

The accuracy of the proposed framework for preparing 

urban spaces to enhance the city’s resilience against natural 

hazards is tested using the Delphi technique, which is 

defined as “an organized means of communication between 

a selected group of experts and specialists in a specific field 

to propose appropriate solutions to a specific problem 

without the need for meeting or confrontation among 

themselves” [53].  
This technique is selected for three reasons. First, it does 

not depend on its members meeting face to face, as it is 

difficult to gather experts in one meeting at the same time. 

Second, it avoids some opinions dominating others. Third, 

it gives the expert the opportunity to revisit his previous 

estimates more than once. Finally, this method depends on 

the opinions of the majority of experts having a greater 

degree of validity. It is not based solely on individual 

opinion. It is the appropriate technique for finding points of 

consensus among experts by drafting a series of 

questionnaires to collect data, analyzing their opinions, and 

testing the degree of importance of each principle of the 

proposed framework. The Delphi technique process is 

illustrated as shown in Figure (6). 
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Source: Adapted by the researcher based on [54] 

Figure 6.  The Delphi Technique Process.  

4.1. Identifying the Problem 

The problem revolves around the information collected 

to form a proposed framework for planning and designing 

urban spaces to help cities face their risks through 

international examples and theoretical studies needs to be 

tested for credibility. This is done by seeking the opinions 

of experts specialized in this field from academics, 

practitioners, and the government sector using the Delphi 

technique for the possibility of using the modified 

principles for designing urban spaces in the Egyptian case. 

4.2. Sample Selection 

Qualified experts with relevant backgrounds and 

experience in the target issue of space design and natural 

hazards are selected from various governmental agencies 

such as the National Center for Housing and Building 

Research, New City Centers, Egyptian city governorates, 

and the Urban Planning Authority. This group of workers, 

consultants, and heads of the General Departments of 

Crises and Disasters from these governmental agencies in 
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addition to a number of academic experts, professors of 

urban and environmental planning and design are selected 

as a sample. It is recommended by some literature that 

researchers should have at least ten to fifteen experts 

participating in a Delphi study, while others suggest 20 to 

30 experts participating in each round [54,55]. It is also 

advised that the most appropriate members of the target 

groups should be identified and selected through a 

nomination process. If the sample size is very large, it 

allows for avoiding one of the drawbacks of the Delphi 

technique such as low response rates [53, 56]. 

4.3. A questionnaire form design 

A list of questions is designed to collect data, which aims 

to know the opinion of experts on the extent to which each 

principle contributes to life saving during a disaster. The 

contents of the questionnaire are classified into three main 

parts in the two rounds as follows: 

1. Primary data: This is specific to experts and consists 

of name, position, and specialization. 

2. A closed question: It depends on providing basic 

information and data on the research topic to the 

experts and asking them to determine the degree of 

importance of the framework principles for planning 

and design of urban spaces. Table 1 is used in 

formulating this question. Using a 5-Point Likert 

Scale as one of the tools used to classify data [57], the 

respondents' attitudes are measured, where 1 

represents "strongly disagree", 2 represents 

"disagree", 3 represents "neutral", 4 represents 

"agree", and 5 represents "strongly agree".  

3. An open question: This part is specific to the experts’ 

comments with the freedom of opinion to put their 

different perceptions around it and state the 

underlying facts with which they support their choices. 

It is formulated as follows: Based on your 

Excellency’s experience, are there other suggestions 

that can be formulated within the proposed framework 

which are not included in this questionnaire?  

4.4. Data Collection Tools and Expert Opinion Polling 

A pilot survey is conducted to test the clarity of the initial 

questionnaire wording, followed by two rounds using data 

collection tools such as structured interviews in addition to 

an online questionnaire to test the accuracy of proposed 

framework as follows: 

4.4.1. Pilot Survey 

The formulated questionnaire is presented to four 

academic experts for an initial pilot survey through 

personal interviews to obtain their opinion on the 

formulation of the questions and the ease of understanding 

the written principles. 

