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Abstract 

¦ƴŘŜǊ ǘƘŜ ǎƘŀŘƻǿ ƻŦ Ψ/ƭƛƳŀǘŜ /ƘŀƴƎŜΩ ŀƴŘ ΨDƭƻōŀƭ ²ŀǊƳƛƴƎΩ ŜŦŦŜŎǘǎ ŀƴŘ ǿƛǘƘƛƴ ǘƘŜ ŀǊƛǎƛƴƎ ƛƴǘŜǊŜǎǘ 
to sustainable development, this document presents the long-term 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 overheating, with a 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 adaptation 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 
adaptation 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 define 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 
benefits that will be used as the basic principal in developing the Green Infrastructure Plan at both 
Regional and City scale. 

The proposed GI Plan for Case Study Region (CSR) is an academic initiative at Regional level to 
identify and safeguard valued natural and cultural resources. The plan aims to bring together the 
ǊŜƎƛƻƴΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀǊŜŀǎΣ ƘƛǎǘƻǊƛŎŀƭ ǎƛǘŜǎΣ ŀƴŘ ƴŀǘǳǊŀƭ ƭŀƴŘǎŎŀǇŜ ƛƴŎƭǳŘƛƴƎ ƴŀǘǳǊŀƭ 
systems such as streams, Karez, watersheds, scenic landscape, and recreational site and to lesser 
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. Therefore the proposed GI 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 it is an initiative aiming to contribute to 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); Green Infrastructure typology; ecosystem services; 
climatic engineering function; Core and Corridor. 
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1 Introduction  
 

1.1. Background 

Greenery is more important now that it ever was. DǊŜŜƴŜǊȅ άŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŜƎŀǊŘŜŘ ŀǎ ŎǊƛǘƛŎŀƭ ƛƴ 
providing ecosystem services of value for human health and wellōŜƛƴƎέ 1 ǎǳŎƘ ŀǎ άƳƛǘƛƎŀǘƛƻƴ ƻŦ ŀƛǊ 
pollution, noise, and heat, and provision of space ŦƻǊ ǊŜŎǊŜŀǘƛƻƴ ŀƴŘ ŜŘǳŎŀǘƛƻƴέ2. In the shadow of 
rapid expansion of urban areas conversion of land cover, systemic issues like urban heat island effect 
and global warming problems. Greenery with the modern understanding of ecosystems and 
biodiversity is the improvement of life quality more than their conventional aesthetic appeal. Urban 
greenery is also becoming increasingly accepted that they contribute to the sustainability of regions 
and cities. 

The growth rate of ǿƻǊƭŘΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ was rapid (from 220 million to 2.8 billion) in the past 
century. Urban inhabitants of Africa and Asia will increase by twofold; consequently, the 
accumulated urban growth through the historical time span will be duplicated in a between 2000 
and 2030. The urban inhabitants of the developing world will constitute 81% of urban citizens up to 
2030. The built space growth rate is more than the urban population growth. Between 2000 and 
2030, It is predicted that ǘƘŜ ǿƻǊƭŘΩǎ ǳǊōŀƴ Ǉƻpulation to growth by 72%, whereas the built-up 
footprint of cities (of 100,000 inhabitants) might increase by 175%. That is why the future of 
humanity and cities mainly in developing countries, depends highly on present decision making to 
accommodate population 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 0.74 0C in the last hundreds of years has disturbed living ecosystems to force 
substantial risks on human wellbeing. The continuation or acceleration of this trend is predicted by 
climatologists, the earth's temperature might increase 4 0C to 6 0C by 2100, with expected disastrous 
impact on the natural environment, ecosystems and socio-ŜŎƻƴƻƳƛŎ ǎŜŎǳǊƛǘȅ ƻŦ ŜŀǊǘƘΩǎ ƛƴƘŀōƛǘŀƴǘǎΦ 
The co-effect of rapid urban growth and the impacts of changing climate will possibly have potent 
ŎƻƴǎŜǉǳŜƴŎŜǎ ƻƴ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ ƛƴ ǘƘŜ ǘǊƻǇƛŎǎ (causing, for example, heat stress and the 
ōǳƛƭŘǳǇ ƻŦ ǘǊƻǇƻǎǇƘŜǊŜ ƻȊƻƴŜύέ ǘƘŀǘ Ƴŀȅ ŀŦŦŜŎǘ ǘƘŜ ǎƻŎƛŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ǳǊōŀƴ ŜŎƻƴƻƳȅΦ 3 
 
The burden and stress that human civilization put on the earth planet have been accumulated, and it 
is in incremental trend. This goes hand in hand with a human activity which is changing and shifting 
the natural ecosystem and imposing the humankind dominated ecosystem. Thus human-related 
ecosystem characterized by a significant change from the original one, now a day planner facing 
challenges in harmonizing this dramatic change. Their attempt is to lessen the negative impact on 
surrounding natural environment and bringing back nature to the buildup area. Consequently, it is 
logical to adopt the regional and urban development practices to force precautious and adaptive 
planning strategies in the aim of achieving environmental protection. 

                                                           
1Millennium Ecosystem Assessment. 2005. Millennium ecosystem assessment: biodiversity synthesis.  
2 Bolund, P. & Hunhammar, S. (1999) Ecosystem Services in Urban Areas. Ecological 

Economics,http://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 time with rising serious effect of climate change and global warming, a different 
strategy for mitigation and adaptation to this change are under research and implementation. As a 
consequence, the urban climate particularly and earth planet is in a critical pass. Although the urban 
climatic and air quality condition is are not entirely dependent on natural conditions, but also to a 
large extent on the spatial distribution of land uses, built structure and physical arrangement of 
development. With the increasing pressure due to human activity at the local level and climate 
change in the global level, the urban climate is an important and urgent issue to deal with. Although 
Planning-Related Urban Climate is not an extensively ǇǊŀŎǘƛŎŜŘ ǎǘǊŀǘŜƎȅΣ ά{ƛƴŎŜ ŀ ǳƴƛǾŜǊǎŀƭƭȅ 
accepted appraisal of climate does not exist, it is difficult to judge whether climatic incompatibilities 
can be expeŎǘŜŘ ǘƻ ǊŜǎǳƭǘ ŦǊƻƳ ŀ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎέΣ ōǳǘ ǘƘŜ Ǝƭƻōŀƭ ŎƻƴŎŜǊƴ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿƛƭƭ 
give a significant shift in the degree of its importance. 4  

The climate change effect is predicted to increase the problem of water scarcity, desertification, 
drought, temperature increase and deforestation in Iraq. Also, urbanization is in incremental trend 
due to the rapid growth rate (2.63 to 3%) 5 and political state of the country. Regardless of the global 
and urbanization effects, the local situation of the study area 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. 

The recent emergence of environmental sustainability as a Ψcritical policy focus across the worldΩ, has 
been highlighted with climate change. άWhile a great deal of attention has recently been focused on 
climate change, other issues including water quality and availability, air pollution, deforestation and 
land use changes, biodiversity, and the sustainability of agriculture and fisheries have also gained 
prominence on the public agenda.ò 6 

The Case Study Region (CSR) is a remarkable demonstration of the interactive relation between built 
structure, climate and reliance on the water resources availability. It has an important footprint 
concerning resource management particularly watershed management, ecological and agro-
ecological, biodiversity and wildlife in comparison to the rest part of the country. Never the less 
under the climate change potent CSR will be affected more if the counter measures have not been 
taken in this stage at the same time this footprint is becoming more important at both levels that 
urges the demand for a green infrastructure strategic plan. 

It is agreed on ǘƘŀǘ άŦǊŀƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ƛǎƻƭŀǘƛƻƴ ƻŦ ƎǊŜŜƴ ǎǇŀŎŜǎ ƭŜŀŘǎ ǘƻ ŀ ƭƻǎǎ ƻŦ ŜŎƻǎȅǎǘŜƳ 
ǎŜǊǾƛŎŜǎέΦ 7 Built structure is to be panned and designed as a connected networks linking residential 
structure to build and natural open spaces and green corridors. Also, urban landscape planning is to 
be centered and conceptualized on multi-functional green infrastructure (GI) principal, which can 
assist flexible respond of an urban area to environmental challenges, including climate change. 8 The 
steady increase of urban temperature is due to systemic issues and global warming in CSC. This will 
be accelerated by the severe reduction of the green area in CSC. Thus environment quality is 
decidedly determined by land use planning. Green infrastructure planning at the municipal level is 
used as a decision support means to enhance climate mitigation, adaptation and protection, air 
quality preservation and surface runoff management. 

                                                           
4 Ministry of Economy Baden-Württemberg in cooperation with Environmental Protection Department of Stuttgart. (2008). Climate 

Booklet for Urban Development Online ς Städtebauliche Klimafibel Online. Indications for Urban land-use Planning.  

5  United Nations (UN) (2008) World Population Prospects: Population Division the 2008 Revision Population Database, 
http://esa.un.org/unpp, [viewed on 30/06/ 2010]. 
6 Lélé, S. H.  (1991). Sustainable development: A critical review. http://www.sciencedirect.com/science, [viewed on 24/09/2010]. 
7Schwartz, M. W., editor. 1997. Conservation in highly fragmented landscapes.  
8 Gill, S.E., Handley, J.F., Ennosb, A.R., Pauleit, S., Theuray, N. & Lindley, S.J. (2008) Characterising the Urban Environment of UK Cities and 
Towns: A Template for Landscape Planning. Landscape and Urban Planning 87. www.elsevier.come/locate/landurbplan. 

http://esa.un.org/unpp
http://www.sciencedirect.com/science
http://www.elsevier.come/locate/landurbplan
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wŜƎŀǊŘƭŜǎǎ ƻŦ ŎƻƴŎŜǇǘǳŀƭ ǇǊƻōƭŜƳǎΣ άǘƘŜ ƎǊŜŜƴ ŘƛƳŜƴǎƛƻƴέ Ƴǳǎǘ have the complete consideration to 
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 adaptation and mitigation stratify `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 wellbeing of present 
and future generations. 

1.2. Problem Statements 

Due to the preceding war and internal political conflict, thus in addition to climate change effect, the 
CSR is facing the environmental problems, desertification, deforestation and decrease of green 
areas, thus regardless of uncontrolled industrial activity in the study area. The deforestation problem 
due to natural and manmade effects affected negatively the enhancement of watershed area and 
cause soil erosion at a certain part. The effect of climate change is more likely affecting biodiversity 
resource and wildlife as well particularly at the south-east (SE) part of the CSR, in addition to 
fragmentation of naturally reach biodiversity areas through human intervention. Generally, due to 
lack and weak preservation and conservation policy, the natural and cultural heritage of the CSR is at 
potential risk. 

Although the regional performance of CSC is qualified as good regarding urban compactness but the 
urban ecological performance and particularly climatic one are regarded poor. The CSC has a lot of 
systemic issues like urban heat island, and trapping of air pollutant. Today, the urban area is facing 
environmental problems due to excessive population and high urbanization rate of 1.7%9 this in 
addition to the burden of unplanned economic growth, industrial development, and automotive 
emissions. This caused a substantial increase of pollutants, affecting air, water, and land. The 
incremental rater of air pollution is rapid in CSC, especially due to vehicular traffic and 
geomorphologic setting of CSC that lies in the basin surrounded by mountain. The phenomenon of 
dust pollution together with the increase of air pollution is causing a dramatic condition that affects 
public health.  

Over the years urban growth has caused a diminution of open spaces and green areas in and around 
the CSC, which causes various environmental problems. Since CSC is located in the heart of fertile 
agricultural areas; urban expansion evidently reduces the surrounding productive land. The percent 
of green space is far below the required range in CSC, as estimated by less than 3%. This can be due 
to the lake of landscape planning and spatial and institutional integration, since there is no well-
structured planning hierarchy and planning appǊƻŀŎƘ ƛǎ άōƻǘǘƻƳ-ǳǇέ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ŀǇǇǊƻŀŎƘΦ 

The severe environmental problems with a combination of temperature increase and flood risk air 
pollution; this has had serious health and economical consequences. This should be dealt with as an 
urgent situation, the planner and the government should act not just to provide a higher quality of 
life but to prevent health catastrophe that may occur due to the current situation. 

 

 

 

                                                           
9 Central Intelligence Agency (CIA) (2010) The world fact book: Middle East Iraq. https://www.cia.gov/library/publications/the-world-

factbook/geos/iz.html accessed on 18-9-2010. 

https://www.cia.gov/library/publications/the-world-factbook/geos/iz.html%20accessed%20on%2018-9-2010
https://www.cia.gov/library/publications/the-world-factbook/geos/iz.html%20accessed%20on%2018-9-2010
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1.3. Objectives of the Study 

1.3.1. Over all objectives  

The overall objective of this investigation is to analyze the existing ǇƻǘŜƴǘƛŀƭ ΨDǊŜŜƴ LƴŦǊŀǎǘǊǳŎǘǳǊŜΩ 
and natural and cultural resources ŀǘ ōƻǘƘ ǎǇŀǘƛŀƭ ƭŜǾŜƭǎ ΨwŜƎƛƻƴŀƭ ŀƴŘ /ƛǘȅ ƭŜǾŜƭΩ, also to shed light 
on the climatic and systemic issues of CSC. Moreover to give an overview of climate change effect at 
national, regional and city level is an essential step. It will also look at strategic aspect and necessary 
measures regarding different potential and deficiencies. 

The aim is to change the traditional conceptual understanding of άǘƘŜ ƎǊŜŜƴ ŘƛƳŜƴǎƛƻƴέ ŀǎ mean to 
provide pleasant city but rather as resource management policy and as an adaptation mean to 
reverse and reduce the climate change and urbanization effect. Finally, the Green concept (with 
identified hierarchy of green typology) at both levels is developed to improve the microclimate 
condition, in the aim of contribution in the framework concept of global environmental change 
(GEC). Since GEC is the sum of a range of local, regional or national environmental challenges and 
contribution at any level is of great significance.  

1.3.2. Specific Objectives 

The specific objectives of this investigation are: 

¶ To have a comprehensive overview on the basic concept of the ΨGreen Infrastructure 
PlanningΩ.  

¶ To develop a database and maps of the existing ΨGreen IƴŦǊŀǎǘǊǳŎǘǳǊŜΩ. 

¶ To carry out a situational aƴŀƭȅǎƛǎ ƻŦ ΨDǊŜŜƴ LƴŦǊŀǎǘǊǳŎǘǳǊŜ Ψƛƴ the CSR and CSC (concerning 

quantity, quality and connectivity). 

¶ To determine and answer the question of Ψwhich typologyΩ of ƎǊŜŜƴ ŀǊŜŀ ŀƴŘ ΨǿƘŜǊŜΩ to be 

located. 

¶ To develop ΨGreen Infrastructure PlanΩ at the different spatial level that will be affected by 

the degree of emphasis on different ecosystem functions. 

¶ To evaluate the proposed plan by developing a comparable base for ecological performance 

of the CSC. 

¶ To identify possible means and recommendations to put ŀ ǎǘǊŀǘŜƎȅ ŦƻǊ ƳŀƴŀƎƛƴƎ ǘƘŜ Ψthe 

green dimensionΩ in the study area.  

1.4. Thesis Framework  

The framework in which this thesis had been illustrated is originated from different spectrum 
including academic background, spatial and temporal situation of the Case Study Area also the 
international interest towered environmental issue and the urge of GIP Concept. 

