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ABSTRACT
fé Creative Thinki ng a bidhetensibnfoeholding bothithe r equi r
need and the possi bl e i i MienkoMatanogic e ness at

Constructing concrete op&hannels can provide a quick, efficient solutiohetp
prevent an area from flash floods and water accumulation. However, such a solution does
not take into consideration the increased land needs for housing and public open spaces, in
addition to misgg the opportunity for benefitting from rainwater and reusing the
municipal water of cities in greening sustainable stormwater channels. The United Nations
(2014) reported that 54% of the world's population is living in urban areas, and it is
predicted tancrease to 66% by 2050eddah City, Saudi Arabia already struggles from
both lack of open spaces while consuming spaces in constructing concrete open channels,
only made worse by the rapid growth of population and urbanism. Although the rate of
precipitationin arid regions is low, studies and evidence show that even in arid regions
turning the majority of urban areas into impervious surfaces is restrictive and the result of
doing so is devastating.

This thesis aims to find an environmental alternative goldbr an open drainage
channel designed to function astarmwater managemefatcility as well as a central green
finger for Jeddah City. It will take into consideration international and regional precedent
design and future development of green chaoasé studies, to provide efficient design
recommendations to planners and designers, who aim to redevelop constructed or proposed
stor mwater channels using sustainable green
livability.
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THESIS TERMINOLOGY AND ALPHABETS

First: Green Infrastructure (Source: Greening Cities: A review of Green
Infrastructure)

Gl asset or procedure Definition
Green Channel Green Storm Water Channel
Permeable pang iPer meabl e pavements are

reduce stormwater runoff flows and improve runoff wa
quality. The porous surface of permeable pavement al
stormwater to soak through to an underlying coarse gt
layer, before slowlyraining away. They are used in low traf
areas such as <carpar ks, d
Council, Permeable Pavement Operation and Mainten

Guide)

Bio-retention systems: Bio-retention systems such as rainmdgns can be applied {
Rain gardens and brwales
small sites including parking lots, residential swales, high
medi ans, et c. A -mnadei dapressiar i th
ground that is used as a landscape tool to improve \
qualityo (Virginia Delphey setveg

multiple functions such as reduction of water pollution, car

sequestration, etc. depending on the species of plants utili

Xi



Urban forests

Auckland Council (2008) defines urban forest as all vegeta
including habitats and ecosystgnon the Auckland isthmus
This includes vegetation in private properties, parks, rese
street trees, etc. Urban forests serve multiple funct
including pollution amelioration, temperature regulati
carbon sequestration and storage, as well@asding aesthetig

appeal.

Green streets

ARA green street is defined
a system of stormwater management within its right of v
reduce the amount of runoff into storm sewers, make the
use of the street treerugpy for stormwater interception as wi
as temperature mitigation and air quality imp v e m

(Odefey et al., 2012)

Street trees

According to Odefey et al

traditional tree plantings along street and road edges
capture, infiltrate, and transpire stormwater. These virtues
be expanded by incorporating trees into more extens
designed Atree pitsodo that

layers of mulch, soil and plant root systems, where polluf
canbereai ned, degraded and a
provided by street trees include air pollution reduction, clin

change mitigation via carbon sequestration and storage.
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Second: Flood Types (Source: from Flood Risk Assessment and
Management by Han, Dawe))

Flood Type Definition

Flash Flood fiOccurs in mountain streams and upper tributaries with relq
small catchment areas. Small catchment has smaller st
hence water move out of the catchment faster (most with
hours) and in greater vahe per unit area than larg
catchments. Flash floods are more dangerous to human

because they are harder to forecast.

Pluvial Flood (i.g rain flood) | fiOccurs when the intensity of rainfall exceed the capacit
drainage system or during prolad) periods of wet weathe
The soil is so saturated such that it cannot accept any

watero

Urban Flood (i.e., urbal AUrbanization destroy vegetation cover on the ground
pluvial flood) _
replaces the ground cover with concrete, asphalt and ro
materials. These impervious areas prevent rainwater abso
into the soil profile, causing rapid runoff into drainage systg
When an intense storm generates runoff that is greater

drainage capacity, urban flooding occurs. This is a special

of pluvial flood when it occurs in an urban aréa.

Xiii



Third: Stormwater

Stormwater
Management

fiStormwater is rainwater and melted snow that runs off streets, [
and other sites. When stormwater is absorbed into the ground
filtered and ultimagly replenishes aquifers or flows into streams

rivers. In developed areas, however, impervious surfaces su
pavement and roofs prevent precipitation from naturally soaking
the ground. Instead, the water runs rapidly into storm drains, g
systems, and drainage ditches and can cause:

-Downstream flooding

Stream bank erosion

-Increased turbidity (muddiness created by stirred up sediment)

erosiom (EPA 20144

Rainwater Harvesting

fiThe accumulation and deposition of rainwater for reuderéeit
reaches the aquifer. Uses include water for garden, water for lives
water for irrigation, and indoor heating for houses etc.. In many pl
the water collected is just redirected to a deep pit with percolation
harvested water can be ds&s drinking water as well as for storage i

other purpose like irrigatiori (Anonymous, 2015)

Watershed

it hat ar eocandad hydrblagic systemawithin which all livin
things are inextricably linked by their common water course and w
as humans settled, simple logic demanded that they become pa

community. o (Wesley Powel l)

Xiv



100-Year Flood (or

100-Year Storm)

A onehundredyear flood is a flood event that has a 1% probability
occurring in any given year. The 1§6ar flood is also referred to :
the 1% flood, since its annual exceedance probability iSO

(Anonymous, 2015)
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CHAPTER 1

INTRODUCTION

Due tothe explosion in the wor@d urbanpopulatiorand the fact that so many cities
are located near bodie$ water, flooding has become one of the top devastating natural
disasters onEarth Some countries have kien steps towardsmplementing green
stomwater channsl in orderto reduce urban floodingand createmultiple social,
environmental, and economipportunities, whe others have chosen to creaticient
but nongenerative stormwater changsigns Thesenongenerativelydesignecchannels
have beenwidely usedn Saudi Arabidan theform of concrete channelsiowever, | intend
to demonstrate thafreensolutions can & more beneficiah improving the quality of life

of Saudi citiesn addition tocontrolling flooding.

1.1Background

SaudiArabia is located inan arid region, where natural water resources a
serious problem and the alternative rmade resonces are incredibly expensiv@verall,
55% of the country water resources are providedvignty-sevendesalination stations
along he Red Sea anthe Arabian Gulf, while the emaining 45%are renewable
(precipitations)and nonrenewable resources (ground wat@ge Figurel) (Al-lbrahim,
2012) However the generablesert climateof Saudi Arabiais also characterized by
sporadic pluvial floods caused by excessiverecipitation and thus, incompatible
stornwater infrastructure is stilhe number onecause ofmost naturaldisastes in the

country(seeTablel) (EM-DAT, 2015)
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Figure 1 Water resources& consumption per capita in Saudi Arabia(Source: auth9r

Disaster No Killed Disaster No Total Affected

Epidemic 11-Sep-2000 Flood 24-Nov-2009 10,000
— Food  aeDectems  so0
Epidemic 9-Feb-2001 Flood 4-Apr-1964 1,000
— _
Flood 24-Dec-1985 Epidemic 11-Sep-2000
— _
Flood 4-Apr-1964 Flood 10-Jul-2010
— _
Flood 14-Apr-2012 Flood 22-Jan-2005

Table 1 Top 10 natural disastesin Saudi Arabia for the Period 1900 to 2Q3, sorted by number ofthosekilled &
affected(Source: EMDAT The International Disaster Databageenter of Research on the Epidemiology for Disasters
CRED) http://femdat.be/country_profile/index.html



Jeddahis a city inSaudiArabia that wagrevioudy prone tofloods, andwitnessed
two pluvial flooding crises as a result of unexpected heavy rain in 2009 andAz@tBer
importantfactor that contributed tthese floodsvasthe high rate ofimpermeable urban
surfaces and the low capacity of thensoucted drainage system in holding or draining
stormwatereffectively (Al Saud, 2010Q) This problemis not unique to Jeddah, ahds
cawsed losses in life and propentytwenty-eightcities throughouthe Kingdom. The most
recenturbanflood disastersghat also caused great damages to prgpetein Riyadh and
Taboukin 2013 (Alghamdi, 2013) In response tdhis, the Saudi government isow
expendingts resourceso gathercrewsof engineerseconomistsand other parties to solve
this issue However,the efficiency ofenvironmental or landscap®lution andnumerous
benefits in mangreen channalases around the worhs already been prowv@rhasnot

yet beerconsideredy the Sadi governmen{see Figure).