4.4.2. The First Round  

The questionnaire forms are distributed to a number of 

academic experts specializing in environmental planning 

and design, a number of officials of the general 

departments of crises and disasters, and a number of project 

consultants in the aforementioned government agencies, 

through two data collection tools that are divided into the 

following two sections: 

1. Structured interviews are conducted with each of the 

10 experts separately from the aforementioned 

government agencies. This tool of collecting data is 

used as the experts are not personally known. They 

are identified through a nomination process for other 

individual experts, for example, the head of the New 

Sphinx City Center is nominated by the Director of 

the General Administration of Crises and Disasters in 

Giza Governorate to be contacted, sequentially 

requesting their opinion. The purpose of the 

questionnaire is explained to them and the purposed 

principles are presented to them in a smooth manner, 

so that each expert can give an evaluation with the 

appropriate rating from strongly agree to strongly 

disagree, and explain their viewpoints on their choices, 

whether positive or negative. Then, they are asked 

about the open question to provide their suggestions 

and recommendations. 

2. An online questionnaire, a Google form, is sent to a 

number of academic experts. This tool of collecting 

data is used due to the previous personal connection 

with the experts and the ease of contacting and 

sending the questionnaire form online to the largest 

number of experts in no time. Similar to the 

interviews, the experts responded and gave an 

evaluation for each principle in the closed question, in 

addition to giving opinions and suggestions in the 

open question. 

4.4.3. The Second Round  

The aim of this round is to further refine the revised 

framework after deleting and adding the principles of urban 

space design. Based on the experts’ recommendations in 

the first round, a revised questionnaire is reformulated and 

distributed to the experts a second time using only the 

online questionnaire tool at this stage for easier 

communication with all the experts encountered in the first 

round. 

5. Results 

All answers to the closed question in the two rounds are 

transcribed with the help of Microsoft Excel. The Relative 

Importance Index (RII) aims to review the framework and 

obtain a high degree of accuracy for the proposed principle. 

RII is calculated according to (1), where its value ranges 

from 0 to 1, and is calculated as: W is the weight given to 
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each factor by experts which ranges from 1 to 5 according 

to 5-Point Likert scale. W is calculated for each factor such 

as W=5*n5 for factor 1, 4*n4 for factor 2, and so on. A is 

the highest weight, i.e. 5 in this case and N is the total 

number of experts, i.e. 54 in the first round. Table 2 shows 

an example of the first 5 questions in the first round and an 

analysis of the number of experts responding as 5, which 

represents Strongly Agree, and the number of experts 

responding as 4, 3, 2, and 1 to calculate RII. 

RII = ΣW/ (A*N) = (5n5 + 4n4 + 3n3 + 2n2 + 1n1) / 5*N 
[57]                (1) 

Five important levels are transformed from RII values: 

high (0.8≤RII≤1), high-medium (0.6≤RII<0.8), medium 

(0.4≤RII<0.6), medium-low (0.2≤RII<0.4) and low 

(0≤RII<0.2). Below, the opinions of experts is presented 

and discussed in the two rounds. 

Table 2.  The relative importance index results according to the equation. 

 A B C D E 

SA (5) 41 30 32 21 26 

  A (4) 6 15 15 20 21 

N (3) 3 6 4 9 3 

D (2) 2 2 3 2 3 

SD (1) 2 1 0 2 1 

RII 0.90 0.86 0.88 0.81 0.85 

5.1. Pilot Survey Results 

The wording of some sentences in the questionnaire is 

modified to be shorter and simpler and to clarify the 

meaning directly based on the guidance of the experts in 

the pilot survey. Table 3 Shows examples of expert 

recommendation on the first form. 

Table 3.  Examples of expert recommendation on the first form 

The questionnaire form that is presented to the 

experts in the pilot survey 

Expert 

recommendation 

The result 

Orient public spaces along their longitudinal axes in the 

direction (northeast-southwest) so that they do not face 

direct solar radiation. 

Combine items and 

rephrase them shorter 

Use Oblique orientation 45 ͦ of the main streets 

and the longitudinal axes of public spaces with the 

east-west direction to obtain the desired air from 

the north-west direction and to achieve the 

exchange of shadows and radiation around the 

road network. 

Use Oblique orientation 45 ͦ of the main streets facing 

east and west and rectangular in a direction parallel to 

the prevailing winds (northwest and southeast) to form 

main lanes and tunnels for wind movement that 

permeate the urban mass. It also achieves the exchange 

of shadows and radiation around the road network (the 

fabric of perpendicular streets is exposed to the highest 

solar radiation). 

