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Abstract

' YRSNJ G4KS &aKIR2g 2F W tAYIGS /KFEy3SQ |yR WDf2ol
to sustainable development, this document preterthe longterm framework for sustainable
development, protecting the natural and historic environment and adapting cities to climate change
through Green Infrastructure Planning (GIP).

At the national level, the effect of climate change is overheatint) & more frequent sand storm,

and major problem of water sacristy and drought. The Case Study Area is particularly vulnerable to,
temperature increase, flooding, and to some extent drought conditions. Policies cover climate
change mitigation and adaptath are various, starting from natural resource management,
economic development, transportation plan, Green Infrastructure plan up to change of individual
behavior regarding energy consumption. In the course of the thesis framework, Climate Change
adaptaton is limited to Green Infrastructure application as an integral and important practice of the
development process.

Green Infrastructure Planning approach is an integration of planning at a different spatial level, so
mainly two different special levels fiee the working environment, namely regional and
metropolitan level. Also, Green Infrastructure provides a variety of ecosystem benefits. In the course
of this study, the focus is on a certain function related to climatic, engineering and ecological
benefts that will be used as the basic principal in developing the Green Infrastructure Plan at both
Regional and City scale.

The proposed Gl Plan for Case Study Region (CSR) is an academic initiative at Regional level to
identify and safeguard valued naturahd cultural resources. The plan aims to bring together the
NEIA2YQa Y2ad AYLRNIFIYG O0A2RAGSNEAGE | NBlFasz KAa
systems such as streams, Karez, watersheds, scenic landscape, and recreational site aed to les
extent working landscapes.

In a dense conurbation like the Case Study City (CSC) where green spaces have to-be multi
functional, the green infrastructure refers to the network of all green spaces that provides various
benefits to the residents. Therefe the proposed Gl Plan for Sulaimaniyah City (CSC) is an academic
initiative at the municipal level to identify valued community green space resources. The plan aims
to bring together the city most important green space resources with development of a new
typology. With the provision of providing better climatic engineering function in and around the
existing City, to improve the current climatic condition and as an adaptation strategy for climate
change effects.

So itis an initiative aiming to contribute change the traditional conceptual understanding of green
resource from something good to have, to an essential multifunctional resource that must be
planned and developed in an integrated way.

Key Words:Green Infrastructure Planning (GIP); Greenastfiucture typology; ecosystem services;
climatic engineering function; Core and Corridor.
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1 Introduction

1.1. Background

Greerery is more important now that it ever wah NS Sy SNE aF NB Ay ONBI aAy3f @
providing ecosystem services wélue for human health and wéllS AYa320K | & G YA GA 3L G A
pollution, noise, and heat, and provision of spa&&€ NJ NBE ONB I i A 2. yh the sh&lowSoR dzO | (i A 2
rapid expansion of urban areas conversion of land cayetemic issuekke urban heat island effect

and globalwarming problems. Greeery with the modern undestanding of ecosystems and
biodiversity is the improvement of life qualityore than their conventionalaesthetic appealurban

greenery is also becoming increasingly accepted that they contribute to the sustainabildgiofs

and cities.

The growth rée of 8 2 NI RQ4&  dzNDwagrapidiradd22a niilllor tg 2.&illion) in the past
century. Urban inhabitants of Africa and Asia willincrease bytwofold; consequently the
accumulated urban growtlthrough the histoiical time sparwill be duplicated ira between 2000
and 2030 Theurbaninhabitantsof the developing world wilkonstitute 81%of urbancitizensup to
2030 Thebuilt space growth ratés more than the urban populationgrowth. Between 2000 and
2030, It is predictedthat it K S ¢ 2 NI RguBationdaNgiowyi by LZ24 whereasthe built-up
footprint of cities (of 100,000 inhabitants) might increase by 17& That is whythe future of
humanity andcities mainlyin developing countries, dependsghly on presentdecisionmakingto
accommodatepopulation growth. 3

The newest scientific evidence confirms that global warming is the utmost threat to living and built
environment and quality of life. In the consequences of climate changes, the increase in earth's
surface temperature by 0.7%C in the lashundredsof years has disturbed living ecosystemdduce

substantial risk®n human wellbeing. The continuation or acceleration of this trend is predicted by
climatologists, the earth's temperature might increas&C4to 6°Cby 2100, withexpecteddisastrous

impacton the natural environment, ecosystems and se8i®2 y2 YA O &aSOdzNAGe 2F St
The ceeffect of rapid urban growth and the impacts of changing climate will possibly have potent
O2yasSljdzsSy0Sa 2y aSy @A N (ansSng,ldr exantpls, théafl kresshayid tieK S (1 N
0dzA f RdzLJ 2F GNRLRALIKSNB 212yS0é 0GKFG YIte | FFSOG

The burden and stress that human civilization put on the earth planet have been accumaladeit

is in incrementalriend. This geshandin hand witha human activity which is changing and shifting
the natural ecosystem and imposing the humankind dominated ecosystenos Abmanrelated
ecosystem characterized ky significant change from the original one, now a day p&nfacing
challenges in harmonizing this dramatic change. Their attempt iss&enthe negative impact on
surrounding natural environment and bringing back nature to thedopilarea.Consequently, it is
logical to adopt the regional and urban developméractices to force precautious and adaptive
planning strategies in the aim of achieving environmental protection.

IMillennium Ecosystem Assessme2B05.Millennium ecosystem assessment: biodiversity synthesis.

2 Bolund, P. & Hunhammar S. (1999) Ecosystem Sepes in Urban Areas. Ecological
Economicéttp://www.mistra.org/download/18.61632b5e117dec92f47800074424/Bolund+and+Hunhammar+1999+Ecosystem+services+
in+urban+areas.pdf

3 UNFPA (2008) State of  world population 2007: unleashing the potential of  urban growth
www.unfpa.org/swp/2007/english/chapter_3/index.html, [viewed on 6/06/2010].
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In the current timewith rising serious effect oflimate change and global warming,different

strategy for mitigation and adaptation tthis change are under research and implementation. As a
conseqguencethe urban climate particularly and earth planet isaigritical pass. Although the urban

climatic and air quality condition &re not entirely dependent on naturatonditions but alsoto a

large extent on thespatial distribution of land uses, built structure and physical arrangement of
development. With the increasingressuredue to human activityat the local level and climate

change in the global levehe urbanclimate is an impdant and urgent issue to deal witilthough
PlanningRelated Urban Climatés not an extensivelyLINI OG A OSR &ad N} G6S3ezx a{A
accepted appraisal of climate does not exist, it is difficult to judge whether climatic incompatibilities
canbeexp@ i SR (G2 NBadzZ G FNBY | LXFyyAy3d LINRPOSaa¢és o
giveasignificant shift in the degree of its importanée.

The climate change effect is predicted to increase the problem of water scarcity, desertification,
drought, temperature increase and deforestation in Iraq. Alatbanization is in incremental trend

due tothe rapid growth rate (2.63 to 3%)and political state of the countnRegardlessf the global

and urbanization effectdhe local situation of the studyraa is of major effect and concern. Several
decades of war plus international sanction have caused severe damage to the environmental and
ecosystem condition in Iraq, leaving the country with many environmental problems.

Therecentemergence of evironmental sustainability as ®ritical policy focus across the wofthas
been highlighted with climate changéNhile a great deal adttention has recently been focused on
climate changegther issues including water quality and availability,paillution, deforestation and
land use changes, biodiversitgnd the sustainability of agriculture and fisheriegve also gained
prominence on the public agend.

The Case Study Region (CSR) is a remarkable demonstration of the interactive relation between built
structure, climate and reliance on the water resources availabilithas an important footprint
concerning resource management particularly watershed management, ecological and agro
ecological, biodiversity and wildlife in comparison to the rest parthef country. Never the less

under the climate change potent CSR will be affected matteeitounter measurs have not been

taken in this stage at the same time this footprint is becoming more important at bothsltves
urgesthe demand foragreen infratructure strategic plan.

It is agreed ond K & GFNIF AYSYy Gl dA2y FyR AazftlradAazy 2F 3IANS
& S NIJ ABDiB stréctbreis to be panned anddesigned as connectechetworkslinking residential

structureto build and naturalopen spaces and green corridors. Alsobanlandscape planning to

be centered and conceptualized anulti-functional green infrastructure (Gprincipal which can

assist flexible respond @fn urban area to environmental challengésgluding climate cange® The
steadyincrease olurban temperatureis due to systemic issues and global warmimgSCThis will

be accelerated by theseverereduction of the green area inCSC.Thusenvironment qualityis

decidedly determined byand use planningGreeninfrastructure planningat the municipal leveis

used as a decision support meatts enhance climate mitigation, adaptation and protectjoair

guality preservationand surface runoff management.

4Ministry of Economy Badew(rttemberg in cooperation with Environmental Protection Department of Stuttgart. (2008ate
Booklet for Urban Development OnligS&tadtebaulick Klimafibel Online. Indications for Urban lamsk Planning

5 United Nations UN) (2008) World Population Prospects: Population Divisitile 2008 Revision Population Database
http://fesa.un.org/unpp [viewed on30/06/ 2010].

6Lélé S. H(1991).Sustainable development: A critical revidap://www.sciencedirect.com/sciencdviewed on 24/09/2010].

’Schwartz, M. W editor. 1997 .Conservation in highly fragmentehdscapes.

8Gill, S.E., Handley, J.F., EdmdsR., Pauleit, S., Theuray, N. & Lindley, S.J. (E0@8xcterising the Urban Environment of UK Cities and
Towns: A Template for Landscape Plannirandscape and Urban Planning 8¥ww.elsevier.come/locate/landurbplan
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wS3FNRfSaa 2F O2yOSLIidz f LINwEBvetheBompldte cansidetiodtbls Sy
face these global and local challenges. The sustainable development concept indicates solidarity
with future generations, plus several environmental welfares are problematic to attain in a short
time period. The adaptatn and mitigation stratif “preserving natural areas, reducing energy
consumption, enhancing biodiversity, protecting forest, protecting watershed area and reversing
climate change™ are all importantly valued, nevertheless they are vital for the wellbéipgesent

and future generations.

1.2. Problem Statements

Due to the peceding warmandinternal political conflictthus in addition to climate change effect, the
CSR is facing thenvironmental problers, desertification, deforestation and decrease of green
areas, thugegardless otincontrolled industrial activity in the study area. Tdeforestationproblem
due to natural andnanmadeeffects affected negatively theenhancement of watershed area and
causesoil erosionat a certain part. The effect of climatéhange is more likely affectifgjodiversity
resource and willife as well particidrly at the soutkeast (SE)part of the CSRin addition to
fragmentation of naturally reach biodiversity areas through human intervent@enerally due to
lack andweak peservation and conservation polidie natural and cultural heritagef the CSR iat
potential risk.

Although the regional performanaef CSGs qualified as gootkgardingurban compactness but the
urban ecological performance and particularly climatie are regarded poor. The CSC has a lot of
systemic issues like urban heat island, and trapping of air pollufartay,the urban areais facing
environmental problems due to excessive populatamd high urbanization rate of 1.73his in
addition to the burden of unplanned economigrowth, industrial development and automotive
emissions. Thigauseda substantialincreaseof pollutants, affectingair, water, and land.The
incremental rater of & pollution is rapid in CSC especially due to vehicularraffic and
geomorphologic setting of CSC that lies in the basin surrounded by moumitaénphenomenon of
dust pollution together withthe increase of air pollibn is causinga dramatic condition that affect
public health.

Over the years urban growth haauseda diminution of open spaces and green areas in and around

the CSC, which causes various environmental probl&imee CSC ligcatedin the heart offertile
agriculturalareas;urban expansion evidentlgeduces thesurroundingproductive land.Thepercent

of green space is far below the required range in,@S€&stimated by less than 3%his can be due

to the lake of landscape planning and spatial and institutional integration, since thereiglho
structuredplanning hierarchy and planning dgf I OK A @zLXE 6 REDOBY G NI f AT SR |

The seere environmental problemsvith a combination of temperature increase and flood ra&k
pollution; this has had serious health and economical consequefitgs should be dealt with as an
urgent situation, the plamer and the government should act not just to providéigher quality of
life but to prevent health catastrophe that may occur duetfie current situation.

9Central Intelligence Agency (CIA) (20T@e world fact book: Middle East Iragttps://www.cia.gov/library/publications/theworld-
factbook/geos/iz.htmbccessed on 18-2010

LJLJ
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1.3. Objectives of the Study
1.3.1Over all objectives

The overall objective of thisvestigation is to analyze the existingl2 6 Sy G A f WDNBSY Ly-
and natural and cultural resourcési. 62 0K aLJ GALFf S @8dodo shedvi§mA 2 y I €
on theclimaticand systemic issues @SCMoreover to give an overview of climate aihge effect at

national, regional and city level & essential steplt will also look at strategic aspect and necessary
measures regarding different potential and deficiencies.

