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Climate change threatens our world. Now we have to listen to the warnings of nature and 
take precautions without delay. We have to fulfill our responsibilities to save the future of 
the world starting from the cities we live in.

According to the Intergovernmental Panel on Climate Change (IPCC), the increase in 
carbon dioxide is primarily due to the use of fossil fuels. A notable second most important 
factor is the change in land use, particularly deforestation. As a result of the impact of 
human activity on the atmosphere, it has been shown that global average temperatures 
are increasing constantly. The main reason for global climate change is the increase in 
greenhouse gas emissions as a result of human activities.

Acting with this awareness, we became a party to the Covenant of Mayors initiated by 
European Community. We have committed to reducing carbon dioxide emissions by 20 
percent by 2020. İzmir which is among with European frontier cities with environmental 
projects has been involved in the climate change prevention program for the province of 
İzmir and its surroundings with the “Green Re-vision: A Framework for the Resilient Cities 
Project” supported under “The Capacity Building in the Field of Climate Change in Turkey 
Grand Scheme” funded by European Community and the Republic of Turkey.

In the project, climate models were created by using the moderately optimistic and the 
most pessimistic climate scenarios for İzmir and the surrounding within 2050-2100 period. 
Urban green infrastructure system strategies and practical suggestions were developed. In 
this context, we prepared a guide book with recommendations for Izmir as a city adaptable 
to climate change.

I hope that “A Framework for Resilient Cities to Climate Change: Green Revision Guidebook” 
will lead the province of İzmir into the right direction in the fight against climate change.

Yours Sincerely,

Aziz KOCAOĞLU
Mayor of İzmir Metropolitan Municipality





Increases in Global temperatures, anomalies in rainfall patterns and increases in extreme 
weather events have been verified by increasing numbers of quality research. It is widely 
accepted that these changes will have some consequences in Future. To this end, we are 
now more concerned with the magnitude and extent of possible future changes in climate 
than whether or not these changes will occur. 

We, as humans, are dependent upon the Earth system; a system that is shaped by climate 
and managed by climatic events. If it is the climate that determines productivity of forests 
and ocean systems, existence of freshwater resources, amount and diversity of crops we 
produce, then we are strongly dependent upon climate.

Since significant proportion of human populations has increasingly moved to urban areas, 
cities will be the areas where we will face severe impacts of climate change. We will be 
forced to use water more efficiently due to increasing drought. We will need to be well 
prepared to rainfall anomalies and the consequences of extreme weather events. We will 
also need to develop ecological infrastructures that mitigate impacts of climate change in 
urban areas.

We take climate-Earth interactions into consideration in this Project. We considered 
ecosystem services and green infrastructure as means to create a city resilient to the 
impacts of climate change. When we do this, we reviewed good examples and cases of 
more experienced countries in this respect. We created in-depth models for land cover, 
urbanization and climate change upon which we described relationships between green 
infrastructure and ecosystem services. Finally, we developed proposals for the city of İzmir 
to facilitate its adaptation to climate change.

As Landscape Research Association (PAD), we have been directing our efforts towards 
research, application and dissemination methodologies that strengthen accordance of 
human relationships with ecological systems and processes in urban and rural landscapes 
since 2012. Mitigation projects and applications that help to reduce impacts of climate 
change on communities are among our top-priority actions. I wish the integrated approach 
that combines different research and proposals as presented in this text will be the first 
guidebook to create cities that are more resilient to climate change.

Prof. Dr. Hakan ALPHAN
President of Landscape Research Society (PAD)
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The Earth system is composed of landscapes that include natural ecosystems such as forests and/or cultural 
ecosystems such as urban areas. Climate is the result of both Earth’s physical surface attributes and atmospheric 
chemistry and physics. Human activities and the ways that they use these surface attributes create consequences 
for the Earth and the Earth affects these activities. From these points of views, it is clear that surface dynamics 
of the Earth, climate and human land uses are interrelated. To this end, proper analysis of these components is 
necessary to develop adaptation strategies for the consequences of climate change.

It is widely accepted that impacts of climate change will create consequences on a global scale and that they 
will also lead to large-scale environmental changes and land degradation. On a regional scale, these negative 
impacts are expected to occur in a more heterogeneous pattern. In this respect, it is clear that environmental 
risks on human environment will increase and that green infrastructure should be enhanced as a precaution to 
secure community health and comfort. For this purpose, it is required to develop advanced models and determine 
regional and local risk limits in order to understand current and potential future impacts of climate change.