The safe dimensions of the space and their relationship 

to the height of the surrounding buildings to provide 

good protection against sandstorms are achieved: a/h² ≤ 

20, where (a) = the interior area of space, (h) = the 

average height of the walls of the space, and this 

percentage ensures protection unless the openings face 

the wind. (Good for buildings ≥ 4 floors). 

Calculate the proportion 

of the equation, and 

rephrase the sentence in a 

simpler way 

Employ the safe dimensions of the space with a 

maximum of 1/4 to provide good protection from 

sandstorms, as shallow spaces allow the wind to 

fall into them exposing the surrounding buildings 

to the effects of sand. 
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5.2. The First Round Results 

Based on the survey and compilation of expert 

evaluation on the framework, the total number of expert 

respondents is 54 experts in this round, divided into 10 

experts from government agencies and 44 academic 

experts. The percentage of high importance level is 57% of 

the total number of principles presented in this round (72 

principles), while the rest occupied a high-medium 

importance level. The questionnaire is reformulated based 

on the experts’ objection to the way the principles are 

presented, divided into five parts according to the types of 

risks to which these Egyptian cities are exposed. Some 

principles can be duplicated and removed. 

The principles can be classified based on the sub-

elements of urban space planning, which are the 

distribution of the spaces network, accessibility and 

orientation, and the sub-elements of urban space design, 

which are the division of space, proportion, and landscape 

elements. Thus, the duplicate principles and principles that 

are disputed by the experts can be removed and the 

proposed principles can be added, so that the modified 

questionnaire can be used in the second round. 

5.3. The Second Round Result 

Based on compilation of expert evaluation on the 

modified framework, the total number of expert 

respondents is 48 experts in this round, divided into 9 

experts from government agencies and 39 academic 

experts. The percentage of high importance level is 78% of 

total number of principles presented in this round (42 

principles), and the rest took a high-medium importance 

level. It is noted that the experts agreed on the principles of 

space planning and design at this stage and no major 

changes occurred in the framework. Therefore, there is no 

need for conducting a third round. Finally, the opinions of 

experts in the two rounds are discussed below. 

6. Discussion 

6.1. Discussion of the First Round 

Based on the previous survey and compilation of expert 

evaluation on the framework, it is found that some experts 

strongly agreed on some of the principles presented in the 

first round, as their relative importance index reached 0.9 

or more which means high important level, such as 
directing the movement of surface water in specific paths, 

using evergreen belts to repel sandstorms, and planting 

trees to direct the movement of sandstorms away from 

urban spaces that are resorted during storms. Some experts 

strongly disagreed with some principles and their relative 

importance index does not exceed 0.7 which means a high-

medium important level, such as limiting pedestrian 

movement to a one-way system in gardens due to the 

difficulty of implementing it with the local community and 

designing seats to fit cooking pits or toilets in case of using 

spaces as shelter sites during earthquakes as they can be 

misused by the local community. Moreover, growing 

vegetable gardens in public areas (RII 0.67) is 

inappropriate as they are constantly picked. There must be 

a specific body to protect them like the Agriculture 

Directorate, and to harvest them like the General Authority 

for Cleanliness and Beautification. The experts' opinions 

on the proposed principles dealing with the five natural 

disaster groups are listed as follows: 
A. Principles for dealing with flash and urban floods: 

Some experts object to lowering road levels to avoid facing 

floods, which exposes these tunnels to the risk of water 

accumulation. Thus, electrical suction devices are required, 

such as the Haram and Orouba Tunnels, especially when 

there are no drains for water infiltration. Others agree not 

to use these roads during the crisis and to use them as 

tunnels for the movement of water to reach its natural drain 

(RII 0.81). There are also contradictory opinions of some 

experts on exploiting flood streams as urban parks. Some 

of them find it difficult to apply them in Egypt due to the 

nature of the rocky ground. In contrast, other experts 

believe that if a budget that covers construction costs is 

available, it can be implemented in Egypt. Therefore, RII 

(0.81) is not affected.  

B.  Principles for dealing with earthquakes: Experts 

believe that the use of rough materials on floors during 

earthquakes (RII 0.79) conflicts with smooth movement to 

facilitate the escape process, taking into account the 

presence of children and cyclists that do not fit with this 

type of paving. Some experts, including specialists in 

disaster and crisis management, considered that storing 

earthquake survival kits in safe spaces and paths (RII 0.79) 

is susceptible of theft. According to the experts, an 

earthquake survival kit is a bag that should be with every 

family, especially in cities that are constantly exposed to 

earthquakes or wars (in Gaza, dry dates are added), and in 

Egypt it is called relief supplies (it consists of mattresses, 

blankets, and shelter tents). Additionally, a room is 

allocated for them inside the government buildings. Some 

experts suggest locating survival equipment stores in the 

spaces used during emergencies at known vital points. 