The aim igo change the traditional conceptual understandingéofi K S FRIANSSWa meayto | a
provide pleasant city butather as resource management policy and as adaptation mean to
reverse and reduce the climate change amtbanization effect.Finally the Green conceptwith
identified hierarchy of green typologyt both levelsis developed toimprove the microclimate
condition, inthe aim of contribution in the framework concept of global environmental change
(GEC). Since GEC is the sum of a range of local, regiamaionalenvironmental challenges and
contributionat any level is ofreatsignificance

1.3.2.Specific Objectives
The specific objectives of thisvestigation are:

i To have a comprehensive overview on the basic concept of\lreen Infrastructure
Planning2

1 To develop a database and maps of the exis#rgen i ¥ NI & (.NHzO (i dzNB Q

! Tocarry out a situationaly  f @ AAa 27T WD NBhS CSRIng GIdoriceritigzO i dzNB
quantity, quality and connectivity).

f To determine and answer the question @hich typologgpf AINBESY | NSl tobey R Wg K §
located.

1 To devéop ‘Breen Infrastructure BhCat the different spatial levethat will be affected by
the degree of emphasis adifferent ecosystem functions

I To evaluate the proposed plan bigveloping a comparable base for ecological performance
of the CSC.

1 To identif possible means and recommendaticiosput I A G N} 6 S3& Fohdd YI yI 3
green dimensiofin the study area.

1.4. Thesis Framewrk

The framavork in which this thesis had been illustrated is originated from different spectrum
including academic backgroundpatial and temporal situation of the Case Study Area also the
international interest towered environmental issue and the urgé&tfPConcept.

Academically the Infrastructure planning and regional plannimg@articulat their Green dimension
will model the general framework of the study. Specifically the holistic approach of integrated
planning reflected in the forces that shape human live, consequent impacts and attempt to deal
comprehensively withthe economy, ecology, society and individual dimensiofifie spatial
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integration approach in planning will be reflected at diffiet spatial levels of planningjince physical
linkages lie at théheart of GI. Morever, this concept reflected in integrating planning policyaat
strategic and local level and jag up all related party. The most important application of
integration is reflected inthe integration of the Green Infrastructure Planning (GIP) with

conventional landscape planning. While GIP
environmental, ecof YA O f

YR &a2O0Al ¢

represents the coming together of various
AYyiSNBada alLi

Aa yz2i

green structure for the landscape, but also as a mechanism for more informed dewialong and

Y2 NB ud2Lack yiB®A y 1 Ay 3

Ay egbral eivirdhiylentdl Pl y dzNI Ehdlater Y R NJ

(landscape planning) jzroviding a holistic approach to understand many processgsch ¢shape
the land and potential changes to which a particular location could be subjected overtiBmce
the function of both are interrelatedand the cause of disturbance is the same which caused by

human activity, the approach to integrate both will be adopted.

The national condition of the country particularly, and the Climate change at the global level made
the CSA a controversial and impant case to deal with. Due to the precedimgr and high rate of
growth, the country is facing a dramatic degradation of environmental condition and quality of life.
That is why in this stage immediate intervention is necesgaryvhich the primary aim sould be
human wellbeing and natural environment

Finally the global condition particularly the Green House Gas effectlandte change phenomena
that affect humanity and the environmental system of Earth planet seriously. The Millennium
Ecosystem Assasent clearly demonstrated that the majority of our ecosystem services are being
degraded and that drastic action, such as restoring natural capital, is required to ensure the long
term continued flow of these servicédThe attempt to decrease and reverseose damage that
cause from human activates starting frotine industrialized era and continuing up to now, through
different planning, adaptation and mitigation directive in developed countries. This lead to emerging
focuses of international awareness soistainability concept. In addition @recent enthusiasm for

pushing forwardGIPA Y RA O G S a

GKIFG aDL

KIFra 9802YS |

WY dza G SN

practical agencies interested in green space issues and a way to help develop environniekitad th

I ONR & &

1.5. Work Flow

RAGOALE AYFNE yR LRtAGAOIf

02dzy Rl NASa&é

The scope of this investigation follows a traditional systematic approach of literal survey analysis and
result interpretation. The data collection or literal survey process goes bgméind with literature

review;seeFigurel.l illustrate a general framewordf this study.

Literature Review

e What is GI?

* Gl ecosystem
services

¢ GIP concept
* Gl Standard

. /

10 Davies, C., MacFarlane, R.,

P

* Primary &
secondary data
acquisition

e Creating database

« Data processing

and analysis

McGloin, C. & Roe, M. (2@&en

Infrastructure  Planning GujdeVersion

e

e Developing
Green Concept
s Evaluation

e Recommendatio
n

http://www.uwsp.edu/geo/faculty/gmartin/GEOG391/Lecture/GREEN INFRASTRUCTURE PLANNING GUIDE.pdf

1 Landscape Institute  (2009); Green

http://www.landscapeinstitute.org/

infrastructure:  connected and ultifunctional landscapes Available

22Millennium Ecosystem Assessmetosystemand Human Welbeing: A Framework for Assessment
13Davies, C., MacFarlane, R., MaGI€. & Roe, M. (2008reen Infrastructure Planning Gujdéersion 1.1
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Figurel.1l: Workflow of the study
Source: Author, 2010.

The thesis tacklespecific case study at different spatial level as different stages unfold throughout
the chapters. In this sense, the structure consists@fenmain chaptersnecessary to accomplish
the objectives of the study.

1.6. Overview of the Study Area

The scope of tisi study is limid to developing countrirag ¢ within administrative and geographical
border of Kurdistan RegiofiKR)(Erbil, Sulaimaniyaland Dohuk)and also Kirkulas theCase Study
Region The case studis conceder Sulaimaniyah City as a @88 chalenging environmental
characteritic, in order to develop greeconcept.

1.6.1 National Context Iraq

1.6.1.1. Location and Administrative Units

This section looks at the general characteristic at the national conceptrdtducesthe study area
within its national hrough administrative and climatic context. Iraq is located3aH /N@40 EQ
and has a total area of 437,072 kmit.bordered by Jordan, Syria, kay, Iran, Kuwait and Saudi
Arabia.141t has eighteen governorates (or provinces) which are further divided into districts
(qadhas). The Kurden Region (KR)is the legally defined region within Irag and h&xal
government;Figurel.2 shows theadministrative state irrag.
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Sourcenhttp://www.emro.who.int/irag/pdf/ICMMS_Analysis.pdf

“Wikipedia,lrag Geographyhttp://en.wikipedia.org/wiki/lraq
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1.6.1.2. Demographic and SociBconomic Characteristics

Iraq is a reinter state in which its economy is strongly dependent on oil and natural gas revenue,
accounting for nearly 95% of the courfdg  NB @Sy dzSa FNRBY 2United Staidsi2 NIi & |
Departmentof Enerdy L N} lj Kl & GKS ¢62NI RQa F35sbifliohRarréld: NHS &
In the past agriculturd sectorwasthe second largesafter the oil sector,neverthelessdue to Iraq

preceding waanddroughtthis sector had been damaged increasingly.

Iraq population is estimated currently at 31,467,000 inhabit&htsith wide spectrum of ethnic and
religious diversity. Iraq urbanization trend is increasing due to natural growth rateirdnashization
To givea general overvieyseeTablel.1.

Tablel.1: Sociceconomic profile of Iraq

SourceAuthor, 2010.

Profile Value

Population growth rate 2.63%*

Urban population 67%**

Rate of urbanization annual 1.7%**

GDP per capita dollars 4,363**

Industrial production growth rate 3.19%6(2009 est.) ***

*2008 UN estimate for year 201% https://www.cia.gov/library/publications/theworld-factbook/geos/iz.html .***An nual Statistical
Bulletin,2009 P13, OPEC.

1.6.1.3. Geography and Climate

The country is predominately deserbut near the two major riverEEuphratesand Tigrig are fertile

alluvial plaing® It is fairly flat with mountains to the Ntheastern part (seeFigurel.3). The climate

of Iraq is of semarid and hotarid type, designated as continental, subtropical. The mountains in the
north-east(NE)have cool summers and cold winters, while the plains anéde$iave hot summers

and shortcool winters Summertemperatures average above 40 for most of the @untry and
frequently exceed 48C. Winter tempgatures infrequently exceed 20 with day timeand night-time

lows occasionally below freezing.¢ @ LJA OF ft £ @ LINBOALAGF A2y A& 26T
plains anl even less in the desert. The mountains receive up to 380 mm, sometimes in the form of

a y 2'@Rainfall during the summer is extremely rare, except in thendath (N) of the country.See

Appendix B; Figure B.1, B.2 and B.3.

15 United Nations UN) (2008) World Population Prospects: PopulatioDivision the 2008 Revision Population Database
http://esa.un.org/unpp

6 Wikipedia,lrag Geographyhttp://en.wikipedia.org/wiki/lraqg

YFood and Agriculture Organizaui of the United Nation (FAQ20®) Iraq Geography, Climate and Population
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Figurel.3: Iraqtopographicalmap

Source: Authgr2010, from National Geospatial Agency (NGA) data.

1.6.1.4. Vegetation Cover

LNIIj aAddzr SR +d GKS OSyGNB 2F (GKS ¢2NI RQa I NBS
the Africanand Eurasian continents from the Atlantic Ocean to the Gobi Desert) is very lightly
F2NBAGSR® C2NBad O20SNB lFo2dzi ynn nnn KFEX 2N mo
mountain region in Irag (KR) growing at altitudes of 700 to 1400 meabew level. Iraq has been

divided in to four main vegetation zond3esert zone with very little variety of plant species due to

severity of climatic conditiorGteppe zonewith common vegetation type of small trees and shrubs.

Mountain forest zoneand Alpine zoneare characterized by variety of plant and giant tree species,
seeFigurel.4.1®

Iraq is a largely desert country with a limited precipitation rate; only 13% of its land is arable. It is
projectedthat around 11.5 million hawhich is abouf6 % of thevhole countryarea are cultivable,
however the total cultivated area sppraisedby 9.45 million ha in 2007, of whialearly half isin

north regionunder rairfed practices Iraq has beedistributedinto four agreecological zonesiArid

and Semiarid zoneswith a Mediterranean climatewith nine monthsgrowing seasonPlainswith

winter rainfall of 20@400 mm yearly, feed barley production areas with limited irrigation, the
dDesert zoné, with very few irigated spot andirrigated zoné that covers the aredetween the
Tigris and Euphrates rivers from the middle to tauth (S) of country, with vegetable and rice
production.®

¥ Food and Agriculture Organization of the United Nation (FAO) (208®yestry Country Information, Iraq
http://ww w.fao.org/forestry/country/18314/enlirg/.
19Food and Agriculture Organization of the United Nation (RR@R) Iraq Geography, Climate and Population
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Source: Author, 201@ligitized fromChapman, 1957.

1.6.1.5. Climate Change Effect

Whereaslots of governments and nogovernmental establishmentshave establishedplans to
address climate mitigation or adaptation. Iragi government did inconsiderableraptgarding this
topic. Some related international organization did some research about the effect of climate change
in Middle East and Irag. The effect dhwhte change in Iraq is varyingp the author depenslon the
different modeled data to illustt@ the projected effects and highlight the recent climatic
phenomenaand potential impacts.

Climate change projections for the 2020s, in the Middle East are comgradoptingsimulation
outcomes of four different models GCMs (ECHAM4, HadCM2, CGCML,LGRDh similar
assumptions (IS92a scenario). Beasonatemperature change and the rainfafariationin the wet
seasos are calculated by the different models, s€ablel.2.

Tablel.2: Projected climatechange effect in Iraq for 2020

Source: Climate change parameters (HBQT 1999).

Mean temperature increase (°C)

HadCM2 | GFDIR15 CGCM Echam4 T max
JanuaryMarch 0.9 1.7 1.6 1.1 1.7
JuneAugust 0.9 2.1 15 1.5 2.1

Mean rainfall change (mm/day)

HadCM2 | GFDIR15 CGCM Echam4 P max
OctoberApril 0 0 0 0 0

Note: Values are for 2020s relative to the 198390periods
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The resultddisplayno variationsin mean pecipitation, while temperaturds expectedto rise at a
seasonal basemean temperature will rise significantly by (€291 °C)?Other climate modehas
anticipated20-30% acreasen runoff in most of the Middle East region including Iraq by 2650.