On the one hand,gnoring environmentally sensitive solutions to remove
stormwater could become expensive, as wetlaasingother issues iboththe short and
long term.On the other handniegrating environmental and hgaconstruction solutions
in designing stormwater channels can generate extraordinary benefitgothmtyond

improving theeconomyand overflowsnto the other pillars of sustainability.
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Figure2Jeddahds f | oq & dumpingsas dlack-watee dose to urban areask environmentally
sensitive areagSource: authgr

Within the balance between lanshortage and need of land for recreation or
residency,it was bund that the prepared strategic plans for Jeddah st or mwat er
managemenhad been developed to sohanly floodng issues (Isnasious, 2014)Not
taking irto consideration the need for public opgmacesand the waste of gyavater
makes redevelopingreenstormwater channebsrationd decisionto maintain the security
of the channelsHaving these spaces (stormwater chas)neded by people will reduce
and hopefully preventany irresponsible human behawdike disposing blackvater into
these channelsr other unethicaunauthoized actionsin 201Q a health warning message
issuedby environmental expesto the municipality of Jeddalurged the cityo takeaction
regardingthe dumpingof raw blackwater bysewage truckévacuum truckinto drainage

channelqsee Figure3) (Badwylan, 201Q)
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PRINCE FAWAZ DISTRICT'S STORMWATER CHANNEL SEWAGE TRUCKS DUMPING INTO THE CHANNEL

Figure 3 Dumping black-water & solid wasteat the drainage channelof Prince Fawaz district, JeddahCity
(Source: AFMadinah Newspaper, 2010)

However, his suitable,urgent flood prevention plaior Jeddahs not considereda
multi-benefitssolutionfor three reasons. These reasons include thathhenelsoccupy
vastlands in Jeddaaredry most ofthe yearthat the city has a significaneedof land for
open spacesandthat this plan would have anvironmentabnd socialmpact as a result
of paving huge spacegth concreteWhi | e a great percentage of t
not recycled or reused esported by the municipalitfMunicipality, 2014c) this valuable
source could be used as an advantage to turn theetermpen channels into sustainable
parks, which in turn it can help reduce the pressure and traffic from the northern and
sout hern coastal parks in addition to the mu
of life. Currently Jeddahis a city starvingfor open spaced-rom the domestic to the
international experiences in green stor mwat e
seen as great opportunities for creating linear or segments of park@henomenon can
be conspicuously seen whgou visit the developed recreational parks in the city at the
Northern andSsouthernCorniche (coastal parkff)at are overwhelmed wittrowds during

weekends antolidays(see Figuret).



"TAHLIAH STORMWATER CHANNEL

Figure 4 The crowd of the Northern Corniche during weekends& large land occupation byTahlia stormwater
channel(Source: AlMadinah Newspaper, and Riyadh Newspaper)

As a resident of Jeddah Citthe continuousveekly and seasonallgrowds in
public parksdiscouragel e d d a h 6 sfrom enjsyingl @utddosactivitiesyhich in turn
affectsbothmard s a b i | ithenatud lo emyioryon ment .Asamattegpe op |l e d s
of fact, traveling outside the country has become a trend that many Saudi families follow
for multiple reasons. Tehreasons include the lack of high quality of recreational activities
t hat encourage domestic tourism. Last year,
and are turning t dqAthyniaa 2@2)Maeower ssom@ehenivei nst eado
literature review of studies on the prevalence of obesity in Saudi Arabia reportiéabtbat
wasa progressive increase in obesity prevalence among adthis iingdomfrom 22%
in 19901993 to 36% in 2005, witl rate 0f43.8% in women and 288in men (Al-
Quwaidhi, Pearce, Critchley, Sobngwi, & Flaherty, 2024)piding the high risk of poor
health for those who are obese wvewveight requirean important combination of exercise
and diet(Austin, 2014)It is expected that by increasing the number of open spaces could

stimulate more physical activities, which could help mitigate the rate of obesity.

The hypothesisof this thesis ighatconverting stormwater open channelgyteen

channelsis very beneficial and applicable for arid cities. It provides to researchers,

6



planrers, and designers a guide of how green infrastructure could be implemented in arid
regon® st or mw a tsiecegreerhirdrastiueturéas thus faonly beentested and
researched in wet climate regiorSonsidering the currergap in the literaturethe
potential and future preparationsn Jeddah Citywere chosen to be thexampleof a
comprehensiveision for future greenchannelplanning and desigim Saudi Arabiaand

or therest of theworld.

The thesis was developed to answer the following tepress (1) What are the
benefits of applying green prindgs to the redevelopment of stormwater drainglggnnels
in JeddaR (2) What are the differences betweedeveloping sustainable green open
channed approached globallgnd domesticallyn Saudi Araia? (3) How can landscape
architectdridgethe gapbetweenthé r ad i t i o napproacuidpsignirg eharsnsl
and the green approads in orderto create a sense of place and improvirg cityd s
livability? The objectives of this workre (@) to illustratethe benefits of transforming
stormwateichannes to greenopenchannes; (b) to increase open spaces per cagdpto
emphasize the role ¢dndscaperchitects in improving environmental, sociatonomic
gualities (d) to reduce the costfaisng sewage treatment plants by using the proposed
green open channels apart of the treatment proce@dmaintain thdandscapend the
running streanof the channgj (e) to build apresent anduture water stockpiléha can
createa balance betweethe production and consumption of desalinated waierently
usedfor drinking or irrigation and(f) to create an ecosystem that can serve both ecological,

social, and economic purposes.



1.2 Thesis Organization

The thesisbegins byraisng the envronmentalconcernsand problemof Saudi
Arabia and in particular J e d d arbalascedfuture expansio® compared tothe
populationgrowthrateandthe availableand the needed rate open spaces per capita.
order to magnifyhe unnoticed future issudsis thesis presenggeen channelpproaches
that canbe developed steadin accordancevi t h J leudedansuidmion of lands
which can provide pure engineeng solutions ¢oncretedrainagechanne)l that can

eliminatedevelopingflooding issuesonly.

Chapter 2 contains the literature review that is dedicated to ilingfthe benefits
of incorporating green infrastructure practices within the concrete channels in terms of the
ecological performance, bi o delsodescsibieGreen and ci
Infrastructure as a brodmhse ofknowledge and the ways to justify the princgsl and
conceps of this system for coastal arid regiodoreover, i will cover the practices
encompassedithin this knowledgebaseand specifically tB ones that are dedicateml
open channels. Latgihe chapter wilshedlight onthe barriers that prevent arid countries
like Saudi Arabia from having such a system, and how to overcome these obstacles by

highlightingadditionalopportunities or alternaes.

Chapter3 illustrates thenethodologythat was developed to test the feasibility and
benefits of transforming Jeddahdés stor mwat er
consist ofnternational and domest@ase study analysis, using Jedddly @ demonstrate
the learned knowledge and lessons from both the literature (see Chapter 2) and the selected
case studies, followed by a feasibility study dedicated for Jeddah. The results collected

using these methods are presented in chapters 4, b,rasgectively.



Chapterddemonstrates Jeddahods i1issues and

stormwaterdrainagechannels This is done in order temphasize the opportunities that

can be generatday incorporatinghe gray channels intsustainable stonwater drainage
channelfrom economic, social, environmental, and tourism point of viévire chapter
will also stress the climate and resources challetigggsstand in fronbf making these
channelsfi g r .@ &he chapterwill draw a historical timeline d the stormwater
managementevelopmentin Jeddahfrom the first timeit was first inhabiied until the
presentto highlightthesustainable usestormwater managemeptacticesn the pasthat
contribute to reducing floodingissues General informationincluding the urban and
population growthf h e  tuture gxpassion, and the availabéde ofopen spaceper
capitawill alsobe includedn order to evaluatand argueagainstthe curreny proposed
concrete open channels that the governmiesst deweloped The levels of water
consumptiorand recyclingcompared to theate ofdaily production will bealsopresented
to support the feasibility studies in rationalizing thiejectives of thigoroposed project

(greening the concrete open channels) in suclmate zone.

Chapter5 contains the methodssed in this thesis in order gtudy the chosen
sustainable open channel casBisese methods are presented in otdayenerate lessons

learned that could be adapted for Jeddah, followed by the focusf éinestudysupported

by feasibility studiesChapter6 contains the finding of the thesis and future research

guestions.
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1.3 Research Significance

In most Saudi cities and particularly in Jeddah City, the existing stormwater
management plan and desigimategies are unsustainable due to global climate changes,
the limitation of natural resources and/or the water scarcity situation, and shortages/need
of land for recreation or residency. However, incorporating the traditional techniques of
stormwater maagement coupled with contemporary technologies of green infrastructure
practices could support sustainable achievements in developing green open channels. The
green open channels would provide #fAbiologiceé
of a city, but can function beyond the actual desigplgsical appearance (i.e. also as
l'inear par ks) . They function as fAgreen fing
social and economic services. They may provide arid cities with an additional watlgr supp
and even producti ve | andscape Aur ban agr.i
environmental quality, public health, and enhance overall the image of arid cities.
Therefore, this thesis can be seen as relevant to governments, practitioners, and researchers
who are interested in ways of implementing green infrastructure practices in arid degions
in other words, to help those who are |l ookin
system. Green open channels are expected to help improve the qualiey affthose
countries who face water scarcity issues as well as low rate of public open space per capita
like in Saudi Arabia, by recycling the wasted spaces (i.e. concrete channels) and less

resilient wastewater.
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CHAPTER 2
LITERATURE R EVIEW

This thesis aims to answer research questions related to the multiple benefits of
incorporating green infrastructure practices within concsetemwater channels in arid
regions like Saudi Arabidt is the intent of this researcher to demonstrate aaweper
understanding of these benefits will help landscape architects and decision makers (
governmerd) reconsiderfigreen principald in future planning and/or redeveloping of
stormwater channels for bettenore livable urban spaces and sowmiet However, to
answer these research questions, it is vital to begin with a thorough understanding of the
theory and methodology underlying research on green infrastructure principles and

practices and its influence on environment, society and economy.

Many sclolars and organizations have defined Gl in both slightly different and
quite similar ways. Yet, one of the most significant gaps in this subject is due to the fact
that the knowledge covered in all the reviews represent wet regions. This means that none
of them demonstrate the knowledge or provide possibilities of this system in arid regions.
Therefore, this thesis demonstrates the feasibility of implementing the principles of Gl in
arid regions, with this chapter more specifically covering the knowledgeledeto
understand the feasibility (which will be discussed in more detail in Chapter 6). To do so,
first, a list of definitions bellow were collected precisely in order to explore and modify a

definition to be adapted for arid regions like Saudi Arabia.
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2.1 What is Green Infrastructure?

fi éWe need creative urban design and planning that makes nature the centerpiece, not an

aft er t hTomothyBeatley

Green Infrastructure (Gl) is a brosdbject, for which muchesearch haillustrated
themultiple benefits that can be generated from it regarthegnvironment, society and
theeconomy. This section covers an overview of the knowledge, practices and behefits
Gl to demonstrate the opportunities and barriers of implementing such a system in arid

regions in regard to green channels.