C.  Principles for dealing with sandstorms: Some 

experts state that using grass (RII 0.81) requires a lot of 

water, and climbing plants (RII 0.81) are difficult to grow 

and maintain and they attract insects if neglected. Some 

experts suggest installing sensors on lighting poles to sense 

danger an appropriate period of time before the disaster. 

D.  Principles for dealing with extreme heat: 

Although the level of importance of the use of attached 

housing units is high-medium (RII 0.76), many experts 

disagree because they increase thermal stress within the 

building and reduce air penetration between them. They 

emphasize that there must be a setback for the building of 

2.5 to 5 meters for the possibility of immediate response in 

case of fires and easy maintenance of gas or electricity. A 



 Civil Engineering and Architecture 13(3): 2134-2152, 2025 2145 

 

few experts also object to the mixed uses (RII 0.83) being 

unsafe and noisy, as the residential area has its own privacy 

which enables children to play in the street. Moreover, 

there must be a walking distance of 5 minutes to reach all 

daily services. Some experts suggest the possibility of 

using the arcades (RII 0.76), provided that environmental 

raw materials are used in their construction. Some experts 

agree that providing a friendly means of transportation, 

increasing means of public transportation, and regulating 

movement directions is not the decision of the urban 

planner or designer but their role is only to design the 

movement path for this means of transportation, such as 

allocating an emergency path in tunnels. 

E. Principles for dealing with epidemics: The 

importance level of encouraging going out to public spaces 

is high (RII 0.87). However, some experts are not 

enthusiastic about psychological treatment for cases of 

depression during curfew periods in epidemics. They 

refuse going out to public spaces and parks, and using 

fountains as they do not support the internal balance of 

society (RII 0.68). Rehabilitation takes place after 

epidemics. Some experts suggested that the multiple uses 

of space lead to crowding and are not appropriate in 

epidemics. Thus, expanding the size of spaces and 

integrating with the network of parks and green areas is 

best during epidemics. However, the experts’ opinion is 

excluded by using granite in garden furnishing elements 

such as benches, as it has the advantages of being easily 

disinfected, especially during epidemics. However, granite 

absorbs heat and releases it with difficulty which causes an 

increase in the temperature of the seats exposed to sunlight 

and causes danger to humans. 

The results of the expert opinions in the first round 

indicate that all principles are of high to high-medium 

importance. However, the framework is refined by 

removing certain principles and incorporating others, and 

reformulating the framework by classifying the principles 

based on the sub-criteria for planning and designing urban 

spaces, in line with the recommendations of experts in the 

first round, such as orientation, accessibility, and 

proportions. Then, the revised framework is used in re-

conducting the questionnaire and calculating the RII in the 

same way as before. The results of the second round are 

discussed below. 

6.2. Discussion of the Second Round 

Expert evaluations are collected in the second round, 

showing the similarity between the principles agreed upon 

by the experts in the two rounds. The experts do not object 

to the framework principles in this round, but some experts 

added two more principles. The first is the importance of 

distributing elements of emergency signage and way 

finding plans for evacuation and escape operations. In 

addition, a site warning system is applied in the response 

phase. This system indicates safe paths and spaces or 

dangerous areas that are closed during periods of danger. 

This can be done using an information sign at the entrances 

to spaces explaining in colors safe places and dangerous 

places to guide the community and facilitate movement, 

instead of designing signposts to direct pedestrians to 

instructions that only promote social distancing during 

epidemics (RII 0.78). The second is the experts' emphasis 

on the importance of organizational procedures in the 

preparation stage such as continuous maintenance 

programs for public spaces and refuge sites, training 

programs for volunteer teams, community awareness and 

educational programs, and proactive simulation and 

forecasting models. These procedures have been focused in 

the frameworks for evaluating resilient cities, as mentioned 

in the literature review. Therefore, the focus is on the urban 

procedures of the proposed framework, which is integrated 

with other regulatory frameworks.  