From projected modeling to the real climatic events, Iragently is having different and rare
phenomenon. The dussandand snowstorm that recently occurring more frequently and covering

wider area of the country in a agparison last decadesges Appendix Bg Figure B.Jor satellite

images.The impact of draght and desertification is getting main focdshelack of river discharge
causesd 2y d2Ay3 &2Af SNRaAzy (KIFG fSFR& (2 TFdzNIKSN
ai2NX¥az gKAOK KFra | YSIF&adaNYoftS yS3al isgZ@mateY LI O
Institute in Washington mapped the desertification vulnerability and ranked Iraq as a high to very

high vulnerable country to desertificatiof?.

A potentially high impact was noted in terms of water quality and quant®CCresearcles

demorstrate that the Middle East region including Iraq has experienegdmented levels of

drought (from 1990 to 2002 as compared tdaseline periodlt is projected that Middle East region

to facethe challenge of water shortage and poor quality 2025. Dudo the semiarid weather of

the Iraq, waterresource posea limitation on human welfare andevelopment. Thiglesignateghat
possiblewellbeingimpactsmight be considerable Particularly Irag, which dependsverelyon river

flow from Turkeymight be highly affected since trandoundary water flow is expected to decrease

as Turkey recent wide development in hydrological projects (Dams). Accordingly theédféadthof

water resourcesvulnerability due to changing climatewill occur as a result ofaugmented

temperatures anddecreasedwater resource Due to more intense and frequemixtreme weather

events crucialhealth consequenceand augmentedspreadof diseasesnayoccur serioulyUNFCCC

Hnnc LINRP2SOGSR GKIG &a3INBI @b diScEsei siidividSmalari arld S | (2
water-0 2 Ny S RAA&ASIF &ASa adzOK Fa OK2ft SNl d¢é 220K RA&ASIAS

a! ISYSNIt NBRdzOG A nyhosk rggiondanimBhfitides t A & NBEW@PDB ER® A
gripped Iraq in different the interval the most recent were iB007-2008 growing seasomwhich

affected the crop yield that mainly depends on rain fall and estimated by 38.7% decrease i
comparison toaverage levelln the analysis of natural derived vegetation index (NDVI) is observed

the most affected area in Iraq, ség@pendixB ¢ Figure B.4

The other extreme to above mentioned impacts is flood r&kce urban andrural population
settledin the basins of the Tigris and Euphrates Riv€lsnsequently, théloods inthe river basins
can lead tosubstantialsocb-economic damagedNonetheless dflood risk in Iraq will be highly
RSLISYRSyYy (G 2y dAJhé dtBidecsnomi@iyipliddidm aéf cliate change impactsfo
water sectoris estimated by $% of GDP reduction Irag Themostimplicationof climate change
are notsimply¥menable to monetary valuation (IP@GSII 1997 Theimplicatiors containdoss of
human life, loss of natural habitstspecies loss, migration, and uneven resources distribution within
I aAy3at8 O2dzy i NEE

20ElFade] M. & BouZeid E. (2001)Climate Change and Water Resources in the Middle East: VulngreélidieEconomic Impacts, and
Adaptation http://papers.ssrn.com/abstract=278514

21 Evans,). P(2008).Changes in Water Vapor Transport and the Production of Precipitation in the Eastern Fertile Crescent as a Result of
Global Warmind, Journal of Hydrometeotogy.

22James DenselovHuffington Post2009) Climate Change and IraBosted: Jul20, 2009 10:56 AM.

2 EHFade] M. & BouZeid E. (2001)Climate Change and Water Resources in the Middle East: VulnerabilityE8or@mic Impacts, and
Adaptation

24United Nations Framework Convention on Climate Change (UNFCCC)GR@@T¢ Changdmpact, Vulnerabilities and Adaptation in
Developing Countries.
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1.6.1.6. Environmental Footprint

Ly  NBaSINOK atAtz2d wnny 9 yaeARBeysiwahy Colubiat S NJF 2 N.
University they identified EPI for 163 countriegh 24 indicators TheEnvironmental Performance

Index (EPlmssesseswo main objectives of environmentall2 f A O8Y G 9Y PANRYYSy il f
assesseS Y OANRBYYSy G+t aiGaNBaasSa (2 KdpstlagfessesosysieK T | Yy R
health and né&ural resource managemenRelated indicatos, like Environmental &den of Disease,

air pollution, water (weighted byl12.5%)and biodiversity, forestryfisheries, agriculture and Climate

Change Weighted by25%)have been usedraq performed poorly ancanked as 150 and scored 41

points?®,

In a research bZhristopher D. Eet al, spatial distribution anthassof built impervious surface area
(ISA) have been presented for the years 20QGor top Hundred CountriedSAcomprisedroads,
parking lots, budings, driveways, sidewakksnd other built surfaces.For Iraq,ISA estimated as
1,785km?at a country level and ISA pperson estimated by0.3m? with an estimated population
of 25,398,480nhabitants(Landscan 2004%.

Purdue University made a regeh using Climate Analysis Indicators T@&AIJ in 2000. National
GHG Emissions (@H, NO, PFCs, HFCsg)SbBr 2000, the global emissions for Land Use, Land
Use Change and Forestry (LULUCF) have béiemated. Iraq ranked as 56 with7.6 MtC for total
GHG emission and ranked as 46 vi&iths MtC Emissions from nebULUFE’,

1.6.2 Regional ContexKurdistan Region
1.6.2.1. Location and Administration

As mentioned earlier in section 1.6.1 the Kurdistan Region (KR antiffederatedregion in Iraq It

cover approximately 40,000m? and located between 32°5Y to 37°2MNj and 41°1/Kj to 46°20E

Erbil is the administrative capital of KR, so it is a hub of all governmental offices and foreign
representation consulates; While Kirkuk Governorate is only within the geographical border of the
KR with approximately792km? in area(seeFigurel.5). 2.Each governorate consists of one main
city (capital city) and two other smaller cities. Also every governorate administratively is divided into
districts with a total of 26 distris. The district is divided into stdistricts, each with its own district
center.

?>Yale Center for Environmental Law & Policy and Center for International Earth Science Infoivestiork (2008)Pilot 2008

Environmental Performance Index

%6 Elvidge, C.D., Tuttle, B. TuttBn, P.C., Baugh, K. E., Howard, A.T., Milesi, C., Bhaduri, B.L. & NRf20ti7)Global Distribution and
Density of Constructed Impervious Surfabép://www.mdpi.com/1424-8220/7/9/1962/pdf.

27 Butler, R. (2010) National Greenhouse Gas Emissions fromEnergy Use and Deforestation
http://rainforests.mongabay.com/GHG_emissions.html

28 Wikipedia,KRG Geographigttp://en.wikipedia.org/wiki/lragiKurdistan
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Figurel.5: Map of the Case Study Region ai@hse Study Citwithin national context

Source: Authqr2010.
1.6.2.2. Demographic andocieeconomic Characteristic

The Kurdistan Region has earned a good fame of peaceful life with wide spectrum of ethnic and
religious diversityKirkuk city is known as a small Iraq, It consist of wide spectrum of different ethnic
and religious groups kkArabs, Turcoman and Kurds. Due to the everlasting conflicts about this city
and sociedemographic converting policy applied by Iragi former government, the security of this
city is not comparable to the one in KR, in the current state.

Since 1991with the establishment of regional nefty zone,and particularly lattersince2003, the
Kurdistan Region hasxperiencedrapid growth in deferent sectorsin 2004, the per capita income

was 25% higher than in the rest of Ir&The economic growth scenario eson 9% per annum

growth in Gross Domestic Product (GDP) this is higher compared by the 4% worldwide average GDP
growth 3°. The region have an economic development plan that focuses mainly on the international
oil and gas market, in parallel to the revigdlagricultural and tourism sectors, and enhancing other
industrial activities, like cement. While Kirkuk city itselflasated on the site of ahistorical
settlement from 3000 B.C.whichis afertile landin a very richoil-producingarea Kirkuk is tke

second richest oil city at a national level

The population of KR for 2007 is estimated at 4,910,742 withvemage natural growth rate of
2.2%, thusregardless ofinternal migration due to war and internal conflicts in addition to
urbanization rate Ingeneral around 5&0% of population is living in main capital cities with 11% in
the rural areas and the rest are living in smaller cities (distritts)s important to mention that
Capital city population percent only include those population whomaddfieially registered by food

2 Wikipedia,KRG Geographittp://en.wikipedia.org/wiki/lraqi Kurdistan

30 Ministry of Municipality and Tourism, Planning DEpbil City Master Plan, Final Masteaf?Report by Dar Aflandasah

31United Nations World Food Programme (WFP),(20@)mprehensive Food Security And Vulnerability Analysis InTihe008
Revisionhttp:// home.wfp.org/stellent/groups/public/documents/ena/wfp192521.pdp 137.

12


http://en.wikipedia.org/wiki/Iraqi_Kurdistan
http://home.wfp.org/stellent/groups/public/documents/ena/wfp192521.pdf

GIP in Developing Countries; Developing Green Concept in Kurdistan-Ragion

distribution directorate andhe actual figure exceed by&b.Urban population ibohuk city is not
within the same range asthersis due to the influence of Zaxo city in the same governorate which is
an economical hub wht high population. Th&ablel.3 shows the distribution of population in the

study region.

Tablel.3: Spatiedemographic distribution of CSR

Source: Compiled by Authdz010.

Governorate Area Governorate Capital city| Capital  city

square Km** population 2007* population* population%
Dohuk 9,836 973,118 279,307 28.7%
Erbil 15,883 2,019,688 1,218,911 60.35%
Sulaimaniyah 14,924 1,917,936 831,495 43.36%
Kurdistan Region 40,643 4,910,742 2,329,713 47.45%
Kirkuk 7,792 902019*** 572,080*** 63.42%
Total CSR 48,435 5,812,761 2,901,793 49.9%

*Kurdistan Regiondbtatistical officehttp://www.krso.net/ .** www.iauirag.org*** http://home.wfp.org.

These statistics also reveal that 53.67 % of the governorate population is livlBglamaniyah
district and ®.25 % of them in fact live igity of Sulaimaniyatb €2 Accordingly Qaital city
population percent will be 49.52%, with a difference of 2.7% this only representing official figures.

1.6.2.3. Geography and Climate

Following the geological formatiarf the CSR'developed mountainous rang@bothill pediment)
and Wgricultural phin)  F 2 NJvthrgeInajdr kn&phologic unitsTheclimatic settingis various
from hot and dry plains to cooler mountainous ared&e mountainousareain KRis part ofthe
Zagrosrange with elevations exceedingd®0 m.The highestlocation being at $11m leve| that
known locally a€heekah Dafblack tent) Some of themountainsare more than 2500 m high while
toward SE their elevations decrease gradually and change to sporaitisand sometimes plainat
Kirkuk governorateThere are many rivers (LessebZGreat Zb and Sirwan) flowingrosswayshe
mountainsto plains creating natural dfertile lands, plentiful water, picturesqui&ndscapé. The
Tigris River enters Iraqaim the KR.

According to the Koeppen classification scheme proposed by Critchfield, climate of the KR is
classified as interiomediterranean, mild to cold winter, dry and hetmmer and is symbolized by
Csa. This in addition temall area at the very SEap of the KR, climate type is tropical steppe,
semiarid, hot and symbolized by B¥ypicalsemiarid climate conditions are prevalent in the
lower plains.In hot season, the CSR usder the influence of Mediterranean anticyclones and
subtropical highpressurezone

In winter, theCSRs dominated by Mediterranean cyclones movingm Eto NE this in addition to

ArabianSeacyclones movingoward Nwith highrate of moisture content that cause precipitation
sufficient to support dry farming activitie$he CSR is also infleed by very cold polar air magshe

mean wind speed is vang seasonally ranging from 2158 m/s from summer to winter
correspondingly. Also the direction of prevailing wind is varying 8hS, W an&E*

32 Jalal, J. (2008Yatural Resources and Its Utilization for Agricultural Development in Sulaimany GoverRbiatel hesis

33 Critchfield, H.J. (1974).General Climatolodyegition.

3 Ahmad, S.H.A. (2008eographic analysis of the wind characteristic in the Iragi Kurdistan Region and its Potential Explbiasien
Thesis
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The rorthern mountdnous regionshave cold winters with occasional heavy snows, sometimes

causing extensive flooding.Rainfall is seasonal and occurs from November to Apghn annual

rainfall is ranges from 290 mmtoHln n YY® G ¢ KS NI AYy Tl f f stafraqandzOK KA 3
2FGSy ¢Sttt 20SNI mInnn YY LISNI @SINE AyOf dRAy3I |
Thefour summer months from Jurte September are completely drWinters are cool, with a mean

annual temperature ranges from nearly “@at he Iranian border to more than 2ZC. The mean

minimum monthly temperature ranges from 0°€ for extreme N to about 3.5 forSEpart of KR.