Academically the Infrastructure planning and regional planning, in particular, 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 with the economy, ecology, society and individual dimensions. The spatial 
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integration approach in planning will be reflected at different spatial levels of planning since physical 
linkages lie at the heart of GI. Moreover, this concept reflected in integrating planning policy at a 
strategic and local level and joining up all related party. The most important application of 
integration is reflected in the integration of the Green Infrastructure Planning (GIP) with 
conventional landscape planning. While GIP represents the coming together of various 
environmental, econƻƳƛŎŀƭ ŀƴŘ ǎƻŎƛŀƭ ƛƴǘŜǊŜǎǘǎ άLǘ ƛǎ ƴƻǘ ǎŜŜƴ Ƨǳǎǘ ŀǎ ŀ ǿŀȅ ƻŦ ǇǊƻǾƛŘƛƴƎ ŀƴ ƛƳǇǊƻǾŜŘ 
green structure for the landscape, but also as a mechanism for more informed decision-making and 
ƳƻǊŜ ΨƧƻƛƴŜŘ-ǳǇΩ ǘƘƛƴƪƛƴƎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǳǊōŀƴ ŀƴŘ Ǌegional environmental plŀƴƴƛƴƎέ 10.  The later 
(landscape planning) is providing a holistic approach to understand many processes, which άshape 
the land and potential changes to which a particular location could be subjected over timeέ11. Since 
the function of both are interrelated, and 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 important case to deal with. Due to the preceding war 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 necessary for which the primary aim should be 
human wellbeing and natural environment. 

Finally the global condition particularly the Green House Gas effect and climate change phenomena 
that affect humanity and the environmental system of Earth planet seriously. The Millennium 
Ecosystem Assessment 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 services.12The attempt to decrease and reverse those damage that 
causes from human activates starting from the 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 to sustainability concept. In addition to a recent enthusiasm for 
pushing forward GIP ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ άDL Ƙŀǎ ōŜŎƻƳŜ ŀ ΨƳǳǎǘŜǊ ǇƻƛƴǘΩ ŦƻǊ ŀŎŀŘŜƳƛŎΣ ǇǳōƭƛŎ ōƻŘƛŜǎ ŀƴŘ 
practical agencies interested in green space issues and a way to help develop environmental thinking 
ŀŎǊƻǎǎ ŘƛǎŎƛǇƭƛƴŀǊȅ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ōƻǳƴŘŀǊƛŜǎέ 13. 

1.5. Work Flow 

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 hand by hand with literature 
review; see Figure 1.1 illustrate a general framework of this study. 

 

                                                           
10 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide, Version 1.1. 
http://www.uwsp.edu/geo/faculty/gmartin/GEOG391/Lecture/GREEN_INFRASTRUCTURE_PLANNING_GUIDE.pdf  
11 Landscape Institute (2009); Green infrastructure: connected and multifunctional landscapes. Available at 
http://www.landscapeinstitute.org/. 
12 Millennium Ecosystem Assessment, Ecosystems and Human Well-being: A Framework for Assessment. 
13 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide, Version 1.1. 

http://www.uwsp.edu/geo/faculty/gmartin/GEOG391/Lecture/GREEN_INFRASTRUCTURE_PLANNING_GUIDE.pdf%20Accessed%20on%208-7-2010
http://www.landscapeinstitute.org/
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Figure 1.1: Workflow of the study 

Source: Author, 2010. 

 

The thesis tackles specific case study at different spatial level as different stages unfold throughout 
the chapters. In this sense, the structure consists of seven main chapters necessary to accomplish 
the objectives of the study. 

1.6. Overview of the Study Area 

The scope of this study is limited to developing country Iraq ς within administrative and geographical 
border of Kurdistan Region (KR) (Erbil, Sulaimaniyah and Dohuk) and also Kirkuk as the Case Study 
Region. The case study is conceder Sulaimaniyah City as a CSC with challenging environmental 
characteristic, in order to develop green concept.  

1.6.1. National Context- Iraq 

1.6.1.1. Location and Administrative Units  

This section looks at the general characteristic at the national concept. It introduces the study area 
within its national through administrative and climatic context. Iraq is located at 33°нлΩN 44°ооΩE 
and has a total area of 437,072 km². It bordered by Jordan, Syria, Turkey, Iran, Kuwait and Saudi 
Arabia. 14 It has eighteen governorates (or provinces) which are further divided into districts 
(qadhas). The Kurdistan Region (KR) is the legally defined region within Iraq and has local 
government; Figure 1.2 shows the administrative state in Iraq.  

 

Figure 1.2: Map of geographical and administrative border of Iraq and Kurdistan Region  

Source: http://www.emro.who.int/iraq/pdf/ICMMS_Analysis.pdf 

                                                           
14 Wikipedia, Iraq Geography, http://en.wikipedia.org/wiki/Iraq.  

http://toolserver.org/~geohack/geohack.php?pagename=Iraq&params=33_00_N_44_00_E_type:country
http://www.emro.who.int/iraq/pdf/ICMMS_Analysis.pdf
http://en.wikipedia.org/wiki/Iraq
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1.6.1.2. Demographic and Socio-Economic 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 countryΩǎ ǊŜǾŜƴǳŜǎ ŦǊƻƳ ƻƛƭ ŜȄǇƻǊǘΦ !ŎŎƻǊŘƛƴƎ ǘƘŜ United States 
Department of EnergyΣ LǊŀǉ Ƙŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǇŜǘǊƻƭŜǳƳ ǊŜǎŜǊǾŜǎ (215 billion barrels). 
In the past, agricultural sector was the second largest after the oil sector, nevertheless due to Iraq 
preceding war and drought this sector had been damaged increasingly.  

Iraq population is estimated currently at 31,467,000 inhabitants15, with wide spectrum of ethnic and 
religious diversity. Iraq urbanization trend is increasing due to natural growth rate and urbanization. 
To give a general overview, see Table 1.1. 

  
Table 1.1: Socio-economic profile of Iraq 

Source: Author, 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 3.1% (2009 est.) *** 
*2008 UN estimate for year 2010 ** https://www.cia.gov/library/publications/the-world-factbook/geos/iz.html .***An nual Statistical 

Bulletin,2009 P13, OPEC.  

 

1.6.1.3. Geography and Climate  

The country is predominately desert, but near the two major rivers (Euphrates and Tigris) are fertile 
alluvial plains.16 It is fairly flat with mountains to the Northeastern part, (see Figure 1.3). The climate 
of Iraq is of semi-arid and hot-arid type, designated as continental, subtropical. The mountains in the 
north-east (NE) have cool summers and cold winters, while the plains and deserts have hot summers 
and short cool winters. Summer temperatures average above 40 C for most of the country and 
frequently exceed 48°C. Winter temperatures infrequently exceed 21 C with day time and night-time 
lows occasionally below freezing. ά¢ȅǇƛŎŀƭƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛǎ ƭƻǿΤ ƻƴƭȅ ŀōƻǳǘ мрл ƳƳ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ 
plains and even less in the desert. The mountains receive up to 380 mm, sometimes in the form of 
ǎƴƻǿέ17 Rainfall during the summer is extremely rare, except in the far north (N) of the country. See 
Appendix B ς Figure B.1, B.2 and B.3. 
 

                                                           
15  United Nations (UN) (2008) World Population Prospects: Population Division the 2008 Revision Population Database, 
http://esa.un.org/unpp. 
16 Wikipedia, Iraq Geography, http://en.wikipedia.org/wiki/Iraq. 
17Food and Agriculture Organization of the United Nation (FAO) (2009) Iraq Geography, Climate and Population. 

http://en.wikipedia.org/wiki/United_States_Department_of_Energy
http://en.wikipedia.org/wiki/United_States_Department_of_Energy
http://esa.un.org/UNPP/
https://www.cia.gov/library/publications/the-world-factbook/geos/iz.html
http://en.wikipedia.org/wiki/Euphrates
http://en.wikipedia.org/wiki/Tigris
http://en.wikipedia.org/wiki/Alluvial_plains
http://esa.un.org/unpp
http://en.wikipedia.org/wiki/Iraq
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Figure 1.3: Iraq topographical map 

Source: Author, 2010, from National Geospatial Agency (NGA) data. 
 

1.6.1.4. Vegetation Cover 

LǊŀǉ ǎƛǘǳŀǘŜŘ ŀǘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀǊƛŘ ȊƻƴŜ όǘƘŜ ƛƳƳŜƴǎŜ ŘŜǎŜǊǘ ōŜƭǘ ǎǘǊŜǘŎƘƛƴƎ ŀŎǊƻǎǎ 
the African and Eurasian continents from the Atlantic Ocean to the Gobi Desert) is very lightly 
ŦƻǊŜǎǘŜŘΦ CƻǊŜǎǘ ŎƻǾŜǊǎ ŀōƻǳǘ улл ллл ƘŀΣ ƻǊ мΦу҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǊŜŀΦ aƻǎǘ ƻŦ ǘƘŜ ŦƻǊŜǎǘǎ ƛƴ ǘƘŜ 
mountain region in Iraq (KR) growing at altitudes of 700 to 1400 m above sea level. Iraq has been 
divided in to four main vegetation zones: Desert zone, with very little variety of plant species due to 
severity of climatic condition, Steppe zone with common vegetation type of small trees and shrubs. 
Mountain forest zone and Alpine zone are characterized by variety of plant and giant tree species, 
see Figure 1.4. 18 
 
Iraq is a largely desert country with a limited precipitation rate; only 13% of its land is arable. It is 
projected that around 11.5 million ha, which is about 26 % of the whole country area, are cultivable, 
however the total cultivated area is appraised by 9.45 million ha in 2007, of which nearly half is in 
north region under rainfed practices. Iraq has been distributed into four agro-ecological zones: άArid 
and Semi-arid zones with a Mediterranean climateέ with nine months growing season. Plains with 
winter rainfall of 200ς400 mm yearly, feed barley production areas with limited irrigation, the 
άDesert zoneέ, with very few irrigated spot and άIrrigated zoneέ that covers the area between the 
Tigris and Euphrates rivers from the middle to the south (S) of country, with vegetable and rice 
production. 19 
 

                                                           
18 Food and Agriculture Organization of the United Nation (FAO) (2008) Forestry Country Information, Iraq, 
http://ww w.fao.org/forestry/country/18314/en/irq/. 
19Food and Agriculture Organization of the United Nation (FAO) (2009) Iraq Geography, Climate and Population. 

http://www.fao.org/forestry/country/18314/en/irq/
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Figure 1.4Υ LǊŀǉΩǎ vegetation zones 

Source: Author, 2010, digitized from Chapman, 1957. 
 

1.6.1.5. Climate Change Effect 

Whereas lots of governments and non-governmental establishments have established plans to 
address climate mitigation or adaptation. Iraqi government did inconsiderable action regarding this 
topic. Some related international organization did some research about the effect of climate change 
in Middle East and Iraq. The effect of climate change in Iraq is varying, so the author depends on the 
different modeled data to illustrate the projected effects and highlight the recent climatic 
phenomena, and potential impacts. 

Climate change projections for the 2020s, in the Middle East are compared by adopting simulation 
outcomes of four different models GCMs (ECHAM4, HadCM2, CGCM1, GFDL) with similar 
assumptions (IS92a scenario). The seasonal temperature change and the rainfall variation in the wet 
seasons are calculated by the different models, see Table 1.2. 

Table 1.2: Projected climate change effect in Iraq for 2020 

Source: Climate change parameters (IPCC-DCC 1999). 

 
 Mean temperature increase (°C) 

 HadCM2 GFDL-R15 CGCM Echam4 T max 

January-March 0.9 1.7 1.6 1.1 1.7 

June-August 0.9 2.1 1.5 1.5 2.1 

 Mean rainfall change (mm/day) 

 HadCM2 GFDL-R15 CGCM Echam4 P max 

October-April 0 0 0 0 0 
Note: Values are for 2020s relative to the 1961-1990 periods. 
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The results display no variations in mean precipitation, while temperature is expected to rise at a 
seasonal base, mean temperature will rise significantly by (0.9-2.1 °C). 20 Other climate model has 
anticipated 20-30% decrease in runoff in most of the Middle East region including Iraq by 2050. 21 

From projected modeling to the real climatic events, Iraq recently is having different and rare 
phenomenon. The dust, sand and snow storm that recently occurring more frequently and covering 
wider area of the country in a comparison last decades, see Appendix B ς Figure B.3 for satellite 
images. The impact of drought and desertification is getting main focus. The lack of river discharge 
causes άƻƴƎƻƛƴƎ ǎƻƛƭ ŜǊƻǎƛƻƴ ǘƘŀǘ ƭŜŀŘǎ ǘƻ ŦǳǊǘƘŜǊ ŘŜǎŜǊǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ƘŜŀǘ ŀƴŘ Řǳǎǘ 
ǎǘƻǊƳǎΣ ǿƘƛŎƘ Ƙŀǎ ŀ ƳŜŀǎǳǊŀōƭŜ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ƻŦ ǘƘŜ LǊŀǉƛǎέΦ Also Climate 
Institute in Washington mapped the desertification vulnerability and ranked Iraq as a high to very 
high vulnerable country to desertification. 22 

A potentially high impact was noted in terms of water quality and quantity. IPCC researches 
demonstrate that the Middle East region including Iraq has experienced augmented levels of 
drought (from 1990 to 2002) as compared to baseline period. It is projected that Middle East region 
to face the challenge of water shortage and poor quality by 2025. Due to the semi-arid weather of 
the Iraq, water resource pose a limitation on human welfare and development. This designates that 
possible wellbeing impacts might be considerable. Particularly Iraq, which depends severely on river 
flow from Turkey, might be highly affected since trans-boundary water flow is expected to decrease 
as Turkey recent wide development in hydrological projects (Dams). Accordingly the health effects of 
water resources vulnerability due to changing climate will occur as a result of augmented 
temperatures and decreased water resource. Due to more intense and frequent extreme weather 
events, crucial health consequences and augmented spread of diseases may occur seriouly. UNFCCC 
нллс ǇǊƻƧŜŎǘŜŘ ǘƘŀǘ άƎǊŜŀǘŜǊ ŜȄǇƻǎǳǊŜ ǘƻ ƘŜŀǘ ǎǘǊŜǎǎΣ ǾŜŎǘƻǊ-borne diseases such as malaria and 
water-ōƻǊƴŜ ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ ŎƘƻƭŜǊŀΦέ .ƻǘƘ ŘƛǎŜŀǎŜǎ ŀǊŜ ƻƴ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴ LǊŀǉΦ 23 

ά! ƎŜƴŜǊŀƭ ǊŜŘǳŎǘƛƻƴ ƛƴ ǇƻǘŜƴǘƛŀƭ ŎǊƻǇ ȅƛŜƭŘǎ ƛn most regions in mid-latitudesέ ƛǎ ŜȄǇŜŎǘŜŘΦ 24 Drought 
gripped Iraq in different time interval the most recent were in 2007-2008 growing season, which 
affected the crop yield that mainly depends on rain fall and estimated by 38.7% decrease in a 
comparison to average level. In the analysis of natural derived vegetation index (NDVI) is observed 
the most affected area in Iraq, see Appendix B ς Figure B.4.  