Finally, some experts classify the principles of urban 

planning and design according to the type of society’s 

behavior toward risks during a disaster. This behavior 

stems from a sense of danger and panic with earthquakes, 

floods, and sandstorms. This requires a design that is 

balanced with operations of escape, rescue, emergency, and 

safe refuge. There is another behavior that is not linked to 

a sense of danger, such as the society behavior with high 

extreme heat or epidemics. This type requires a balanced 

design, with individuals walking at an appropriate 

temperature, fresh air, staying away from crowded places, 

and resorting to parks and gardens. This classification 

explains the slight increase in the relative importance index 

in the principles in which the response to the risks of 

earthquakes, floods, and storms is more frequent than the 

risks of extreme heat and epidemics. 

7. Conclusions 

The set of principles that could be added to the 

framework is identified after discussing the controversial 

elements with experts from the first round, namely, 

survival equipment stores are located in the spaces used 

during emergencies at known vital points to secure it 

against theft. In addition, modern surveillance cameras are 

distributed and installed on lighting poles within urban 

spaces to increase the security of stores in times other than 

disaster. Another principle can be added to the framework, 

which is the use of benches, pergolas, and other 

environmentally friendly furnishing elements in urban 

spaces that are easy to disinfect, maintain, and reduce heat 

stress. Moreover, various facilities are used on the borders 

of space in a way that does not exceed the required rates in 

application of the mixed uses idea to reduce crowding 

during periods of epidemics. Sensors are installed on 

lighting poles to sense danger an appropriate period of time 

before the disaster enabling people to resort to safe areas 

(Site Warning System). Another principle is added from 

the second round, which is the distribution of emergency 

signage for evacuation and escape operations elements in 
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roads and public spaces throughout the city. 

Some design elements can be removed from the 

proposed framework from the first round, such as limiting 

the movement of pedestrians or cars to a one-way system, 

designing seats to fit cooking pits or toilets in case the 

spaces are used as shelter sites, using fountains for internal 

balance during epidemics, and the use of attached housing 

units, and planting vegetable gardens in public spaces. 

Finally, experts object to paving the corridors in residential 

areas with rough-textured materials that interfere with 

smooth movement to facilitate the escape process. Another 

principle is removed from the proposed framework in the 

second round, which is the design of directional signs that 

contain symbols and instructions that promote social 

distancing, which are added at the city level for evacuation 

and escape operations.  

Some principles are added or deleted from the proposed 

framework in the two rounds, and urban planning and 

design principles are classified into subcategories to avoid 

duplication of principles in disaster groups that are 

modified based on the recommendations of experts in the 

first round. Urban planning is everything related to the 

general location and is divided into space network, access 

and mobility, and orientation. As for the urban design, it is 

represented in the design of the internal elements of the 

space, and is divided into proportion, division of the space, 

and landscape. The principles are arranged in a descending 

order based on the RII in the second round for each group 

of subcategories to determine the extent to which each 

principle contributed to life saving during a disaster, and 

based on the number of responses of design principles to 

disasters, as some principles can respond to more than one 

disaster, as is shown in (Table 4).  

Table 4.  The framework of planning and design principles of urban spaces to enhance the Egyptian cities resilience 

The principles 
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Plan a network of spaces, gardens, and vital paths within the city in integration with 

the urban distribution, reduce heat stress, help in managing and collecting rainwater 

and floods, and can be used by the residents as a resort during disasters. 

     5 0.93 

Design the locations of spaces higher than the water flow level in the city so that they 

can be taken as safe refuge spaces for residents. 

     1 0.92 

Choose gardens and open green areas locations that are accessible for safe refuge, 

away from structures and slopes that may collapse. 

     3 0.90 

Use evergreen buffer zone in several rows to repel sand-storms away from spaces, 

roads and paths, thus creating shelter belts (L) that depend on the height of the barrier 

(H) where L = 5.5H. 

     2 0.85 

Design locations of spaces lower than the water flow level in the city to be rain 

gardens to retain rainwater and reduce surface runoff. 

     1 0.85 

Plan flood channels as urban linear parks in addition to safe areas from water flow      1 0.85 

A
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Provide good connection of the pedestrian and bicycle path to safe refuge areas by 

using ramps that help people with special needs (sick, elderly) in easy access. 