While the mean maximum temperature ranges from “89to 49°C for respectively during July and

August.

G ¢ KS ansubl gvaporation ranges from about 800 mm foamt NEto more than 250 mm for

E The ratio of actual sunshine duration to the maximum possible sunshine duration ranges from
0.4 in January to nearly 1.0 during the summer months. The relative humadiges from about
O/E: AY Wdz & G2 Po2dzi yms: Ay W ydzZ NEB dé

1.6.3 City Context Sulamaniyah City
1.6.3.1. Administration and Location

Administratively the city of Sulaimaniyah is the capital of Sulaimaniyah Province (governorate),
which is one of the three governorates the KR.Sulaimaniyahgovernorate,includes thenine
districts. Sulaimaniyahcity is divided up into 77 quarters. The city is also referred to as: Al
Sulaimaniyalor Sulaimaniin Arabic and English respectively. It has international border with Iran
repreent the eastern boundary of the governorate where, it is bouNdand NW by Erbil
governorate, W by Kirkuk governorate and Salahaddin governorate, &W and S by Diala
governorate.

1.6.3.2. Demographic and SociBconomic Characteristic

TheOA G & Qa LJ2 Lidubd ad8R1495 inkhabitar8saini2008with a growth rate of 2%. This
growth can be attributed to the increasing security and economic development. The urbanization
rate is not steady, and has a lot of fluctuation due to many factdrich affected urbarstructure
negatively

The shift in population from the rural areas into the metropolitan citySolaimaniyatand other

main townswas dueto: Thelragi Kurdish conflict during 1961990 and the Iragiiranian conflict
during 19801988, also the creationf the prohibited mined boarder zone with Iran (320 km). The
former government bya deliberatepolicy destructedl500 villages in the territorthat dropped the
percentage of rural population for a half in a comparison to 1977s ratio. From 1991 up to 1998,
remigrations started back to the villageasut the distribution of food program for oil in 1998 among
other strategies by the governorate lead to massive migration toQ$&C agairOverall the rural
population has decrease over the years and the city ismdhetropolitan continued to grow though

35 Wikipedia,KRG Geographiattp://en.wikipedia.org/wiki/lragi Kurdistan

36Kirk, A. & Sawdon, G. (2002) Understanding Kurdish Livelihoods in Northern Irag: The household economy, understandat@the sit
of Kurdish livelihoods. Vol. 3 of 3, Final Report. UK: The Northern Iraq Country Progamchitiee Food Security and Livelihoods Unit
Save the Children (UK).

3"Food and Agriculture Organization of the United Nation (FAZD) Irag Geography, Climate and PopulatioRome: FAO,
ftp://ftp.fao.org/docrep/fao/012/i0936e/i0936e08.pdf

38 Kurdstan Regional Statistical Offid@opulation http://www.krso.net/,

14


http://en.wikipedia.org/wiki/Iraqi_Kurdistan
ftp://ftp.fao.org/docrep/fao/012/i0936e/i0936e08.pdf
http://www.google.de/url?sa=t&source=web&cd=2&ved=0CCEQFjAB&url=http%3A%2F%2Fwww.krso.net%2Foldsite%2FParlementE.htm&ei=LYz9TIDdOMSX8QPFraymBw&usg=AFQjCNFW20zl0TvrEkd6omLK4sNjGMBT4g
http://www.krso.net/

GIP in Developing Countries; Developing Green Concept in Kurdistan-Ragion

not consistently. Seg&ablel.4 on the urbanization trends in the metropolitan region of the city and
the rural areas.

Tablel.4: Urbanizationtrend in SulaimaniyalCity

Source: Compiled by Author, 2010.

1977* 1987* 2000**
Metropolitan Population% 52.8% 71.5% 72.4%
Rural population % 47.2% 28.5% 22.6%

*Official censuses of 1977, 1987. **Ministry of Interior and defense, Salaiildepartment of Statistics.

Sulaimaniyaleconomy is based on small industry, farming, trade and tour@maimaniyahlused to

be a popular tourist destination among Iraqgis escaping the summer heat of the plains (temperature
up to 50C) to enjoy the relately cooler climate. It is a growing city due toniigration and
returnees.
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2 Literature Review

2.1 Principal System Theory

This section look at the basic theoretical approach that had been adopted by author to frame the
general concept and main idea ofetlpaper interrelated to the Case Study Cities (CSC). It is looking
at the main philosophy behind the whole work.

2.1.1 Principles of Intelligent Urbanism (PIU)

It is a theory ofirbanplanningcomposed of a set of ten axioms intended to guide the formulation of
city plans. Specifically thfirst I E A dbafancé with naturé (K G A& GKS ol &arxod
LI LISNE Ay 6KAOK GSYLKI&aAT Sa GKS Rxplditing thetiiln 2 y
focuses on the thresholds beyond whidbforestation soil erosion aquifer depletion, siltation and
flooding reinforce one another in urban development, saving or destroying life support systems. This
principle stées there is a level of human habitation intensity wherein the resources that are
consumed will be replaced through the replenishing natural cycles of the seasonsingreat
SYGBANRBYYSY (I3 SljdzAif A0NRdzYE @

With intensive consumption, destructioand reversionlike cutting of hillside treesguarryingon
slopes, dumpingewageinto the naturaldrainage systempaving excessively, and construction on
steep slopes. There will be point of no return; utilization naftural resourceswill outpace the
natural ability of theecosystemto replenish itself. From there on degradation accelerates and
amplifies.Deforestation desertification erosion floods, fires and landslides all increase. Thimn
theory proposes that the urban ecological balance can be maintained when fragile areas are
reserved, conservation of eexystems is pursued, and low intensity habitation precincts are
thoughtfully identified3®

2.1.2 Sustainable Development and Sustainable Community Concept

Sustainable development is a holisttoncept that entails an interdisciplinary, systesased
framework to contemplate social, economic, cultural and ecologieabecs onseveaal interadive
spatiotemporal scales (Ulo Mander et al. 200"?)where GIP is the network of greeneries that
provide multi socialeconomicand environmental benefits.

LJF
0Si

¢tKS t NSaAaARSYy(GQa / 2dzy OAadescbgdGlasdzindinstiatégiothente, wbich @St 2 LIY !

delivers a holistic method for sustainable community development. The Counagiorted thatz & DL
strategies actively seek to understand, leverage, and value the different ecological, social, and
economic functions provided by natural systemsonder to guide more efficient and sustainable
tFyR dzasS FyR RSOSt2LIVSyd LI O &SINgbaconting pignéetii | &
contemporary planning concept as well as described as a one of the pillars-tivet® planning.

39 Wikipedia,Principles of Intelligent Urbanismnttp://en.wikipedia.org/wiki/Principles_of Intelligent Urbanism

40 Mander, U, Wiggering, H. & Helming, K. (200&ndscape Tomorrow: Multifunctional Land Use, Meeting Future Demands for Landscape
Goods and ServiceB1, P37.

¢ KS t NBAARSYGQa [/ 2 dzy Ort (1999 Towafddzi Sustdingblikmerica. ABVANGiSEroadeditySOpportunity, and a
Healthy Environment for the #Century
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& 9 @@ns shoud maximize the Gl contribution to resource management, leaving hard engineering
az2fdziazya G2 YIS dz2lJ Fye aK2NIFIEfE&D

Spaceds an essentialaspectof human societiesnd ésocialjustcé A a4 SYOSRRSR Ay AGO®
to reduce social injustice through providing good interaction between space and society. While this

is directly related to special dedication and planning, that is strongly related to decision making
process. LikeAaS Ay RSANBS 2F AYLERNIIYyOS Aa aSYyO@ANRYy
sustainability theory has promoted the environmental equity argumentd & L j dzS&a G A2y
ontological relationship to the world, and the possibility of a fair policy addressingi¢lees of
YIEY{AYRZ LINBaSyd FyR FdzidzNBzX 20t FyR 3t26Ff3X |

2.1.3 Multi-Functional Green Infrastructure

Landscapes are multinctional via their instantaneous provision of ‘Habitat, productivity,
regulatory, social, and economiarfction€Q Heterogeneity is amain feature of landscape and
therefore, itsignifiesthe ability of landscape to supposdevera) occasionallycontradictory functions
concurrently 44

Landscapes are complex entities; dynamic in and of themselves and fungplicated in the
human dimension of how they are perceivelachlandscape is a function of abiotic and biotic
prototype joined by landscapedistinctive history of human intervention. Multifunctional landscapes
are dynamic,seltorganizingand non-disrugive structure. This is essential to halt and reverse
declining trends in the majority of ecosystem services. Furthermore a landscape that assists species
adaptation to climate carnage stresses enabling movement and establishing in newvolving
ecosystemsis needed. However in conventional landscape approach both-diseiplinary and
transdisciplinary are possible to adopt but, for effective implementation of sustainable
multifunctional landscapes requires tradssciplinary engagement. Through tragisciplinarily the
foreign entities are connected and the special relationship becomes more related. It is true
interactive exchangamong'gcientists, practitioners and profession@sgagedn land use decision
making wheréduture visionand objectiveare exchangegcodeveloped angroposed®

2.2 Green Infrastructure

2.2.1 Green Infrastructure Definition

Green InfrastructurgGl) is a relatively a modern term. Moreover it hdissimilarannotation to

different user since it covers a wide range of application.aAsonsequence one might across
RATFSNBY(G RSTFAYyAlGA2ya F2NI DL /& 5F@ASa Sa It R
our cities, towns and villages. It is a network of mifultictional open spaces, including formal parks,

gardens, woodlandgyreen corridors, waterways, street trees and open countryside. It comprises all
environmental resources, and thus @l approach also contributes towards sustainable resource
YFEYyF3aASYSyié o

42 Natural England & tcpa (2008Yhe Essential Role of Green Infrastructure: -tBems Green Infrastructure Worksheet,
http://www.tcpa.org.uk/data/files/etws green_infrastructure.pdf. Accessed on July 2010

43 Wikipedia,Principles of Intelligent Urbanisinttp://en.wikipedia.org/wiki/Principles_of Intelligent Urbanism

44 Wikipedia,Principles of Intelligent Urbanisinttp://en.wiki pedia.org/wiki/Principles _of Intelligent Urbanism

45Mander, U, Wiggering, H. & Helming, K. (2007ndscape Tomorrow: Multifunctional Land Use, Meeting Future Demands for
Landscape Goods and Servides, P37.

46 Davies, C., MacFarlane, R., McGloin, Ro&, M. (2008%reen Infrastructure Planning Gujdéersion 1.1
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In the USA, the Conservation Fund and USDA Forest Services @ifinéd ¢ 6§ KS bl GA2y U &

support systemc¢ a strategically planned and managed network of wilderness, trails, parks,
greenways, conservation easements and working lands with conservation value that supports native
species, maintains natural ecologl processes, sustains clean air and water resources, and

y

O2y(NROdzGSa (2 GKS KSIfOGK FyR ljdz- £ XGe 2F tAFS ¥F2

Gl is defined byhris Blandford Associatesd (i K ST dayYQdaf Ali2Ay £ ySGé2N) 2 F
inter-conrecting green corridors in urban areas, the countryside in and around towns and rural
settlements, and in the wider countrysid€lis a natural life support system providing benefits for
LIS2LX S Fy*R 6Af Rt AFTSPE

2.2.2 Green Infrastructure Terminology

The term ofGl is contemporary term. That is why it is essential to cover the importance of
emphasizing and shifting in basic terms. The difference from conventional terms came as a
distinction from conservation practice and as an attempt to change popular percepibost

Green opens space. One can illustrate the terminology effect by: To emphasize the value or degree

2T AYLRNIFyOS G2 FOG Ia | O2dzyGSNILRAYy(d LX I OSR

W

/

green space gives the conceptual meaning that is i@ KI @S G KAt S deks $hed NI & (0 NH

necessity to have. Momyver, the green space is treated as isolated complex but the Gl is an
interconnectedsystemof natural areas.

Recently, the term GI' has been used to refer to a variety stfucturalelements from green roofs
to advancedecofriendly storm water managemetiécilities So there is an interconnection between
Gl and grey infrastructure. C Davies et al suggested a restrict distinction betweenggagemight
y20i 0S5 LINIti@eieis@refrgieersichnyinduBn ofithinking relating to concepts surrounding

WAYFNF a0 NHOGdzNB QS | f iK2dz3K WAINBSYyQ OFy 68 dzasSR

element, evenifitisnotsk OG f 8 WIANBSY X Ay I yR dzaS GSN¥aé

So it can be dealt with alour chart in which in the middle gregay like cycle ways, séagure
2.1. Moreover the role of water is viewed by researchers in Gl field as being of major importance
and hadirectedthem to discuss arospectie sub-classof blue-green or turquoise infrastructuré?