The other extreme to above mentioned impacts is flood risk, since urban and rural population 
settled in the basins of the Tigris and Euphrates Rivers. Consequently, the floods in the river basins 
can lead to substantial socio-economic damages. Nonetheless, άflood risk in Iraq will be highly 
ŘŜǇŜƴŘŜƴǘ ƻƴ ǳǇǎǘǊŜŀƳ ŎƻƴǘǊƻƭέ.23 The socio-economic implication of climate change impacts of 
water sector is estimated by 3-6% of GDP reduction in Iraq. The most implication of climate change 
are not simply Ψamenable to monetary valuation (IPCC-WGII 1997)Ω. The implications contain άloss of 
human life, loss of natural habitats, species loss, migration, and uneven resources distribution within 
ŀ ǎƛƴƎƭŜ ŎƻǳƴǘǊȅέ. 23 

 

                                                           
20 El-Fadel, M. & Bou-Zeid, E. (2001) Climate Change and Water Resources in the Middle East: Vulnerability, Socio-Economic Impacts, and 
Adaptation, http://papers.ssrn.com/abstract=278514. 
21 Evans, J. P. (2008). Changes in Water Vapor Transport and the Production of Precipitation in the Eastern Fertile Crescent as a Result of 
Global Warming," Journal of Hydrometeorology.  
22James Denselow, Huffington Post (2009). Climate Change and Iraq. Posted: July 20, 2009 10:56 AM.  
23 El-Fadel, M. & Bou-Zeid, E. (2001) Climate Change and Water Resources in the Middle East: Vulnerability, Socio-Economic Impacts, and 
Adaptation. 
24 United Nations Framework Convention on Climate Change (UNFCCC) (2007) Climate Change: Impact, Vulnerabilities and Adaptation in 
Developing Countries. 

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=20010
http://papers.ssrn.com/abstract=278514
http://ams.allenpress.com/perlserv/?request=get-abstract&doi=10.1175%2F2008JHM998.1
http://ams.allenpress.com/perlserv/?request=get-abstract&doi=10.1175%2F2008JHM998.1
http://www.huffingtonpost.com/james-denselow
http://www.huffingtonpost.com/james-denselow/climate-change-and-iraq_b_240620.html
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1.6.1.6. Environmental Footprint  

Lƴ ŀ ǊŜǎŜŀǊŎƘ άtƛƭƻǘ нллу 9ƴǾƛǊƻƴƳŜƴǘŀƭ tŜǊŦƻǊƳŀƴŎŜ LƴŘŜȄέ ōȅ Yale University and Columbia 
University they identified EPI for 163 countries with 24 indicators. The Environmental Performance 
Index (EPI) assesses two main objectives of environmental ǇƻƭƛŎȅΥ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ IŜŀƭǘƘέ ǘƘŀǘ 
assesses ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŜǎǎŜǎ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘΤ ŀƴŘ ά9ŎƻǎȅǎǘŜƳ ±ƛǘŀƭƛǘȅέ that assesses ecosystem 
health and natural resource management. Related indicators, like Environmental Burden of Disease, 
air pollution, water (weighted by 12.5%) and biodiversity, forestry, fisheries, agriculture and Climate 
Change (weighted by 25%) have been used. Iraq performed poorly and ranked as 150 and scored 41 
points25.  

In a research by Christopher D. E. et al, spatial distribution and mass of built impervious surface area 
(ISA) have been presented for the years 2000-01 for top Hundred Countries. ISA comprise άroads, 
parking lots, buildings, driveways, sidewalksέ and other built surfaces. For Iraq, ISA estimated as 
1,785 km2 at a country level and ISA per person estimated by 70.3 m2 with an estimated population 
of 25,398,480 inhabitants (Landscan 2004). 26 

Purdue University made a research using Climate Analysis Indicators Tool (CAIT) in 2000. National 
GHG Emissions (CO2, CH4, N2O, PFCs, HFCs, SF6) for 2000, the global emissions for Land Use, Land-
Use Change and Forestry (LULUCF) have been estimated. Iraq ranked as 56 with 27.6 MtC for total 
GHG emission and ranked as 46 with 27.5 MtC Emissions from non-LULUFC.27 

1.6.2. Regional Context Kurdistan Region  

1.6.2.1. Location and Administration  

As mentioned earlier in section 1.6.1 the Kurdistan Region (KR) is the only federated region in Iraq. It 
cover approximately 40,000 km2 and located between 32°57ǋN to 37°22ǋN and 41°17ǋE to 46°20ǋ E. 
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 approximately 7792 km2 in area (see Figure 1.5). 28.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 districts. The district is divided into sub-districts, each with its own district-
center. 

                                                           
25 Yale Center for Environmental Law & Policy and Center for International Earth Science Information-Network (2008) Pilot 2008 
Environmental Performance Index. 
26 Elvidge, C.D., Tuttle, B. T., Sutton, P.C., Baugh, K. E., Howard, A.T., Milesi, C., Bhaduri, B.L. & Nemani, R. (2007) Global Distribution and 
Density of Constructed Impervious Surfaces, http://www.mdpi.com/1424-8220/7/9/1962/pdf. 
27 Butler, R. (2010) National Greenhouse Gas Emissions from Energy Use and Deforestation, 
http://rainforests.mongabay.com/GHG_emissions.html 
28 Wikipedia, KRG Geography, http://en.wikipedia.org/wiki/Iraqi_Kurdistan. 

http://cait.wri.org/
http://rainforests.mongabay.com/GHG_emissions.html
http://en.wikipedia.org/wiki/Iraqi_Kurdistan
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Figure 1.5: Map of the Case Study Region and Case Study City within national context 

Source: Author, 2010. 

1.6.2.2. Demographic and Socio-economic Characteristic 

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

Since 1991, with the establishment of regional non-fly zone, and particularly latter since 2003, the 
Kurdistan Region has experienced rapid growth in deferent sectors. In 2004, the per capita income 
was 25% higher than in the rest of Iraq. 29 The economic growth scenario based on 9% per annum 
growth in Gross Domestic Product (GDP) this is higher compared by the 4% worldwide average GDP 
growth.30. The region have an economic development plan that focuses mainly on the international 
oil and gas market, in parallel to the revival of agricultural and tourism sectors, and enhancing other 
industrial activities, like cement. While Kirkuk city itself is located on the site of a historical 
settlement from 3000 B.C., which is a fertile land in a very rich oil-producing area. Kirkuk is the 
second richest oil city at a national level. 

The population of KR for 2007 is estimated at 4,910,742 with an average natural growth rate of 
2.2%, thus regardless of internal migration due to war and internal conflicts in addition to 
urbanization rate. In general around 50-60% of population is living in main capital cities with 11% in 
the rural areas and the rest are living in smaller cities (districts).31 It is important to mention that 
Capital city population percent only include those population whom are officially registered by food 

                                                           
29 Wikipedia, KRG Geography, http://en.wikipedia.org/wiki/Iraqi_Kurdistan. 
30 Ministry of Municipality and Tourism, Planning Dep. Erbil City Master Plan, Final Master Plan Report by Dar Al-Handasah. 
31 United Nations World Food Programme (WFP),(2008), Comprehensive Food Security And Vulnerability Analysis In Iraq: The 2008 

Revision, http:// home.wfp.org/stellent/groups/public/documents/ena/wfp192521.pdf , p 137. 

http://en.wikipedia.org/wiki/Iraqi_Kurdistan
http://home.wfp.org/stellent/groups/public/documents/ena/wfp192521.pdf
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distribution directorate and the actual figure exceed by 3-8%. Urban population in Dohuk city is not 
within the same range as others is due to the influence of Zaxo city in the same governorate which is 
an economical hub with high population. The Table 1.3 shows the distribution of population in the 
study region. 

Table 1.3: Spatio-demographic distribution of CSR 

Source: Compiled by Author, 2010. 

 Governorate Area 
square Km** 

Governorate 
population 2007* 

Capital city 
population* 

Capital city 
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 Regional Statistical office, http://www.krso.net/  .** www.iauiraq.org *** http://home.wfp.org.   

These statistics also reveal that 53.67 % of the governorate population is living in Sulaimaniyah 
district and 90.25 % of them in fact live in city of SulaimaniyahΦέ 32 Accordingly Capital 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 formation of the CSR, `developed mountainous rangesΩΣ Ψfoothill pedimentsΩΣ 
and Ψagricultural plainsΩ ŦƻǊƳƛƴƎ ǘƘŜ three major morphologic units. The climatic setting is various, 
from hot and dry plains to cooler mountainous areas. The mountainous area in KR is part of the 
Zagros range, with elevations exceeding 3000 m. The highest location being at 3,611 m level, that 
known locally as Cheekah Dar (black tent). Some of the mountains are more than 2500 m high while 
toward SE, their elevations decrease gradually and change to sporadic hills and sometimes plains at 
Kirkuk governorate. There are many rivers (Lesser Zab, Great Zab and Sirwan) flowing crossways the 
mountains to plains creating natural άfertile lands, plentiful water, picturesque landscapeέ. The 
Tigris River enters Iraq from the KR.  

According to the Koeppen classification scheme proposed by Critchfield, climate of the KR is 
classified as interior mediterranean, mild to cold winter, dry and hot summer and is symbolized by 
Csa. This in addition to small area at the very SE part of the KR, climate type is tropical steppe, 
semiarid, hot and symbolized by Bsh.

 33 Typical semi-arid climate conditions are prevalent in the 
lower plains. In hot season, the CSR is under the influence of Mediterranean anticyclones and 
subtropical high pressure zone. 
 
In winter, the CSR is dominated by Mediterranean cyclones moving from E to NE, this in addition to 
Arabian Sea cyclones moving toward N with high rate of moisture content that cause precipitation 
sufficient to support dry farming activities. The CSR is also influenced by very cold polar air mass. The 
mean wind speed is varying seasonally ranging from 2.5-1.8 m/s from summer to winter 
correspondingly. Also the direction of prevailing wind is varying from SW, S, W and SE.34 

                                                           
32 Jalal, J. (2008) Natural Resources and Its Utilization for Agricultural Development in Sulaimany Governorate. PhD. Thesis 
33 Critchfield, H.J. (1974).General Climatology, 3rd edition.  
34 Ahmad, S.H.A. (2008) Geographic analysis of the wind characteristic in the Iraqi Kurdistan Region and its Potential Exploitation. Master 
Thesis. 

http://www.krso.net/
http://www.iauiraq.org/
http://home.wfp.org/
http://en.wikipedia.org/wiki/Cheekah_Dar
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The northern mountainous regions have cold winters with occasional heavy snows, sometimes 
causing extensive flooding. 35 Rainfall is seasonal and occurs from November to April, mean annual 
rainfall is ranges from 290 mm to 1 нлл ƳƳΦ ά¢ƘŜ ǊŀƛƴŦŀƭƭ ƛǎ ƳǳŎƘ ƘƛƎƘŜǊ ǘƘŀƴ ƛƴ ǘƘŜ ǊŜst of Iraq and 
ƻŦǘŜƴ ǿŜƭƭ ƻǾŜǊ мΣллл ƳƳ ǇŜǊ ȅŜŀǊΣ ƛƴŎƭǳŘƛƴƎ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƳƻǳƴǘ ƻŦ ǎƴƻǿ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊέ 36 . 
The four summer months from June to September are completely dry. Winters are cool, with a mean 
annual temperature ranges from nearly 12°C at the Iranian border to more than 22 °C. The mean 
minimum monthly temperature ranges from 0.2 °C for extreme N to about 3.5 °C for SE part of KR. 
While the mean maximum temperature ranges from 39 °C to 49 °C for respectively during July and 
August.  

ά¢ƘŜ ƳŜŀƴ annual evaporation ranges from about 800 mm for N and NE to more than 250 mm for 
SE. 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 humidity ranges from about 
ол҈ ƛƴ Wǳƭȅ ǘƻ ŀōƻǳǘ ул҈ ƛƴ WŀƴǳŀǊȅΦέ 37 

1.6.3. City Context- Sulaimaniyah 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 in the KR. Sulaimaniyah governorate, includes the nine 
districts. Sulaimaniyah city is divided up into 77 quarters. The city is also referred to as: Al-
Sulaimaniyah or Sulaimani in Arabic and English respectively. It has international border with Iran 
represent the eastern boundary of the governorate where, it is bound N and NW by Erbil 
governorate, W by Kirkuk governorate and Salahaddin governorate, and SW and S by Diala 
governorate. 

1.6.3.2. Demographic and Socio-Economic Characteristic 

The ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ Ŝǎǘƛmated as 831,495 inhabitants in 200938 with a growth rate of 2.2%. 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 factors which affected urban structure 
negatively.  

The shift in population from the rural areas into the metropolitan city of Sulaimaniyah and other 
main towns was due to: The Iraqi- Kurdish conflict during 1961-1990 and the Iraqi-Iranian conflict 
during 1980-1988, also the creation of the prohibited mined boarder zone with Iran (320 km). The 
former government by a deliberate policy destructed 1500 villages in the territory that 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 villages, but the distribution of food program for oil in 1998 among 
other strategies by the governorate lead to massive migration to the CSC again. Overall the rural 
population has decrease over the years and the city and its metropolitan continued to grow though 

                                                           
35: Wikipedia, KRG Geography, http://en.wikipedia.org/wiki/Iraqi_Kurdistan. 
36 Kirk, A. & Sawdon, G. (2002) Understanding Kurdish Livelihoods in Northern Iraq: The household economy, understanding the situation 
of Kurdish livelihoods. Vol. 3 of 3, Final Report. UK: The Northern Iraq Country Programme and the Food Security and Livelihoods Unit-
Save the Children (UK). 
37 Food and Agriculture Organization of the United Nation (FAO) (2009) Iraq Geography, Climate and Population. Rome: FAO, 
ftp://ftp.fao.org/docrep/fao/012/i0936e/i0936e08.pdf. 
38 Kurdistan Regional Statistical Office, Population, http://www.krso.net/ , 

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 Region-Iraq 

15 

 

not consistently. See Table 1.4 on the urbanization trends in the metropolitan region of the city and 
the rural areas.  

Table 1.4: Urbanization trend in Sulaimaniyah City 

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, Sulaimani Department of Statistics. 

Sulaimaniyah economy is based on small industry, farming, trade and tourism. Sulaimaniyah used to 
be a popular tourist destination among Iraqis escaping the summer heat of the plains (temperature 
up to 50oC) to enjoy the relatively cooler climate. It is a growing city due to in-migration 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 of the paper 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 of urban planning composed of a set of ten axioms intended to guide the formulation of 
city plans. Specifically the first ŀȄƛƻƳ άbalance with natureέ ǘƘŀǘ ƛǎ ǘƘŜ ōŀǎƛŎ ǇƘƛƭƻǎƻǇƘȅ ƻŦ ǘƘƛǎ 
ǇŀǇŜǊΣ ƛƴ ǿƘƛŎƘ άŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ ǳǘƛƭƛȊƛƴƎ ǊŜǎƻǳǊŎŜǎ ŀƴŘ Ŝxploiting them. It 
focuses on the thresholds beyond which deforestation, soil erosion, aquifer depletion, siltation and 
flooding reinforce one another in urban development, saving or destroying life support systems. This 
principle states there is a level of human habitation intensity wherein the resources that are 
consumed will be replaced through the replenishing natural cycles of the seasons, creating 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜǉǳƛƭƛōǊƛǳƳέΦ39 

With intensive consumption, destruction and reversion like cutting of hillside trees, quarrying on 
slopes, dumping sewage into the natural drainage system, paving excessively, and construction on 
steep slopes. There will be point of no return; utilization of natural resources will outpace the 
natural ability of the eco-system to replenish itself. From there on degradation accelerates and 
amplifies. Deforestation, desertification, erosion, floods, fires and landslides all increase. This urban 
theory proposes that the urban ecological balance can be maintained when fragile areas are 
reserved, conservation of eco-systems is pursued, and low intensity habitation precincts are 
thoughtfully identified.39 

2.1.2 Sustainable Development and Sustainable Community Concept 

Sustainable development is a holistic concept that entails an interdisciplinary, system-based 
framework to contemplate social, economic, cultural and ecological aspects on several interactive 
spatio-temporal scales (Ulo Mander et al. 2007); 40  where GIP is the network of greeneries that 
provide multi social, economic and environmental benefits. 