Gl has been defined in different resources as an integrated system with the built
environment, which combines natural and ecologically engineered systems that promote
various rangeof ecological, social and infrastiture serviceg¢Boyle et al., 2012)It is an
adapted term that represents a group of products, technologies, and practices that
implements natural or engineered systems to imptbeequality of environnent with
provision of utilities services by mimicking natural proc@SPA, 2011) A network of
multi-functional green spadhat includes botmew and/or existinghetworks and rural
and urbarspacess integral to the health and quality of life of sustainable communities
(PPS12, 2008)According to Benedict and McMahon, these open spaces reprasent
Astrategically planned and managed net wor ks
other open spaces that conserve ecosystem values and functions and provide associated
benefits to human populatisno(Benedict & McMahon, 2006) This can include
waterways, garden, woodlands, green corridors, street trees, and open countryside that
benefit local people socially, economically, and environmen{d@lgP, 2005) According

to Mitchell a n d str&tre tpacticesiager verg ftexible ramdr can be
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integrated into many different development contexts, including new development,
redevel opment , and retrof it (Pastrdership,u2013) c and
Therefore, aoncept of recreating systenmustsupports species and their communities

to move and adjustVWF, 2011)

Based on thee definitions, Gl can be also implemented in arid regions.
Highlighting the maindeasof this cacept there are no major differences between arid
regions compared with wet regrexcept the part that describes the water bodies.
Therefore Gl in arid regions can be defined as the physical environment within and
between our cities or villages, whickas an engineered ecosystem that nsthienatural
processin other words,ticonsists of an array of products and flexible practices that can
be integrated into many development contexts to enhance overall environment quality to
human populations likeogial, economic and ecological benefit@wever, forarid regiors
in particular i geerdas a word in this matter is a big concern due to linotestarcavater
resources, and so it is used as a concept rather than an actual organism or living being.
However, plants are still the main living machines that assure efficient performance of a
newly created system of Gl in arid regior@&ting Boyle et al.,h Il n  f act |, t he rc
vegetation in improving climate, air, hydrology and the quality of life were deated in
the 1980s (e. g. Ber nat z(Boyle et 419 B22)Tlaerefdre, Ro wnt r e
regardles®f the water scarcity situation of arid regippntsarestill the mosimportant
material of mplementing green infrastructure, and so the provision of vegetation is not an
option, however it should follow the provision of plaatslaid out bygreen (sustainability)

principles.
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2.2 Green Infrastructure Scales

The Landscape Institu{@009)has developedypology based on scale where Gl
practices are classified according to: 1) Local, neighborhood and village scale; 2) Town,
city and district scale; and 3) Citggion, regional and national scgleEA, 2011) In this
way, this section classés Gl assets according #scale of open channedsiggested by
this thesiswhich vary from neighborhood, town to regional scale as given in PaSleme
of the elenents might not be applicable to arid regions like Saudi Arabia due to the

limitation of water resources.

m Street trees, verges and hedges mBusiness settings m Regional parks
m Living roofs and walls uCity/district parks = Rivers and floodplains
m Pocket parks mUrban canals m Shorelines
= Private gardens mUrban commons m Strategic and long distance trails
= Urban plazas mForest parks m Forests, woodlands and community forests
= Town and village greens and commons mCountry parks m Reservoirs
= Local rights of way m Continuous waterfronts m Road and railway networks
m Pedestrian and cycle routes mMunicipal plazas = Designated greenbelt and strategic gaps
» Cemeteries, burial grounds and mlLakes m Agricultural land
churchyards mMajor recreational spaces = National parks
m Institutional open spaces mRivers and floodplains m National, regional or local landscape
m Ponds and streams mBrownfield land designations
= Small woodlands m Community woodlands = Canals
m Play areas m(former) mineral extraction sites | m Common lands
= Local nature reserves mAgricultural land = Open countryside
= School grounds
m Sports pitches
m Swales (preferably grassed), ditches
m Allotments
= Vacant and derelict land

Table 2 Gl assets classified according to sca{&ourcefrom Landscape Institute, 2009)

2.3 Centric and Decentric Green Infrastructure in Arid Regions
This thesis claims that centric Gl systemi.ge. linear parks and linkage$s more
beneficial and sustainable thancentric Gl system(i.e. neighborhood parfsAccording

to the Dallas Park & Recreation Departmemighborhood parks

€ serve a variety of age groups within a limited area or neighborhood. They range
in size from 1 to 15 acres and generally serve residents within a quarbaif
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mile radius.Theneighborhood parkncludes areas for active recreation activities
such as filel games, court games, playgrounds, etc. Passive recreation activities
may include walking, viewing, sitting, and picnicking. Facilities are generally
unlighted and offtreet parking is not recommendé€2015)

This definition points to the salientfeatus of nei ghbor hood par ks as
Afactivedo spaces for social activi tlinears. Conve

parks and linkageas

ébuilt connections or nat ur al corridors
linear parkis developed for one or more modes of recreational travels such as
walking, jogging, biking, idine skating, hiking, horseback riding, and canoeing.

Linear parks may include active play areas. The NRPA does not stipulate specific
standards for linear pleg other than they should be sufficient to protect the resource

and provide maximum usagéarks, 2013)

This distinction betwen active and passive uses of open green spaces is one of the primary
claims that this thesis makes for why centric Gl systems are potentially more beneficial for

arid regions.

Adults needtwo and a half to fivehours of activity with involvement oforty
minutesof aerobic activity five times a weekjth of coursesome variatiorbetween people
in termsof how active a persoralreadyis. Regardless of how beautiful the landscape is,
no one would find satisfaction in walking day after day in a neighborlpaokis of 1.7
acreswith only 0.15 miles parameter for 17 circuits per day of speed of 4 miles per hour.
A single 40minute circuit around a park requires 278 acres, whigdansa typical
neighborhood park is too small to meet this size need. Unlessatkisvasalso equipped
with a stationary exercise equipmemtvould be difficult for residents to meet their weekly
activity needs Despite the fact everyone can walk around a neighborhihede are
number ofunanticipatedbarriers that confront or disacage walking in neighborhoods.

The dsence of sidewalk&r being inpoor condition if available traffic noise, fumes and
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hazardssteepor hazardouserrain, lack of shading by trees, dogs, absence of benches
andor sometimes crime risk make it unsatewalk in a neighborhoodAustin, 2014)
Many of these factors were all actually found in some typical neighborhoods of Saudi

cities.

Therefore, thenost important requirement to support daily physical activity is
walkable neighborhood and a nearby path the¢jmarated from the roathddesigned for
walking and/or biking{Austin, 2014) For the casstudy of Jeddah presented in tthissis
the researchewill design anurban green channéhatcan provide these requirements for
daily physical activity in neighborhoddbeside other benefits cahe generated out of it,
due to the fact that a green channel that esigsougha neighborhood is considered a
very good asset for an roadfe pedestriarwalkway and connection for separated
neighborhoods (a result of roads, streets and stormwater ethaMoreover, green
channels promoteare also in line with whatnear parks promotes to communities (see

Figureb).

THE HIGHLINE PROJECT, NEW YORK CHEONGGYCHEON STREAM, SEOUL

Figure 5 Two different examples of linear parks created a new sense of plae have beenencouragng daily
physical& social activates(Source: the lefphoto wagakenby author& the right fromhttp://m.thanglongtravel.vn/tin
tuc/seoultrungtamdu-lich-mice-cuathe-gioi.html)
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2.4 Green Infrastructure Assets, Multi-Functions and Benefits

While gray stormwater infrastructure is mainly designed to séneesingular
purpose of moving urban stormwater out of urban areaspr@Vides many other
environmental, socialand economic benefits in addition to treating and reducing
stormwater at its sourcéccording to the Environmental Protection Agency (EPA),
AThese benefits not only promote uEPAan | ivat

2014c)

The natural elements arthe major assets of Gl which provides social,
environmental and economic benefits. These assdtgle anetwork of green spaces and
other natural elements.€. rivers and lakes) that are interspersed between and connect
villages, towns and cities. Coruiwity of theseGl assetss the key behind generating
maximum benefits from them. A connectiviban bevisual or notional; however the
biggestimpact is a result of physical connections. The result of this connectivity fosters
theengagement ahe pubic with nature, and assssin encouraging sustainable forms of
travel and migration that improve biodiversifynstitute, 2009) The multiplicity of
functionality and benefits of Gl are some of its major asseidthe provision of healthy
open spaces for example canigaite and adapt to climate change. In terms of adaptation,
Gl increases ecosystem resilience by: managing high temperatates supplyriverine
flooding, coastal floodingand surface watérin addition toreducing soil erosigrhelping
other species tadapt and managing visitor pressuf&/WF, 2011) The value of Gl is
based on the multiple functions that Gl offers where the primary functions can be
categorized under: 1) Water and storm weagt;and use; 3) Energy; 4) Communications;

and 3) TransportBoyle et al., 2012)
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Research and reports have covered multiple benefits that can be generated from

implementing Gl practices for the benefi$ ecology, community and economy. For

instance, Gary Austin in his book about
|l nt egrating Human @01d) illhsaates maltiple fBnetornsoe ms o
Aserviceso t hat caadso dtiplebenefitsofallowetdt ab g res@tl

Maintaining the health ofhe ecosystem was found to be very importangeneraing

multiple human s&ices (or benefits), where Gl plays the key link of this beneficial relation

LL

Figure 6 Ecosystem services & products are provided through Gl to humans. The services flow to human society
only when the vability maintained. In every case, the components listed here are not independent; insteade they
are embaded and interact within an ecosystmégSource:Austin, 2014)

between thenfsee Figureé & Table 3).

Air & Water Purification
Waste Decomposition
Soil & Nutrient Cycling
Climate & Radiation Regulating
Habitat Provision

Noise Pollution Control
Aesthetic & Cultural
Products

® Water and flood risk management.