It can be concluded by saying the main idea behind terminology difference is giving a message of the
importance of green dimension in sustaining life on the Planet and as an emphasis to shade light
conceptual dimension of the Green approach in general and particularly in planning process. Also
wide usability of term and strong interconnection emphasizes the approach of integrity in planning
and use.

47Benedict, M.A. & McMahon, E.T. (20@)een Infrastructure: Smart Conservation for the 21st Centlojame 20, Number3, Autumn

2002, http://www.sprawlwatch.org/green/pp21.

48 Chris Blandford Associates (2007) Green Infrastructure Strategy: A proposed vision for connecting people places and nature.
11104901R_ Executive Summary_Final_DW071 Greater Norwich Development Partnership (GNDRst\8ussex, UK.

4 Mell, I.C. (2008)Green Infrastructure: concepts and planninglewcastle University: FORUM-jokirnal 8 (June 2008):
http://research.ncl.ac.uk/forum/v8il/green@infrastructure.pdf
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Figure2.1: The GreyGreen continuum

Source: C Davies et @reen Infrastructure Planning Guide.

2.2.3 Green Infrastructure Component
To push forward the aim of using Gl in planning in a strategic level, it is so important to understand
the Gl component andts services, functions and benefit that can provide. The main structural
Oz2yaidAaiddzsSyid 2F DL AftfdzadNIGSR o6& alNJ] ! ® . SySRA
NEAG2NBR ylIGA@S SO2aeaidsSvya yR flyRaPRLIYE X$ a o
According to whictHubsd |y O rietMdrks and provide an origin or destination for wildlife and
SO02f 23A0If LINR OSa aS aHubsea® beyfedervas? mafaydd takive Badd3ckpesh (G ® €
agricultural preservation districts, working la)degional parks and preserves, community parks and

natural areas, cultural/historic/recreational sites and trailheadsksk NB (G KS G O2yy SOl A 2
the system together andenablely SG g2 Nj a G2 62NJ £ [Ayla OFy O2YS
assets, like landscape linkages, conservation corridors, greenways, greenbeHseltecarall

corridors and utilitarian corridors. Hubs and linkayin size, function andwnership®. Links may

2 NJ f mgyDeé mNdreltod@ds the Frey andBf $hyg

aLd o

0S GSAGKSNI Fy | NBI
greengrey infrastructure spectrum, such as multer routes or cycle paths through urban areas
GKAOK fAYy]l 3INBSYySMalLl OSa FyR ySGg2N] até

As well asChris Blandford Associate®escribed the constituent with emphasis; the connectivity
AYLRNIFYyOS® | OO2NRAy3If &z DL SyO2YLI aasSa awWyl dzN
and dominated by natural processes) and m¥ah RS WY I yI 3SR 3INBSy &Ll OSacC
designed historic landscapes), as well as theémynconnections (footpaths, cycle ways, green
O2NNA R2 NE | VR Whild An&hckn @oaseérgation Fund described the Gl network
component more in detail seBigure2.2. Comprehending from above description Gl emgpasses
natural, seminatural greeneries and manmade green space within a connected green network to
RS@PSt2L) I O02YLX SE &deadSYy 2F 3aINBSy WO2NB:I Kdzowsz O2

50 Benedict, M.A. & McMahon, E.T. (20@Een Infrastructure: Smart Conservation for the 21st Century.
Infrastructure for a Smart Economy.

(2009) Green Infrastructure: Critical

51 Clabby, G.
http://www.comharsdc.ie/_files/Commentary%20%20GReen%20infrastructure.pdf
52 Chris Blandford Associates (2007) Green Infrastructure Strategy: A proposed vision for connecting people places and nature.
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Figure2.2: Glnetwork components

Saurce: http://www.conservationfund.org/

In applied landscap ecology, the model for characterizitgndscapes components is universally
agreed on Themosaicmodel appliesthree essentiallandscapecomponentsto describelandscape
structure: gpatches, corridors, and the matéixA patch is aather homogeneous nonlinear area that
variesfrom its surroundingswhilecorridor is a linear zone of a specific land cover categamchis
diversein content and physical configuratiotach structure serves different functiorBatches
offer compoundfunctionscontainingdwildlife habitat, aquifer recharge areas, or sources and sinks
for species or nutrients Corridorsunctionality is also varimsuch aghabitat for wildlife, pathways

or conduits for the movement of plants, animals, nutrients, and wind, or as barriers to such
movemeng.

In addition to what mentioned abovethe listed componentsillustrate a variety of landscape
structures that is categorizedunder the Gl umbrella andan be consideredin strategic planning
processas prerequisitesuch as:

oDesignated LandscapesncludesNational ParksAreas of Outstanding Natural Beautyjeritage

CoastsSites of Special Scientific Interdsational Nature Reserveand Scheduled monuments

Transport corridors Rail corridorsMotorways and trunk road vergeRivers and cangl§ootpaths,
BridlewaysCycle routes and Greenwayand Streetscapdrees and planting

Managed landscapedncludesAgriculture and horticultureset aside and fallow landNVoodland
ReservoirsCemeteries and churchyardmndBrownfield and Greenfield development sites

Recreational landscapesincludes Amenity green space and private gardens, Allotments,
Community gadens,Urban farms Accesdand (as defined by CROW Act 20Q0ban ParksCountry
Parks Playing fields and play areaskesand Pondsé >

5 Ahern, J. (2007) Green infrastructure for cities: The spatial dimensioriJniversity of Massachess,
http://www.stadtentwicklung.berlin.de/umwelt/landschaftsplanung/bff/en/bffberechnungshtml. Accessed on July.2010

54 ECOEC (2006)City Region Green Infrastructure Strategic Planning, Raising the Quality of the North's City Regions,
http://www.thenorthernway.co.uk/downloaddoc.asp?id=545
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2.2.4 Green Infrastructure Planning Approach

G5dzNAyYy3 GKS yAySGiSSydkK OSy(dzNE X sitKrBakefpSdhés’ofy 3 A RS
green, called parks. In the twentieth century, it was to make strips of green, called parkways or
INBSysgleaecdd ¢KS O2y@SyidAaz2ylt | LILINRIFOK ¢l & I |jdz
the increase of green area percent. Aauit this approach leads to isolated parks and green patch

without connection. Then the landscape planers shift to qualitative approach in which the spatial
planning integrated to provide greenways to connect the isolated green areas. Recently (last
decacdks) another dimension is integrated which is médtictional performance of different green

typology. However in Planning this mdiidzy OG A2yl f o6SySTAG R2SayQi
sometimes simplified to single land use type. This is addressed andedowecording to GIP

approach?®

Gl permits an emphasison maximizingwelfaresin the formation of a linked and multifunctional

green space networkdenceconnectivity and multfunctionality arebasicprinciplesin GIP. Landise

planning is themain discpline that can integrate and account foenvironmental concerns

effectivelyd Gt f F yyAy3a dziAf AT Ay3a DL RAFTFSNE FNRBY O2y@S
conservation values in context with land development, growth management and built infcaste

LX | y yThug thé @methodologyis to be consideredas a longerm framework for sustainable

development, peservingthe natural and historic environment anchprovingtheir unique qualities.
56

Moreover GlPepitomizeséthe coming together of vamus interests. It is not seen just as a way of
providing an improved green structure for the landscape, but also as a mechanism for more
informed decisiofY  { Ay 3 | yR -#RONB (§KREBERAYVER Ay NBflFGAz2y 0
environmental planning’’

2.2.5 Green Infrastructure Spatial Level

DLt A& Iy dzYoNBffF FLILINRFOK F2NJ AydSaNIdGdAaAy3a GKS
tFN] A ! Nbly C2NBAGNERE [FYyRaAOFLIS 902f2383x 902t 2
GIP can be carried out atvariety of level starting from neighborhood or local to the regional and

national scale, in response to informed and coordinated planning.

GDL Ydzald 0SS LXFYyySR &A0GNXrdS3aalrftte | yR -FRfdA SNBR
and at all spatiaplanning levels. The principles of Gl should be integrated into Local Development
Frameworks and the investment plans of those responsible for the planning and delivery of growth

and environmental management within the SubS 3 A%2 y ¢ @

Since the aim of GIiB to put together the different strategy and different plan, to deal with it at city

level will be a limited level since this level will not affect the regional and strategic planning decision.

On the other hand to deal with it at regional level itwouli 6S G2 GKS NXSIjdzA NBR |
O2yOSLIi 2F | OKAS@AY3 YdzZ GA FdzyQliA2yltAlGe FYyR yS:
one of establishing at the regional scale what the strategic elements and links are in relation to the

5 Amati, M. (2008 Urban Green Belts in the Twetfigst Century http://www.ashgate.com/isbn/9780754649595

56 Benedict, M.A. & McMahon, E.T. (20@ken Infrastructure: Smart Conservation for the 21st Cergpty217

57 Community Forests Northwe$2010)Green Infrastructure to Combat Climate Change: A Consultation Draft Action Plan for Cheshire,
Cumbria, Greater Manchester, Lancashire, and Merseyside,
http://www.greeninfrastructurenw.co.uk/resources/Gl_and CC Action Plan Consultation Draft 02.09.10.pdf

58 Jane Heaton Associates (208%anning Sustainable Communities: A Green Infrastructure Guitiélfon Keynes & the South Midlands
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Environment/20094%20FINAL%20G1%20BRIDRE%20(2).pdf
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multifdzy OG A2y I f RSYlFyR&a& LX I OSR dzLl2y (-kedonal angBcalil KSy
level. Filling in the gaps requires that more detail is layered in at aeggibnal and again at a local
a0l PSo¢

Gl plan at regional scale or higher tierjogicalregarding theacquiescencevith the risingdemands

of environmentalregulation policy. Thiscomprisesthe ¢éHabitats, Birds and Water Framework
Directives, which are concerned with nature conservation and water resources, and the Strategic
Environmemal Assessment (SEA) and Environmental Impact Assessment (EIA) Directives, all of which
have major implications for planniag® Thus Gl enables these legislativeeds to be meet more
straightforwardly and enables joined-up thinking of overlappingc requirements of different
legislation. Also it will be a mean to rationalizatiomuilti-tier strategies and plan.

Working at different spatial level may have a duality effect if not planed and integrated well. Since
the special level of GIP is abstract,@reen Infrastructure Planning Guide, C Davies et al, developed
a flexible methodology to describe different planning scale level for Northeast region isedK,
TableC.1 (Appendix C).

2.2.6 Green Infrastructure- Key Principles

In order to deliver the ecosystebenefit of Glefficientlyand comprehensiblyit isessentiato tackle
the mainideasduringplanning, implementing and managipgocess ofzl. Suclas:
1 dThe need to design holistically so that Gl functions as a collective and connected whole;
1 The need® plan comprehensively with the use of intelligeded planning tools to address
and deliver social, economic and environmental benefits;
1 The need to plan and deliver strategically at the landscape scale, without the constraints of
administrative boundass;
1 The need to secure public involvement and ownership of plans, including private landowners
and community groups;
1 The need to bring together skills, knowledge and resources of diverse professions, including
strategic and local planning, economics, conmityiforestry and landscape ecology; and
1 The need for robust funding models to ensure that Green Infrastructure is delivered as a
primary public investment with capital and sustainable revenue supifort.

2.2.7 Green InfrastructurecStandard

Since GIP is djp-date approach there is no fixed standard for it, but rather it is adaption of and
modification of other standard. C Davies et al on the bags#®\o€tessible Natural Green space Targets

Y

(ANGSt)Urban Nature, and Green Cities Declaration 2@03rban Enviro Sy G £ | OO02 NR& ¢

standard called Accessible Natural Greenspace Standard(ANGST+)English Nature ANG&
used in a modified formThe improved ANGSt standardonsidersstakeholderparticipation local
decision making and connectivity, the lattis anessentialconstituent of infrastructure; green or

grey.

1 d&No person should live more than 300 m from their nearest area of nafuesn spacef at
least 2hectares in size;

1 There § provision of at least Bectares of natural green space per 1008bpulation;

9 That there should be at least one assible 20 ha site within 2m from home

1 That there should be one acc@ile 100 ha site within km;¢ &

59 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (@8&8) Infrastructure Planning Guide.