     4 0.91 

Design straight emergency roads to enable the movement of urgent service vehicles, 

handle evacuation efforts, and transport emergency supplies. 

     3 0.88 

Choose escape and evacuation routes away from the path of landslide debris and 

collapsing roadsides and buildings to ensure the safest access to safe spaces. 

     1 0.87 

Design the transverse and longitudinal inclinations of the road and pedestrian network 

to collect surface water in low-lying areas. 

     1 0.85 

Stabilize sand on both sides of the road by inserting rows of trees to prevent road 

collapse during earthquakes, provide protection against dust, and provide shading for 

paths to improve climatic conditions during periods of heat stress. 

     3 0.82 

Identify mass transit stations linked to the pedestrian and cycling network to reduce 

private car traffic, lessen emissions, and facilitate access to urban spaces. 

     1 0.80 

Use bioswales on road islands leading to urban spaces, or stormwater planters to 

collect surface water and use it to irrigate trees. 

     1 0.79 

Change the width of straight paths or create bends of routes that reduce the effects of 

sand-laden air flowing. 

     1 0.71 
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Table 4 continued  
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Direct the movement of surface water along specific paths (natural and artificial) 

through cleansing and periodic maintenance of flood streams. 

     1 0.85 

Direct the main roads and paths parallel to the desired wind direction and 

perpendicular to sandstorm direction to improve the climatic conditions of the 

pedestrian environment during epidemics, heat stress, and sandstorms. 

     3 0.78 

Orient the longitudinal axes of the public spaces perpendicular to the northwest 

direction to obtain the desired air during periods of heat stress, renew the air, and 

prevent the spread of viruses. 

     2 0.78 

Direct the space approaches away from sandstorms to avoid high air speeds.      1 0.78 
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Divide the space into areas far from structures that may collapse during an earthquake, 

which is often the central space for social interactions and is the most suitable for 

resorting, and unsafe areas, which are close to the walls of the space. 

     1 0.87 

Divide the space into flood zones designated for water flooding and safety zones that 

are higher than the surface water flow level and are most suitable for resorting. 

     1 0.84 

Divide the space by distributing the various services on the borders of the space in a 

way that does not exceed the required rates in application of the mixed uses idea, 

where the middle space is left for social interactions to reduce energy consumption 

resulting from daily transportation to service areas thus lessen thermal emissions, 

determine user density, and reduce crowding and spread of epidemics. 

     2 0.82 

Divide the space into shaded areas that are most suitable for use during periods of 

heat stress, and areas exposed to solar radiation that are most suitable in the winter. 

     1 0.82 
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Design the proportion of urban spaces to be greater than 1:4 for safety during 

earthquakes so that they can serve as points for gathering and safe refuge. 

     1 0.83 

Design the proportion of urban spaces that are safe from sand-storms at a maximum 

ratio of 1:4. The shallow spaces allow the wind to blow through them. 

     1 0.80 

Design the space entrances not to exceed 25% of its perimeter to avoid sandstorms      1 0.75 
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Plant trees in order to: 1- Shade some places in urban spaces to maintain the degree 

of humidity and reduce heat stress. 2- Direct the movement of sandstorms away from 

the urban spaces. 3- Absorb rainwater, reduce surface runoff, and recharge 

groundwater after tree roots absorb sediments and pollutants. 4- Stabilize slopes to 

protect the soil from sliding during earthquakes. 5- Improve the quality of air in urban 

spaces during periods of epidemics. 

     5 0.90 

Distribute of emergency signage and way finding for evacuation and escape 

operations elements in roads and public spaces throughout the city. (added) 

     4 - 

Use environmental and permeable materials in paving spaces and movement corridors 

(for a rain permeability, dust retention, and heat emission reduction) 

     3 0.89 

Add some necessary services and facilities in the safe urban spaces, such as: a source 

of potable water, an outlet for charging mobile phones, and public toilets. 

     2 0.88 

Stabilize the slope by removing unstable sediments in the vertically inclined section, 

grade the edge of the slope to prevent soil collapse, and fill the areas at the foot of the 

slope to stabilize it during earthquakes. 

     1 0.87 

Use water elements such as retention ponds and fountains in urban spaces and gardens 

to disperse solar radiation, reduce air temperature during periods of heat stress, retain 

rainwater, and trap dust. 

     3 0.85 

Locate survival equipment stores in the spaces used during emergencies at known 

vital points to secure it against theft. 