¢ƘŜ tǊŜǎƛŘŜƴǘΩǎ /ƻǳƴŎƛƭ ƻƴ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ described GI as a main strategic theme, which 
delivers a holistic method for sustainable community development. The Council reported thatΣ άDL 
strategies actively seek to understand, leverage, and value the different ecological, social, and 
economic functions provided by natural systems in order to guide more efficient and sustainable 
ƭŀƴŘ ǳǎŜ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ǇŀǘǘŜǊƴǎ ŀǎ ǿŜƭƭ ŀǎ ǇǊƻǘŜŎǘ ŜŎƻǎȅǎǘŜƳǎΦέ 41 GI is becoming a pioneer in 
contemporary planning concept as well as described as a one of the pillars of eco-towns planning. 

                                                           
39 Wikipedia, Principles of Intelligent Urbanism, http://en.wikipedia.org/wiki/Principles_of_Intelligent_Urbanism. 
40 Mander, Ü., Wiggering, H. & Helming, K. (2007) Landscape Tomorrow: Multifunctional Land Use, Meeting Future Demands for Landscape 
Goods and Services. P1, P37. 
41 ¢ƘŜ tǊŜǎƛŘŜƴǘΩǎ /ƻǳƴŎƛƭ ƻƴ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜnt (1999) Towards a Sustainable America. Advancing Prosperity, Opportunity, and a 
Healthy Environment for the 21st Century. 

http://en.wikipedia.org/wiki/Urban_planning
http://en.wikipedia.org/wiki/Deforestation
http://en.wikipedia.org/wiki/Soil_erosion
http://en.wikipedia.org/wiki/Aquifer
http://en.wikipedia.org/wiki/Silting
http://en.wikipedia.org/wiki/Quarry
http://en.wikipedia.org/wiki/Sewage
http://en.wikipedia.org/wiki/Drainage_basin
http://en.wikipedia.org/wiki/Natural_resources
http://en.wikipedia.org/wiki/Ecosystem
http://en.wikipedia.org/wiki/Deforestation
http://en.wikipedia.org/wiki/Desertification
http://en.wikipedia.org/wiki/Erosion
http://en.wikipedia.org/wiki/Urban_theory
http://en.wikipedia.org/wiki/Urban_theory
http://en.wikipedia.org/wiki/Principles_of_Intelligent_Urbanism
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ά9Ŏƻ-towns should maximize the GI contribution to resource management, leaving hard engineering 
ǎƻƭǳǘƛƻƴǎ ǘƻ ƳŀƪŜ ǳǇ ŀƴȅ ǎƘƻǊǘŦŀƭƭέΦ 42 

Space is an essential aspect of human societies and άsocial justiceέ ƛǎ ŜƳōŜŘŘŜŘ ƛƴ ƛǘΦ tƭŀƴƴŜǊǎ ŀƛƳ 
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. LikeǿƛǎŜ ƛƴ ŘŜƎǊŜŜ ƻŦ ƛƳǇƻǊǘŀƴŎŜ ƛǎ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜǉǳƛǘȅέΦ ¢ƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǘƘŜ 
sustainability theory has promoted the environmental equity argumentΦ άLǘ ǉǳŜǎǘƛƻƴǎ ƻǳǊ 
ontological relationship to the world, and the possibility of a fair policy addressing the needs of 
ƳŀƴƪƛƴŘΣ ǇǊŜǎŜƴǘ ŀƴŘ ŦǳǘǳǊŜΣ ƭƻŎŀƭ ŀƴŘ ƎƭƻōŀƭΣ ŀƴŘ ƻŦ ƴŜǿ ŦƻǊƳǎ ƻŦ ƎƻǾŜǊƴŀƴŎŜέ. 43 

2.1.3 Multi -Functional Green Infrastructure 

Landscapes are multi-functional via their instantaneous provision of Ψhabitat, productivity, 
regulatory, social, and economic functionsΩ. Heterogeneity is a main feature of landscape and 
therefore, it signifies the ability of landscape to support several, occasionally contradictory functions 
concurrently. 44 

Landscapes are complex entities; dynamic in and of themselves and further complicated in the 
human dimension of how they are perceived. Each landscape is a function of abiotic and biotic 
prototype joined by landscape distinctive history of human intervention. Multifunctional landscapes 
are dynamic, self-organizing and non-disruptive 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 new evolving 
ecosystems, is needed. However in conventional landscape approach both inter-disciplinary and 
trans-disciplinary are possible to adopt but, for effective implementation of sustainable 
multifunctional landscapes requires trans-disciplinary engagement. Through trans-disciplinarily the 
foreign entities are connected and the special relationship becomes more related. It is true 
interactive exchange among Ψscientists, practitioners and professionalsΩ engaged in land use decision 
making where future vision and objective are exchanged, co-developed and proposed.45 

2.2  Green Infrastructure 

2.2.1 Green Infrastructure Definition 

Green Infrastructure (GI) is a relatively a modern term. Moreover it has dissimilar annotation to 
different user since it covers a wide range of application. As a consequence one might across 
ŘƛŦŦŜǊŜƴǘ ŘŜŦƛƴƛǘƛƻƴǎ ŦƻǊ DLΦ /Φ 5ŀǾƛŜǎ Ŝǘ ŀƭ ŘŜŦƛƴŜŘ DL ŀǎ άǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ǿƛǘƘƛƴ ŀƴŘ ōŜǘǿŜŜƴ 
our cities, towns and villages. It is a network of multi-functional open spaces, including formal parks, 
gardens, woodlands, green corridors, waterways, street trees and open countryside. It comprises all 
environmental resources, and thus a GI approach also contributes towards sustainable resource 
ƳŀƴŀƎŜƳŜƴǘέΦ 46 

                                                           
42 Natural England & tcpa (2008) The Essential Role of Green Infrastructure: Eco-towns Green Infrastructure Worksheet, 
http://www.tcpa.org.uk/data/files/etws_green_infrastructure.pdf. Accessed on July 2010. 
43 Wikipedia, Principles of Intelligent Urbanism, http://en.wikipedia.org/wiki/Principles_of_Intelligent_Urbanism. 
44 Wikipedia, Principles of Intelligent Urbanism, http://en.wikipedia.org/wiki/Principles_of_Intelligent_Urbanism. 
45 Mander, Ü., Wiggering, H. & Helming, K. (2007) Landscape Tomorrow: Multifunctional Land Use, Meeting Future Demands for 
Landscape Goods and Services. P1, P37. 
46 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide, Version 1.1. 
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In the USA, the Conservation Fund and USDA Forest Services defined GI ŀǎ άǘƘŜ bŀǘƛƻƴϥǎ ƴŀǘǳǊŀƭ ƭƛŦŜ 
support system ς 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 ecological processes, sustains clean air and water resources, and 
ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ƘŜŀƭǘƘ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŦƻǊ !ƳŜǊƛŎŀϥǎ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ǇŜƻǇƭŜΦέ 47  

GI is defined by Chris Blandford Associates ŀǎ ǘƘŜ άƳǳƭǘƛ-ŦǳƴŎǘƛƻƴŀƭ ƴŜǘǿƻǊƪ ƻŦ ΨƎǊŜŜƴ ǎǇŀŎŜǎΩ ŀƴŘ 
inter-connecting green corridors in urban areas, the countryside in and around towns and rural 
settlements, and in the wider countryside. GI is a natural life support system providing benefits for 
ǇŜƻǇƭŜ ŀƴŘ ǿƛƭŘƭƛŦŜΦέ 48 

2.2.2 Green Infrastructure Terminology 

The term of GI 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 perceptions about 
Green opens space. One can illustrate the terminology effect by: To emphasize the value or degree 
ƻŦ ƛƳǇƻǊǘŀƴŎŜ ǘƻ ŀŎǘ ŀǎ ŀ ŎƻǳƴǘŜǊǇƻƛƴǘ ǇƭŀŎŜŘ ƛƴ ΨDǊŀȅΩ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ǇƭŀƴƴƛƴƎΦ !ƭǎƻ ǘƘŜ ǘŜǊƳ 
green space gives the conceptual meaning that is nice ǘƻ ƘŀǾŜ ǿƘƛƭŜ άLƴŦǊŀǎǘǊǳŎǘǳǊŜέ ƛƳǇƭies the 
necessity to have. Moreover, the green space is treated as isolated complex but the GI is an 
interconnected system of natural areas. 

Recently, the term "GI" has been used to refer to a variety of structural elements from green roofs 
to advanced eco-friendly storm water management facilities. So there is an interconnection between 
GI and grey infrastructure. C Davies et al suggested a restrict distinction between green-gray might 
ƴƻǘ ōŜ ǇǊŀŎǘƛŎŀƭΣ ǎƛƴŎŜ άthere is a grey-green continuum of thinking relating to concepts surrounding 
ΨƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩΣ ŀƭǘƘƻǳƎƘ ΨƎǊŜŜƴΩ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜƴƻǘŜ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻǊ ŦŀŎƛƭƛǘȅ ǇǊƻǾƛŘŜŘ ōȅ ŀƴ 
element, even if it is not strƛŎǘƭȅ ΨƎǊŜŜƴΩ ƛƴ ƭŀƴŘ ǳǎŜ ǘŜǊƳǎέ.46 

So it can be dealt with as colour chart in which in the middle green-gray like cycle ways, see Figure 
2.1. Moreover the role of water is viewed by researchers in GI field as being of major importance 
and has directed them to discuss a prospective sub-class of blue-green or turquoise infrastructure. 49 

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 on 
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. 

                                                           
47 Benedict, M.A. & McMahon, E.T. (2002) Green Infrastructure: Smart Conservation for the 21st Century. Volume 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_DW_11-07. Greater Norwich Development Partnership (GNDP): West Sussex, UK. 
49  Mell, I.C. (2008) Green Infrastructure: concepts and planning. Newcastle University: FORUM E-journal 8 (June 2008): 
http://research.ncl.ac.uk/forum/v8i1/green%20infrastructure.pdf. 

http://www.sprawlwatch.org/green/
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Figure 2.1: The Grey-Green continuum 

Source: C Davies et al, Green Infrastructure Planning Guide. 

2.2.3 Green Infrastructure Component 

To push forward the aim of using GI in planning in a strategic level, it is so important to understand 
the GI component and its services, functions and benefit that can provide. The main structural 
ŎƻƴǎǘƛǘǳŜƴǘ ƻŦ DL ƛƭƭǳǎǘǊŀǘŜŘ ōȅ aŀǊƪ !Φ .ŜƴŜŘƛŎǘΣ ŀǎ άDL ŜƴŎƻƳǇŀǎǎŜǎ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƴŀǘǳǊŀƭ ŀƴŘ 
ǊŜǎǘƻǊŜŘ ƴŀǘƛǾŜ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ŀ ǎȅǎǘŜƳ ƻŦ ΨƘǳōǎΩ ŀƴŘ ΨƭƛƴƪǎΩΦέ 
According to which Hubs άŀƴŎƘƻǊ GI networks and provide an origin or destination for wildlife and 
ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ƳƻǾƛƴƎ ǘƻ ƻǊ ǘƘǊƻǳƎƘ ƛǘΦέ Hubs can be reserves, managed native landscapes, 
agricultural preservation districts, working lands, regional parks and preserves, community parks and 
natural areas, cultural/historic/recreational sites and trailheads. Links ŀǊŜ ǘƘŜ άŎƻƴƴŜŎǘƛƻƴǎ ǘƘŀǘ ǘƛŜ 
the system together and enable GI ƴŜǘǿƻǊƪǎ ǘƻ ǿƻǊƪέΦ [ƛƴƪǎ Ŏŀƴ ŎƻƳŜ ƛƴ ǾŀǊƛŜǘȅ ƻŦ ŦǳƴŎǘƛƻƴ ǎƛȊŜ ŀƴŘ 
assets, like landscape linkages, conservation corridors, greenways, greenbelts, eco-belts, trail 
corridors and utilitarian corridors. Hubs and links vary in size, function and ownership 50. Links may 
ōŜ άŜƛǘƘŜǊ ŀƴ ŀǊŜŀ ƻǊ ƭƛƴŜŀǊ ŀǊŜŀ ƻŦ ƎǊŜŜƴ ǎǇŀŎŜ ƻǊ ǘƘŜȅ may be more towards the grey end of the 
green-grey infrastructure spectrum, such as multi-user routes or cycle paths through urban areas 
ǿƘƛŎƘ ƭƛƴƪ ƎǊŜŜƴ ǎǇŀŎŜǎ ŀƴŘ ƴŜǘǿƻǊƪǎέ .51 

As well as Chris Blandford Associates described the constituent with emphasis on the connectivity 
ƛƳǇƻǊǘŀƴŎŜΦ !ŎŎƻǊŘƛƴƎƭȅΣ DL ŜƴŎƻƳǇŀǎǎŜǎ άΨƴŀǘǳǊŀƭ ƎǊŜŜƴ ǎǇŀŎŜǎΩ όŎƻƭƻƴƛȊŜŘ ōȅ Ǉƭŀƴǘǎ ŀƴŘ ŀƴƛƳŀƭǎ 
and dominated by natural processes) and man-ƳŀŘŜ ΨƳŀƴŀƎŜŘ ƎǊŜŜƴ ǎǇŀŎŜǎΩ όǳǊōŀƴ ǇŀǊƪǎ ŀƴŘ 
designed historic landscapes), as well as their many connections (footpaths, cycle ways, green 
ŎƻǊǊƛŘƻǊǎ ŀƴŘ ǿŀǘŜǊǿŀȅǎύέ 52. While American Conservation Fund described the GI network 
component more in detail see Figure 2.2. Comprehending from above description GI encompasses 
natural, semi-natural greeneries and manmade green space within a connected green network to 
ŘŜǾŜƭƻǇ ŀ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳ ƻŦ ƎǊŜŜƴ ΨŎƻǊŜΣ ƘǳōΣ ŎƻǊǊƛŘƻǊǎ ŀƴŘ ƭƛƴƪǎΩΦ  

                                                           
50 Benedict, M.A. & McMahon, E.T. (2002) Green Infrastructure: Smart Conservation for the 21st Century. 
51 Clabby, G. (2009) Green Infrastructure: Critical Infrastructure for a Smart Economy. 
http://www.comharsdc.ie/_files/Commentary%2040%20GReen%20infrastructure.pdf 
52 Chris Blandford Associates (2007) Green Infrastructure Strategy: A proposed vision for connecting people places and nature. 
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Figure 2.2: GI network components 

Source: http://www.conservationfund.org/  

In applied landscape ecology, the model for characterizing landscapes components is universally 
agreed on. The mosaic model applies three essential landscape components to describe landscape 
structure: άpatches, corridors, and the matrixέ. A patch is a rather homogeneous nonlinear area that 
varies from its surroundings, while corridor is a linear zone of a specific land cover category, which is 
diverse in content and physical configuration. Each structure serves different functions. Patches 
offer compound functions containing άwildlife habitat, aquifer recharge areas, or sources and sinks 
for species or nutrientsέ. Corridors functionality is also various such as άhabitat for wildlife, pathways 
or conduits for the movement of plants, animals, nutrients, and wind, or as barriers to such 
movementέ. 53 

In addition to what mentioned above, the listed components illustrate a variety of landscape 
structures that is categorized under the GI umbrella and can be considered in strategic planning 
process as prerequisite, such as: 

άDesignated Landscapes: Includes National Parks, Areas of Outstanding Natural Beauty, Heritage 

Coasts, Sites of Special Scientific Interest, National Nature Reserves, and Scheduled monuments. 