Climate change cannot be considered as synonym of global temperature rise. Climate change concept that 
determines processes affecting landscape-level ecological systems has close associations with the location, 
magnitude and extent of environmental change phenomena. For many of the environmental change phenomena 
resulting from climate change it is critically important to determine current environmental state at national and 
regional levels in order to develop effective planning proposals.

Atmospheric concentrations of CO2 , H2O, O3 , CH4, N2O and other greenhouse gases such as synthetic CFCs 
increase due to anthropogenic activities such as increasing use of fossil fuels, deforestation and land use change. 
This trend cause global climate change. Global consensus was first established during the First World Conference 
on Climate in 1979. This process has evolved with International Panel on Climate Change (IPCC) in 1988, Kyoto 
Protocol in 1997, Marrakech Declaration in 2001 and Delhi Ministerial Declaration in 2002. Most important of these 
steps is Koyoto Protocol adopted in 1997. Turkey has been involved in above mentioned development process that 
deal with climate change and it has ratified the UNFCCC in 2004.

Traditional methods generally fall short for meeting the contemporary data analysis needs such as high spatial/
thematic accuracy and faster analysis for monitoring increasingly complex global environmental problems.  For 
this reason, comprehensive analyses were conducted using geo-spatial data handling and analysis approaches in 
order to develop proposals with regard to the potential of green infrastructure for creating urban (landscapes) 
that is more resilient to the impacts of climate change. Developing a framework that makes the city of İzmir more 
resilient to climate change, building capacity of the target groups and stakeholders for climate change action, 
increasing public awareness about climate change by disseminating knowledge and information gained within 
the Project are among the other aims of this Project. This Project is co-financed by the Republic of Turkey and the 
EU, with Republic of Turkey Ministry of Environment and Urbanisation and Central Financing and Contracting Unit 
(CFCU) as beneficiary and contracting bodies, respectively. The Green Re-vision: A Framework for the Resilient 
Cities Project is supported under the Capacity Building in the Field of Climate Change Program with contract 
number TR2013/0327.05.01-02/099 and it is conducted by Izmir Metropolitan Municipality and Landscape 
Research Society (PAD). Society For Urban Ecology (SURE) took part as contributor.

INTRODUCTION
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Climate Change Model for İzmir

Climate models as one of the most important tools for projecting climate changes aim to provide an approximation 
to future climate comditions on the basis of current observations and trends. In this Project, climate models are 
produced for 2050-2100 under different climate scenarios.

Land Cover Change Modeling

Quantification of land cover changes and projection of future land cover have vital importance in order to develop 
adaptation strategies for climate change. In this Project, land cover changes between the past and present dates 
(i.e., 1955-1965 and 2015-2017) are mapped and land cover change is projected for 2050.

Ecosystem Services

Urban ecosystem services are ecological, economic and socio-cultural benefits that urban green spaces provide 
for the use of humans and other living organisms. Rainwater retention, carbon sequestration and air purification 
capacities are calculated using quantitative methods in the case of Balçova district. A final map for urban 
ecosystem services is produced.

The scope of the Project is to develop proposals based on climate change adaptation experiences from other 
countries and the outcomes of geospatial models that take interactions between human land uses, climate and 
earth systems into consideration. In this respect, the text starts with a quick review of good examples from 
Mediterranean countries such as Italy and Spain. This section is followed by analyses and discussion under the 
topics given below:



SECTION 1
EXAMPLES OF BEST 
PRACTICES FOR GREEN 
INFRASTRUCTURE



Green Infrastructure,  can broadly be defined as “a strategically planned network 
of high quality natural and semi-natural areas with other environmental features, 
which is designed and managed to deliver a wide range of ecosystem services and 
protect biodiversity in both rural and urban settings”.
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1.1. Green infrastructure: Conceptual Basis
Green infrastructture has received an increasing attention in developing and developed countries. One of the 
reasons for this increase is that the communities’ demand for the services provided by green infrastructure is 
growing. Public awareness on the key functions of green infrastructure that hold a potential for mitigating the 
effects of climate change creates a basis for development of this ecosystem component. 

Green Infrastructure, 
can broadly be defined as “a strategically planned network of high quality natural and semi-natural areas 
with other environmental features, which is designed and managed to deliver a wide range of ecosystem 

services and protect biodiversity in both rural and urban settings”.

