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1 ABSTRACT

Sustainable urban mobility aims to encourage mowérbehavior that reduce automobile dependency and
induce non-automobile and public mobility. As dtieontinue to change, planners are facing the extg!

of designing urban mobility systems that are soatale on social, economic, and ecological levelseyT
aim to reduce transportation energy consumptiacrease social interaction between residents; arréase
subsidiary effects of side path through movemeher# is a growing calls for planners to shift pagadof
urban mobility to enable economic activity, soc@nnectivity, and ecology. Movement behavior is
influenced by different factors, part of them daesbcioeconomic variables, others due to urban.f&wme
neighborhoods seem to support alternative moderosement of non-motorized or public motorized as
feasible mobility solutions and meet resident'seexations and accordingly reduce the need for legél of
motor vehicle ownership; Where other neighborhodais't and encourages residents to depend on private
alternatives accordingly increase fuel consumptimst, and environmental pollution. Based on a sasty

of six neighborhoods that represent chronologi@letbpment of neighborhood types in greater Cairo
region, this research provides an understandingoaf urban mobility was influenced by neighborhoods
urban patterns. This research suggests that soewfismeighborhood features can efficiently infice
people mobility, demand and travel behavior thdret, accordingly enhance achieving sustainablanurb
mobility and overall sustainability of development.

Keywords: Greater Cairo Region, Measuring urbarmfoMode choices, Sustainable Urban Mobility,
Movement Behaviour

2 INTRODUCTION

Sustainable urban mobility aims to achieve sushaitiga goals through movement behavior in
environmental, economic and social level. Last desaa massive scientific research worked to test t
impacts of neighborhood patterns urban form on mmeeré behavior as a way to achieve sustainabilitién
built environment. Different scholars concerned thke of public transportation, walking and cycling
achieving this goal, through using urban form teatourages such trends. This paper work on the way
neighborhood pattern could achieve efficient publimsportation and so achieve sustainable tratajmor

and enhance built environment sustainability.

Old neighborhoods, the grid pattern, high densiityrwrowded streets; make public transport is usfuls
undesirable, and uncomfortable for residents. Senitourages them to depend on private alternatives
accordingly increase fuel consumption, cost, andrenmental pollution. Modern neighborhoods widtwl
density, separate use, large distance caused delsibility in public transportation so it also ieases
private alternatives; accordingly increase fuel stomption, cost, and environmental pollution. The
overcrowded and low quality in old towns and the feasibility in new towns are key factors for rethg

the impact of on movement behavior.

Different neighborhood models can play a signiftcaole in shaping individual travel behavior. Lasé
pattern, housing income pattern, and street netwpatkern are factors that differentiate neighboacho
models and can affect movement behavior insidecibigis. Neighborhood patterns impacts the typelityua
and quantity of mobility facilities that can be dsand accordingly shape residents travel choices of
movement behavior (Giles-Corti et al., 2013). Modeoices depends on residents socioeconomic
charachterstics like age, gender and socioeconlenet; at the same time, urban form characteristieates
conditions that can facilitate and encourge someskiof travel behavior while discouraging otheretymf
travel behavior. Most studies of movement behahiave focused on the impact of some neighborhood
patterns like land use, housing income, and sitretork pattern and density.
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2.1 Research Aim

Some neighborhood patterns characteristics faeilitygpes of travel behavior and discourage othpegsy
whereas other charachterstics do not do so. Anratasheling of the reason that some neighborhoodsdeo
more chances of pedestrian, cycle movement andicptriainsportation and improve trips distance and
frequency than others is important to improve emesgving and reduce resource depletion and reduce
environment pollution. The aim of this paper isatwlyses current evidence relating to the impacirio&n
form patterns on travel behavior patterns, basea case study in greater Cairo region. The aréxdmines
how travel behavior was influenced by urban formsilnneighborhoods; The results suggest that uidyzm

can mediate the impacts of movment behaviour otasability issues.

2.2 Research Hypothis

This research suggest that neighbourhood pattemsefttectively influence people's mobility demandi a
travel behaviour towards achieving sustainable urbability in Cairo. And that traditional neighbadd is
pedestrian oriented that discourages motorizectmvd increase non-motorized one, and could rettigce
distance and trip frequency. on the other hand mmodeighborhood is car oriented that encourage rizeid
travel and minimize the pedestrian one.

2.3 Research Method

An inductive analysis using comparative methodsused to test and compare the relation between
neighbourhood pattern and movment behaviour. Theareh depends on two interlocking stages. First,
literature review to introduce the two variablestldé research, movment behaviour and urban molaility
terms of concept, historical development, and nedwe variables. In addition, to introduce susthiea
urban mobility in terms of concepts, types and messe indices. Finally, Field study for sic neightoods

in Greater Cairo Region to test the mutual relatom between the two variables. The field studyrgough
three steps: Measuring neighbourhood patterns, uriegsmovment behavior and measuring resident's
perception of sustainable development indicatong, &sting the validity of their relations. The gasch
based on spatial model for measuring land-userpadted semi structured interview for measuringdesi's
satisfaction to urban development.

3 URBAN FORM AND SUSTIANBLE URBAN MOBILITY

This part intends to explore the meanning and factf movment behaviou, the paradigm shift to
sustainable urban mobility, and based on previtudiess to review the relation between urban forrd an
urban mobility.

3.1 Movement Behaviour

Movment behaviour is a social behaviour of resigelike any other behaviour it is based on demand,
constraints and potentialities. Movment behavicum be defined using different travel parametersh sas
(trip frequency, trip distances, mode choices afet, or overall vehicle ki-lometers traveled, trgges,
overall traveling distances, traveling distancesrimge, modal shares, and energy con-sumption.