60 Clabby, G. (200®reen Infrastructure: Critical Infrastructure for a Smart Economy.

61 TEP (2005) Advancing the Delivery of Green InfrastiuzNS Y ¢ NBSGAY3 LaadzSa AY
http://www.greeninfrastructurenw.co.uk/html/index.php?page=resources&NorthWestRegion=true
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1 dThat there should be onaccessible 500 ha site within kfh.
1 That adjacent green spaces are imt@nnected; the priority and extent being determined by
local decision making informed by stakeholder involven&Ht.

The Biotope/Green Area Factor program of Be@@rmany is the process ofincreasingand
decentralisng urban Gl (with important aggregagd effect to enhance the urban ecology)
implemented at themicroscale garcel or buildinyy The greerspacetargets had been regulated
depending onland use:dresidential 60%, mixed use 40% and commercial/city center at 80%
recognizing that the targets ust differ in response to land use intensityl he strategyis triggered

by a propertyauctionor renovationprojects

The ecatown planning regulation sets the target for soft Gl portion4@%6 of the entire land
comprisingprivate gardens; and the sane percentage of angingledevelopment sitemust be
reservedfor G154

Timesaver standards for urban design, set total percent of Parks, Greens and Playground as 13.8%,
10.8% and10.4% for Low cost neighborhood, Neighborhood unit for an industrial sectnd
Apartment house unit correspondingfy

2.2.8 Ecosystem Services of Green Infrastructure

| dzYly o06SAy3a INB aFfdzyRIYSyidalffteé RILIBfErEnSgfetn 2y K
areas will have different ecological functions and thus offer differecosystem services. These

multiple ecosystem services range from food production and water provision, to aesthetic and
recreational aspects. Natural, sematural and cultivated ecosystem and landscapeovide many

goods and services to human sociétat are of great ecological, soeiwltural and economic value

(Millennium Ecosystem Assessment, 2006%)

In the last decades, a lot of research and study covered the multiple benefits that provide by
ecosystem and GI. Despite all literature about estaay services but there is no clear definition.
aAfftSyyAadzy !'aasSaaySyd YIRS Fy FGOGSYLWD G2 oNRyS3
G3A22Raé¢ | y Regadies Ndddtray&rsy snderminology, four main groups of services are
primarily clasdied by Millennium Assessment: provisioning, regulating, cultural and supporting
services.

The time scale also shifted the functionality perspective of green dimension in general and landscape
and urban forestry in particular, from the beginning of 20#mtry to the late 1970s the main
interest were on productivity and recreational function of landscape while since 1970s and 1980s
the society began to pay more attention to natural capital and -pooductivity issue of the
landscape and ecosystems, aaiins to dissociateeconomic developmentfrom environmental
degradationt®

Recently the Gl approach can be seen as an attempt to boost the potential of all ecosystem services
that can be provided by greeneries if thplanned managed in an integrated way. &in therefore
be seen as a key delivery mechanism for rdultictionality. Underpinning the multiple functions

62 Davies, C.MacFarlane, R., McGloin, C. & Roe, M. (2@08gn Infrastructure Planning Gujdéersion 1.1

63 Ahern, J. (2007Green infrastructure for cities: The spatial dimension.

64 Natural England & tcpa (2008he Essential Role of Green Infrastructure:tBems Green Infrastructure Worksheet

65\Watson,D., Plattus A.& Shibley R. (2003Time SaverStandards for Urban Design: Urban Design and Climppate382.

66 Millennium Ecosystem AssessmeP®(5); Ecosystems and Human \AB#ing, Synthesis. p. v.

87 Millennium Ecosystem Assessment (208%engthening Capacity to Manage Ecosystems Sustainably for Human Wellhgittgsis
Report pp 219.

BhQCI NNBffX t dWd 3 | y ReSriullfuhgfighal tamblscappsdA réview tm implemgrdatipp. 194 v | 6
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that Gl assetprovideis the notion of ecosystem serviceseB®w are the key servicethat Gl can
provide.

f Provisioning functionA i & dALIKE A S@l & ASNIBAOSa¢ Ay GSN¥Y 27

space. It has been classified into two categories production and carrier function. The former
category cover resource produced by natural ecosystem (harvesting wood in natural forest),
while laer category include resources that produced by human intervention (agricultural).

1 Regulation function:it reflects the capacity of ecosystem to mitigate climate, air quality,
hydrological and biehemical cycle, earth surface process andlizersity of biological
process.

I Habitat function: comprise the ecosystem role in maintaining natural process cycle and

OA2ZRAGSNEAGE TFTdzyOliA2yd | 26SBSNI GKS aNBtlGAZ2Y
function are inherently complex and operate at many spdtigf R G SY L2 RFhis & O £ S

function have been subdivided to refugium and nursery function. The first is the role of
ecosystem in providing habitat to threatened species, while the latter indicates that some

SO2aeaitSY GLINBJARS [Itionlidr Nprédddrtah ardithéreby: kelal 6 f S
NBIdz F GAYy3 AYLI Ol 2F LRLIMzZ I GA2Y St aSHKSNBE o

9 Cultural and amenity function:non-material benefit for people.lt covers the sensual,
functional and visual benefit that people gain from landscape through recreatigmitoge
development, relaxation and spiritual reflectidh.

Table2.1: Typology ofecosystemfunctions,goods andservices

Sourcet I G4 NR& O etdl,201QC I NNBf f

Ecosystem | Short Biophyscal Indicators Goods and Services
Function description (ecosystem properties
providing the good and service

Provi | prod | Resource from | -Biomass ( production and stoc| -Fresh water(*oodg.g.fish,

sioni | uctio | un-manipulated | ¢ Biochemical propertiesEtc bush meat) Row material( wood,
ng n ecosystem fodder, etc)-Etc
funct
ion
carri | Use of space to | Depending on the specific land| -Cultivation(e.g, agriculture,
er (enhance) use type, different requirementg plantations, aquaculture) Energy
funct | supply are placed on environmental | conversioné.g.wind, solar)g

ion resources or conditions( e.g. soiltability and | Mining (ore, fossil, fuels, eta)
other goods and| fertility, air and water quality, | Transportation (esp. on

services hydrology, topography, climate, waterways)-etc
geology, etc.
Regulation Direct benefit Role of the ecosystems in -Climate regulatiort Maintenance
function from ecosystem| biogeochemical cycles( e.g. of soil fertility cetc.

69 Samson, F.B., & Knopf, F.L. (1996)system Management, Selected reading: Biodiversity and Ecosystem Function (Paul GapRisser).
451.
MTHQCI NNBffZ tdoWd 3 | yabléSMNEBif@ngtianal taddacdpesbA réview ta implemerdadich.| A y
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processes

C0O2/02 balance, hydrological
cycle)

Role of vegetation and biota in
removal or breakdown of
nutrients and toxic compounds

Waste treatment (e.g. water
purification)¢ Maintenance of air
quality

Physical properties of land cov¢

-Water regulation €.g.buffering
runoff) ¢ Erosion preventiom
Storm protection and flood
prevention

Population control through
tropic-dynamic relations

-Biological control (of pests and
diseases):Pollination

Etc.

Etc.

Habitat Maintenance of | Presence of rare/ endemic Refugium of wildlife
function biodiversity and | species ; species diversistc.
evolutionary Reproduction habitat for Nursery function ( for commercia
process majority of species species)
Cultural and | Non-material Landscape (or ecosystem) -Enjoyment of scenere(g.scenic
amenity benefits properties with aesthetic, roadscEcatourism and recreation
function recreational, historic, spiritda | ¢Heritage value/ cultural
inspirational, scientific or landscapeSpiritual or religious
educational value sites¢Cultural expressions ( use
landscape as motive in books,
films ,pairing, folklore,
advertising, etciResearch and
education.
FO {GNROGEE &aLISH1Ay3 FNBaAK sFGSNIAA y2( GLINRRAZOSRE e dhdztora@er ya il y it @

of water is seen as separate form wafaurification whech often underlies different procegs.g.cleaningof rainwater by vegetation or
microbial activity in water) and often takes place in different compartments of the landscape.

2.2.9 Green Infrastructure (Function) Benefits

The controversial idea about differees between Gl ecosystem services and function lead the

I dzi K2NJ 02 RS f

gAOK (GKAA

G2LIAO RAAGAYIdzA aKIl 0f ¢

planned, designed and managed in a way that is sensitive to, and includes provision foa] natur

FSI §(dzNB a

of any Gl typology with many potential ecosystem services.

I "YTheref@ré thel fdhwtiandisithe actual performance and consequent benefits

At a general level five broad sets of interests in Gl can be identified:

i d&Sustainable resource anagementc particularly relating to the role of Gl in the sustainable
management of land and water resources, including production (e.g. energy and food crops),
pollution control, climatic amelioration and increased porosity of land cover.

1 Biodiversity¢ particularly relating to the importance of connectivity of habitats at a variety

of landscape scales;

7! Landscape Institute (2009); Green infrastructure: connected and multifunctional landscapes.
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1 Recreationg particularly relating to greenways and the use of fmar routes to address
public health and quality of life issues;

1 Landscape¢ examining esources such as green spaces and corridors from aesthetic,
experiential and functional points of view;

1 Regional development and promotiom particularly relating to sustainable communities
issues relating to overall environmental quality and qualityfeé .

Since Gl i$A wide range of natural and manmade green and blue spaces that sustain natural
SO02t23A0f LINRPOSaa YR LINRPDARS Ydzt (A JEs6thei2 OA L 3
function can be summarized in the three pillars of the sustalita approach namely
environmental, social and economical, benefits to individuals, businesses, communities and to the
natural world.Moreover, Gl provide a fram&ork of future growth in sustainable way. The benefits

of Gl aremainly emphasizedin built-up areasareas wherevegetation indexis limited and
environmentalrisk anddamageare more intensive. In order to plan properly, manage and maintain

in a feasible way it is important to understand the functions and consequent benefits well. The
functionsand benefits are interrelated ango handby-hand together,see Table C.2 (Appendix C).
Includesummery of the key benefits of Gl.

2.2.9.1 Climate Engineering Benefits
A. Urban Climate
1 Climate Change Effect

Climate change is a fundamental challenge facing thedaand humanity. Global warming with the
frequency and magnitude of flood events, and desertification is increasing due to increasing rate of
anthropogenic emission dGHGinto the atmosphere. One of the main causes is human activity.
Climate change effég are breadth and complex, also it differs in type and intensity according to
geographical location,

Generally Phenomanlike: dwarmer and fewer cold daysyarmer and more frequent hot days and
nights, warmer spells/ heat wavesarea affected by droughtincreases,ntense tropical cyclone
activity increases anthcreased incidence of extreme high sea léak predicted, see Table &.

(Appendix C) in which IPCC illustrated the main weather impacts.

M Urbanization Effect on Urban Climate

Urban climate isltanging due to capping of previous surface and converting to impervious surface,

this in addition to all human activities that are affecting built environment and natural environment.

I AGeQa flIyR O2@SNJ RNIYIFGAOKf & odkarFac®iR>Thi® dS3S i
OKIy3aSa tSIR (2 WOdzydz I 6APSQ IyR wWadadSYAOQ dzNb
0KS OAGAS&D &/ dzydzZ F GAGS AaadzSa OFyYy FFNRAS Ay |Fye
and cities; an example of such @sue is building energy us8ystemic issues, on the other hand,

arise because of the unique social, economic and environmental characteristics of urban
settlements; an example is the urban heat island effect with consequent impacts on human health,

72Davies, C., MacFarlane, R., McGloin, C. & Roe, M. @88&) Infrastructure Planning Gujdéerson 1.1
7 URS (2008)Green Infrastructure. Northwest Regional Development Agency, Invest in England Northwest European Regional

Development Fund http://www.erdfnw.co.uk/admin/uploads/attachment/Environmental Sustainability Guidance
Greenlnfrastructure.pdf accessed ofv2010

26


http://www.erdfnw.co.uk/admin/uploads/attachment/Environmental_Sustainability_Guidance-GreenInfrastructure.pdf%20accessed%20on%203-7-2010
http://www.erdfnw.co.uk/admin/uploads/attachment/Environmental_Sustainability_Guidance-GreenInfrastructure.pdf%20accessed%20on%203-7-2010

GIP in Developing Countries; Developing Green Concept in Kurdistan-Ragion

eneAe O2yadzyYLiAz2y YR 0A2RAQOGSNEAGEE 2KAES GKS ¥F2
the latter must be dealt with at a local levé.

Some major effects of urbanization have been identified and studied by researchers. The effect of
Urbanizatony A Y ONBIF aAy3d dzNBFY GSYLISNI G§dzZNBE g KASGK A& 1y
surface ruroff and eventually causing flood risk and Carbon dioxide production with decreasing and
disrupting biodiversity” All this effects are well connected to chite change cause and effects.