® Water quality, supply and function of
hydrology.

® Sustainable energy use and
production — saving energy and cost.

® Sustainable waste management.

® Sustainable food production.

® Micro-climate adjustment and adaptation
to climate change.

= High-quality environment to attract and
retain a quality workforce.

® Rising property values.

® Boosts to the local economy.

® |inks between town and country.

m Recreation, enjoyment and health
benefits.

» Community development and
cohesion.

= Provision of space for public art,
concerts, efc.

m Non-motorised transport systems.

m Exposure to nature and increased
awareness of environmental issues.

m Education and training.

m Visual screening of unsightly
buildings or infrastructure.

m Heritage preservation and cultural
expression.

m Biodiversity protection and enhancement
of habitat and species — preserving
ecosystems.

mLandscape restoration and the
regeneration of degraded sites.

m Protection of significant geological sites.

m Reductions in the ecological footprint.

m Carbon sequestration.

Table 3 Economic, social& environmental functions and values of GI(Sourcefrom TCPA, 2008
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24.1The CostEffectiveness of Green Infrastructure

As reported i n nBAD&atNGN G Ih&SEUEINe Can
Save Municipalities Money and Provide Economic Benefits Commiityd @@12) Gl
has been realized ang@eciatedately over the past few decades by many American
communities for the considerable financial and water quality benefits that are generated by
implementing Gl practicesriappr oacheso to reduce and man
practices include roofardens i(e. stormwater control and energy reduction), wetlands
restoration ije. f |l oodwat er retention), mi mi cking nat
installing permeable pavements, and harvesting and reusing water on site. Infiltration and
evaporation a elements of hydrologic functions arttirough them stormwater
management receiga volume reduction out of surface raff reduction or prevention.
According to the reporthese practices are often provide a cut in,costaning that they
are more A cteesf f e c thanvteditional stormwater managementor Aigr ay
i nfr as)becausd tleetradilionalmethodsir el y heavily on heavily

struct ur g2012xAdditionalibenefits 6an be also generated out of Gl practices

ke aramd wat er quality improvements, habitat an
oflife,as wel I as property values is a consequert
aesthetic. The reduction of runof f Acan pr

suypplies, becoming resources that provide environmental and public health benefits to all

residents. 0o The report illustrated classific
A Green infrasteffegivéddur e can be cost
Green infrastructure can provideds expensive, and more cestective, approaches to managing
runoff.

Municipalities and developers may benefit from lower capital costs, land acquisition requirements,
operational expenses and other financial burdens when green infrastructure is indegtataew
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construction, redevelopment projects, or programs to reduce combined and sanitary sewer
overflows.

AGreen infrastructure increases energy efficiency and reduces energy ¢éosts

Stormwater management practices built around natural hydrologidifumeand increased use of
vegetation can dramatically reduce energy consumption. Green roofs, street trees, and increased
urban green spaces have the effect of making individual buildings more energy efficient by reducing
heating and cooling demands. Omeighborhood or community level, the shading and insulation
provided by these techniques cools urban heat islands, again reducing the energy required to cool
indoor spaces during summer months. Additionally, bysiag harvested rainwater, some green
infrastructure approaches decrease the need to use potable water for landscaping, toilet flushing,
or other industrial uses. In turn, this reduces municipal and utility expenditures to transport, treat,
and deliver potable water.

AGreen infrastructure can rduce the economic impacts associated with flood evénts

Poor stormwater management can be a significant factor in many localized flooding events,
increasing damage to property and public infrastructure. Federal Emergency Management Agency
(FEMA) estimatethat 25% of the $1 billion in annual damages from caused by flooding are linked
to stormwatet By increasing infiltration and retention, green infrastructure can substantially
reduce the overall amount of water entering local storm sewers or surfacesveateé reduce
floodingrelated impacts, including decreased property values and tax revenues associated with
flooding, damages to public infrastructure and associated repair costs and damages to private and
public property.

AGreen infrastructure protectpublic health and reduces illneslated cost$)

The pollutants delivered by stormwater runoff are a major source of contamination of drinking
water supplies, recreational waters, and productive fish and shell fishing areas. The medical and
lost productivty costs associated with watborne illnesses can be considerably reduced by
preventing harmful bacteria and other pollutants from entering these waters. The EPA estimates
that CSOs and separate sewer overflows (SSOs) cause at least 5,576 illnessgeavieoyn
recreational exposure at recognized recreational beaches across the country. The number of

illnesses caused by recreational exposure to waters contaminated by CSOs and SSOs is likely much

gas

AT

hi gher because EPAOGs an aihalillsdsssaloneasd ditl motrevaluatel t o
iliness at inland or unrecognized beaches.
Clean waters are essential to the vibrancy and success of local businesses that depend on
beachgoers and other recreational water users. Green infrastructure reduceslltitargs that
enter our waters and can help to reduce the impact of these economic(aske®rs et al., 2012)
2.5 Green Infrastructure andthe Livability of Physical Environment
ALi vablieaterm firsi usesl back in the 1980s that aims to describe quality
of life and the characteristics of cities that make them livaBlecording to the
|l nternational Ma k i n gter@ has beeosne do widedy bifinat overly C .
used, that its méMaggie@lad)Typically, ¢he termhas geenused t 0
in countless ways to describe standard | i vi ng, rat her than qual.
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is a title that every city wants to be recognizelin orderto attract new business and
investments, boost local economies andl estate markets, and foster community
involvement and pride. There are a number of conditibascan encourage thesetdoor
activitiesand by extensiomgommunity involvement. Jan Gelm Life Between Buildings:
Using Public Space(201], demonstratesand classies outdoor activities and
demonstrates number of the physical conditions that influence th&ehl classifies

outdoor activities into three categories, each difterin demands on the physical

environmend necessary, optionand socialactvi t i es .0r firesultant

First, t he nnaedhoswichregure lessdegreefipdrticigason
thataren mor e or | eos sl ickoempgud ismog rk shopp@ng, twaitindg foro r
a bus or a person, running errands, distributing rsai The dphywithea |
environmenthasa slight influence on these kind of activities, due to the nature of these
type of activitiesas afl n e ¢ s sailmidie participants have no choice to do them or
not. According to Gehlfi Wh e n  ocaredsdm@ ofipoor quality, only strictly necessary
activiti2el9.Secondo nopti onal oofthosetfar whichai e s
person has of a choice whether todo themor not However, the consideration time
and place arén the preference of making tlee activitiespossibleis another matter.
Example of these tygeof activities are talking and wallg for a breath of fresh air,
standing to enjoy life, sittingand sunbathing. Usually these activities are fostered by

optimal conditons oftheexteriorenvironment and also when whether a plasénviting.

0] W

fram

rep.

As GehlclamsfiThi s relationship is particularly ir

plannngpb and t his can be conspicuously seen
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are fnepically pl e@svamitc ht oa rpeurfsouuen do upt rdeocoirsse | y

of activities (2011).
Third, fAsocial d activitiespeape@sifnoet er ed w
than one persom) public spaces is requiredccordng to Gehl, thisincludeS c hi | dr en at

play, greeting and conversations, communal activities of various kind, and firedlyhe

most widespread social activitypassive contacts, that is, simply seeing and hearing other

p e o p(20210 These social actvi t i es could also be describe
Abecause i n sthey evblye fran attivitiesliskedatotioether two activity

cat eg(bid.). e s 0o

The quality of the environment will have an impact on both necessary and optional
activities. When outdoor areas are of high quality, necessary activities take place
approximately for the same duration and at the same frequency, and though they tend to be
more prolonged if the physical condition are better. Furthermore, optionatiestiwiill
also occur because the place and situation are now inviting for people to stop, sit, eat, and
play, and so on. Whenever necessary and optional activities are given better conditions in
public spaces, social activities occur as a result (seeg-(Gehl, 1996)In poor exterior
conditions, people may hurry home and only 1
(Ibid.). In contrast, a broad ddpectrum of human activities are possible in a good

environment.
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W ties . etc. (qualityre- :
i ﬁ quired)

Figure 7 The nature of the relationship between environmental quality& human activity (Source: adapted from
Gehl,2011)
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2.6 Rainwater Harvesting

Ascitedi n Revew ofRainwaterHa r v e sby Boerg & BerAsher (1982)
the first definition of water harvesting (WHppeared in Myers seminal article (1975).
Here, Myers quotes the definition of WH suggestesl G e d dhe €olleatien aid
storage of any farm waters, either runoff or creek flow, fog igit i o andby €ugrier
asfithe process of collecting natural precipitation from prepared watersheds for beneficial
use0 Moreover, Myers himself offers the following definition or fithe practice of
collecting water from an area treated to increasefrdno f r om r ai n {Badrsl or sni
& Ben-Asher, 1982) Therefore,rainwater harvestindRWH) is a process of catching,
moving, and storing rainwater farses byhumars (i.e. cultivation, food and drinking)
and/or other noimumars (i.e. animal needs), and that requires a catchmamra,
transference, storage, and a system for distribution. According to the United States
Environmental Protection Agency (EPA), RWH is also recognized as one ofdbie
importantGl practices or element3his is because h el ps fisl|l ow ffaandd r e d uc e

provide a source of watero when(ERBA2Mpt em of

23



However, according to Brauch et al ., nThe
productivity, and very Ilittle can nhaed done t c
and semirid regions like Saudi Arabia and other Middle East andiN&frica (MENA)

countries RWH is consideredo beattractive.This is primarily becausBWH used to be

and is still in use in some of tMENA countriesasmo st of t hem ar-e cl assi

scarce countrieso (precipitation below 300mn

Water
Harvesting
| ' }
category of Rainwater Harvesting Floodwater Harvesting
WH systems (local source) (channel flow)
by source
I \
Rooftop Harvesting Runoff Harvesting
(collection from (overland/ rill flow)
rooftops)
| | ] \
storage | deep ponding | | soil storage | [deep ponding] | soil storage |
productive | water supply | | plant production| | water supply | [plant production |
use*
main plant |Runoff farming**l 3.[Floodwater Farming
production (=water sprading)
categories
1.1 Macro Catchment 2. External Catchment
sub-divisions Systems (Short Slope Systems (Long Slope
Catchment Technigues) Catchment Techniques)
Notes:
*  Water supply systems (i.e. ponded water) used for a variety of purposes, mainly domestic and stock water but also
some supplementary irrigation.
** The term “farming” (as in “"Runoff Farming”) is used in its broadest sense - to include trees, agroforestry,
rangeland, rehabilitation, etc.
*** Deep ponding often also referred to also long term storgae includes dams, reserviors and all kind of tanks.
Source: Siegert, K.: Introduction to water harvesting: some basic principals for planning, design and monitoring, in: The
FAO Proceedings of the Export Conclusion about “Water Harvesting for Improved Agriculture production”, Water Report
No. 3, Rome, 1994