The variable "Modal Choices" means whether and hatwlegree residents, welling to use certain travel
modes (private versus public), (motorized versus motorized), (motor, walking, cycling). To whatgiee
they feel satisfied with public transportation,vatie car, walkability, cycling. For what degreeythizpend

on each travel mode during day hours, during ninghtrs, till late night. Percentage of Each mode per
total trips.

The variable "Public Transportation" refer to aahbie public transportation and their sutability.sients
satisfaction with quality of public transportaticamd the degree of proximity and accissibility ofpublic
transportation, and the main reason of using omusitg publc transportation (expense, availabitiyality,
safety, comfortability, flexibility).

The variable "Private vehcile" refere to no. of carnership. Times of using private car per day, e
main reason of using or not using priavte car (alté parking spaces, traffic jam, traffic inforriae,
safety, comfortability, flexibility, accedents ridkiel cost due to distance and frequency, mineatwst).
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The variable "Cycling" refere to no. of cycle owstd@p. Times of using cycle per day, and the maasoa
of using or not using cycling (available cycle larend their quality, traffic jam, safety, comfoiitip,
flexibility, accedents risk, effort due to distarared frequency).

The variable "walkability" refers to times of usimglkability per day, and the main reason of usingnot
using walkability (available walk ways and theiratjty, safety, comfortability, flexibility, accedenrisk,
effort due to distance and frequency).

The variable "Trip Frequency" includes the timesdents can repeat this trip per week; it probedigree
to which resident found it easy to repeat the fFifp frequency in traditional neighbourhoods iwsited by
car due to the lacke of parking area.

The variable "Trip Distance" includes the actudwmek distance travelled by the residents fromrtiosin
residence to various destinations. It measuredests weeling to drive long or short distances.

The Variable "Travel Obsticals" was measured wiretned to what degree their is a physical and
pschycological conditions that limit traveling bgrtain modes at certain times of the day.

The variable "Car Ownership" (vehcile ownershighigh in high income neighbourhoods, and bycicle is
high in traditional neighbourhoods). In traditiomaighbourhoods residents can aford cars but duketo
unavailability of parking area they prefere to reglear ownership and reduce depending on them.

The variable "Parking Area Availability" include @stions regarding available public transportatiod a
their sutability.

3.2 Sustainable Urban Mobility

UN- habitat in the global report of human setteltaereported a paradigm shift in transportatiompiag. It
diferentiated between two paradigm shifts in movinére first that found effeceincy in increasingftic
flow effeceincy based on the speed, affordabilitd @onvenience of motorized transport. On the eontr
current paradigm strives for sustainavbile mobitliyough accessibility based on minimizing the néwed
extended movment, Reducing the need for motorizzdathd, Reducing the Number of Motorized Trips,
Reducing Travel Distances in Cities, and ChangimgModal Split. As cities continue to change, pkmsn
are facing the challenge of designing urban mghbditstems that are sustainable on social, econanit,
ecological levels.

The development of sustainable mobility starts wlith organization of urban form to reduce the nieed
mobility, reduce travel distnaces and reduce tréegjuency in the first hand, and to concern mdugces

to pedisterian and public transportation and sharedes instead of private alternatives. Accordingbtter
impact of urban form on movement behavior couldagitle social, economic, and environmental impacts of
sustainable development. Their is a growing caltsplanners to make paradigm shift in mode choioes
enable economic activity, social connectivity, @edlogical sustainability.

This shift put fourward an interst to urban plarsndro develop urban form that impact well on moveme
behavior and acheive sustainable urban mobilitgeim of social, economic, and environmental levEhgir

is a growing call for planners to make paradignftshimode choices to enable economic activity,iaoc
connectivity, and ecological. Traditional neighbdoowd by mixed use between residential units and
commercial, compaction, high community size, magoemnges non-motorized communiting modes and
reduce travel distance and. On the contrary moaeighbourhoods by separate use, low density, low
community size, may encourge the reliance on ggieat, increase travel distance, trip frequenay,ntbed

for motorized demand, Reducing the Number of Maexti Trips, Reducing Travel Distances in Cities, and
Changing the modal Split.

Sustainable urban mobility should Enhance Moverbehtviors in term of mode choices, trip distandp, t
frequency and reduce pollution and traffic cogmitamd transportation cost including energy consionpt
mintance, time and effort. It should acheive tHefing criteria:

* Enhance Permeability increases the property of &éasy it is to move through an environment and
depends heavily upon the paths and objects pladddnwthe space. There are two types of
permeability: physical properties (e.g. a path) gistdial appearance. For example although a path
may exist in some environment, if it is not visyatlbvious it may remain unused (McCal et al,
2005). It meane to avoid restrictions that distibet continuity of city urban fabric, and distorffic
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movement, and make the residents looking for atére roads that could be longer which reduces
the movement functional efficiency. “Freezes” tmban fabric forever.

« Enhance Accessibility by providing range of choiadssafe routes, and removing barriers for
movement to accessibility of residents to servitaslities, and urban spaces, reducing the deigree
which "ability to access" and possible benefit efvices, amenities and urban environment is
accessible by as many people as possible. Heraféeitts the urban, economic and social mutual
and exchange benefit of the community in this uriadonic.

« Enhance Connectivity and Integration through prangpexternal dependency to connect people
with each other and to facilities with a range lobices of save routes.

* Encourge Movment Behavior by reducing travel disea travel frequency, and accordingly avoids
travel time and cost and reduce traffic volumesadidlition don't isolate people without vehicles,
create efficient “day” and--- “night” districts (Maavi, 2000).

* Encourge Alternative movement systems by increassiegdegree that urban form could encourage
potential for alternative movment options (pedestricycling, public transport) and discourge car
dependency and improve pedestrian oriented puddilerr. In addition, it refers to transit, pedestrian
and bicycle systems should maximize access andlityoltii refers to a framework of streets and
urban spaces to be easy, safe, and pleasure (WaI9&)l.