Transport corridors: Rail corridors, Motorways and trunk road verges, Rivers and canals, Footpaths, 

Bridleways, Cycle routes and Greenways, and Streetscape trees and planting. 

Managed landscapes: Includes Agriculture and horticulture, Set aside and fallow land, Woodland, 

Reservoirs, Cemeteries and churchyards, and Brownfield and Greenfield development sites. 

Recreational landscapes: Includes Amenity green space and private gardens, Allotments, 

Community gardens, Urban farms, Access land (as defined by CROW Act 2000), Urban Parks, Country 

Parks, Playing fields and play areas, Lakes, and Ponds.έ 54 

                                                           
53  Ahern, J. (2007) Green infrastructure for cities: The spatial dimension. University of Massachusetts, 

http://www.stadtentwicklung.berlin.de/umwelt/landschaftsplanung/bff/en/bffberechnungshtml. Accessed on July 2010. 
54  ECOTEC (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. 

http://www.conservationfund.org/green_infrastructure
http://www.stadtentwicklung.berlin.de/umwelt/landschaftsplanung/bff/en/bffberechnungshtml.%20Accessed%20on%20July%202010
http://www.thenorthernway.co.uk/downloaddoc.asp?id=545
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2.2.4 Green Infrastructure Planning Approach 

ά5ǳǊƛƴƎ ǘƘŜ ƴƛƴŜǘŜŜƴǘƘ ŎŜƴǘǳǊȅΣ ǘƘŜ ƭŜŀŘƛƴƎ ƛŘŜŀ ƛƴ ƻǇŜƴ ǎǇŀŎŜ ǇƭŀƴƴƛƴƎ ǿŀs to make patches of 
green, called parks. In the twentieth century, it was to make strips of green, called parkways or 
ƎǊŜŜƴǿŀȅǎέΦ ¢ƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ǿŀǎ ŀ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ƛƴ ǿƘƛŎƘ ǘƘŜ ŜƳǇƘŀǎƛǎ ǿŀǎ ƻƴ 
the increase of green area percent. As a result 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 
decades) another dimension is integrated which is multi-functional performance of different green 
typology. However in Planning this multi-ŦǳƴŎǘƛƻƴŀƭ ōŜƴŜŦƛǘ ŘƻŜǎƴΩǘ ǘŀƪŜ ƛƴ ǘƻ ŀŎŎƻǳƴǘ ŀƴŘ 
sometimes simplified to single land use type. This is addressed and covered according to GIP 
approach.55 

GI permits an emphasis on maximizing welfares in the formation of a linked and multi-functional 
green space network. Hence connectivity and multi-functionality are basic principles in GIP. Land-use 
planning is the main discipline that can integrate and account for environmental concerns 
effectivelyΦ άtƭŀƴƴƛƴƎ ǳǘƛƭƛȊƛƴƎ DL ŘƛŦŦŜǊǎ ŦǊƻƳ ŎƻƴǾŜƴǘƛƻƴŀƭ ƻǇŜƴ ǎǇŀŎŜ ǇƭŀƴƴƛƴƎ ōŜŎŀǳǎŜ ƛǘ ƭƻƻƪǎ ŀǘ 
conservation values in context with land development, growth management and built infrastructure 
ǇƭŀƴƴƛƴƎέΦ Thus the GI methodology is to be considered as a long-term framework for sustainable 
development, preserving the natural and historic environment and improving their unique qualities. 
56 

Moreover GIP epitomizes άthe coming together of various 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 decision-ƳŀƪƛƴƎ ŀƴŘ ƳƻǊŜ ΨƧƻƛƴŜŘ-ǳǇΩ ǘƘƛƴƪƛƴƎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǳǊōŀƴ ŀƴŘ ǊŜƎƛƻƴŀƭ 
environmental planning. 57 

2.2.5 Green Infrastructure Spatial Level 

DLt ƛǎ ŀƴ ǳƳōǊŜƭƭŀ ŀǇǇǊƻŀŎƘ ŦƻǊ ƛƴǘŜƎǊŀǘƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇƭŀƴƴƛƴƎ ǇƻƭƛŎȅ ƴŀƳŜƭȅ ά¢ǊŀŘƛǘƛƻƴ ƻŦ ¦Ǌōŀƴ 
tŀǊƪǎΣ ¦Ǌōŀƴ CƻǊŜǎǘǊȅΣ [ŀƴŘǎŎŀǇŜ 9ŎƻƭƻƎȅΣ 9ŎƻƭƻƎƛŎŀƭ bŜǘǿƻǊƪǎΣ DǊŜŜƴǿŀȅǎ ŀƴŘ DǊŜŜƴ ŎƻǊǊƛŘƻǊǎέΣ {ƻ 
GIP can be carried out at a variety of level starting from neighborhood or local to the regional and 
national scale, in response to informed and coordinated planning. 

άDL Ƴǳǎǘ ōŜ ǇƭŀƴƴŜŘ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ŀƴŘ ŘŜƭƛǾŜǊŜŘ ƛƴ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǿŀȅ ŀŎǊƻǎǎ ǘƘŜ ǿƘƻƭŜ {ǳō-Region 
and at all spatial planning levels. The principles of GI 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 Sub-wŜƎƛƻƴέΦ 58 

Since the aim of GIP is 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 it wouldnΩǘ ōŜ ǘƻ ǘƘŜ ǊŜǉǳƛǊŜŘ ŘŜǘŀƛƭ ƭŜǾŜƭ ƻŦ DLt 
ŎƻƴŎŜǇǘ ƻŦ ŀŎƘƛŜǾƛƴƎ Ƴǳƭǘƛ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ƴŜŜŘ ŀƴŀƭȅǎƛǎΦ ά{ƻΣ ǘƘŜ ƛǎǎǳŜ ƻŦ ǎŎŀƭŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ DL ƛǎ 
one of establishing at the regional scale what the strategic elements and links are in relation to the 

                                                           
55 Amati, M. (2008) Urban Green Belts in the Twenty-first Century, http://www.ashgate.com/isbn/9780754649595. 
56 Benedict, M.A. & McMahon, E.T. (2002) Green Infrastructure: Smart Conservation for the 21st Century. pp12.17 
57 Community Forests Northwest (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/GI_and_CC_Action_Plan_Consultation_Draft_02.09.10.pdf 
58 Jane Heaton Associates (2005) Planning Sustainable Communities: A Green Infrastructure Guide for Milton Keynes & the South Midlands, 
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Environment/2005-07-04%20FINAL%20GI%20BROCHURE%20(2).pdf. 

http://www.ashgate.com/isbn/9780754649595
http://www.greeninfrastructurenw.co.uk/resources/GI_and_CC_Action_Plan_Consultation_Draft_02.09.10.pdf
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Environment/2005-07-04%20FINAL%20GI%20BROCHURE%20(2).pdf
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multifǳƴŎǘƛƻƴŀƭ ŘŜƳŀƴŘǎ ǇƭŀŎŜŘ ǳǇƻƴ ǘƘŜƳ ŀƴŘ ǘƘŜƴ ΨŦƛƭƭƛƴƎ ƛƴ ǘƘŜ ƎŀǇǎΩ ŀǘ ŀ ǎǳō-regional and local 
level. Filling in the gaps requires that more detail is layered in at a sub-regional and again at a local 
ǎŎŀƭŜΦέ 59 

GI plan at regional scale or higher tier, is logical regarding the acquiescence with the rising demands 
of environmental regulation policy. This comprises the άHabitats, Birds and Water Framework 
Directives, which are concerned with nature conservation and water resources, and the Strategic 
Environmental Assessment (SEA) and Environmental Impact Assessment (EIA) Directives, all of which 
have major implications for planningέ. 60 Thus GI enables these legislative needs to be meet more 
straightforwardly and enables joined-up thinking of overlapping ς requirements of different 
legislation. Also it will be a mean to rationalization of multi-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, in, Green Infrastructure Planning Guide, C Davies et al, developed 
a flexible methodology to describe different planning scale level for Northeast region in UK, see 
Table C.1 (Appendix C). 

2.2.6 Green Infrastructure - Key Principles 

In order to deliver the ecosystem benefit of GI efficiently and comprehensibly, it is essential to tackle 
the main ideas during planning, implementing and managing process of GI. Such as: 

¶ άThe need to design holistically so that GI functions as a collective and connected whole; 

¶ The need to plan comprehensively with the use of intelligence-led planning tools to address 
and deliver social, economic and environmental benefits; 

¶ The need to plan and deliver strategically at the landscape scale, without the constraints of 
administrative boundaries; 

¶ The need to secure public involvement and ownership of plans, including private landowners 
and community groups; 

¶ The need to bring together skills, knowledge and resources of diverse professions, including 
strategic and local planning, economics, community forestry and landscape ecology; and 

¶ The need for robust funding models to ensure that Green Infrastructure is delivered as a 
primary public investment with capital and sustainable revenue support.έ 61 

2.2.7 Green Infrastructure ςStandard  

Since GIP is up-to-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 base of άAccessible Natural Green space Targets 
(ANGSt). Urban Nature, and Green Cities Declaration 2005 ς Urban EnvironƳŜƴǘŀƭ !ŎŎƻǊŘǎέ ǎŜǘ DL 
standard called Accessible Natural Greenspace Standard Plus (ANGST+). English Nature ANGSt is 
used in a modified form. The improved ANGSt standard considers stakeholder participation, local 
decision making and connectivity, the latter is an essential constituent of infrastructure; green or 
grey. 
 

¶ άNo person should live more than 300 m from their nearest area of natural green space of at 
least 2 hectares in size; 

¶ There is provision of at least 2 hectares of natural green space per 1,000 population; 

¶ That there should be at least one accessible 20 ha site within 2 km from home 

¶ That there should be one accessible 100 ha site within 5 km;έ 61 
                                                           
59 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide. 
60 Clabby, G. (2009) Green Infrastructure: Critical Infrastructure for a Smart Economy. 
61  TEP (2005) Advancing the Delivery of Green InfrastrucǘǳǊŜΥ ¢ŀǊƎŜǘƛƴƎ LǎǎǳŜǎ ƛƴ 9ƴƎƭŀƴŘΩǎ bƻǊǘƘǿŜǎǘΣ 
http://www.greeninfrastructurenw.co.uk/html/index.php?page=resources&NorthWestRegion=true. 

http://www.greeninfrastructurenw.co.uk/html/index.php?page=resources&NorthWestRegion=true
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¶ άThat there should be one accessible 500 ha site within 10 km. 

¶ That adjacent green spaces are interconnected; the priority and extent being determined by 
local decision making informed by stakeholder involvement.έ 62 

 
The Biotope/Green Area Factor program of Berlin-Germany, is the process of increasing and 
decentralizing urban GI (with important aggregated effect to enhance the urban ecology) 
implemented at the microscale (parcel or building). The green space targets had been regulated 
depending on land use: άresidential 60%, mixed use 40% and commercial/city center at 30% ς 
recognizing that the targets must differ in response to land use intensityέ. The strategy is triggered 
by a property auction or renovation projects. 63 
The eco-town planning regulation sets the target for soft GI portion as 40% of the entire land ς
comprising private gardens ς and the same percentage of any single development site, must be 
reserved for GI. 64 
Time-saver standards for urban design, set total percent of Parks, Greens and Playground as 13.8%, 
10.8% and 10.4% for Low cost neighborhood, Neighborhood unit for an industrial section and 
Apartment house unit correspondingly. 65 

2.2.8 Ecosystem Services of Green Infrastructure  

IǳƳŀƴ ōŜƛƴƎǎ ŀǊŜ άŦǳƴŘŀƳŜƴǘŀƭƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ Ŧƭƻǿ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎέ 66. Different green 
areas will have different ecological functions and thus offer different ecosystem services. These 
multiple ecosystem services range from food production and water provision, to aesthetic and 
recreational aspects.  Natural, semi-natural and cultivated ecosystem and landscape άprovide many 
goods and services to human society that are of great ecological, socio-cultural and economic value 
(Millennium Ecosystem Assessment, 2005)" 67.  

In the last decades, a lot of research and study covered the multiple benefits that provide by 
ecosystem and GI. Despite all literature about ecosystem services but there is no clear definition. 
aƛƭƭŜƴƴƛǳƳ !ǎǎŜǎǎƳŜƴǘ ƳŀŘŜ ŀƴ ŀǘǘŜƳǇǘ ǘƻ ōǊƛƴƎ ǘƻƎŜǘƘŜǊ ŘƛŦŦŜǊŜƴǘ ǘŜǊƳƛƴƻƭƻƎȅ ƻŦ άŦǳƴŎǘƛƻƴǎέΣ 
άƎƻƻŘǎέ ŀƴŘ άǎŜǊǾƛŎŜǎέΦ Regardless of controversy in terminology, four main groups of services are 
primarily classified 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 20th century 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 non-productivity issue of the 
landscape and ecosystems, and aims to dissociate economic development from environmental 
degradation.68  

Recently the GI approach can be seen as an attempt to boost the potential of all ecosystem services 
that can be provided by greeneries if they planned, managed in an integrated way. GI can therefore 
be seen as a key delivery mechanism for multi-functionality. Underpinning the multiple functions 

                                                           
62 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide, Version 1.1 
63 Ahern, J. (2007) Green infrastructure for cities: The spatial dimension. 
64 Natural England & tcpa (2008) The Essential Role of Green Infrastructure: Eco-towns Green Infrastructure Worksheet 
65 Watson, D., Plattus, A. & Shibley, R. (2003) Time-Saver Standards for Urban Design: Urban Design and Climate. pp, 382. 
66 Millennium Ecosystem Assessment (2005); Ecosystems and Human Well-Being, Synthesis. p. v.  
67 Millennium Ecosystem Assessment (2005) Strengthening Capacity to Manage Ecosystems Sustainably for Human Wellbeing, Synthesis 

Report. pp 219.  
68 hΩCŀǊǊŜƭƭΣ tΦWΦ ϧ !ƴŘŜǊǎƻƴΣ tΦaΦ[Φ όнлмлύ {ǳǎǘŀƛƴŀōle multifunctional landscapes: A review to implementation. pp 19. 

http://planning.org/apastore/Search/Default.aspx?k=%22Donald%20Watson%22
http://planning.org/apastore/Search/Default.aspx?k=%22Alan%20Plattus%22
http://planning.org/apastore/Search/Default.aspx?k=%22Robert%20Shibley%22
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that GI assets provide is the notion of ecosystem services. Below are the key services that GI can 
provide. 