Figure 8 Classification of water harvesting techniquegSource: Brauch et al., 2003)
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As described by Kinkadkeevario (2007), there are many reasons that RWH has
proven to be attractive to MENA countries. These reasons, according to the authors,
include:

1) It provdes a seiufficient water supply located close to the user; 2) It reduces

the need for, and hence the cost of, pumping groundwater; 3) It provides high

quality soft water that is low in mineral content; 4) It augments the supply and
improves the qualityf groundwater when it reaches the aquifer after it has been
applied to the landscape or crops; 5) It reduces and may even eliminate soil salts as
it dissolves and moves the salts down through the soil; 6) It mitigates urban flooding
and, as a result, rades soil erosion in urban areas; 7) Roof top rainwater harvesting

is usually less expensive than other water sources; 8) Roof top rainwater harvesting

systems are easy to construct, operate, and maintain; 9) In coastal areas where salt

water intrusion irto the aquifer is a problem, rainwater provides good quality water,
and when recharged to groundwater, reduces groundwater salinity while helping to
maintain a balance between the fresh and saline water interface; 10) On islands with
limited freshwater agifers, rainwater harvesting is the preferred source of water

for domestic use; 11) Occasionally, there are economic advantages such as rebates

from municipalities for a reduction in use and dependency on municipal water.
These benefits are some of thestnobvious reasons why RWH is not only popular among
MENA countries in the present, but also why RWH was present in these countries for
thousands of years.

As reported in fAAssessing Desertification

and North Africa:Po | i cy | mp9p9) thafitst smnms ©fOWWH practices in history
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werefound in e MENA region. Remnants of early WH structures in the Edom Mountains
in southern Jordan are believed to have been constructe,008ryears agdMoreover,
many cultures around the world have also harvested rainwater including in the Middle East,
Asia, Ancient Rome, and Mexico. As far back as 3,000 BC in India, simple -sixoide
structures were used for capturing rainwater. As early as 2,000 BC, other civilization in the
Negev Desert survived by storing hillside +oiffi in cisterns(Kinkade Levario, 2007)

Other signs of early WH structureave been discoveredong the routes used at
the time by caravans in Irag and the Arabian Peninsddaie recently, atching rainwater
and storingvas alsgpracticedin North Africa beginning inthe 11" and 12" centuriesand
continuing into the presenfor instance, it was estimated that in Morocco alone in 1990,
therewere over 360,000 cisterns that still supgldomestic water to 10% of the population
throughout the countr§Nasr, 1999)In Saudi Arabia WH is also &antin different regions
throughout the country inifterent ways. Asir, the southwestern region of Saudi Arébia
north of Yemei receivessurprisingly up to 20 inches (500 mm) of rain annualig,
considered one of the kingdomdébs wetter and
agricultural regionThe steep terraces cut into the mountainous landscape for agricultural
use have the added benefit of providing a source of passive R¥eHFigured). Historical
evidencealso shows that in ariggoastal regionsn Saudi Arabialke Jeddah City, R\WM
had bea practiced by individualfor yearswithin the old citylimits (now calledAlbalad)
in a form of underground cisterns that stbstormwater that used to be harvedtedh the

roof tops of many ancient building there (see Figlie
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Figure 9 Most cultivation in the Asir region, Saudi Arabiatakes place on steep, terraced mountainsides, and the
main crops include wheat, coffee, cotton, indigo, ginger, vegetables, and palms. Moreovaasgive RWHoccurs
because of these terracgSource: from the Arabshawebsite)

Figure 10 Traditional rooftop rainwater harvesting with underground cistern (Source: Image of Nasif House,
from The National Center for Research and Documentation at Jeddah City)
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2.6.1 Active and Passive Rainwater Harvesting Systems

Active and passive are two classified systems of RWEtive RWH refers to
systems of collecting, filtering, and storing in tanks or cisterns for futur¢Russhard,
2015) In contrast, passive RWH refers to systems of collecting rainwater from low
infiltration surfaces and directing it to irrigate a designed landscape area, ligardens,
bio-swales, constructed wetlands, tieees and greestrees (KinkadeLevario, 2007)
Luckily, all the buildingsin Saudi Arabi@ whether residential or commercidl have
constructed cisternthat were made to reive the potable watesf the municipalities.
Therefore, it is possible to collect rainwatsr harvesting from the rooftops of buildings
and stoing it in these cistern@after a process of infiltration and proper cleaning before the

deposij.

Compared @ the passive RWH systems, active RWH systems are more complex
and more expensive in generdttive RWH systems require electricity to operate pumps
and filters that are needed for the system, which means constant maintenance is required.
Passive RWH systns on the other hand, require only areas to contain waters to be
naturally absorbed into the land. With the ability to store huge quantities of winter rainfall
and summer monsoon rains, passive systems can also move water to exact spots when
neededathough generallythey are related to irrigation systentkey arealso applicable
for residential uses. Both active and passive RWH systems contribute to a significant
overall water consumption, with a major distinctionaative RWH used primarily for
indoor water consumption. In contragtassive RWH systems can be added to most new

or existing landscapes without major changes or expensive treatment and they require little
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maintenancesince as Pushard explaiisBot h ar e valid metenods of

and neither shoul d (Pushard,2di3)ect ed as an option

2.6.2 Rootop Stormwater Harvesting

There are many RWH practices that can help reduce @ sathal surface runoff
andis associated with buildings likgreen roofs, blue roofs, cisteraadrain barrels This
section briefly explains each systemith a particularemphasison the system that is

associated witlhis thesis {.e. cisterns or rain barrels).

Green roofsare gardensr vegetation constructed on rooftops and consist of
multiple layers of specialtgesigned soil that providea growing medium for plants. The
requrements and complexity of such a system are more costly than a conventional roofs.
However, hey provide multiple economic, social and environmental benefits like cooling
rooftopsby reducing UV radiation absorption, impiog quality-of-life for residentsand
providing a habitat for birds in addition to the valuable contribution of absorbing and

retainingagreat volume of stormwat¢NYC, 2015)(see Figure 11)

Vegetation

Growing Media

Filter Fabric

Reservoir Sheet

Root Barrier
Roof Membrane
Insulation

Roof Deck

\-a

% : W, \ \ -
GREEN ROOF LAYERS CAPTURE RAINWATER FOR

Figure 11 Green roofs for water management and aesthetic and productive purpos€Source: the left picture model
from http://www.hazenandsawyer.canaind the right picture frorttp://www.greenrooftechnology.cojn/
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Blue roofsconsist of light colored material that reduce building ha#ihough
vegestion is not part of the materials of these systems. They offer environmental services
like controlling stormwater, which they detain stormwater for a period of time and

gradually release it to the drainage sys{&%C, 2015)(see Figure 12)

Gravel

Aluminum Tray
Geotextile

Corrugated Plastic

Roof Membrane —
Insulation
Roof Deck

BLUE ROOF LAERS DETAIN FOR GRADUAL RELEAS:E OR STORE FOR FUTURE USE

Figure 12Blue roofs system of detain to gradually release or store future uséSource: the left picture model from
http://www.hazenandsawyer.conahd the right picture from http://reducerunoff.org/)

According to Clak & Acomb (2008) dsterns and rain barrels afiest or age t anKk
that capture runoff water from a catchment area like roofbdymsually, cisterns can store
more water than barrels because of the significant different size comparingarnritts
(see Figue 13). Rain barrels can only be placed outsida building andnust beattached
to the downspouthey areusually made to suit singlamily houses. In contragtisterns
can be constructed above or underground. Both storage tanks help reduce water
consuimption and considered a good source ofpotable uses and/ or irrigation. They are

also effective to in reducing stormwater run@ff, 2008)
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RAIN BARR UNDERGROUND MEGA CISTERN, FATIH DISTRICT IN ISTANBUL, TURKEY

Figure 13 Rain barrel & underground mega cistern(Source: left picture from httfsprairieform.com/blog/wp
content/uploads/2011/02/rain_barrel.jpg, right picture from
http://www.istanbuldiary.com/Turkey/Destinations/Istanbul/Sites/Cisterns/Theoddwsites n. htm)

Figure 14 shows a diagranof a stormwater catchment system of a ropfio Jordanin

most caseghe roof of a house or a building is the collection area. The used material in
roof constructioreffects the collection efficiency and also the water quality. As a roof
surface texture is cleaner and smoottigs,meanshatmore impervious roofing materials

are preferredand a highequality and greater quantitf wateris expected to be generated.
The most preferable and easiestay to use and give the cleanest water was folopd

implementingftiled roof® or roofs sheeted itth corrugated mild stedlAbdulla & Al-

Shareef, 2009)
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Catchment area
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pressure tent
Burled

cistern

= Overflow outlet

Figure 14 Typical roof water harvesting systemin Jordan (Source: fromAbdulla & Al-Shareef, 2009P.199

2.7 Green Infrastructure and Water Quality

Water quality can be achieved by many green infrastructure practices. Each practice
is designed for specific level of qualitgsults as neede&ome of these strategies are

discussed below.