* Improve public transportation: Refer to critical $aaof activity and sufficient densities, and micro
and macro connected street network (Frey 1999, dle®000, Buxton 2000). The public modes
proved to achieve maximum sustainability in saviingl consumption, and co2 pollution reduction.
Metro, bus, minibus, tram are alternative publangportation options that move large no. of people
in one trip, otherwise each of them would havedws car, and accordingly it will be replaced with
a large no. of private cars that could consume riwkconsumption and increase co2 emission and
accordingly environmental pollution. This reseakgbrk on linking the relation between public
transportation and neighborhood pattern. To hovergxthe neighborhood pattern can affect the
efficiency of sustainable public transportation.

* Encourage walkability: Refer to ensuring that mmsbple's needs are within walking distance, and
providing an environment which is safe and pleagamnpedestrians.

3.3 The Impacts of Neighbourhood Patterns on Movement &aviour

The Correlation between urban form and movment\iebahas found in numerous studies. Some scholars
found that urban form could facilitateate moveméehavior using different factors including density
(Cervero, 1996), better street connectivity (Bearand Crane, 2001), and the presence of mieed
uses (Cervero, 1996; Moudon et al., 1997;leBae et al., 2003). A current debate exists betw
scholars for the role of modern versus traditigoaiterns in their impacts on acheiving sustaiabbem
mobility. The paper rests on four charachtersti€sneighbourhood to test their impact on residents
movement behaviour. They have a continuing effectransport demand, in terms of the number of trips
mode choice and trip lengths.

3.3.1 Regarding Density:

Scholars consider desnity as the main factor thatdcimpact movment behaviour. They found a retativ
dependancy on private car in low density commusiiiempaired to high density communities. They put
four reasons how density impacts travel patternani®er, 2005, p:106). They found high population
densities widen the range of opportunities fordegelopment of local personal contacts and aasjtand
services that can be maintained without resort tdonized travel, and reduce avarage distances ketwe
homes and services, reducing the need to travetezhate travel distance. In addition high densitnay be
more amenable to public transport operation ancangddess amenable to car ownership and use whiah h
implications for modal choice. On the other hawdy bensity could impact modal choices, since redgle
forced to cut long distance trips, they mostly depben motorized mode choices. The public motorized
modes are unpractical in case of low densities lanmdcommunity size, so residents's mostly depend on
private motorized mode choices. In addition, dgnsiuld impact trip frequency.
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3.3.2 Regarding Socio-economic Level.

Scholars argued that socioeconomic patterns coaldnbre significant in their impacts on movment
behaviour, communitng behaviour among various ire@roups, income status is highly associated with
certain commuting patterns. High income residentstty depend on private cars and neglect the public
aternatives, they also depend on long distance tigh high frequency with private cars (Hanson2)98
The higher the residents income, the more likelghoose faster and more comfortable and more #ixbl
modes.

3.3.3 Reqgarding Street Network Pattern:

Some street layouts can be more environmentalliaisable to travel patterns than others. Streevordt
pattern can impact the visibility of achieving pislikansportation. Grid pattern can increase thersections
and so increase the alternative ways so increasteomMly regarding conditions of individual streatsnging
from the dimensions and design of sidewalks toptevailing levels of environmental comfort that may
encourage pedestrian movement (Gehl et al., 20§18)also the structure of street networks and fstree
connectivity that encourage such behavior.

3
Figure 1: Street network patterns

Grid-like patterns have high intersection and asqsnts that provide greater connectivity and etnility
and promotes short and direct routes that offepstshtrips and reduces travel distance, It prodifierent
pass alternatives and chances. It highly encourpgkbc transportation as it allows more directesscto
public transport. It can be more transit friendlythe extent that they may allow greater penetmatiban
area by transit services. It is expected to enhaadieability, and increase trips frequency by faat reduce
trip frequency by private cars especially with Iparking area.But at the same time it could fadditarivate
car trips. On the other hand, tree like patterngheery low noumber of intersections and accesstpohat
reduces permiability, connectivity and accessihilit promotes very long distances and increasagelr
distance, and reduce alternatives public transpanteoptions. It is expected to increase private ca
dependancy, high frequent trips by cars.

3.3.4 Regarding landuse pattern

Moving from mixed to separate landuse probably ichp@nwork - travel behaviour regarding modechaqices
trip distance, trip time and and frequency. Landpaéern affect the relation between residentiad an
commercial uses, it could cause a separation batwesidents and services, accordingly impacts krave
demand. Schoolars found mixed use is determenarntaieel behaviour and mobility. It could make mode
choices depend on walkability than on cars. In @wmidiit reduce avarage trip distance by cars, dmd t
frequency of their use. On the other hand it contiteae less energy intensive comuting modes, ryamel
walking and cycling. It impacts its trip frequenayd donot affect trip distances.

The literature defined the favorable neighbourheodfiguration to achieve sustainable urban mobility
Some of them are contradictory between studiesrdizgpto difference contexts, this paves the wajeth
such hypotheses in local context. These litratubefevm guidline to assess the selection of neigimhood

in Cairo, Egypt.

4 THE CASE STUDY OF SIX NEIGHBORHOODS IN CAIRO

The objective of this research is to trace anyistiedl significant differences in responses toidest's

movment behaviour across different categories ofhimrhoods, starting from the traditional, to the
sprawled contemporary. Shoubra and Abasia repressht developed urban growth, Masr Elgdida and
Nasr City represent early planned urban growth, bstddistrict, and Jasmin in new cairo represemt ne
planned growth. They represent three different mhiagical ages of cairo development ranging from
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traditional, mixed-use, pedestrian-oriented neighbod to the contemporary, separate use, car-edent
neighborhood.