     3 0.83 

Use stormwater planters in urban spaces to collect surface water and use it to irrigate 

trees. 

     1 0.83 

Install sensors on lighting poles to sense danger an appropriate period of time before 

the disaster enabling people to resort to safe areas (Site Warning system). 

     3 0.82 

Use short advertising banners in urban spaces or attach them well to buildings so that 

they do not fall or pose risks to pedestrian and car traffic during severe storms. 

     1 0.82 

Design a subsurface storage to store rainwater in urban spaces, using riser pipes or 

curb cuts, with pre-treatment of water so as not to quickly clog the storage system. 

     1 0.82 

Locate dry detention ponds in urban spaces near the source of rainwater.      1 0.82 
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Table 4 continued 
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Distribute modern monitoring cameras and install them on lighting poles within urban 

spaces to protect survival equipment stores against theft. 

     3 0.81 

Use benches, pergolas and other environmentally friendly furnishing elements in 

urban spaces landscaping (which are easy to disinfect and maintain in addition to their 

ability in reducing heat stress) 

     2 0.80 

Use of dust-retaining surfaces in urban spaces, such as climbing plants, so dust 

particles are deposited when they collide with the surfaces of building while paying 

attention to their regular maintenance. 

     1 0.80 

Distribute shrubs in urban spaces, gardens, and parks by separating parallel pedestrian 

paths to create safe physical distance between individuals. 

     1 0.78 

Take advantage of the dust trapping property of grass to reduce the concentration of 

dust in the air. 

     1 0.76 

Design a grid of squares drawn on the ground of urban spaces with a minimum of 1.8 

meters of safe distance between users to help them navigate the area. 

     1 0.71 

 

There is a general consensus among experts that urban 

spaces can help the Egyptian cities withstand its natural 

hazards and thus increase the city's resilience. The 

framework contains principles that deal with the risks of 

floods, earthquakes, and sandstorms, which experts have 

agreed upon and have given a high level of importance in 

saving lives. It is necessary to form a network of urban 

spaces at the city level and identify the locations of safe and 

unsafe urban spaces at risk as shown in (Figure 7). These 

spaces are well connected to a movement network used for 

escape and are supported by an emergency road for easy 

access of relief and rescue vehicles to the population, which 

could be used as a bicycle path during a disaster as shown 

in (Figure 8). They are also supported by public 

transportation stops in addition to the distribution of 

indicative signs for evacuation and escape operations, at the 

city level, at the entrances of spaces to facilitate the 

movement and direction of the community during the crisis. 

The framework is supported by various urban design 

principles, such as determining the proportions of space 

that are safe from earthquakes or sandstorms, designing 

roads to drain water from high to low areas and supplying 

them with stormwater planters, rain gardens, and bioswales 

so that they can be used for irrigation. Moreover, trees can 

be used to direct sandstorms away from safe areas. Survival 

equipment stores are distributed in safe areas and vital 

roads. Finally, integrating this network with parks and 

green spaces helps residents resort to them during crises. 
The framework also contains principles for dealing with 

the risks of extreme heat and epidemics, which depend on 

creating an environment suitable for pedestrian movement 

with clean renewable air by staying away from crowded 

places and resorting to parks and gardens, taking into 

account the appropriate orientation of spaces and roads. 

This increases air movement within the city, and 

determines appropriate rates for the intensity of activities 

in the network of vital spaces, roads, and pedestrian paths 

at the city and the urban space levels. This is supported with 

various urban design principles such as division of space 

into shaded and unshaded areas, planting trees, using 

paving and environmental furnishing elements, using water 

elements, and using shrubs to support the idea of social 

distancing.  

There are some principles presented in the 

framework that could conflict with each other if the city 

is exposed to a number of risks at the same time, such as 

encouraging air movement from desired winds in the city 

spaces to reduce heat waves, while using windbreaks to 

reduce exposure to sand storms, especially from the west 

or northwest which are unexpected directions for 

sandstorms. This is solved by adding the aforementioned 

principle in Table 3 by installing sensors on lighting poles 

to sense danger an appropriate period of time before the 

sand-storm blows from unexpected directions enabling 

people to resort to indoor spaces. In case the sandstorm 

blows from southwest, the space facing favorable winds 

can be made safe from sand deposits by planting rows of 

trees in the southwestern part to direct dusty winds away. 