There many strategies that are dasd to capture and contrtthen release storm
water runoff and/or improve runoff water qualiag a part of storm water management
systems. These includgitration, infiltration, detention and retention systems. Infiltration
is a process of capturingosm water runoff and slowlputting it backinto the ground,
rather than leaving it to rdoff the surface of theground, and causing as result some
damages to infrastructure and/or floodimgsome flood prone areas. There are many
systemsthat canimplement the strategy of infiltration, like b®wales, rain gardes
trenches and permeable pavement.
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Conversely, theilfration strategy is a process of removing sediment and other

contaminants from storm water by implementing natural filtering layer ssind, gravel
and plants. Detention systems is the process of capturing storm water rugnolffaim of

ponds for storage and slowly rele@sthe water to be treated in sewer systefetention

system is the process of improving water quality usingriagf filtration system and other

mechanism¢SARP, 2015)Therefore, theatention frategypresens capturel storm water

runoff and permanently hdfty the water through a system of pipes or tanks.
2.7.1 Wastewater Treatment Wetlands

Another function can be added to the multiple functions andflte of Gl which

is the biological treatmenbf wastewatefAustin, 2014) There are other different terms

that are similar to the idea diologicd treatment including bioremediationand bio-

treatment and many techniques can be classified under these ®Riotegical treatment

meansafipr ocess in which wastewater is treated

organic contaminants such asma@ and human excreta, ammonia, nitrates, and plant

t i s @ictorary, 2105)Bioremediatiorme ans At he treat ment

of pol

in an oil spill, contaminated groundwater, or an industrial process) by the use of

mi croorgani s ms (as bacteria) t h dMerrigmr e ak dov

1986kt al Bioremediatiorwasalsod e f i ned i n AWadi Ha (010)a h

as

Rest c

a general term applied to the use of natural biological functions for the remediation

of a variety of environment al damages. (.

naturally occurring process can be augmented in wastewater systems through the

establishment of an ecologically efficient food web consisting of not only primary
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producers (@ae and higher plants) but also consumer organisms (fish, birds,

insects, etc.JADA et al., 2010)

This thesis focuses on centralized wastewater treatment techniques that create wetlands
and habitat within public spaces, which can add new value to desert cul@re an

communities.

Treatment wetlands can bé&usted within a neighborhood scale and can be
implemented throughout the watershed. Wetlands that are located at highersaddtude
serve neighborhoods and provaleildlife habitat, meanwhile the cleaned watan serve
different uses at lower elevations without the needafpumping systenfAustin, 2014)
Biological treatments of wastewater is estimatedut the cost to 33% of the price of a
conventional wastewater treatment plant. Thedeilts in Wadi Hanifa, Riyadh City, Saudi
Arabia for example fiéis already performing ¢k

1/ 3 of a mechanf({ADAdal,t0l@ at ment pl ant o

There are many techniques to treat wastewater ecologitalliis bookGreen
Infrastructure for Landscape Planning: Integrating Human and Natural Systeoist)
Austin demonstrates different typeof wetlands and their performancecluding: 1)
horizontal subsurface flow (HSF); 2) vertical subsurface flow (VSF); 3) mix of HSF and
VSF. For more detalabout these systems performanaguirements and benefits refer
to Chapter 11 oAustin (2014)(see Figurel5). The focus of the thesis is concentrated on
the biocremediation techniques that was used in Wadi Hanifacélis. A successful
examined system in one of the most arid regions t he wor |l d ( Saudi Ar at

first of its(ARAeta, 6 2010) t he worl d. o
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Figure 15This plan view is a schematic of the three wetland types combined for high watguality improvement
and habitat value in green infrastructure. 1, inflow from septic tank; 2, HSF wetland; 3, VSF wetland; 4, FWS
wetland cell (shallow marsh); 5, FWS wetland cell 2 (open water); 6, FWS wetland cell 3 (shallow marsh); 7,
recirculating pump; 8, distribution piping; 9, uniform inflow distribution. (Source: Austin, 2014)

2.72 Example and Benefits of Hybrid Treatment Wetlands

Koh Phi Phi is a 14&acre city park and wastewater treatment wetland that is located
on Koh Phi Phi Island, Thailand. The design of the treatment facility resembles a butterfly
sitting on a flower with a symbolic reference to the butterfigaped contour of Koh Phi
Phiitself (see Figur#6). Three thousands residents occupy the island and more than one
million tourists visitannually After the devastating consequences of tsunami in 2005, a
relief fund wasgivento Thailand by the Danish Government teestablish the wastewater
management services at Koh Phi Phi. The constructed park presents the potential for
Afaest hetical I ntegration of const @Bukett ed wet |

al.,, 2010) The island experienseregular water, energy and land scarcity, where the
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freshwater resources are limited and expensive. Therefore, a multifunctional landscape
design was developed The design received the municipal government and major
staleholders. With local hands of labor hired by local contactor the project cost $700,000
(see Figurel?7) (Brixa, Koottatepb, Frydc, & Laugesen, 201The benefits of wastewater

treatment wetlands follow the Gl practices benefits.

| Inlet structure with siphon |

I Vertical subsarface flow constructed wetlands

Reuase storage tank

o N N Nt

|Hnrimnlul bsarface flow tracted w | ‘ Sorface flow constracted wetlands |

Figure 16 Ar t i st drawing B&tttéaefl6Fd owest eawalt er management syste
system at the distribution tank with three elevated siphons (the center of the flower), which distribute the

wastewater in intervals to three vertical subsurfacelow wetlands (the first petalof the flower). The flow is then

directed via pipelines to three horizontal subsurface flow wetland cells (second petal of the flower). From there,

the wastewater flow to three surface flow wetlands (the wings of the butterfly), and then enter the polisigiponds

(the butterfly body), the last stage of treatment through which the effluent pass before it is stored for irrigation

purposes(Source: Laugesen et al., 2010)

The process of treatmelg as follows. First, wastewater pretreatment at the
business ah residence site, where free public septic tanks with sewer nefvaoek
provided. Using solar energized pum€5,670 gallongassthrough 0.6 acres of three
parallel cells of VSF wetlands. The cells are twed fand four inclkes deepand contain
three lyers of gravel (10 mm top, 25 mm middle and 44 mm bottom), and Canna and

Heliconia plants. Then, the water comes out of the VSF @eildflows through another

three parallel of HSF wetlands of 0.2 acres, two feet deep and occupied by 25 mm gravel

36



and Cana plants. Next, the water flows into 0.2 acre§WfS three pools. With Papyrus
plants and twdoot deep pools, the FWS wetlands direct the water to flow into the two feet
and four inches deep linear polishing pond that is sized 0.5 acres. Finally thes\stieed

in areservoir to be used later for irrigatigsee Figurel8 & 19 (Brixa et al., 2011)The

park is found to be very beneficial tioe public and the environmertlike, offeringbasic
serviceslike recycling the wastewater and rewsit to createa sense of place for the

community and the touris{#ustin, 2014)

2008. 10. 18

Figure 17 The park like appearance of the Koh Phi Phi wastewater management system showing (from upper
left to lower right): The free-water surface flow wetlands (the wing of the butterfly), the Sala with benches (head

of butterfly), benches along the pond constituting the body of the butterfly, and luxurious growth and flowering
of Canna lilies in the vertical flow bedg(Souce:Brix et al., 20D)
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Figure 18 Examples of layouts developed and discussed in the design process: (from top left) (i) conceptual

engineering design with square wetland beds, (ii) circular batch loaded circular vertical flowdxs optimized for

water distribution, (iii) artistic landscape design with contours of the Phi Phi Islands, (iv and v), combined
functional and | andscaped designs, and (vi) the final 6 FlI
beds; HSSF, horkzontal subsurface flow beds; SF, surface flow bedSource: Laugesen et al., 2010

Figure 19 Concept for the treatment system as a series of vertical flow, horizontal flow and free water surface
flow constructed wetlands followed by a pond and reservoi¢SourceBrix et al., 200)
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2.8 The Impact ofGreen over Health

Muchresearch hareportedthe positive influence ofigreen elemenéson public
general health and how important it is the daily interactimtsveen humans anthture.
Many studies also suppdtte notionthat green elements are verypiontantand thathey
are associated with mental heélthnd that aeflection of this can affect the performance
of employes and even patients in hoguicklyt hey r ecover. As reported
Cities: Integrating Nature Into Urban Design and Rlanng o6 (2011), there at
relationships between green elements in built environment and higher levels-of self
reported physical and mental health, where people report fewer symptoms and living
generally in a healthier condition at greener envitent (Beatley, 2011) Peopl eds ment
health also appears better in greener environnsenthuch sothat 1 0 % mor e gr eensp
in the living environment leads a decrease in the number of symptoms that is comparable
with a decr eas gDeiVnes, ¥arhei, GrgenetveggnesaSpreeuwenberg,

2003)

Also reported by Beatly (2011), a Danish study in 2007 demondtiade
important is to have an access and proximitypddks and nearby greenspaces, and how
these greenspaces are associated with both lower stress levetedurmkdikelihood of
obesity. Likewise, Beatly reportedrether example of the positive influence of green
elements in the speed of healing procdsgatibladder patientglbid.). He presented that
a study by Roger Ulrich, of Texas A&M Universitwherethdipost oper ati ve r ec
of those patients of gallbladder in hospital rooms with wwendow access to landscape
and natur al s caemdke mareec og/leirc kelayso ltyhan t hose w

walls (Beatley, 2011)
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2.9 Green Infrastructure and Creating Sense of Place