4.1 Selection of Case Studies

Six neighborhoods were selected to present diffaraegories of physical and social attributesshasvn in
Figure 2. They should be developed as public ptgperot a private. They should satisfy variables
incorporated within the study regarding configuwatidifference in urban form including the histotica
development, street network patterns, land-useempatthousing patterns, population demographics and
household characteristics ranging between traditiand contemporary.

L "
¥ Az - [
' =Y { ["I =
% !
¢ B -
Early Developed | Early planned | New Planned
1) Shoubra 1850 (Early planned) 3) Masr EL-gdidad19 5) 1st district 1985 (New Cairo)
2) Abasia 1850 (Early planned) 4) Nasr City 1960 J&min 2000 (New Cairo)

Figure 2: Case Study Selection (Greater Cairo Region)

Early Developed Early Planned

w

New Planned

Abasia 1850 - N:zsCity 1960 - Jasmin 2000
Figure 3: different spatial configuration in cadtevelopment stages NUCA 2008

Cairo urban form revealed deferent typologies afpaeld urban development patterns that are diffarent
density, land-use pattern, housing income patsard,street network pattern. Four typologies of nrfwsim

are traced starting from Fatimid old Cairo. FollaW®y early developed districts that informally grower
green land and adjacent to the planned settlemémsShoubra, Abassia, Sharabia and others. Felioly
early planned by private developers in end of18ith the early 19th century like Khedewi Cairo, Madtli
Muhandssin, and Heliopolis and early planned byegament like Nasr city. Finally, the latest modaew
planed Egyptian settlements surrounding Cairo tikev Cairo, Shorouk and El Obour to the east and six
October and Sheikh Zayd to the west.

The Fatimic traditional urban form will be excludgdm the analysis due to deep socio-economic agng
take that place along 1500 year from the estabksitirto now; and due to unconsiderable design tfend
considerig automobile as it was not a exist magb#iblution. Accordingly the research will dependtbree
typologies the early developed, the early planaed,the new planned. In most of the following asizlythe
neighborhood arranged according to such categmizéd present the movment behaviour moving between
these categorize. Six neighbourhood are selectegraésent different chronological patterns in cairo
development.

« Early developed: Abasia and Shoubra are selectprbent the early developed neighbourhoods.
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» Early planned: Masr EL-Gdida and Nasr City are delk to present the early planed
neighbourhoods.

* New planned: 1st district and Jasmin are select@udsent the new planed neighbourhoods.

4.2 Data collection and classification:

The purpose is to measure the impact of neighbaihaoban form on resident's movment behaviour and
accordingly on sustainable urban mobility. Two ferof data collection were used — the first to measu
urban form patterns, and the other to measureaetsdnovment behaviour in their neighborhood imtef
behaviour and satisfaction. Finally, the correlati@tween both is measured.

4.3 Measurements of Neighborhood urban configuration pterns:

Urban form data were collected using surveying mapservation, satalite maps, photographic images t
document and explore neighbourhoods urban configurgatterns including land-use pattern, housing
income pattern, and street network pattern inclyidiensity.

(1) Street network pattern can be classified utitlere categorize between the grid to the heraralsidgrid,
loop, and cul-de-sac) patterns. Their spatial sireccan be classified under heading of type @®estiinear
meter of streets, No. of blocks, Intersections gnklo. of access point, No. of cul-de-sacs, petage of
streets area per community area, and the no. d¢ihoms routes (Ghonimi 2014).

(2) Land use pattern can be classified under hgaglifanduse type, variation and density. They ban
measured using the length in meter of (dividingoannecting) line between different land-use repmes
the degree of landuse mix vs. separation (Ghonimai, €011).

(3) Housing pattern can be classified under headingousing type, variation and density; They can b
measured using the length in meter of (dividing @snnecting) line between different housing types
represents the degree of housing exclusion vsegation (Ghonimi et.al, 2010).

(4) Community density range between low density {660 Person/Fedan), Middle density (300 -600
Person/Fedan) and High Density (800-1500 Persoaffjed\lso community size is measured and ranged
between small, medium and large community size.

The urban form analysis results, for each caseyste gathered, measured and scored in Tablei2. It
categorized starting from the traditional type egdiith the modern type. The traditional patterhigher in
percentage than the modern pattern.

(Early Development) (Early Development) (New Planned)
Abasia Shoubra Masr El Gedida NASR CITY Ist District (New Cairo) Jasmin (New Cairo)
i 2 =3 % -

27 27

85 46
12344.9434 11467.1854
Grid outward oriented Treed inward oriented

49
57610.8395
Treed inward oriented

85 18
12344.9434 8070.7919
Grid outward oriented Treed inward oriented

Low

ions High High Mid Low
L. of grid 16166.5529 16166.5529 147367059 58309.2754 613.5728
Low Low Mid High

High High
= L. ofloops 1878.2703 6958.8716
5 Low Low Mid High High High
E L. of cul-de-sacs 7739.3594
¥ Low Low Mid High High High
Z

No. of blocks
High High Mid Low Low Low

(A): Connected fine grained  (A): Connected fine grained  (B): Connected fine grained  (B): Connected fine grained (C): Divided Super block
rban for rban form public urban form ic urban form public urban form
Street network riented Development  Transit oriented Development  Transit oriented Development  Transit oriented Development Treed inward oriented
ned with high no. Of ~ Fine grained with high no. Of g
grees points, and  intersections, cgrees points,  Fine grained street network Fine grained street network ~ intersection density, egrees  intersection density, cgrees

length and street length. points, and street length points, and street length

No. of intersections  intes

Type
Diverse - Residential, Diverse - Residential, Mixed — Residential and Mixed - Residential and : B : e
Commercial, and crafls Commercial, and crafts Commercial Commercial Mgle-Rendiocil. Sugle:< Reaiatil
Density
High High Mid Mid Low Low
7091 6543 3951 2627 561 250
Highly mixed Highly mixed Mixed Mixed Separate Separate

Type
Low, Midand High income  Low, Mid and High income Mid and High income Mid and High income High Income High Income
Density
High High Mid Mid Low Low

Housing Pattrn  Land use Pattrn

Mixed Mixed Moderate Moderate Separate Separate

Table 1: Main Socio-Spatial Characteristics of Canely Areas.