All together (climate change anatbanization effect on urban climatare intensifying the rise of
dzNB 'y GSYLISNI GdzZNB  W! Nb Yy | S| {-offLid humsghRdaminatgtR A y O N
landscape.

B. Adaptation Strategy vi&reen Infrastructure

The adaptation measuresmplementation and design processight to be adequatdy flexible to
perform their designatecdimsunder adifferenceupcomingclimatic conditions’® As the source and
impact of climate change and urbanizatianviary also the mitigation and adaptation strategy are
vary as well. In the course of this paper the author will focuses on the use of Gl as adaptation
strategy.

0Gl provides a range of services that make a substantial contribution towards climate change
adaptation and a limited but important contribution towards climate change mitigation. In addition
to climate change mitigation and adaptatioB) also provides a range of other benefits making it a
RSAANIotS glre (2 0O2Yo0l i OfAYF(OS OKFy3Sé

Urban greeneris ofrom street trees, to private gardens, to city parks provide vital ecosystem
services which will become even more critical under climate charigea research bgill, S.Eet al,

the Glmoderatingcapacity ofclimate change impactsas been assesseéd built-up areas that was
associated to compactness degré¢owever, the modebutputs indicate which typlogy of green

are potentially with highbenefit and in whichsettings

Whitford, V.etaldza SR W! Nb+Fy 902t 23A0Ff L yR&ientmlaréasinh SQ Ay
Liverpool, United Kingdom) by applying four ecological indicators (Temperature, hydrology, carbon
storage and sequestration and biodiversity indicator). It has been concluded that the highest
ecological performance which indicate te urban climate directly proportional with the
percentage of urban green areas.

7 Gill, S.E., Handley, J.F., EfmésR., Pauleit, S., Theuray, N. & Lindley, Z08]Characterising the Urban Environment of UK Cities and

Towns: A Template for Landscape Plannirandscape and Urban Planning g8j3.210;222.

SWhitfort, V., Ennos, A.R. & Handley, J.F. 200L)y Ra OF LIS 'y R daNB Iy LX | yy$a/gidticators foiithe TNBY | yF
ecological performance of wurban areas and their application to Mersevsitdmiversity of Manchester, UK,
www.elsevier.come/locate/landurbplgan

76 Smith, J.B. (1996). Dewpment of adaptation measures for water resources. International Journal of WResources Development,

pp.151163.

77 Community Forests Northwe$P010)Green Infrastructure to Combat Climate Change: A Consultation Draft Action Plan for Cheshire,
CumbriaGreater Manchester, Lancashire, and Merseyside.
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1 Managing Hydrology

- Surface Ruyoff

Climate change leads to increase of intensity and frequency of winter precipitation by different

range depending on geographical Itoa. Together with urbanizatiothat ismarking by converting

permeable surface to impermeable (building, roads other hard surface) the amount of surface run

off will increase, due to several factoihis may lead to flood risk, since the existing urb@ncture

will not cope with this incremental trendt Ly 2NRSNJ G2 FTRFLIW G2 GdKS AyO
expected with climate change, green space provision will need to be considered alongside increased
storage.”®

Obstructingthe runoff before it reaches the soil surface ecreaseddue to reduced vegetation
cover. Likewisg evapotranspiration processs decreasedduring and after the stornsince there is
less vegetation covet f & 2 JnfiltéatioK Focess will be reduced due to change in profmrtof
permeable area seeFigure 2.37°

" 10%
runolf

" 20%
runeff

25% shallow 21% shallow
infiltration infiltration
25% deep 21% deep
cnﬁltrwon infiltration
Natural Ground Cover 10%-20% Impervious Surface
35% evapotranspiration 30% evapotranspiration

|
|

-
-
-
-
-
=
runoﬁ
N £
IBI IBI IBI =
| =
20% mauow 10% shallow -
infiltration e Infiltration N o et
)
l infiltration ‘ infitration
35% -50% Impervious Surface 75%-100% Imporvious Surface

Figure2.3: Effects of natural and impervious surfaces on the hydrology cycle

Sourcehttp://www.greeninfrastructurenw.co.uk/resources/Gl_& Hydrology Report May 2009.pdf

In a researchby Gill, S.Eet al about Greater Manchester, quantify the potential of the Gl in reducing
surfa@run2 FF 0 & dza A y2FF TV {ad2NEFSHOOIS V. .teécmsing green cover by 10 % in
¢the residential UMTs reduces runoff from these areas from a 28 mm precipitation event, expected

"8 http://ciceet.unh.edu/living_coasts/projects/green_area_ratio.html
Whitfort, V., Ennos, A.R. & Handley, J.F. 20@hdOF LIS | yR dzNBlFy LI FyyAy3aY cindicatdrgforthd2Y | yR Y
ecological performance of urban areas and their application to Mersevside.
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by the 2080s High, by 4.9 %; increasing tree cover by the samenameduces the runoff by
5.7%€.8°

Whitford, V.S5G I £ dzid SR2 W dAFR DSQ willzx¥ Y S| & dzbSquaRtBy NS Sa Ay
relation to vegetation cover portionThe storm ruroff coefficient has been chosen as performance
indicator to show the e#ict of urbanization on hydrology¥he following equations have been used:

2
(P- 0.29) s= 2::3'4\1'0_ 254

¢ P +0.8S
Where:P: precipitation
S: maximum potential retention of the catchment (grater S smallerafiin

CN: curve No. of particular tgpf watershed.

To illustrate the model land cover map, precipitation data, curve No. approach and hydrological soil
type is necessary as input data.

- Water ResourceManagement

The effect of climate change, particularly global warming is causing reductiorecipitation rate,
water scarcity and desertification in different geographical area.

In this concern, Gl is an effective way to manage the water source sustainably especially at the

g GSNBEKSR IINBIX aixyoOS Al SyKlI iflidtiorachbiieR @Gl G S NI NS
technologies can improve the rate at which groundwater aquifers are 'recharged' or replenished.

This is significant because groundwater provides about 40% of the water needed to maintain normal

base flow rates in our rive@nd streams. Enhanced groundwater recharge can also boost the supply

2F RNAY1AYy3A g G§SNI T 2NIThiklskh B¢ rédardetl wisRonel ddzcohsidéablelza S & £
mitigation measure for water scarcity problem.

On the other hand in to this extreme (drouglihere is a flood risk in wet weathe@l is a means for
managing riverine flooding, through providing water storage, retention areas and enhancing
infiltration capacity.

GDL NBRdzOS& &a02NX 41 GSNJ NHzy2FF @2 dzY Bratentioy R NB R d.
and absorption capabilities of vegetation and soils. By increasing the amount of pervious ground
cover,Gltechniques increase storm water infiltration rates, thereby reducing the volume of runoff
SYGSNRAyYy3I GKS f I 1 S*aThs finBtighSs\gRItE impoytdRt siicé N Bekreagedunoff

volume to the flowing body as surface water in the wet season and enhancing groundwater recharge

that can be used as a recharge source of rivers or as a direct source of water supply in dry season. Gl
especially trees, is of considerable importance in urban areas and urban watersheds for the various
benefits they provide. The USDA Forest Service in a manual on Urban Watershed Fgivestry
information on increasing forest cover in a watershed througbtgction, enhancement, and
reforestation. Regional Ecosystem Studies conducted by American Forests to give lost forest an

80Gill, S.E.; Handley, J.F.; Ennos, A.R. & Pauleit, S. @00ade change and cities Adapting Cities Climate Change: The Role of the
Green InfrastructureBuilt Environment, Vol 33, NOHttp://www.fs.fed.us/ccrc/topics/urbanforests/docs/Gill_Adapting_Citiedp
81 U.S. Environmental Protection Agency (2008ganaging Wet Weather with Green Infrastructure Action Strategy 2008

http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
82 http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
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economic value. For the BaltimeWashington area it was estimated that tree cover declined from
51% to 37% between 1973 and 1997isTdecrease in forest cover was estimated to have resulted in
an increase in storm water runoff by 19%. ND eventually decreasing groundwater recharge and
increasing cost of storm water facility in which estimated by $1.08 bififon.

Moreover Gl is an efféiwe way for managing the quality of water source through storm water

L2 ffdzill yiG NBRdzOGAZ2yad 4aDL GSOKYyAljdzSa Ay TFAEGNFGS
from being transported to nearby surface waters. Once runoff is infiltrated intts,splants and
YAONRo0Sa OFy ylrGdaNFtfte FAEGSNIFYR ONBIF {13 R26Yy Yl y

1 ManagingHigh Temperatures

Global warming is the most challenging and serious issue that affecting biotic and abiotic in any
ecosystem. It is theise in average global temperatues a result ofrowinglevels ofGHGIn the
FGY2ALIKSNE® G/ tAYIFIGS OKIy3aS NBadzZ (*Ebetiveén 19060 2 i | f
and 2005. However, in the past 50 years temperatures increased byO0d& decale leading to

the assumption that global warming is getting faster as time goes by. Temperatures have been
estimatedtorise byupto3co & &SI R nnpné d

As urban morphology type are changing towered increasing hard surface (surfaces that absorb and

retain heat). The cooling effect or degree of energy emitted by buildup material is dramatically
RATFSNBYG FNRBY GKS yIFddzNF € 2N ¢S3SiGFGSR O023SNWD ¢
their natural cooling effects. Additionally, tall buildings amakrow streets trap and concentrate

graitsS KSIG FNRBY OGSKAOfSax FFHOG2NARASaI FyR AN O2
observe, at the late hours of the nights, air temperatures that aig® X (5.49°F) higher than the

surrounding ares, and in extreme cases, higher by up tfi®°C (144my c CO ¢ ® ¢ KS RAF T S
temperature dependant on character and size of city, population density, geographical and
meteorological condition land cover percent, builb urban area, building density dnbuilding
G2LRt238d | y2UGKSNI STFSOGAGS FSIFddaNBE A& GKS aNI G
can have strong effect on the magnitude of the Urban Heat Isfind@he trees, green roofs and

other typology of Gl are proving shade, reduce #mount of heat absorbing materials and emit

water vapor all of which cool hot air, eventually reducing the effect of Urban Heat I§land.

The urban greeneries, indirectly but effectively are reducing urban temperature by increasing energy
efficiency. Thidead to decreasing the energy demand for mechanical heating and cooling thereby
decreasing emissions from power plants. This will eventually decrease the GHG emission and effect
of climate change. As well as it decrees the intensification of the urban is&nd through
anthropogeniceat.®

In a research byGill, S.Eet al, quantify the potential of the Gl in reducing temperature by using
woySNBE& 9 E OKWhitfard V.Beddddirig On tvdogemissions scenarios, by 2080s there are
upsurgesin maximun surface temperature of between 2°C to 4.3°C in town centers. Adding 10%
green coverto the city core and highdensity residential UMTspreservesmaximum surface
temperatures at orunder the baseline temperaturesbut not includingthe 2080s High emissis

8 Bartens, J. & Mersy Forest Team (2009)Green Infrastructure  and Hydrology. Mersy  Forest,
http://www.greeninfrastructurenw.co.uk/resources/Gl_& Hydrology Report May 2009.pdf

84 http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf

85 Bartens J. & Mersy Forest Team (20@een Infrastructure and Hydrology. Mersy Forest,

86\Watson,D., Plattus A.& Shibley R. (2003Time SaverStandards for Urban Design: Urban Design amdd4i pp, 382.

87 U.S. Environmental Protection ~ Agency (EPA)Managing Wet  Weather  with Green Infrastructure
http://cfpub.epa.gov/npdes/greeninfrastructure/technology.cfm

88 Benedct, M.A. & McMahon, E.T. (200@yeen Infrastructure: Smart Conservation for the 21st Century.
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scenario On the other hand, if 10% green covetdsk awaymaximum surface temperatures by the
2080s High emissions scenario are 7°C and 8.2°C warmamnpactmorphologic settingcompared

to base temperature scenario at the 198090, seeFigure2.4. It is worth to mention that the
degree of impact was less in the area with higher percent of vegetation c8verother study in
adzyAOK SaidAYFGSR 'y aGaAYyONBlIasS 2F (GNBS Why2LR
F dSNI 3S ¥& modn c/ £ o

O«

40
g 35 1
a
g 30 B current form
g m -10% green
£ 25 +10% green
@
=
m
= 20

15

1670 2020s 2020  2050s  2050s 2080  2080s
Low High Low High Low High

Time period and emissions scenario

*Dashed line shows the temperature for the 12@990 current form case.