Often at a fraction of theost Gl performs many of the same functions as
conventional gray infrastructure. These assets improve public quality of life that deliver
clean water, agricultural soils, public parks and tréitscording to the EPAii Successf ul
projects have demonstrattight an interconnected landscape system also provides a unique
sense of place that att (ERA 20d4a)ptednpn2@02) j obs a
stated that Al andscape ¢ ha rfdacet neeaningsndc s mat t
subsequentlyiplace attachmeatand fattitude® (Davenport & Anderson, 2005)n arid
regiors where landscape resources are rare due to the water scarce situation, providing a
well-designed ladscape area with proper utilities, social, aesthetic and economic services
with aspecialfiplace identity can easily create sense of place to public and then giving the

placefimeanin@ and therefore establishirglace attachmeat(see Figure0).
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Figure 20 Creating a new sense of place at The Highline project, New Yorbefore and after development
(Sourcefrom http://littletrip.diary.to/archives/34985173.htnaindhttp://allovertheusu/wp-content/uploads/2012/05/
High-Line-NYC.jpg)
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2.10 Barriers Confronting Green Infrastructure in Arid Regions

Despite the growing in number of eviderstemming fronresearch and reports of
the multiple benefits of implementing Gl practices, they still not within the radar of
preferences of practitioners, stakehol der s,
According tothe Clean Water American Alliance repddur barrier categories can be
generally identified(2014). These categories inde technical and physical; legal and
regulatory; financial; and community and institutional barrigvkich are cited below)
The thesis selects among these barriers what might be confronting implemeotasbn

practices in arid regions like Saudi Arabi

Technical and Physical Barriers

9 Lack of understanding and knowledge of what green infrastructure is and the benefits
it provides.

9 Deficiency of data demonstrating benefits, costs, & performance.

1 Insufficient technical knowledge and experience.

9 Lack d design standards, best management practices, codes and ordinances that
facilitate the design, acceptance, and implementation of green infrastructure.

Legal and Regulatory Barriers

1 Local rules can be lacking, conflicting, or restrictive.
i State water anthnd-use policies and property rights can be complicating factors.

Financial Barriers

1 Not enough data about upfront and ongoing maintenance costs and economic
benefits.

9 Perceived high cost over short and long term.

9 Lack of funding at all levels coupled kipoor coordination or integration of
programs and funds.

1 Too much risk not enough incentives.

Cultural, Community and Institutional Barriers

1 Insufficient and inaccessible information about green infrastructure and its benefits
for political leaders, admnistrators, agency staff, developers, builders, landscapers, and
others, including the public.

1 Community and institutional values that undgpreciate green infrastructure
aesthetics and characteristics. o

1 Lack of interagency and community cooperatigdWA, 2011)
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2.11 Regulations and Adaptations of Green Infrastructure for Arid Regions

For arid regionsgreening a city might be considered a luxurious decision due to
the water scaity issue However,the spreadingppfigr een patcheso is one
gover nme napiassthat it is enacengli over the cities of th&ingdom. To do
so, a lot of research and many studies have been taking place to fulfill this ambitious plan
with absolute consideration to the limitation of water resources. For example, the
Municipalt y of Jeddah City has an irrigation guli
Af forestation Pr @Q1%) cThis guideline lexplains @nd tcomparas
different irrigation techniques with plant water needs ipenth per species. This thesis
focusesonly on sustainable methodologies of irrigating and planting that is mentioned in
that manual. The guideline does not recommend on relying on harvesting rainwater for
irrigation purposes due to the unreliable prdaijn rates and patterns in the kingdom.
And as quoted by thBlunicipality of Jeddah City2015) i Sa u d i Arabia falls
regions oféevaporaténot thednfiltrated (or savng water),sincerainwater rarely fafi, it
is not a reliable source for irrigation, and when that happemaif falls) the average does
not exceed 200 mm per year (fanslated frora Arabic ( Ei z u d €
by the research)The recommended irrigation methodology for thisets i s 1 s Adr i pp
irrigationodo due t o -factoreof the sygtém whiahlisuoefstrgker, e f f i c i €
2015) Local plants are recommended for the landscape design especially if the intention
was to spread t bwerafity érdecentriq). dowevereifthe inertidn
was concentrated on a specific site or locatmrcéntric) then a mix of local and adapted
foreign plants design should be applicable with the condition of an appropriatsiw

and affordablewarrs our ce. A | i st of AWater requiremen
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in Jeddaho is suggested by the Municipality

thesis(see Tablet).
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
Palms
13.2 13.2 17 17 17 26.4 26.4 26.4 17 17 17 13.2
g/day
Big Trees
g/day 10.5 10.5 13.2 13.2 13.2 21 21 21 13.2 13.2 13.2 10.5
(> 65 ft2)
Small Trees
g/day 7.9 7.9 10.5 10.5 10.5 15.8 15.8 15.8 10.5 10.5 10.5 7.9
(<65 ft2)
Small Shrubs
2 2 2.64 2.64 2.64 3.96 3.96 3.96 2.64 2.64 2.64 2
g/day
CrouncEoe 1 1 13 1.3 1.3 2 2 2 1.3 1.3 1.3 1
g/10ft2/d
Bermuda Grass
1.5 1.5 2 2 2 3 3 3 2 2 2 1.5
g/10 ft2/d

Table 4 Water requirements for most of the aesthetic plants in JeddafSource: Jeddah Municipality, 2015)
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CHAPTER 3

METHODOLOGY

According tocurrently availableliterature on the subjectgreen pmciples can
improve social life within open space$y increasingwhat Gehl (2011) refers to as
floptionab and fisocidod activities. This chapter demonstrat¢he methodologythat was
developed to test the feasibility and benefi
into green channels. The methods consigitefnational and domesttase study analysis,
using Jeddah City to demonstrate the learned knowledge and lessons from both the
literature (see Chapter 2) and the selected case studies, followed by a feasilijty st
dedicated for Jeddah. The results collected using these methods are presented in chapters

4,5, and 6 respectively.

3.1 Method One: Case Stug Analysis

The first method was used demonstrate thsocial, environmental and economic
benefits of develdpg green channelsvithin an urban contexby studying selected
precedent designegreen channslandidentifying the implementediesignsolutionsand
strategiesThis process helped tieterminetheinfluenceof embracing green princigd in
redevelopingthese urban channets improving a citg $ealth andivability. Six case
studies were selected for this study tlessa variety of issues, solutions, and cultural
diversity. Thereforeanumber of criteria were developed to select these case sflidise
criteria arethat a project must(a) be situatedwithin an urban context(b) have

implemented green princgd; (c) representifferent cultural and geographical locations;
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(d) present sustainable redevelopment that was motivateshvasonmental,social, and

economic issues; arfd) have beemeveloped to serve social and environmental services.

To achievethe main goal of this chapter model of comparison was devolvdthe

model wasdived into the followingsections

1 Project background: @rief section withinformation about the project name,
location, size, developer, cost, and project before and after development.

1 Project goals

1 Design implementations: design solutions that were used to solve the problem and
to achieve the goals.

1 Optional andsocial activities: theesulting activities that helpto improve the
livability of each site location of these projects and their cities in general.

1 Landscape performance benefits toolkittoolkit developedby the Landscape
Performance Seriehebendit were categorized s land, water, habitat, carbon,
energy & air quality, materials & waste, soci@l,economic(see Figurel).

1 Comparison table: a summarized table of the selected channel, ingneist
project name, location, climate informatiassues, solutions, general benefits, and
benefit of water. The table was developed to illustrate the redaijphetween the

solutions and the generated benefits.
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LANDSCAPE PERFORMANCE BENEFIT TOOLKIT

LAND
DSoil Creation D Preservation & Restoration Others:

WATER
|:| Stormwater Managmnt DWater Conservation EIWater Quality
|:| Flood Protection |:| Water Body/Groundwater Recharge Others:

HABITAT
D Population & Species Richness

CARBON, ENERGY & AIR QUALITY
D Energy Use I:l Air Quality |:| Temprature & Urban Heat Island
D Carbon Sequestration & Aviodance Others:

MATERIALS & WASTE
D Reused/Recyled Materials D Waste Reduction Others:

SOCIAL
Recreational & Social Value D Educational Value |:| Food Production
Others:

ECONOMIC
D Property Values DOperations & Maintenance Savings
[ ] Construction Cost Savings ~ Others:

Toolkit Key
% Exceed J Satisfy X Not satisfy, reduce, no info.

Figure 21 Landscape performance benefit toolkit(Sourceretrieved fromLAF)

3.2Method Two: Jeddahas aCase Study

This second method of this thedlisistrates the reasorisr selecting Jeddah City
as the case studfpr implemening the greerdesign principles and implementations
learnedfrom the selectednternational and domestiSaud) case studiesAt first, this
section presentsheenvironmental issuasf Jeddahin regard to stormwater channdisod
prevention plan, watemdpublic open spaceandthe city strategic plato order to discuss

the opportunities and barrietd redevelopinga greenchannel in Jedda It also briefly
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explores J e d d lastoical development irterms ofwater management his is done in
orderto locate Jeddah amoragherglobal green trends and approache® constructing
open channelandto emphasis the muttie benefits that cabhe generated from developing

green channels

3.3Method Three: Feasibility Study

This third method actuallyconsists of three steqse illustrate different ways to
dewelop a green channel in Jedddlhe first step,selecting one of the four channeis
Jaldah to behe subject oainy future green channel development in Saudi Arabia or the
worldwide, as well as a subject of an environmental and urban andfgsishisthesis the
Northern Channel (Tahlia Channel) was selected to be an example of anygigeine
channel development. The value of this chann
values, and the intensive activities and/or investments in thé aresddition to the future
vision of redeveloping the western part of the channel tdibeaa park and running stream
by the municipality making Tahlia Channel the best choice for this stldhye second
step,analyzing the selected channel using a cotmding techniqueo divide the channel
into homogenous zones and unitis an analyticalsite map and sectiondloreover,
categories of different zones and units presented in sections, based on the channel changing
in physical, social and other characteristics, were developed to analyze the opportunities
and obstacles in each homogeneous.aré& step then redevelops the qualitytiod
physical environment diagram originally defined by Danish architect Jan Gehl in order to
categorize the current situation of each area. Each analysis include four parts: positive and
negative analysis, measments, the category of the section based on the redeveloped

diagram from Gehl, and an activities matrix that connects each area to the other case
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studiesBased on the findirgof these analys and the lessomsarnedfrom the evaluating
the selected casstudies, recommendations of green infrastructure practices, design

implications and motivational utilities were demonstraaadlocated on anap and table