4.4 Measurements of sustainabilty of Movment behaviour:

Two forms of data collection, the first objectivaeanptitiative data concerns resident's movment patad
behaviour. The second is subjective qualitativa danhcerns resident's satisfaction to movment.
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4.4.1 Measuring urban mobility in term of Bahaviour:

The study of movment behaviour is based on a quesire administered to district residents. The
guestionnaire was designed to explore the influeicegban form to residents' movement behavior. 8am
selection and characteristics depends on 40 rdsigem each neighborhood with total 240 questiorsai
They are randomly selected in each case study treapresent different socio-economic characiesist
age, gender, education, income level and to me&syréactors of travel behavior indicators (Tab)e 2

The variable "Sustainable Mode Choices Measure'esfpons regarding modal choices of certain travel
modes (private versus public) (motor, walking, 0yg). And Percentage of each mode trip per totpbtr
The larger percentage depending on public transpantand walkability will be more sustainable.

The variable "Sustainable Trip Distance Measuralegdions regarding avarage travel distance per fogek
differen uses including work, shop, school, collgealth facilities, restaurant, garden, the smallstance
will be more sustainable.

The variable "Sustainable Trip Frequency Measu@@iestion regarding no. of trips per week using each
mode choice trips, the lower frequent trips by cails be more sustainable; in addition the highgirent
trips by public transportation and cycling, and kedlility will be more sustainable.

A five points Likert scale (1 to 5) were used tonpute each indicator score from the household yume
the average scores have been converted into pageestale. These dependent variables were measired
described in the following paragraphs:

Movment Behaviour Assesment Factors NH1 NH2 NH3 NH4 NH5 NH6
Car Ownership 0-1 0-1 1 2 2-3 34
Public Transportation 80% 80% 60% 40% 20% 10%
Parking Area 20% 20% 40% 60% 80% 80%
Private car
Mode Choices Public transportation
Walkability
Sustainabile mode choice index 80% 80% 70% 60% 40% 20%
Private car
Trip Frequency Public transportation
Walkability
Sustainabile low Trip frequency index 80% 80% 70% 0%5 30% 20%
Private car
Trip Distance Public transportation
Walkability
Sustainable low trip distance index 80% 80% 60% 60% 30% 20%
Sum Percentage 80% 80% 65% 60% 35% 20%

Table 2: Measured Neighborhood Urban Mobility inmieof Behaviour (in percentage).

4.4.2 Measurements of urban mobility in Term of Satistact

Satisfaction is measured using 5 Lkirte scale isn@asure resident's attitude and preferences af the
neighbourhood. Questions first explore residerdtsoseconomic characteristics then it investigetesr
satisfaction to movment including: Functional agpdparking space, crowding, delay, travel accdigib
services accessibility), Social aspects (safetyg@tveness, interaction) Environmental aspeétpution,
noise polution, resource consumtion and trafficnitign), Economic aspects (commuting cost, mentance

Movment Satisfaction Assesment factors NH1 NH2 NH3 NH4 NH5 NH6
Accessibility 80 80 60 50 30 20
Walkability 80 80 60 40 20 10
Functional Delay 20 20 30 50 40 20
Crowdness 70 70 50 30 20 30
Parking requirments 10 10 20 50 40 30
Safety 30 30 40 50 40 30
Social Attractivness 20 20 30 40 60 70
Interaction 70 70 50 30 20 10
Air pollution 70 70 50 30 20 10
Environmental Noise polution _ 70 70 50 30 20 10
Resource consumption 20 20 30 40 60 70
Traffic Cognition 70 70 50 30 20 30
Economic Comuting Cost 20 20 30 40 60 70
Mentanance Cost 20 20 30 40 60 70
Sum Percentage

Table (3): Measured Neighborhood Urban mobilityerm of resident's satisfaction (in percentage).

3

% REAL CORP 2017:
PANTA RHEI



Islam Ghonimi, Hassan EI Zamly

5 CONCLUSION AND DISCUSSION

This part aims to discuss two interloking issubs,first regaring the relation between neighboudhoodel
and urban mobility in term of behaviour includingode choices, travel distance, travel frequency, tri
lengths to different destinations and to define litovaries across the neighbourhood categories.s€hend
regaring the relation between urban charachteratidsurban mobility in term of behaviour and satitibn.

5.1 Sustainability Mobility Measure in Term of Behaviour

5.1.1 Mode Choices:

Figure (3) compaires different mode choics in tixecase studies, it illustrates that traditionaé gecorded
mostly non-motorized, and public modes and redetance on private cars, this in comparison to mode
neighbourhoods, that recorded private car dependand reject public transportation. High walkalilis
noted in traditional neighbourhoods where high mixse and high density. People donot prefere t& imal
contemporary neighbourhood due to great long distarips. Public transportation does not depend on
neighbourhood type. car trips are noted in modarrodented neighbourhoods.

100%
80% 10 - .
 valiah
60% 0 7
&0
40% a0 Spubic
m s orEtion
20% i} privale car
™ A m v N oI
0% FEFFF =z =
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Figure 3: Mode Choices in Percenage. Figure 4: HFirgguency (in percenage)

Private Car:

In traditional neighbourhoods, residents depenguislic transportation due to their low cost, acitsty to
their home; they will not take time, effort to getme from bus station, on the other hand othedeats
found it dirty, not comfortable, noisy, and croudé€dh the other hand, modern neighbourhood, public
transportation revaled that it do not fit to the@eds, it is not flixble for their daily trips, theefuse to cut
very long distance and consume time and effort ftmma station to get their destiation in long dis&n
unsafe and environmentaly uncomfortable contexty found private car would be more flixble for them

Public transportation:

Traditional neighbourhoods, associated with higpethelency on public transportation due to their tmst,
accessibility to their home; they will not take &ror effort to get home from bus station. But samoesider

it as not welcomed due to it is dirty, uncomforgbhoisy, and crouded. On the other hand, modern
neighbourhood associated with low dependency otigotransportation, it do not fit to their needsisi not
flixble, they will cut very long distance and consel time and effort from bus station to get thestidiion

due to long distance and unsafe and environmentatpmfortable context. Private car would be more
flixble and save for them.