Figure 2.4: Maximum surface temperature for the 98th percentile summer day in towentre,
with current form and when 10 per cent green cover is added or removed.

Source: GiJIS.Eet al.

Whitford, V.SG | f dz&aASR W9y SNHé& 9EOKIFYy3IS az2RStQ G2 Affd
relation to landcoversLINR L2 NIiA 2y @ & ¢ KS Y 2 Rigfsurfadtlanh@dgy Sataace af & S E LI
an area in terms of its surface temperature, TO, and by linearising all equations. It proceeds from a
AAYLIE S AyaidlyidlyS2dza T8 ¢udNB ghel § ILIA0y @S SuljlidglSG A2 S/(E NIB
physical parameters of the modeind the relative amount of green space and built environraentA a

needed.

R=H+LE+G+J]

Where:R: net radiation flux to the earth surface,
H: sensible heat flux due to convection,
LE: Latent heat,

J:heat storage capacits}

89Gill, S.E.; Handley, J.F.; Ennos, A.R. & Pauleit, S. @00ade change and cities Adapting Cities for Climate Change: The Role of the
Green Infrastructurepp (115133).

90 Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J.Ugtd5}orest and Treegp94.

91\Whitfort, V., Ennos, A.R. & Handley, J.F. 200L)y Ra OF LIS 'y R dzaNB Iy LX | yy A ydnticators foiithe FNBY | yF
emlogical performance of urban areas and their application to Mersevside.

31



GIP in Developing Countries; Developing Green Concept in Kurdistan-Ragion

1 CarbonSorage andSequestration

The rise of GHG emission in particular Carbon Dioxide due to fuel combustion for perusing activities,
is in incremental trend in developing countriekhis effect can belecreasedby many mitigation
policies. In this context the role of Gl types in partir urban forest becoming recognizabfe¢ K S
plants and soils that are part of the Gl approach serve as sources of carbon sequestration, where
carbon dioxide is captured and removed from the atmosphere via photosynthesis and other natural
LINE O S & M@edverdtrees and vegetationrefine air quality by filtering various airborne
pollutants that contribute to the GHG effect.

On the base of energy policy, that includes the reduction of GHG through GI. Gl contributes directly

to air quality amelioration, ad indirectly to energy saving due tdecreasein demand for
mechanical cooling and heating. Indirectly Gl also contribute in reducing GHG emission.GIl can
provide opportunities for sustainable travel through the provision of fjghlity, offroad walking

and links. Transportation planning and enhancing more environmental friendly means like public
0N} yALRNIZ OelftAy3da |yR glflAy3a o6& LINPGARAY3I &
GNBYSslofS SySNHe ONRLEE GKI G 208 Inihs Came® UR dzSt |
Climate Change Programme (2006) and Energy White Paper "Our energy duiteating a low

carbon economy (2003), under the driver of climate change, are adopted two key policy. One of the

main key policies is Green spa@eoduction and renewable energy crops (biomassergy

production) is a contribution tamitigate climate changeg GHGemissiongargetto 12.5% below 1990

levels %4

| 26 SOSNI KS a2@SNI Fff RANBOG dzNBly aSljdzSadaNy GA2,)
fordzZND 'y | NBlF&aé¢mrt odzi adAatsS G4KS NRtS 2F dz2NbBly GNB
function is directly related to the size and type of greeriroother wordsthe capacity of up taking

process. In a stughit has beenassessedhat the urban forestwith around 6 million treescan

sequester 23800 t of GOyearin Sacramento CountZalifornia Also due to indirect energy saving

for mechanical conditioning 75600 t of &a&r year have been sequestefsForests generally have
significantly higher aboveground carbon reservoirs than other vegetation types, making them
especially appropriate for carbon storage and sequestration. In the North West of England, soils and
vegetation store 2.5 MtC, with a mean density of 1T@ha.%

TheapproacB ¥ W/ | ND2y CAEFGA2YyQ ljdzZ yiAFTASE G(KS NIQGS 2
formal fromWhitford, V.et al. The land cover map, tree cover and &@d pollutant amountave

been used as input dat&Vith up t00.13 t H1 yr-1, well treed areaexjuestrated more than double

amount of carbon than areas with poor vegetation.

Carbon storage (tones hat) = 1.063* % tree cover

Carbon sequestration (tones ha'per year) = 8.275*18& % tree cover

1 Air Quality

9http://cfpub.epa.gov/npdes/home.cfm?program_id=298

9 http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf

%4 ECOTE(R006)City Region Green Infrastructure Strategic Planning, Raising the Quality of the North's City Regions,

9% Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J.Ug@d5}orest and Treegp98.

9% Community Forests Northwe$010)Greenlinfrastructure to Combat Climate Change: A Consultation Draft Action Plan for Cheshire,
Cumbria, Greater Manchester, Lancashire, and Merseyside,
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Air quality improvement becomes imperativgolicy in developing countriesdAir pollution is

currently estimated to reduce the life expectancy in the UK by an average8om@nths with

estimated health costs of up to £20 billibn | G & S PMeImight 6omé &cross the threshold

limit for urbanair quality by European Union. Different members had already achieved the goal and
countries like Britain particularly in London city still in planning and putting strategy to be within
permissible range. Air pollutants in both developing and developeohtcy (with different range)
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oxides; ozone and volatile organic compounds are of major concern in this regard Climate change is
likely to add further to his problem because rising air temperatures and higher level of radiation can
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lay in its direct relation to human health, for instance air born pollutamt cause respiratory illness,

ultraviolet radiationthat mayled to skin cancer in hot regions.

Different mitigation policy and strategies identified and applied in this concern, Most of them
dealing with preventing or reducing emissions from the sourceceSthe source of pollutants is
RAFTdzAS a2 20GKSNJ YSIFadzaNBa tA1S WSyKFEyOAy3 AN O
taking serious intention. In this regard the role of Gl in improving air quality directly and indirectly of

major concern.

Different Gl type, particularly trees and woodlands, can absorb atmospheric pollutants through leaf
dzLJi 18 FyR O2yial 04 NBY2@Lto ¢KAa OFy 068 FR2LIISR
planted throughout a community, trees and plants @ren cool the air and slow the temperature
dependent reaction that forms grourdl S @St 21 2y S 19851 farteilarlg tyeespdwdeg 3 0 ¢ ®
shelter from ultraviolet radiation and more importdgtdust capturing functionAresearchin West

Midland regio of Englangrojectedthat 25% of airborne pollutants can be reduced by planting the
available dedicated land with 30000 trees also could reduce excess deaths dutictepan the air

by up to 140year®. Also another study in Nottingham was estimatbd woodland to reduce sulfur

dioxide and nitogen oxide in the air by-8%.1° Regional Ecosystem Studies conducted by American
Forests to give lost forest an economic value. For the Baltifdémshington area it was estimated

that tree cover declined fron1% to 37% between 1973 and 1997. The lost tree cover estimated

that it would have removed approximately 9.3 million pounds of pollutants per year from the
atmosphere which would equal a value of $24 million per y&ar.

This filtration capacity depends anK S G KA Oly Saa 2F 3IAINBSYy fF@8SNEX &2
that, in order to obtain equally advantageous effects on #missionssituation of particles and

gases, a broad planting (>10 m wide) is necessary, which creates intermediary space tor peiss
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another important factor is the tree type since a research shows that planting larch, pine and ash

can help removdiny polluting particles from the air of towns and cities. But other trees, like willow,

oak and poplar, could exacerbate pollutidf?.

97Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J.Ug@d5}orest and Treegp93.
9% http://cfpub.epa.gov/npdes/home.cfm?program_id=298

9 http://framework.rcuk.ac.uk/Hsoc/hcase.htm

100K onijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J.Ugtd5}orest and Treegp93.
101 Bartens, J. & Mersy Forest Team (2088gen Infrastructure and Hydrology. Mersy Farest
102 http://fra mework.rcuk.ac.uk/Hsoc/hcase.htm
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Figure2.5: Planting of leafy and evergreen trees

SourceMinistry of Economy BadelVirttemberg,2008

A decreaseof about 60% inemissions iusually possible, withefficient dust filtering capacityin
summer and winter.No intensification of gaseousdischargesin winter because ofthe mixed
planting of evergreen and leafsees.Gloffers prospectsfor sustainable travel through the provision

of high-quality, offroad walking and cycling links. This will directly contribute in reducing air
pollutant emission in to the air, thiggardless oémission reduction through engy saving effect.

2.2.9.2 Biodiversity

Biodiversity protection is one of the majdopics for environmentalists now a day. There is
widespread agreement that biological diversity is valuable and that it is rapidly being lost.
Consequently the conservation of bigdrsity has emerged as a major international issue.

P LILINRPEAYLF GSt @ addz 2 BRF 2ty SUINGKS & NBK Iy ishdSES A S EON
feasibleto reduce all the anthropogenic species extinctions. That is why the serious action to reverse
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To identify endangered species and their ecosystemhuman dominated landscape, special

research and investigation should be making throughout the area of interest. The bigger challenge
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LI i OR Shetecdlogical network concejmplemented as ardeal spatial strategy atvide scales
counting O2y lAySyitaz ylradAz2ya FyR NBIA2yad | 25SOSNE
biodiversity and has been rarely applied in urban contexts. This trend is changing with a focus on
urbaneni NBEyYSy(ia GKNRdIdzZA®R (KS DL Y2@SYSyidé¢o

One of the basic principal of sustainable design and planning is preserving biological diversity and
environmental integrity. That is why a counter strategy (to conservation policy) at the same degree
of importance isconnectivity and integrity through green corridors or links to make them more
viable. Gl reverse habitat fragmentation and increase biodiversity to restore functioning ecosystems

103 samson, F.B., & Knopf, F.L. (1986)system Management, Selected reading: Biodiversity and Ecosystem Function (Paul G. Risser).
pp424, 331, 281, 282.
104 Ahern, J. (200%reen infrastructure for cities: The spatial divsien.
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that underpina rich wildlife resource. Momver, a DL & K2 dzf R @ naiivé lspedie® df S NA T S
FE2NF FYR Fldzylt X FYyR LI NIGAOdz  NY @ o6& KOs0AGHGA |y
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degraded sites and habitats, create new wildllhavens, and provide new spaces for recreation to

reduce human impact on sensitive sites. Gl networks can support the dispersal and migration of
individual species and whole habitats, either as part of a regular movement pattern or through
migrations inresponse to climate changg®
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distance new developmerftom sensitive sites, protecting them not only from disturbance but also
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2.2.9.3 Landscape Heritage and Historic Environment Conservation

This category is a combination of nedl and manrade legacy. It consists of land, which includes
landscape®f dhistoric, recreational, nature conservati§rhigh visual qualities of the landscape or
valuablehabitat at high spatial tiersretropolitan or nationakcale) So the strategy foreservation
enhancement and restoration can be achieved with Gl wide scope.

The conservation and protection policy of areas designated for their special landscape and/or
OA2RAGSNBAGE AYLERNIIFIYOS dabl A2yt t [PHksaSpeciINS | & 2
Areas of Conservation, Special Protection Areas, Sites of Special Scientific Interests, Ancient Semi

bl ddzNF £ 222Rf | yR S Oodéfeasibiiban vestdidion StatagyMoeaver, § OG A @S
will improve the productivity of touri®, creative and leisure industries, which will enhance
economic growth.

DL O2yiNROdzGS G2 GKS LINRPUSOUAZ2Y YR SyKFyOSYS
landscape, including particular historic assets Historic environment management plans should b
produced for historic assets identified within Gl networks, including options for conservation,
enhancementand re& G A2y Il f | YR 6v& ihdsizhitss skadlEhe @voided INBhe all

kind of development as well as ensuring their accessililiyugh Gl network and links.
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with technical consideration of historic buildings and archaeological sites to consider the
implications of futue expansion ath /or reservatior. 18

2.3 Introduction to Basic @en InfrastructureTypology®®

Glincludes a wide range ¢ypology, whichdiffer to respectivespatial level and hierarchical scalk
urban areasMainly site scale, metropolitan scale and regional scaledassified. Accordingly and
depending on the scope of the study certain typology is highlighted under this section.

105 Ahern, J. (2007reen infrastructure for cities: The spatial dimension.

106 Natural England & tcpa (2008he Essential Role of Green Infrastructure:tBems Green Infrastructure Worksheet
107 Natural England & tcpa (2008he Essential Role of @relnfrastructure: Ectowns Green Infrastructure Worksheet
108 Natural England & tcpa (2008he Essential Role of Green Infrastructure:tBems Green Infrastructure Worksheet
109 Green Infrastructure WikiGreen Infrastructure Assetsttp://www.greeninfrastructurewiki.com/
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