¶ Provisioning function: ƛǘ ǎǳǇǇƭƛŜǎ άǇƘȅǎƛŎŀƭ ǎŜǊǾƛŎŜǎέ ƛƴ ǘŜǊƳ ƻŦ ǊŜǎƻǳǊŎŜǎ όŦƻƻŘΣ ŦƛōŜǊ ŦǳŜƭύ ƻǊ 
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 later category include resources that produced by human intervention (agricultural). 

¶ Regulation function: it reflects the capacity of ecosystem to mitigate climate, air quality, 
hydrological and bio-chemical cycle, earth surface process and a diversity of biological 
process. 

¶ Habitat function: comprise the ecosystem role in maintaining natural process cycle and 
ōƛƻŘƛǾŜǊǎƛǘȅ ŦǳƴŎǘƛƻƴΦ IƻǿŜǾŜǊ ǘƘŜ άǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ōƛƻƭƻƎƛŎŀƭ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŜŎƻǎȅǎǘŜƳ 
function are inherently complex and operate at many spatial ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎέ 69 This 
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 
ŜŎƻǎȅǎǘŜƳ άǇǊƻǾƛŘŜ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǳƛǘŀōƭŜ ƭƻŎŀtion for reproduction and thereby have a 
ǊŜƎǳƭŀǘƛƴƎ ƛƳǇŀŎǘ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ŜƭǎŜǿƘŜǊŜέΦ 

¶ Cultural and amenity function: non-material benefit for people. It covers the sensual, 
functional and visual benefit that people gain from landscape through recreation, cognitive 
development, relaxation and spiritual reflection. 70 

 

Table 2.1: Typology of ecosystem functions, goods and services 

Source: tŀǘǊƛŎƪ W hΩCŀǊǊŜƭƭ et al, 2010. 

Ecosystem 

Function 

Short 

description 

Biophysical Indicators 

(ecosystem properties 

providing the good and service) 

Goods and Services 

Provi

sioni

ng 

prod

uctio

n 

funct

ion 

Resource from 

un-manipulated 

ecosystem 

-Biomass ( production and stock) 

ς Biochemical properties -Etc 

-Fresh water(*-Food(e.g. fish,  

bush meat)- Row material( wood, 

fodder, etc) -Etc 

carri

er 

funct

ion 

Use of space to 

(enhance) 

supply 

resources or 

other goods and 

services 

Depending on the specific land 

use type, different requirements 

are placed on environmental 

conditions( e.g. soil stability and 

fertility, air and water quality, 

hydrology, topography, climate, 

geology, etc. 

-Cultivation( e.g., agriculture, 

plantations, aquaculture) - Energy 

conversion(e.g. wind, solar) ς

Mining (ore, fossil, fuels, etc.) ς

Transportation (esp. on 

waterways) -etc 

Regulation 

function 

Direct benefit 

from ecosystem 

Role of the ecosystems in 

biogeochemical cycles( e.g. 

-Climate regulation ς Maintenance 

of soil fertility ςetc. 

                                                           
69 Samson, F.B., & Knopf, F.L. (1996) Ecosystem Management, Selected reading: Biodiversity and Ecosystem Function (Paul G. Risser). pp 
451. 
70 hΩCŀǊǊŜƭƭΣ tΦWΦ ϧ !ƴŘŜǊǎƻƴΣ tΦaΦ[Φ όнлмлύ {ǳǎǘŀƛƴable multifunctional landscapes: A review to implementation. 
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processes CO2/O2 balance, hydrological 

cycle) 

Role of vegetation and biota in 

removal or breakdown of 

nutrients and toxic compounds 

Waste treatment (e.g. water 

purification) ς Maintenance of air 

quality 

Physical properties of land cover -Water regulation (e.g. buffering 

runoff) ς Erosion prevention ς

Storm protection and flood 

prevention 

Population control through 

tropic-dynamic relations 

-Biological control (of pests and 

diseases); -Pollination 

Etc. Etc. 

Habitat 

function 

Maintenance of 

biodiversity and 

evolutionary 

process 

Presence of rare/ endemic 

species ; species diversity, etc. 

Refugium of wildlife 

Reproduction habitat for 

majority of species 

Nursery function ( for commercial 

species) 

Cultural and 

amenity 

function 

Non-material 

benefits 

Landscape (or ecosystem) 

properties with aesthetic, 

recreational, historic, spiritual, 

inspirational, scientific or 

educational value 

-Enjoyment of scenery (e.g. scenic 

roads ςEco-tourism and recreation 

ςHeritage value/ cultural 

landscape-Spiritual or religious 

sites ςCultural expressions ( use of 

landscape as motive in books, 

films ,painting, folklore, 

advertising, etc) ςResearch and 

education. 

ϝύ {ǘǊƛŎǘƭȅ ǎǇŜŀƪƛƴƎ ŦǊŜǎƘ ǿŀǘŜǊ ƛǎ ƴƻǘ άǇǊƻŘǳŎŜŘέ ōǳǘ Ŏƻƴǎǘŀƴǘƭȅ ǊŜŎȅŎƭŜŘΦ .ŜŎŀǳǎŜ ǿŀǘŜǊ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ όŜǎǎŜƴǘƛŀƭύ ǊŜǎƻǳǊŎe, the storage 

of water is seen as separate form water-purification which often underlies different process (e.g. cleaning of 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 differences between GI ecosystem services and function lead the 
ŀǳǘƘƻǊ ǘƻ ŘŜŀƭ ǿƛǘƘ ǘƘƛǎ ǘƻǇƛŎ ŘƛǎǘƛƴƎǳƛǎƘŀōƭȅΦ {ƛƴŎŜ DL ŦǳƴŎǘƛƻƴǎ άŀǊŜ ǘƘŜ ǊƻƭŜǎ ǘƘŀǘ ŀǎǎŜǘǎ Ŏŀƴ Ǉƭŀȅ ƛŦ 
planned, designed and managed in a way that is sensitive to, and includes provision for, natural 
ŦŜŀǘǳǊŜǎ ŀƴŘ ǎȅǎǘŜƳǎΦέ 71 Therefore the function is the actual performance and consequent benefits 
of any GI typology with many potential ecosystem services. 

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

¶ άSustainable resource management ς particularly relating to the role of GI 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. 

¶ Biodiversity ς particularly relating to the importance of connectivity of habitats at a variety 
of landscape scales; 

                                                           
71 Landscape Institute (2009); Green infrastructure: connected and multifunctional landscapes. 
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¶ Recreation ς particularly relating to greenways and the use of non-car routes to address 
public health and quality of life issues; 

¶ Landscape ς examining resources such as green spaces and corridors from aesthetic, 
experiential and functional points of view; 

¶ Regional development and promotion ς particularly relating to sustainable communities 
issues relating to overall environmental quality and quality of lifeέ72. 

Since GI is ñA wide range of natural and manmade green and blue spaces that sustain natural 
ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ ŀƴŘ ǇǊƻǾƛŘŜ ƳǳƭǘƛǇƭŜ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎέ 73, so the 
function can be summarized in the three pillars of the sustainability approach namely 
environmental, social and economical, benefits to individuals, businesses, communities and to the 
natural world. Moreover, GI provide a framework of future growth in sustainable way. The benefits 
of GI are mainly emphasized in built-up areas areas where vegetation index is limited and 
environmental risk and damage are 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 
functions and benefits are interrelated and go hand-by-hand together, see Table C.2 (Appendix C). 
Include summery of the key benefits of GI.  

2.2.9.1  Climate Engineering Benefits 

A. Urban Climate 

¶ Climate Change Effect 

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

Generally Phenomena like: άwarmer and fewer cold days, warmer and more frequent hot days and 
nights, warmer spells/ heat waves, area affected by droughts increases, intense tropical cyclone 
activity increases and increased incidence of extreme high sea levelέ are predicted, see Table C.3 
(Appendix C) in which IPCC illustrated the main weather impacts. 

¶ Urbanization Effect on Urban Climate 

Urban climate is changing 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. 
/ƛǘȅΩǎ ƭŀƴŘ ŎƻǾŜǊ ŘǊŀƳŀǘƛŎŀƭƭȅ ǎƘƛŦǘŜŘΣ όǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ ǊŜŘǳŎŜŘύ ŘǳŜ ǘo human activity. This 
ŎƘŀƴƎŜǎ ƭŜŀŘ ǘƻ ΨŎǳƳǳƭŀǘƛǾŜΩ ŀƴŘ ΨǎȅǎǘŜƳƛŎΩ ǳǊōŀƴ ƛǎǎǳŜǎΣ ŀƴŘ ǿƛƭƭ ŀƭǘŜǊ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 
ǘƘŜ ŎƛǘƛŜǎΦ ά/ǳƳǳƭŀǘƛǾŜ ƛǎǎǳŜǎ Ŏŀƴ ŀǊƛǎŜ ƛƴ ŀƴȅ ƘǳƳŀƴ ǎŜǘǘƭŜƳŜƴǘ ōǳǘ Ƴŀȅ ōŜ ŜȄŀŎŜǊōŀǘŜŘ ƛƴ ǘƻǿƴǎ 
and cities; an example of such an issue is building energy use. Systemic 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, 

                                                           
72 Davies, C., MacFarlane, R., McGloin, C. & Roe, M. (2008) Green Infrastructure Planning Guide, Version 1.1. 
73 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-

GreenInfrastructure.pdf accessed on 3-7-2010 

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
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enerƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅέ ²ƘƛƭŜ ǘƘŜ ŦƻǊƳŜǊ ǎƘƻǳƭŘ ōŜ ŘŜŀƭǘ ǿƛǘƘ ŀǘ ǘƘŜ ǎǘǊŀǘŜƎƛŎ ƭŜǾŜƭ 
the latter must be dealt with at a local level. 74 

Some major effects of urbanization have been identified and studied by researchers. The effect of 
Urbanization oƴ ƛƴŎǊŜŀǎƛƴƎ ǳǊōŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǿƘƛŎƘ ƛǎ ƪƴƻǿƴ ŀǎ Ψ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘΩΣ ǘƘŜ ŀƳƻǳƴǘ of 
surface run-off and eventually causing flood risk and Carbon dioxide production with decreasing and  
disrupting biodiversity. 75. All this effects are well connected to climate change cause and effects. 

All together (climate change and urbanization effect on urban climate) are intensifying the rise of 
ǳǊōŀƴ ǘŜƳǇŜǊŀǘǳǊŜ Ψ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘΩ ŀƴŘ ƛƴŎǊŜŀǎŜ ƻŦ ǎǳǊŦŀŎŜ Ǌǳƴ-off in human dominated 
landscape. 

B. Adaptation Strategy via Green Infrastructure 

The adaptation measures implementation and design process ought to be adequately flexible to 
perform their designated aims under a difference upcoming climatic conditions.76 As the source and 
impact of climate change and urbanization is vary also the mitigation and adaptation strategy are 
vary as well. In the course of this paper the author will focuses on the use of GI as adaptation 
strategy. 

άGI 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 adaptation, GI also provides a range of other benefits making it a 
ŘŜǎƛǊŀōƭŜ ǿŀȅ ǘƻ ŎƻƳōŀǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ 77. 

Urban greeneries άfrom street trees, to private gardens, to city parks provide vital ecosystem 
services which will become even more critical under climate changeέ. In a research by Gill, S.E. et al, 
the GI moderating capacity of climate change impacts has been assessed in built-up areas that was 
associated to compactness degree. However, the model outputs indicate which typology of green 
are potentially with high benefit and in which settings.  

Whitford, V. et al ǳǎŜŘ Ψ¦Ǌōŀƴ 9ŎƻƭƻƎƛŎŀƭ LƴŘŜȄ aƻŘǳƭŜΩ ƛƴ ŀ ŎƻƳǇŀǊƛǎƻƴ ƻŦ Ŧƻǳr residential areas (in 
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 better urban climate directly proportional with the 
percentage of urban green areas. 

 

 

 

                                                           
74 Gill, S.E., Handley, J.F., Ennosb, A.R., Pauleit, S., Theuray, N. & Lindley, S.J. (2008) Characterising the Urban Environment of UK Cities and 
Towns: A Template for Landscape Planning. Landscape and Urban Planning 87. pp.210ς222.  
75 Whitfort, V., Ennos, A.R. & Handley, J.F. (2001) [ŀƴŘǎŎŀǇŜ ŀƴŘ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΥ ά/ƛǘȅ ŦǊƻƳ ŀƴŘ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎέ ς indicators for the 
ecological performance of urban areas and their application to Mersevside. University of Manchester, UK, 
www.elsevier.come/locate/landurbplan, 
76 Smith, J.B. (1996). Development of adaptation measures for water resources. International Journal of Water Resources Development, 
pp.151-163. 
77  Community Forests Northwest (2010) Green Infrastructure to Combat Climate Change: A Consultation Draft Action Plan for Cheshire, 
Cumbria, Greater Manchester, Lancashire, and Merseyside. 

http://www.elsevier.come/locate/landurbplan
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¶ Managing Hydrology 

- Surface Run-off 

Climate change leads to increase of intensity and frequency of winter precipitation by different 
range depending on geographical location. Together with urbanization that is marking by converting 
permeable surface to impermeable (building, roads other hard surface) the amount of surface run-
off will increase, due to several factors. This may lead to flood risk, since the existing urban structure 
will not cope with this incremental trend. άLƴ ƻǊŘŜǊ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ǿƛƴǘŜǊ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 
expected with climate change, green space provision will need to be considered alongside increased 
storageέ.78 

Obstructing the runoff before it reaches the soil surface is decreased due to reduced vegetation 
cover. Likewise, evapotranspiration process is decreased during and after the storm since there is 
less vegetation cover. !ƭǎƻΣ άǘƘŜ infiltration process will be reduced due to change in proportion of 
permeable areaέΣ see Figure 2.3. 79 

 

  

Figure 2.3: Effects of natural and impervious surfaces on the hydrology cycle 

Source:http://www.greeninfrastructurenw.co.uk/resources/GI_&_Hydrology_Report_May_2009.pdf 

In a research by Gill, S.E. et al about Greater Manchester, quantify the potential of the GI in reducing 
surface run-ƻŦŦ ōȅ ǳǎƛƴƎ Ψ{ǳǊŦŀŎŜ wǳƴ-ƻŦŦ aƻŘŜƭΩ ōȅ Whitford, V. Increasing green cover by 10 % in 
άthe residential UMTs reduces runoff from these areas from a 28 mm precipitation event, expected 

                                                           
78 http://ciceet.unh.edu/living_coasts/projects/green_area_ratio.html  
79 Whitfort, V., Ennos, A.R. & Handley, J.F. (2001) LandsŎŀǇŜ ŀƴŘ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΥ ά/ƛǘȅ ŦǊƻƳ ŀƴŘ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎέ ς indicators for the 
ecological performance of urban areas and their application to Mersevside. 

http://www.greeninfrastructurenw.co.uk/resources/GI_&_Hydrology_Report_May_2009.pdf
http://ciceet.unh.edu/living_coasts/projects/green_area_ratio.html
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by the 2080s High, by 4.9 %; increasing tree cover by the same amount reduces the runoff by 
5.7%έ.80 

Whitford, V. Ŝǘ ŀƭ ǳǎŜŘ Ψ{ǳǊŦŀŎŜ wǳƴ-ƻŦŦ aƻŘŜƭΩ ǘƻ ƳŜŀǎǳǊŜ ŘŜŎǊŜŜǎ ƛƴ ǎǳǊŦŀŎŜ Ǌǳƴ-off quantity in 
relation to vegetation cover portion. The storm run-off coefficient has been chosen as performance 
indicator to show the effect of urbanization on hydrology. The following equations have been used: 

( )
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Where:  P: precipitation 

  S: maximum potential retention of the catchment (grater S smaller run-off) 

  CN: curve No. of particular type of watershed. 