Walkability:

Traditional neighbourhoods associated with pubtimsportation and walkability. This is due to thers
distance trips in livable, safe and attractiveetgeaesidensts need to walk in areas where regtiparking

is limited to retain their parking space. Residesggk to reduce the number of journeys and heree th
number of times they have to search for a parkjpare on their return home. On the contrary, modern
neighbourhoods associated with low walkability, doghe long distance trips and unsafe and unégitteac
streets make them depend mainly on private autdmaliernative.

It is noted that traditional urban form makes ugeinotorized modes more difficult compaired to non-
motorized modes such as walking and cycling thateasier in traditional communities on the othercha
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modern urban form tends to increase private modtiicle use because it can provides travel optidres o
range of household activities.

5.1.2 Trip frequency:

Figure (4) Traditional neighbourhoods associateth wiigh pedestrian frequent trips. Due to the short
distance trips with safety. On the other hand @gsociated low car frequent trips and hence tingbeu of
times they have to search for a parking space ein teturn home. Difficulties in finding a parkirgpace
may not necessarily deter car ownership or intestim acquire additional vehicles even with incireas
parking problems. On the contrary, modern neighboods are associated with low frequent private car
trips; residents try to avoid long trips with gred#fort and cost.

5.1.3 Trip distance:

Figure (5) Modern neighbourhoods are associateul nth travel distances, residents are forced tdorig
distance due to the low densities and small comtygizes that lake to provide residents with sudfiet
range of services and facilities, accordingly impaesidents's travel needs they are forced tdorger
distances to have required facilities and services.
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Figure 5: Trip Distance (in percenage). Figured&ar Ownership (in percenage)
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Figure 7: Modes Attractivness (in percenage). FédlirTravel Cost (in percenage). Figure 9 : Envitent Polution (in percenage).
Figure 10: Social Interaction (in percenage). Féglit: Traffic Cognition (in percenage)

It is noted that traditional urban form reduscés firequency and trip distance for private cars paired to

trip distance and frequency done by walking andilegahat are higher in traditional communities. e

other hand, modern urban form tends to increapedistance using private car public transportatemd

walkability; on the same time, it noted to redua¢l frequency for using private car public traorsgtion,

and walkability because it reduce residents willmgnove due to the long distance trips that asedmted

with cost and time, it may impact social engagenagit interaction, an impacts residents health.
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5.1.4 Private Car Ownership:

Figure (6) Modern neighbourhood associated wittn mages of car ownership ranges between two t@thre
car lot per family, compaired to traditional citigmt revealed lower value of car ownership. Reggltound
their car very essintial for living, As stated by of the residents. Accordingly they require large of
parking lots, accordingly cause low effeceincy ieating residents huge demand of car parking.

5.2 Sustainability Mobility Measure in Term of Satisfadion

perception measurement in reference to differemarpaters, socially ( Safety, Attractivness, Social
interaction, Accessibility, crowding, delay). Erammentaly (Air polution, noise polution, resource
consumtion and traffic cognition), Economic (comimgtcost, mentance cost,...).

5.2.1 Attractivhess of mode choices:

Figure (7) all neighbourhoods are recorded lowgaetivness for public transportation. Resident&sts to
think twice to move to public transportation opsonThey only need to have good quality public
transportation, to effectively discourage use o¥gie cars and encouraged to public transporta@nthe
other hand walkability and cycling recorded lowtrativeness in modern neighbourhoods, residenisd
neighbourhoods unsafe for walkability. On the otii@nd it records highr values in Masr ElI-Gdida Aladr
City.

5.2.2 Travel Cost:

Figure (8) Modern neighbourhood is associated Wwitlh comute cost due to long distance that diseurg
walkability and increase dependency on privatewdtr high frequent trips that consume more traireket
effort, and fuel consumpption cost to reach sesvige adition to cost of car mintance. Traditional
neighbourhoods are associated with lower comutowd, cervice in proximity to residents, they carkwa
use public transportation, to get services. Theytibave to use private car for every trip .

5.2.3 Environmental Polution:

Figure (9) Modern neighbourhood is associated litter noise and air polution, due to low traffindiy
caused by low frequent trips with large green ar@asthe contrary traditional neighbourhood asdedia
with high noise and air polution due to the highffic density caused by high frequent trips anchhigfic
jams, with minimum green area.

5.2.4 Social Interaction:

Figure (10) Modern neighbourhood is associated {@itfer social interaction, due to the long distanaad
low frequent trips using all travel modes, residesite not willing to move, to avoid travel costoef and
waste time. They become unsocialized to meet thiesind and neighbours. On the other hand tradiion
neighbourhood associated high social interaction.

5.2.5 Traffic Cognition:

Figure (11) Traditional neighbourhood is associatétth high traffic cognition, it also associatedthviow
parking requirments. Also traditional neighbourha@s$ociated with high traffic cognition at mainestis
and high traffic cognition at peak hours greatanthraffic cognition that take place in old traoital
neighbourhoods.

Traditional communtities with high density and nidxkousing types were livable communities encourge
walking and biking. Communities where the usergldirall services especialy daily one with walkable
distance where more secure, livabile and attradctvweesidents to make all travel to be more dependn
alternative transportation options, public transpealkability, and biking; and discourge privates.