Thethird step,calculatingthe water supplies, plant and irrigation needs by utilizing
scientific calculations to prove the feasibilityf greeing the selected channelhe
feasibility of greening thehanneland providing running streamutilized the guidelins,
tables of coefficients, and rainwater calculations that are explaineBatricia H.
Wate r f adok lasvesting Rainwater for Landscape UE#06). fiScenarioone is
developedto measure the potentiablume of harvestedainwaterper squaredot from
selectedsurfaceghatdrain to the watershedslithin the selected arel includescalcuktion
for the water requirement per squametfof the proposedandscapeof that modeltaking
into consideration the plantater needsand the dripping irrigation efficiencyMultiple
government agencies databases and published research were usesl/¢othehiechnical
analysis forfScenaricone The scenario also includéise monthly plant water requirements
table thatwas provided bythe Municipality of Jeddahandtaking into consideration the
number ofplants that can be planted after applying thdiaéncy factor of dripping
irrigation. Al t hough 0 Selies anathe iram wdtewtbad is harvested by the dam,
it follows the samebasicsteps bthe first scenario Finally, according to the outcomes of
each argument, the author suggésthe system can rely on one source of water or mix of

sources.

The calculations presented in this section include the water budget to assist
greening the channel in these two scenarios from three water sources; (1) graywater and

(2) harvested rainwater from theaf tops of the selected locations or (3) the harvested
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rainwater by the dam. The first scenario is demonstrated via a model of hydrology cycle
design system to irrigate the landscape of this model. A-pjsetties list were selected

from Table 4, with ammber of recommended plants to be irrigated per house (model) from
the collected rainwater and graywater per house (model). This model is suggested to be
applied only on the buildings that face Tahlia Channel. The second scenario, suggests
greening the chanel by relying on the harvested rainwater by the dam. The two scenarios
(or arguments) also considered calculations of the required constant water deposits to
create a running stream. Moreover, the two scenarios also demonstrate a supportive supply
of water with a presence of blaskater from the surrounding neighborhood of the whole
channel and the selected area of that channel if needed. Finally, the two scenarios also
provide cost estimations of constructing residential or mega cisterns to storeuinedreq

water for irrigation and/or the suggested running stream.

Thedata regarding thaveragamonthly rainfall in JeddalCity that is issued bthe
Ministry of Defense and Aviatieiational Meteorology and Environment Center of Saudi
Arabia (DANMEC) wascalculatedin the annual climatological report for Jedd#lring
the periodrom 1981 to 201Xsee Tablé). The evapotranspiration ETata that is based
onthe Jeddah climatological reports from 1966 to 1988 obtained fronGe o f f Ri c k s 0
Landscape PlanManual for Saudi Arabig1992 (see Table6). The Plant Water Use
factors wereobtained fromWa t e r Haavésting Rainwater for Landscape U2006),
which categorizes plants based on water tolerance that ranges from low, medium, to high
water use (see Tabld. One equationused from the book dfiarvesting Rainwater for

Landscape Usserve as the basisr Scenarioone
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Scenarioone The potentibrainwater harvesting volume (Supply3ing the following

equation
(1) VR (in Gallons) = Rinches) x Area (f) x C x 0.623

Where P is the average annual rainfall that falls in Jeddah City. The parameter C is a runoff
coefficient based on the Rational Methd he conversion factor 0.623 is used to measure

the supply in US gallons.

The irrigation system suggested the methodology of théhesis $ the dripping
irrigation system.The efficiency factor ofiripping irrigation system is 90%or higher

(Stryker, 2015)
Scenario oneCalculating the Flow Rate of Open Channel using the following equation:
(2) Q (m¥day) =V (m/day) x A ()

Where Q is the average flow rate*(day). The velocity V of an average flow at cross

section (m/day). And Asithe area of the cross sectiorfm

The cost of residential concrete tank was estimated based on an estimation cost of
tank per cubic meter by an entrepreneur at a cost of $0.13 per @alarCity, 2007) The
cost of constructing mega concrete tank was estimated by calculating the estimation of
constructing the new suggested strategic tanks for Jeddah by the government, which cost

$0.37per gallon(Gazzawi, 2013)
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Table 5 Average preciptation in Jeddah from 1981 to 201SourceMinistry of Defense and AviatieiNational
Meteorology and Environment Center of Saudi Arabia

Table 6 Evapotranspiration ETo data (Sourceretrieved fromRicks, 1992)
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Table 7 Values of runoff coefficient (C)(SourceWaterfall 2006,p. 14)

10.5 10.5 13.2 13.2 13.2 2 21 pal 13.2 13.2 13.2 | 105
7.9 7.9 10.5 10.5 10.5 15.8 15.8 15.8 10.5 10.5 10.5 7.9
2 2 2.64 2.64 2.64 3.96 3.96 3.96 264 | 264 | 264 2
: & L 1.3 1.3 13 2 2 2 13 13 13 1
He 1.5 15 2 2 2 3 3 3 2 2 2 15

Table 4 Water requirements for most of the aesthetic plants in JeddafSource: Jeddah Municipalit2015
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CHAPTER 4

GREEN CHANNEL CASE STUDIES

This chapter ilistrate the benefits of developing green chanbglglrawing a
comparisorbetweenthe six green channelEive international and one domesti®audi
Arabian)channel werselectedor the studyAfter taking into consideration the criteria of
selection thewere mentioned in the Methodology Chaysere Chapter 3.1hefollowing
are the most suitable projects that were foun@l) Los AngelesRiver, California (2)
Buffalo Bayou Promenadéiouston,Texas (3) Wadi Hanifa, Riyadh, Saudi Arabié)
Zharjiagang Town River, China(5) Shenzhen Qianhai Water City, Chirend ©)
Cheonggyecheon Stream, Seoul, S. Korea (see Falird he goalof this chapteris to
illuminated using different cases around the wérldow transforming stormwater

channels to green ahnel creates significantimpacton a cityp bvability .

54 inch
49:7 inch 42 inch Cheonggyecheon
Buffalo Bayou 5.9+nch Zhangjiagang

Wadi Hanifa
Shenzhen

78 inch

Figure 22 Locations and annual precipitations of the slected case studieSourceauthor)
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The purpose of thishapteris to provide a comparison ofandscape performance
of six selectedgreen channel projecteelying ona developed model as explained in the
Methodology Chaptefsee Chapter 3.1Quantitative and qualitativeesearchthat was
conductedy universiy researchers amal/ expers wasused tdulfill acomparisorbased

on the following criteria

=

Projectbackground

91 Project goals

1 Design implementations

1 Optional and social activities

1 Landscape performance benefits

Each selectedhanneldepend on information availability to qualify the purposefdhe
comparisonAll the informationis summarizedat the endn Table8. The summarized table
aims todeterminef there isarelatiorship between the design solutioasd any generated

general benefitsThe goalof this chapter iso addresghe following concerns

1) What are he influence of green practices and prirespbn encouraging both

optional and social activates

2) What are the green practices that were used?

3) What are e reasosfor selecting each projeteyondfulfilling the criteria of
selectonwhi ch is answered withi mofeathcashke N Desi

study)?

54



4.1 CaseStudy 1: Revitalizing the Los Angeles River California, 2007

Design Team

by The County of
Los Angeles

Project Highlights

Location: Lose
Angeles California
Year: 2007

Main goal: flood
control &
connecting
neighborhood
Sub-goal:
4.1.1Project Background recreational
amenity
Size:more thar750
acres

Cost: $1 billion

The 32miles ofconcretepavedriver (or channél thatflows

within the very heart of thecity of Los Angelesis serving a vital

function as a flood control measure for the City and County of Los Angédegever, this
singular function has limited the vast potential of tiver as a focal point for economic
growth, communy revitalization, environmental stewardship, and recreational
opportunitieqVillaraigosa, 2007)Theriver representsore than 75@djacentcontiguous
acres of real estatéltering part ofthat lard for multiple benefit usesould indeed revive
the iiver. This @uld include restoring thenatural systemtreatingof storm water runoff,
creatingcontinuousriver greenwag, andinterconnecting anetwork of parks and trails.
These changesventually ould restorethe ecologial function of theiver andtheti ver 6 s
identity, which celebrates the past and the future of Los Angélese the quality of life

for Angelinos is being enhancedhe next arena théecomesnostimportantis the status

of visitorsd attractionswhich appearss a symbol of natural resilience and revival for the

city itself (County of Los Angeles, 2007)ike many rivers around the worldhe Los
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Angeles Rver speakspresents a & against channelizing natural streaby reviving
insteada part of it natural appearance in some partofvatershedfosteringwildlife to
flourish againin a way to teach udesigners and engineeifse proper way to redevelop

such a river oanurban channelsee Figure23).

Figure 23 Los Angeles River restoring its ecosystenfSource: fronmhttp://www.lamakerspace.cogm
http://lawaterkeeper.orp/

4.1.2Project Goals

The project goals were classified irttee following four main aspects

1) Revitalize the River
1 Enhance Floo&torage
1 Enhance Water Quality
1 Enable Safe Public Access
1 Restore a Fuctional Ecosystem
2) Green the Neighborhood
1 Create a Continuous River Greenway
1 Connect Neighborhoods to the River
1 Extend Open Space, Recreation, and Water Quality Features into
Neighborhoods
Enhance River Identity

Incorporate Public Art Along the River
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