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

- Water Resource Management 

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

In this concern, GI is an effective way to manage the water source sustainably especially at the 
ǿŀǘŜǊǎƘŜŘ ŀǊŜŀΣ ǎƛƴŎŜ ƛǘ ŜƴƘŀƴŎŜ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜΦ ά¢ƘŜ ƴŀǘǳǊŀƭ infiltration capabilities of GI 
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 rivers and streams. Enhanced groundwater recharge can also boost the supply 
ƻŦ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŦƻǊ ǇǊƛǾŀǘŜ ŀƴŘ ǇǳōƭƛŎ ǳǎŜǎέ 81. This can be regarded as one of considerable 
mitigation measure for water scarcity problem. 

On the other hand in to this extreme (drought) there is a flood risk in wet weather. GI is a means for 
managing riverine flooding, through providing water storage, retention areas and enhancing 
infiltration capacity. 

άDL ǊŜŘǳŎŜǎ ǎǘƻǊƳ ǿŀǘŜǊ ǊǳƴƻŦŦ ǾƻƭǳƳŜǎ ŀƴŘ ǊŜŘǳŎŜǎ ǇŜŀƪ Ŧƭƻǿǎ ōȅ ǳǘƛƭƛȊƛƴƎ ǘƘŜ ƴŀǘǳǊŀl retention 
and absorption capabilities of vegetation and soils. By increasing the amount of pervious ground 
cover, GI techniques increase storm water infiltration rates, thereby reducing the volume of runoff 
ŜƴǘŜǊƛƴƎ ǘƘŜ ƭŀƪŜǎΣ ǊƛǾŜǊǎΣ ŀƴŘ ǎǘǊŜŀƳǎΦέ 82 This function is quite important since it decrease runoff 
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. GI 
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 Forestry gives 
information on increasing forest cover in a watershed through protection, enhancement, and 
reforestation. Regional Ecosystem Studies conducted by American Forests to give lost forest an 

                                                           
80 Gill, S.E.; Handley, J.F.; Ennos, A.R. & Pauleit, S. (2007) Climate change and cities Adapting Cities for Climate Change: The Role of the 
Green Infrastructure. Built Environment, Vol 33, NO 1. http://www.fs.fed.us/ccrc/topics/urban-forests/docs/Gill_Adapting_Cities.pdf 
81  U.S. Environmental Protection Agency (2008) Managing 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 

http://www.fs.fed.us/ccrc/topics/urban-forests/docs/Gill_Adapting_Cities.pdf
http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
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economic value. For the Baltimore-Washington area it was estimated that tree cover declined from 
51% to 37% between 1973 and 1997. This decrease 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 billion. 83 

Moreover GI is an effective way for managing the quality of water source through storm water 
Ǉƻƭƭǳǘŀƴǘ ǊŜŘǳŎǘƛƻƴǎΦ άDL ǘŜŎƘƴƛǉǳŜǎ ƛƴŦƛƭǘǊŀǘŜ ǊǳƴƻŦŦ ŎƭƻǎŜ ǘƻ ƛǘǎ ǎƻǳǊŎŜ ŀƴŘ ƘŜƭǇ ǇǊŜǾŜƴǘ Ǉƻƭƭǳǘŀƴǘǎ 
from being transported to nearby surface waters. Once runoff is infiltrated into soils, plants and 
ƳƛŎǊƻōŜǎ Ŏŀƴ ƴŀǘǳǊŀƭƭȅ ŦƛƭǘŜǊ ŀƴŘ ōǊŜŀƪ Řƻǿƴ Ƴŀƴȅ ŎƻƳƳƻƴ Ǉƻƭƭǳǘŀƴǘǎ ŦƻǳƴŘ ƛƴ ǎǘƻǊƳ ǿŀǘŜǊέΦ 84 

¶ Managing High Temperatures 

Global warming is the most challenging and serious issue that affecting biotic and abiotic in any 
ecosystem. It is the rise in average global temperature as a result of growing levels of GHG in the 
ŀǘƳƻǎǇƘŜǊŜΦ ά/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǊŜǎǳƭǘǎ ƛƴ ŀ ǘƻǘŀƭ ƛƴŎǊŜŀǎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ лΦтп °C between 1906 
and 2005. However, in the past 50 years temperatures increased by 0.13 °C per decade leading to 
the assumption that global warming is getting faster as time goes by. Temperatures have been 
estimated to rise by up to 3 °C ōȅ ȅŜŀǊ нлрлέΦ 85 

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 
ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǘƘŜ ƴŀǘǳǊŀƭ ƻǊ ǾŜƎŜǘŀǘŜŘ ŎƻǾŜǊΦ ά¢ƘŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǘǊŜŜǎ ŀƴŘ ǾŜƎŜǘŀǘƛƻƴ ƳƛƴƛƳƛȊŜǎ 
their natural cooling effects. Additionally, tall buildings and narrow streets trap and concentrate 
ǿŀǎǘŜ ƘŜŀǘ ŦǊƻƳ ǾŜƘƛŎƭŜǎΣ ŦŀŎǘƻǊƛŜǎΣ ŀƴŘ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎέΦ !ǎ ŀ ǊŜǎǳƭǘ άƛƴ ōƛƎ ŎƛǘƛŜǎ ƛǘ ƛǎ ŎƻƳƳƻƴ ǘƻ 
observe, at the late hours of the nights, air temperatures that are 3ς5 °C (5.4ς9°F) higher than the 
surrounding areas, and in extreme cases, higher by up to 8ς10 °C (14.4ςмуϲCύέΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ 
temperature dependant on character and size of city, population density, geographical and 
meteorological condition land cover percent, built-up urban area, building density and building 
ǘƻǇƻƭƻƎȅΦ !ƴƻǘƘŜǊ ŜŦŦŜŎǘƛǾŜ ŦŜŀǘǳǊŜ ƛǎ ǘƘŜ άǊŀǘƛƻ ƻŦ ōǳƛƭŘƛƴƎ ƘŜƛƎƘǘǎ ǘƻ ǘƘŜ ŘƛǎǘŀƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜƳ 
can have strong effect on the magnitude of the Urban Heat Islandέ86. The trees, green roofs and 
other typology of GI are proving shade, reduce the amount of heat absorbing materials and emit 
water vapor all of which cool hot air, eventually reducing the effect of Urban Heat Island. 87 

The urban greeneries, indirectly but effectively are reducing urban temperature by increasing energy 
efficiency. This lead 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 heat island through 
anthropogenic heat. 88 

In a research by  Gill, S.E. et al, quantify the potential of the GI in reducing temperature by using 
Ψ9ƴŜǊƎȅ 9ȄŎƘŀƴƎŜ aƻŘŜƭΩ ōȅ Whitford, V. Depending on two emissions scenarios, by 2080s there are 
upsurges in maximum surface temperature of between 2°C to 4.3°C in town centers. Adding 10% 
green cover to the city core and high-density residential UMTs, preserves maximum surface 
temperatures at or under the baseline temperatures, but not including the 2080s High emissions 

                                                           
83  Bartens, J. & Mersy Forest Team (2009) Green Infrastructure and Hydrology. Mersy Forest, 

http://www.greeninfrastructurenw.co.uk/resources/GI_&_Hydrology_Report_May_2009.pdf. 
84  http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf 
85 Bartens, J. & Mersy Forest Team (2009) Green Infrastructure and Hydrology. Mersy Forest, 
86 Watson, D., Plattus, A. & Shibley, R. (2003) Time-Saver Standards for Urban Design: Urban Design and Climate. pp, 382. 
87  U.S. Environmental Protection Agency (EPA), Managing Wet Weather with Green Infrastructure, 
http://cfpub.epa.gov/npdes/greeninfrastructure/technology.cfm 
88 Benedict, M.A. & McMahon, E.T. (2002) Green Infrastructure: Smart Conservation for the 21st Century. 

http://www.greeninfrastructurenw.co.uk/resources/GI_&_Hydrology_Report_May_2009.pdf
http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
http://planning.org/apastore/Search/Default.aspx?k=%22Donald%20Watson%22
http://planning.org/apastore/Search/Default.aspx?k=%22Alan%20Plattus%22
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scenario. On the other hand, if 10% green cover is took away maximum surface temperatures by the 
2080s High emissions scenario are 7°C and 8.2°C warmer in compact morphologic setting, compared 
to base temperature scenario at the 1961ς1990, see Figure 2.4. It is worth to mention that the 
degree of impact was less in the area with higher percent of vegetation cover. 89 Another study in 
aǳƴƛŎƘ ŜǎǘƛƳŀǘŜŘ ŀƴ άƛƴŎǊŜŀǎŜ ƻŦ ǘǊŜŜ ŎŀƴƻǇȅ ŎƻǾŜǊ ōȅ мл҈ ǊŜŘǳŎŜŘ ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ on 
ŀǾŜǊŀƎŜ ōȅ мΦп ϲ/έΦ 90 

 

 

*Dashed line shows the temperature for the 1961ς1990 current form case. 

Figure 2.4: Maximum surface temperature for the 98th percentile summer day in town centre, 

with current form and when 10 per cent green cover is added or removed.  

Source: Gill, S.E. et al. 

Whitford, V. Ŝǘ ŀƭ ǳǎŜŘ Ψ9ƴŜǊƎȅ 9ȄŎƘŀƴƎŜ aƻŘŜƭΩ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ŎƻƻƭƛƴƎ ŜŦŦŜŎǘ ƻǊ ΨŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊΩ ƛƴ 
relation to land covers ǇǊƻǇƻǊǘƛƻƴΦ ά¢ƘŜ ƳƻŘŜƭ ǇǊƻŎŜŜŘǎ ōȅ ŜȄǇǊŜǎǎƛƴƎ the surface energy balance of 
an area in terms of its surface temperature, T0, and by linearising all equations. It proceeds from a 
ǎƛƳǇƭŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ŜƴŜǊƎȅ ōŀƭŀƴŎŜ ŜǉǳŀǘƛƻƴέΦ To sum up the ƛƴǇǳǘ ƻŦ άǘƘŜ ƳŜǘǊƻƭƻƎƛŎŀƭ ŀƴŘ 
physical parameters of the model; and the relative amount of green space and built environmentέ ƛǎ 
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 capacity.91 

 

                                                           
89 Gill, S.E.; Handley, J.F.; Ennos, A.R. & Pauleit, S. (2007) Climate change and cities Adapting Cities for Climate Change: The Role of the 
Green Infrastructure. pp (115-133). 
90 Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J. (2005) Urban Forest and Trees. pp94. 
91 Whitfort, V., Ennos, A.R. & Handley, J.F. (2001) [ŀƴŘǎŎŀǇŜ ŀƴŘ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΥ ά/ƛǘȅ ŦǊƻƳ ŀƴŘ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎέ ς indicators for the 
ecological performance of urban areas and their application to Mersevside. 
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¶ Carbon Storage and Sequestration 

The rise of GHG emission in particular Carbon Dioxide due to fuel combustion for perusing activities, 
is in incremental trend in developing countries. This effect can be decreased by many mitigation 
policies. In this context the role of GI types in particular urban forest becoming recognizable. ά¢ƘŜ 
plants and soils that are part of the GI approach serve as sources of carbon sequestration, where 
carbon dioxide is captured and removed from the atmosphere via photosynthesis and other natural 
ǇǊƻŎŜǎǎŜǎέΦ 92 Moreover, trees and vegetation refine 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. GI contributes directly 
to air quality amelioration, and indirectly to energy saving due to decrease in demand for 
mechanical cooling and heating. Indirectly GI also contribute in reducing GHG emission.GI can 
provide opportunities for sustainable travel through the provision of high-quality, off-road walking 
and links. Transportation planning and enhancing more environmental friendly means like public 
ǘǊŀƴǎǇƻǊǘΣ ŎȅŎƭƛƴƎ ŀƴŘ ǿŀƭƪƛƴƎ ōȅ ǇǊƻǾƛŘƛƴƎ ǎƘƻǊǘ ŎƻƳƳǳǘŜ ŘƛǎǘŀƴŎŜΦ ά!ƭǎƻ DL Ŏŀƴ ǇǊƻǾƛŘŜ 
άǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎǊƻǇǎέ ǘƘŀǘ ǎǳōǎǘƛǘǳǘŜ ŦǳŜƭ ŀƴŘ ǿƛƭƭ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴέ93. In this concern UK 
Climate Change Programme (2006) and Energy White Paper "Our energy future ς creating a low 
carbon economy (2003), under the driver of climate change, are adopted two key policy. One of the 
main key policies is Green space production and renewable energy crops (biomass energy 
production) is a contribution to mitigate climate change ςGHG emissions target to 12.5% below 1990 
levels. 94 

IƻǿŜǾŜǊ ǘƘŜ άƻǾŜǊ ŀƭƭ ŘƛǊŜŎǘ ǳǊōŀƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ōȅ ǳǊōŀƴ ǘǊŜŜǎ ŀŎŎƻǳƴǘǎ ŦƻǊ м҈ ƻŦ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴ 
for ǳǊōŀƴ ŀǊŜŀǎέмт ōǳǘ ǎǘƛƭŜ ǘƘŜ ǊƻƭŜ ƻŦ ǳǊōŀƴ ǘǊŜŜǎ ŀǊŜ Ǿƛǘŀƭ ŘǳŜ ǘƻ ƛƴŘƛǊŜŎǘ ŜŦŦŜŎǘΦ ¢ƘŜ ǎŜǉǳŜǎǘǊŀǘƛƻƴ 
function is directly related to the size and type of green or in other words the capacity of up taking 
process. In a study, it has been assessed that the urban forest with around 6 million trees can 
sequester 23800 t of CO2/  year in Sacramento County-California. Also due to indirect energy saving 
for mechanical conditioning 75600 t of CO2 per year have been sequesters. 95 Forests generally have 
significantly higher above-ground 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 178 t C/ha. 96 

The approach ƻŦ Ψ/ŀǊōƻƴ CƛȄŀǘƛƻƴΩ ǉǳŀƴǘƛŦƛŜǎ ǘƘŜ ǊŀǘŜ ƻŦ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ōȅ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
formal from Whitford, V. et al. The land cover map, tree cover and CO2 and pollutant amount have 
been used as input data. With up to 0.13 t H-1 yr-1, well treed area sequestrated more than double 
amount of carbon than areas with poor vegetation.  