On the contrary, modern neighbourhood isolatesgsdents away from everything, to go anywhere oanstm
leaf the community and go on arterial road its lwauies just a wall, which pedestrian walks are Jong
inconvenient and unsafe, so residents should Heeredars for any daily needs increasing car depecy)
and generate traffic cognition in the outer citgttshould increase noise and air pollution and raiagly
reduce sustainability. All these characteristideciéd the movement behaviour that become lessndape
on alternative transportation options, public t@ors walkability, and biking; versus encouragingate
cars dependency.
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In modern neighbourhood, Walking or biking has meea main problem, daily needs are out of walking
distance, to walk from a point to another it talsdonger pathes which consumes more distanceiarad t
Even all passes turned into artaeil roads its bartiesl donont have any use, only some fences wharkae
street. it is unsafe, unpleasent environment, asiwyalls. it encourge criminality and reduce sesfssafety,

In additions there is no motivations inside theseests to encourage walkabilbility, so make itsdests
depend mainly on private car as a primary modeapisportation.

Public transportation has become unpractical mowenselution. Public transportation need connected
permeable street network, and need accessibilitypus stop, which is not acceptable, hence public
transportation is not a practical transportatiortiosp Private car has become the available way for
movement inside the city. unpracticality of altéive transportation options make private car bethe
only available choice for residents. No walkingkibbg or public or any alternative transportatiortiops,
Only private car. To go anywhere one must leaf getdout the gate and go on collector roads its taues
become just a wall, where pedestrian walks, cycling long, inconvenient and unsafe, and where @ubli
transportation, inconvenient, in visible.

Therefore, residents should depend on their prieate for all daily life needs, increasing car dejfsncy.
Even they use inside the or outside the communitye city streets or even on the regional roads dre
connecting the city with Cairo. The approval foadoclosures in many cases depends on the natuhe of
roads, as well as the road layout. The closureadnthrough routes is not allowed. Bearing thisnimd, it

is usually neighborhoods designed on a closed neadork system that are likely to be granted apalrov
since these have a limited number of traffic irdet®ns (therefore less roads to close). Whichcafattern
of movement (land man, 2002:9).

Traffic cognition has existed on city scale andaegl roads that connect new towns to Cairo; it eassult
of two reasons. The first is due to restricting lpubvansportation and centering movement on pe\Grs,
make traffic volume increase especially in the majterial roads networks. The second, as moreertal
roads are withdrawn from public use, the cars mardrn the city are restricted and diverted toraléve
adjacent roads, which are subjected to increasdfictvolumes, that they are not originally desidrfer.
This could affect the functional efficiency of ldceegional street networks. Commuting cost wassalt of
two factors, the first due to increased car depecylend the other due to longer distances andasege
travel time journeys that required to go anywh@itds could increase of commuting time and fuel dost
residents, visitors and other road users.

6 THE RELATION BETWEEN URBAN FORM AND SUSTAINABLE MOB ILITY:

Deducing the correlation between uran form pattémnsne hand and sustainable mobility represented i
movment behaviour and movment satisfaction in therchand.
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Figure (12): the relation between urban mobilitysoistainability and satisfaction level.

Moving between different neighbourhood models tstgrfrom traditional to modern one, reveals a tiega
relation between movment in behaviour level and mmemt in satisfaction level. It is clear that trazhil
neighbourhoods records high value of sustainabléilityo on behaviour level, and lower level on
satisfaction level. on the contray, modern neighboods records loer sustainable mobility value in
behaviour level and records midium value on satigfa level. A moderate neighbourhood types will
acheive obtimum sustainable mobility in term offbbehaviour and satisfaction level.

6.1 The relation between Crime Prevention measure and énhsity pattern:

Figure (13) reveals that sustainable movment belbavs acheived with moving from low density to Iig
density community. This can be explained becauseeasing density causes a relevant increase in
community size accoridngly widen the range of opities contacts, activities and services that loan
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supported in neighbourhood, and reduce averagendist between homes and services. Accordingly eeduc
the need for long distances trips, frequency anttem public and walkability and increase sustdaab
urban mobility. Density is inversly proportional thvitrip distance, private car ownership, comutitogtc
Increasing density reduces trip distance and teéguency by car and increase trip frequency by aiality,

and reducing density increase trip distance.

On the other hand both high and low density comtyusiassociated with low satisfaction level, tirstf
cause high traffic, croudness, delay, cognitiom, ad noise polution and unattractivness for public
transportation and the second records high comgugtist and traffic cognition on arterial roads.
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Figure 13: Relation between density and movment\bebea

6.2 The relation between movment behaviour measure argtreetnetwork pattern:

Figure (14) reveals that sustainable movment belbavncreases with moving from herarchial netwark t
grid network. This can be explained because inorgasccess points and intersections density crfgade
graind spatial fabric that provide greater conmigti permiability and accessbility connectivity dan
promotes short and direct routes that offers shtnifess and reduces travel distance, It providéedént pass
alternatives and chances. It highly encouragesiptriainsportation as it allows more direct accesgublic
transport. It can be more transit friendly to tixéeat that they may allow greater penetration ofieea by
transit services. It is recorded to enhance walikgband increase trips frequency by foot and mdtrip
frequency by private cars especially with low pagkarea, accordingly increase sustainable urbarilitgob

On the other hand, both extremely grid and herafahtieet pattern is associated with low satiséackevel,
the first increases the flow of private car andoadingly reduce safety and security of nodes acdease
accedents, through traffic, and traffic jams ar@lg¢bcond records high commuting cost due to thepleten
dpendency on private cars and lake of any otherrsdtive.
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Figure 14: Relation between street network pattachraovment behaviour.