The proportions of spaces safe from sand storms 1/4 also 

conflict with the proportions of spaces safe from 

earthquakes, as they must be far from structures that may 

collapse. This can be solved by identifying spaces safe 

from sand storms with a specific ratio of 1/4, and 

identifying other spaces with a ratio greater than 1/4, which 

could be a network of parks that integrates with urban 

spaces to be safe from earthquakes and also to be suitable 

for epidemics. 
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Figure 7.  Urban space as a safe refuge. Source: The researcher. 

 

Figure 8.  Movement network design. Source: The researcher. 

There are some principles presented in the framework 

that help adapt to several disasters together, such as 

planting trees which help adapt to five disastrous occasions, 

for shading to reduce thermal stress on pedestrians, 

absorbing rainwater, directing dust storms away from 

urban spaces, stabilizing roadsides and slopes during the 

earthquake, and helping to increase rates of Oxygen in the 

air and its renewal against epidemic risks. Additionally, 

environmental materials can be used for paving as they do 

not cause an increase in thermal stress and are permeable 

to surface water in the event of urban flood. Planning a 

network of spaces, gardens, and a vital multi-use path for 

pedestrian movement within the city in integration with the 

urban distribution can serve as areas of safe refuge from 

earthquakes, sandstorms, and floods allowing residents to 

easily access them during periods of the epidemic. It also 

reduces extreme heat waves and helps in managing and 

collecting rainwater and floods. In addition, it is necessary 

to provide good connection of pedestrian and bike paths 

with spaces and green areas for safe refuge during disasters 

of earthquakes, floods, epidemics, and sandstorms, with the 

design of slopes that help people with special needs in easy 

access. Finally, it is necessary to direct the main roads and 

pedestrian paths parallel to the desired wind direction and 

perpendicular to the sandstorms direction to form main air 

movement lanes that permeate the urban mass, improve the 

climatic conditions of the pedestrian environment during 

epidemics and periods of heat stress, and reduce their 

effects as a conduit for sandstorms so that they are not a 

source of nuisance to pedestrians.  

The uniqueness of the Egyptian case appears in 

preparing urban spaces to adapt to natural hazards and 
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allow for residents lifesaving, taking into account the 

culture of society and the possibility of the urban space 

returning to its natural state in short term. This, in return, 

helps to achieve the concept of resilience. Nonetheless, 

there is a great necessity for identifying the location of 

survival tool stores in vital spaces and roads that contain 

activities generating high traffic frequencies and to secure 

them most of the time. Additionally, there is a dire need for 

raising community awareness of the importance of using 

these stores only during disasters to help save lives. These 

stores contain survival tools from sandstorms, earthquakes, 

and floods such as first aid kits, dust masks, potable water, 

a reserve stock of food, a flashlight, a whistle, and a 

battery-operated radio. Furthermore, it is highly required to 

design a network of linear parks parallel to the road that 

integrates with public parks to suit the high population 

density within the city's urban areas, reduce heat stress in 

the city, and create a healthy environment that could be 

suitable for pedestrians during epidemics. 

The specificity of the Egyptian case appears in the 

necessity of designing straight bicycle paths to be used as 

emergency paths during disasters. Additionally, these paths 

allow the movement of emergency service vehicles 

(ambulance, firefighting, rescue and relief) in order to bear 

evacuation efforts and the transport of emergency supplies. 

It is significantly important to place signposts along the 

road lane to alert drivers not to overtake and raise 

awareness within the local community of the importance of 

evacuating these paths, especially in times of disasters. 

Finally, installing sensors on lighting poles in open spaces, 

gardens, and roads is highly required in the Egyptian case 

to sense the danger an appropriate period of time before 

sandstorms blowing from unexpected directions, as was 

previously urged in the Mediterranean coastal cities, which 

enables locals to resort to indoor places. 

This framework helps to increase the resilience of the 

Egyptian cities from the urban perspective in light of the 

presence of a society aware of the ways to deal with disaster. 

This can be achieved through raising awareness and 

education of the local community. Therefore, providing 

training programs for samples of the community, 

performing proactive simulation models to reach safe areas 

without crowding, and raising the community’s interest in 

preserving spaces and gardens help to increase the 

resilience of the Egyptian city. Finally, urbanism is 

considered as a mirror of its own community. 
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