Carbon storage (tonnes ha-1) = 1.063* % tree cover 

Carbon sequestration (tonnes ha-1 per year) = 8.275*10-3* % tree cover 

¶ Air Quality 

                                                           
92http://cfpub.epa.gov/npdes/home.cfm?program_id=298 
93  http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf 
94 ECOTEC (2006) City Region Green Infrastructure Strategic Planning, Raising the Quality of the North's City Regions, 
95 Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J. (2005) Urban Forest and Trees. pp98. 
96 Community Forests Northwest (2010) Green Infrastructure to Combat Climate Change: A Consultation Draft Action Plan for Cheshire, 
Cumbria, Greater Manchester, Lancashire, and Merseyside, 

http://www.epa.gov/npdes/pubs/gi_action_strategy.pdf
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Air quality improvement becomes imperative policy in developing countries. άAir pollution is 
currently estimated to reduce the life expectancy in the UK by an average of 7-8 months with 
estimated health costs of up to £20 billionέ ŀǘ ȅŜŀǊƭȅ ōŀǎŜ. One might come across the threshold 
limit for urban air 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 developed country (with different range) 
ŀǊŜ ƛƴ ƛƴŎǊŜƳŜƴǘŀƭ ǘǊŜƴŘ ŦƻǊ ǎƻƳŜ ƪƛƴŘ ƻŦ ǇƻƭƭǳǘŀƴǘǎΦ άaŀƛƴƭȅ ŎŀǊ ƛƴŘǳŎŜŘ Ǉƻƭƭǳǘŀƴǘǎ ǎǳŎƘ ŀǎ bƛǘǊƻƎŜƴ 
oxides; ozone and volatile organic compounds are of major concern in this regard Climate change is 
likely to add further to this problem because rising air temperatures and higher level of radiation can 
ƭŜŀŘ ǘƻ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ hȊƻƴŜ ƛƴ ǘƘŜ ŀƛǊέ 97. The seriousness of this air quality management 
lay in its direct relation to human health, for instance air born pollutant can cause respiratory illness, 
ultraviolet radiation that may led 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 source. Since the source of pollutants is 
ŘƛŦŦǳǎŜ ǎƻ ƻǘƘŜǊ ƳŜŀǎǳǊŜǎ ƭƛƪŜ ΨŜƴƘŀƴŎƛƴƎ ŀƛǊ ŎƛǊŎǳƭŀǘƛƻƴΩ ŀƴŘ ΨǊŜƳƻǾƛƴƎ Ǉƻƭƭǳǘŀƴǘǎ ŦǊƻƳ ǘƘŜ ŀƛǊΩ ŀǊŜ 
taking serious intention. In this regard the role of GI in improving air quality directly and indirectly of 
major concern. 

Different GI type, particularly trees and woodlands, can absorb atmospheric pollutants through leaf 
ǳǇǘŀƪŜ ŀƴŘ ŎƻƴǘŀŎǘ ǊŜƳƻǾŀƭΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŀŘƻǇǘŜŘ ŀǘ ƭŀǊƎŜ ǎŎŀƭŜ ŀƴŘ ƭƻŎŀƭ ǎŎŀƭŜ ŀǎ ǿŜƭƭΣ ǎƻ άLŦ ǿƛŘŜƭȅ 
planted throughout a community, trees and plants can even cool the air and slow the temperature-
dependent reaction that forms ground-ƭŜǾŜƭ ƻȊƻƴŜ Ǉƻƭƭǳǘƛƻƴ όǎƳƻƎύέΦ 98 GI particularly trees provide 
shelter from ultraviolet radiation and more importantly dust capturing function. A research in West 
Midland region of England projected that 25% of airborne pollutants can be reduced by planting the 
available dedicated land with 30000 trees also could reduce excess deaths due to particles in the air 
by up to 140/year 99. Also another study in Nottingham was estimated the woodland to reduce sulfur 
dioxide and nitrogen oxide in the air by 4-5%. 100 Regional Ecosystem Studies conducted by American 
Forests to give lost forest an economic value. For the Baltimore-Washington area it was estimated 
that tree cover declined from 51% 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 year. 101 

This filtration capacity depends on ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ƎǊŜŜƴ ƭŀȅŜǊǎΣ ά²ƛƴŘ ǘǳƴƴŜƭ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƴŘƛŎŀǘŜŘ 
that, in order to obtain equally advantageous effects on the emissions situation of particles and 
gases, a broad planting (>10 m wide) is necessary, which creates intermediary space for wind to pass 
ǘƘǊƻǳƎƘΦ ! ƳƛȄŜŘ ǇƭŀƴǘƛƴƎ ƻŦ ƭŜŀŦȅ ŀƴŘ ŎƻƴƛŦŜǊƻǳǎ ǘǊŜŜǎ ƛǎ ǊŜŎƻƳƳŜƴŘŜŘέΣ ǎŜŜ Figure 2.5. Also 
another important factor is the tree type since a research shows that planting larch, pine and ash 
can help remove tiny polluting particles from the air of towns and cities. But other trees, like willow, 
oak and poplar, could exacerbate pollution. 102 

                                                           
97 Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J. (2005) Urban Forest and Trees. pp93. 
98 http://cfpub.epa.gov/npdes/home.cfm?program_id=298 
99 http://framework.rcuk.ac.uk/Hsoc/hcase.htm 
100 Konijnendijk, C.C., Nilsson, K., Randrup, T B. & Schipperijn, J. (2005) Urban Forest and Trees. pp93. 
101  Bartens, J. & Mersy Forest Team (2009) Green Infrastructure and Hydrology. Mersy Forest.  
102 http://fra mework.rcuk.ac.uk/Hsoc/hcase.htm  

http://framework.rcuk.ac.uk/Hsoc/hcase.htm
http://www.greeninfrastructurenw.co.uk/resources/GI_&_Hydrology_Report_May_2009.pdf
http://framework.rcuk.ac.uk/Hsoc/hcase.htm
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Figure 2.5: Planting of leafy and evergreen trees 

Source: Ministry of Economy Baden-Württemberg, 2008.  

A decrease of about 60% in emissions is usually possible, with efficient dust filtering capacity in 
summer and winter. No intensification of gaseous discharges in winter because of the mixed 
planting of evergreen and leafy trees. GI offers prospects for sustainable travel through the provision 
of high-quality, off-road walking and cycling links. This will directly contribute in reducing air 
pollutant emission in to the air, this regardless of emission reduction through energy saving effect. 

2.2.9.2 Biodiversity 

Biodiversity protection is one of the major topics 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 biodiversity has emerged as a major international issue. 
!ǇǇǊƻȄƛƳŀǘŜƭȅ άфф҈ ƻŦ ŀƭƭ ǎǇŜŎƛŜǎ ǘƘŀǘ ƘŀǾŜ ŜȄƛǎǘŜŘ ƻƴ ŜŀǊǘƘ ŀǊŜ ƴƻǿ ŜȄǘƛƴŎǘέΦ ¢ƘŜǊŜŦƻǊŜΣ it is not 
feasible to reduce all the anthropogenic species extinctions. That is why the serious action to reverse 
ŜȄǘƛƴŎǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŀǘŜ ŀƴŘ ǎŎŀƭŜ ƻŦ ŜȄǘƛƴŎǘƛƻƴΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ άƘƛŜǊŀǊŎƘƛŎŀƭ 
ŀǇǇǊƻŀŎƘέ ǘƻ ǇǊƻǘŜŎǘƛƴƎ ōƛƻƭƻƎƛŎŀƭ ŘƛǾŜǊǎƛǘȅΣ ǿƘƛŎƘ ƛǎ ŀ ǎǇŜŎƛŦƛŎ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƎŜƴŜǊŀƭ ǎȅǎǘŜƳ ǘƘŜƻǊȅΦ 
To identify endangered species and their ecosystem in human dominated landscape, special 
research and investigation should be making throughout the area of interest. The bigger challenge is 
ǘƘŜ ǇƻƭƛŎȅ ǘƻ ǊŜǾŜǊǎŜ ōƛƻŘƛǾŜǊǎƛǘȅ ƭƻǎǎΥ ǎŜǾŜǊŀƭ ŀǇǇǊƻŀŎƘ ƭƛƪŜ άŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎέΣ άƴŀǘǳǊŜ 
ŎƻƴǎŜǊǾŀǘƛƻƴέ ŀƴŘ άƳǳƭǘƛple-ǳǎŜ ƭŀƴŘǎŎŀǇŜέ Ŏŀƴ ōŜ ƛƴǘŜƎǊŀǘŜŘ ǘƻ ŀŘƻǇǘ ŀǎ ŀƴ ŀŎǘƛƻƴ Ǉƭŀƴ ŘŜǇŜƴŘƛƴƎ 
on site specific spatio-ǘŜƳǇƻǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎΦ hƴŜ ƻŦ ǘƘŜ ά{ŎƛŜƴŎŜǎ ǘƻǇ нл ƎǊŜŀǘŜǎǘ Ƙƛǘǎέ ǿƘƛŎƘ ƛǎ ƭƛƪŜ 
ŀ ōŀǎŜ ŦƻǊ ƎŜƴŜǊŀƭ ǎŎƛŜƴŎŜ ǎǘŀǘŜǎ ά !ƴ ŜȄǇŀƴŘŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ōƛƻŘƛǾŜǊǎƛǘȅ ǎƘƻuld include genetic and 
ƭŀƴŘǎŎŀǇŜ ŘƛǾŜǊǎƛǘȅΣ ƴƻǘ Ƨǳǎǘ ǎǇŜŎƛŜǎ ŘƛǾŜǊǎƛǘȅέ ¢ƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǇǊotecting policy should be at the 
landscape scale since the assortment ƻŦ ǎǇŜŎƛŜǎ ŘŜǇŜƴŘ ƻƴ άǎƛȊŜΣ ǾŀǊƛŜǘȅΣ ŀƴŘ ŘȅƴŀƳƛŎǎ ƻŦ 
ǇŀǘŎƘŜǎέΦ103  The ecological network concept implemented as an ideal spatial strategy at wide scales 
counting ŎƻƴǘƛƴŜƴǘǎΣ ƴŀǘƛƻƴǎ ŀƴŘ ǊŜƎƛƻƴǎΦ IƻǿŜǾŜǊΣ ƛǘ άƘŀǎ ŀƛƳŜŘ ǇǊƛƳŀǊƛƭȅ ŀǘ ƳŀƛƴǘŀƛƴƛƴƎ 
biodiversity and has been rarely applied in urban contexts. This trend is changing with a focus on 
urban envƛǊƻƴƳŜƴǘǎ ǘƘǊƻǳƎƘ ǘƘŜ DL ƳƻǾŜƳŜƴǘέΦ 104

  

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 is connectivity and integrity through green corridors or links to make them more 
viable. GI reverse habitat fragmentation and increase biodiversity to restore functioning ecosystems 

                                                           
103  Samson, F.B., & Knopf, F.L. (1996) Ecosystem Management, Selected reading: Biodiversity and Ecosystem Function (Paul G. Risser). 
pp424, 331, 281, 282. 
104 Ahern, J. (2007) Green infrastructure for cities: The spatial dimension. 
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that underpin a rich wildlife resource. Moreover, άDL ǎƘƻǳƭŘ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜd by native species of 
ŦƭƻǊŀ ŀƴŘ ŦŀǳƴŀΣ ŀƴŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ōȅ Ƙŀōƛǘŀǘǎ ŀƴŘ ǎǇŜŎƛŜǎ ǘƘŀǘ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǘƘŜ ŀǊŜŀέΦ 105 

DL Ŏŀƴ ƭƛƴƪ άŦǊŀƎƳŜƴǘŜŘ Ƙŀōƛǘŀǘǎ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎ ǘƻ ƳŀƪŜ ǘƘŜƳ ƳƻǊŜ viable restore 
degraded sites and habitats, create new wildlife havens, and provide new spaces for recreation to 
reduce human impact on sensitive sites. GI networks can support the dispersal and migration of 
individual species and whole habitats, either as part of a regular movement pattern or through 
migrations in response to climate changeέ.106 

¢ƘŜ ǇǊƻǘŜŎǘƛƻƴ ƴŜŀǊōȅ ǳǊōŀƴ ŀǊŜŀǎ ƛǎ ŀƭǎƻ ƻŦ ƎǊŜŀǘ ƛƳǇƻǊǘŀƴŎŜ ǘƘŀǘ ƛǎ ǿƘȅ άŎŀǊŜŦǳƭƭȅ ǇƭŀƴƴŜŘ ƎǊŜŜƴ 
ΨōǳŦŦŜǊǎΩΣ ŀƭƻƴƎ ǿƛǘƘ ƻǘƘŜǊ ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎΣ ǿƛƭƭ ƻŦǘŜƴ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ǇƘȅǎƛŎŀƭƭȅ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭƭȅ 
distance new development from sensitive sites, protecting them not only from disturbance but also 
ŦǊƻƳ ǇƘȅǎƛŎŀƭ ŎƘŀƴƎŜǎ ǇǊƻŘǳŎŜŘ ōȅ ŎƘŀƴƎŜǎ ǘƻ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƻǊ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇŀǘǘŜǊƴǎέΦ 107 

2.2.9.3 Landscape Heritage and Historic Environment Conservation 

This category is a combination of natural and manmade legacy. It consists of land, which includes 
landscapes of άhistoric, recreational, nature conservationέ, high visual qualities of the landscape or 
valuable habitat at high spatial tiers (metropolitan or national scale). So the strategy for reservation 
enhancement and restoration can be achieved with GI wide scope. 

The conservation and protection policy of areas designated for their special landscape and/or 
ōƛƻŘƛǾŜǊǎƛǘȅ ƛƳǇƻǊǘŀƴŎŜ άbŀǘƛƻƴŀƭ tŀǊƪǎΣ !ǊŜŀǎ ƻŦ hǳǘǎǘŀƴŘƛƴƎ bŀǘǳǊŀƭ .ŜŀǳǘȅΣ /ƻǳƴǘǊȅ Parks, Special 
Areas of Conservation, Special Protection Areas, Sites of Special Scientific Interests, Ancient Semi-
bŀǘǳǊŀƭ ²ƻƻŘƭŀƴŘ ŜǘŎΦέ ŀǊŜ ƳƻǊŜ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ ŀƴŘ feasible than restoration strategy. Moreover, it 
will improve the productivity of tourism, creative and leisure industries, which will enhance 
economic growth. 

άDL ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǘƘŜ ƘƛǎǘƻǊƛŎ ŘƛƳŜƴǎƛƻƴ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ 
landscape, including particular historic assets Historic environment management plans should be 
produced for historic assets identified within GI networks, including options for conservation, 
enhancement and recrŜŀǘƛƻƴŀƭ ŀƴŘ ƭŜƛǎǳǊŜ ǳǎŜέΦ aƻǊŜover, these sites should be avoided in the all 
kind of development as well as ensuring their accessibility through GI network and links.  

ά¢ƘŜ IƛǎǘƻǊƛŎ 9ƴǾƛǊƻƴƳŜƴǘ !ǎǎŜǎǎƳŜƴǘ ǳǎŜǎ ǘŜŎƘƴƛǉǳŜǎ ƻŦ IƛǎǘƻǊƛŎ [ŀƴŘǎŎŀǇŜ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ όI[/ύ 
with technical consideration of historic buildings and archaeological sites to consider the 
implications of future expansion and /or reservationέ. 108 

2.3  Introduction to Basic Green Infrastructure Typology109  

GI includes a wide range of typology, which differ to respective spatial level and hierarchical scale of 
urban areas. Mainly site scale, metropolitan scale and regional scale are classified. Accordingly and 
depending on the scope of the study certain typology is highlighted under this section. 

                                                           
105 Ahern, J. (2007) Green infrastructure for cities: The spatial dimension. 
106 Natural England & tcpa (2008) The Essential Role of Green Infrastructure: Eco-towns Green Infrastructure Worksheet 
107 Natural England & tcpa (2008) The Essential Role of Green Infrastructure: Eco-towns Green Infrastructure Worksheet 
108 Natural England & tcpa (2008) The Essential Role of Green Infrastructure: Eco-towns Green Infrastructure Worksheet 
109 Green Infrastructure Wiki, Green Infrastructure Assets, http://www.greeninfrastructurewiki.com/ 
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