6.3 The relation between movment behaviour measure andnduse pattern:

Figure (15) reveals that sustainable movment belbavincreases with moving from separate to mixed
landuse. This can be explored because it couldecauseparation between residents and services,
accordingly impacts their travel demand. Mixed oske neighbourhood more secure, livabile and ditfeac

for residents to use all mode choices walkabilitg &ycling than private cars. In addition it reaadow
avarage trip distance by cars, with low trip freggye On ther hand, it recorded less energy intensamely
walking and cycling. It impacts its trip frequeneynd donot affect trip distances. Accordingly inseea
sustainable urban mobility. On the other hand, mmpability in term of satisfaction records loweldwes in

both extremely mixed and extremely separate uge fitht cause high traffic cognition, crowdnessd an
donot provide suffeceint parking areas, at the stime streets are full of strangers that make #afie for
walkability and crouded, noisy, and recorded higigrétion. The second cause reduces the existence of
unknown persons and avoid shareing parking of eesial area with non-residental users.

6.4 The relation between urban mobility and housing-inome pattern:

Figure (16) reveals that moving from separate hmugicome to mixed housing income increase sudilina
movment behaviour. This can be explored becausause diversity of transportation options that meet
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different levels. Taken in mind the basic fact thlifferent mixed housing types generate diffeténtls and
amounts of mobility standards. On the other haw#t [ diversity reduces transportation standards, a
reduces the diversity and choices of allowed trartagion options. Accordingly reduce sustainablieanr
mobility. On the contrary, urban mobility in ternh satisfaction revealed lower values in both ext&lm
mixed income and extremely separate income. Balbae the possibility of alternative travel choides
meet different income levels.
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Figure 15: Relation between landuse pattern and ranvivehaviour.
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Figure 16: Relation between landuse pattern and ranvivehaviour.

7 CONCLUSION AND RECOMMENDATIONS:

This research suggest that the way we design dghlm@rhoods affects our movment behaviour and thus
affects acheiving sustainability. This study givagdence of the relation between travel behavioudt a
different urban forms to try and identify the cuntr@rivers of travel behaviour. It is hoped thas throvides

an understanding how to make future developmentsidre sustainable and be more low carbon-based in
their transport activities. The results indicatea®gé conclusions:

The first indicate that resedints movment behavidngs not coincide with their movment satisfaction.

The second that traditional neighbourhoods recordeger value in carownership, trip distances, trip
frequency by car, Its modal choice based on pubdiosportation and walkability, high trip frequenioy
pedisterian, lower trip frequency by private caccérdingly lower travel expenses. It recorded hijhe
sustainability with lower satisfaction level for mmoent behaviour.

The third that Modern neighbourhoods recorded higlne of carownership, modal choices by private car
with minimum share, high trip frequency, and disesby cars, lower public transportation and pe\Gr
dependency. Accordingly, It causes high travel csi consumption of resources. It recorded lower
sustainability with high satisfaction level.

The fourth that moderate neighbourhoods like magsdida and nasr city, recorded moderst sustaiitabil
with moderst satisfaction level. The research fotlvad traditional neighbourhood are sustainableim of
movment behaviour that depend on short trips, mualees that encourge walkability and discourgegigv
car, and low private car frequent trips. On theeotiand they are not prefered in satisfaction lduel to the
high traffic cognition, noise and polution, andalelon the contrary modern neighbourhood proveleto
unsustainable in term of movment behaviour it camsumore trip distance and more time and cost to get
services, with complete dependency on privatelmsirthey are unprefered in satisfaction level &midents
due to different externalities, such as trafic dtign, high polution.

Accordingly planners and urban designers are recamds) to take in their consideration the impacts of
physical characteristics on movment behaviour andment satisfaction.

(1) Good design should in one hand facilitate pubibdes and walkability to increase sustainabditythe
other hand should give resident's participatiomesigrole in urban design, to found what is suédbl their
movment satisfaction.

(2) Both high and low density could reduce sustailitg. The first increase community size to anemttthat
facilitate sustainable mobility at bahaviour lelel reduces comunity sustainble mobility at peroeptevel
it increase croudness, delay, cognition, air andenpolution. And the second reduce community gzan
extent that reduce sustainable mobility by resirictravel modes to private motorized and incretaige
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distance. A moderate community density and sizeieslproved to be efficient to enhance movment
behaviour and satisfaction.

(3) Both high mixed and high separate use commueitluce sustainability. The first in one hand iasre
travel behaviour with reducing travel distanceygt® modes, and reduce trip frequencies by prizateOn
the other hand it reduces movment satisfactiordieass donot find suffeceint parking areas, atshme
time streets are full of strangers that make itate$or walkability and crouded, noisy, and recardhégh
cognition. The second in one hand reduce sustamablment behaviour by increaseing travel demaxdd an
increase private mode and trip distance; on theratland, it increase satisfaction level by redudimg
existence of unknown persons and avoid shareinkjrgaof residential area with non-residental usés.
moderate community landuse mix could be sustainabl@movment behaviour and satisfaction level.

(4) Both high income and low income residents caelduce travel behaviour and satisfaction. The firs
Reduce diversity of transportation options that naiféerent income levels. The second enables ees#dto
interact with different social groups and encouragrse of trust and sense of connection between the
moderate mix is recommended.

(5) Both grid and herarcial street network patteonld acheive sustainable mobility. The first irmges
permiability, connectivieity and accissibility thatakes better behaviour of reducing trip distartde,
frequency by private car, and orint mode choicedisoourge private car and encourge walkability;tlos
other hand it reduce resident movment satisfadiioimcreaseing flow of private car and accordinglgiuce
safety and increease traffic cognition. The seaedldices permiability and increase trip distancas rtake
residents seek private solution and discourge wdligaon the other hand residents are satisfieth wow
carbon emmesion. A moderate value is recomended.

A further research with more case studies needbetaxarried out to obtain clear conclusions of the
relationship between movment behaviour and satisfaand neighborhood patterns.
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