More specifically GI, being a spatial structure providing benefits from nature to people, aims to enhance nature’s 
ability to deliver multiple valuable ecosystem goods and services, such as clean air or water [1]. This will in turn 
lead to the following:

•	 Foster a better quality of life and human well-being, for instance by providing a high quality environment in 
which to live and work.

•	 	 •	 Improve	biodiversity,	 for	 instance	by	 reconnecting	 isolated	nature	areas	and	 increasing	 the	mobility	of	
wildlife across the wider landscape.

•	 	•	Protect	us	against	climate	change	and	other	environmental	disasters,	 for	 instance	by	alleviating	floods,	
storing carbon or preventing soil erosion.

•	 	•	Encourage	a	smarter,	more	integrated	approach	to	development	which	ensures	that	Europe’s	limited	space	
is utilised in as efficient and coherent a way as possible 

1.2. Examples of good practices

1.2.1. Spanish Experience
Concept of Green Infrastructure is incorporated quite explicitly in various places in existing national legislation. 
Law 42/2007 (Natural Heritage and Biodiversity) imposes a general obligation for the autonomous regions to 
take measures aimed at ensuring environmental connectivity, while various regional laws focus on connectivity of 
natural areas. Prior to adopting Law 42/2007, autonomous communities had already introduced some initiatives 
to develop corridors.

The focus of Spanish policy is to implement measures ensuring connectivity between existing protected 
areas rather than promoting the development of a comprehensive and coherent ecological network. Green 

infrastructure is included in regulations regarding to ecosystem services. 

The Spanish Strategy for its Coastal Zone relates to Green Infrastructure through two fundamental challenges: 
restore physical functionality in the natural coastal zone and adapt to climate change. Action 5 of the EU 
Biodiversity Strategy to 2020 calls on Member States to work on the “Mapping and Assessment of Ecosystems 
and their Services” (MAES). Spain has completed a national assessment following the concepts of the Millennium 

EXAMPLES OF BEST PRACTICES FOR 
GREEN INFRASTRUCTURE
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Ecosystem Assessment (MA). 2 

In this regard, Spanis strategy refers to green infrastructure in order to 
•	 restore physical functionality of natural coastal areas and 
•	 adapt climate change.

1.2.1.1. Barcelona Green Infrastructure and Biodiversity Plan 2020 2 

Barcelona is one of the most densely populated 
cities in Europe. Whilst it has a relatively low ratio of 
green space per inhabitant, it has more street trees 
than most other European cities: currently around 
161,423 trees of 150 different species line the streets 
of Barcelona.

The ‘Barcelona Green Infrastructure and Biodiversity 
Plan 2020’, which was released in 2013, lists over 
70 projects and actions with the following aims: 
provide environmental and social services, introduce 
nature into the city, increase biodiversity, increase 

connectivity among patchy Green Infrastructure and make the city more resilient. Ongoing Green Infrastructure 
projects and biodiversity projects are: Green Corridors Network, urban allotments with eco-gardening, habitat 
conservation (artificial reefs) and species conservation (protection of amphibians in urban ponds and protection 
of urban birds). There are artificial reefs in the Mediterranean Sea south of Barcelona to restore marine biodiversity; 
this pioneer project aims at facilitating the reproduction of species and benefitting traditional fishing methods. 
Two principal practices are central to the Barcelona Green Infrastructure and Biodiversity Plan 2020. These are:

•	 to ensure connectivity of green infrastructure and 

•	 to restore naturalness of the city 3. 

In this respect one of the leading practices is ecological corridors.

•	 Green corridors, in which pedestrians and and bicycle users have priorities are the means that are described 
as vegetated corridors in urban fabric and that provide connectivity between green areas.

•	 Green corridors are of strategic importance in terms of creating liveablae and healthy city.

Opportunity areas is another conceptt.  These areas may exist all around the city. However, their size and type may 
differ from one site to another. These areas include

•	 barren areas

•	 roofs

•	 building terraces

•	 and the other areas thay may support flora and fauna 

Opportunity areas create opportunities to increase biodiversity and the amount of green spaces. Hence, 
opportunity areas help to provide healthier and more comfortable environments 4.

1.2.1.2. Vitoria-Gasteiz

The municipality Vitoria-Gasteiz started a project in the 1990s to restore and recover the outlying areas of the city. 
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The project aimed to restore the Vitoria urban periphery, both from an ecological and a social point of view, 
with a focus on flood prevention. It also aims to create a Green Belt containing peri-urban parks of high 

ecological and landscape value strategically linked by eco-recreational corridors.

In Vitoria-Gasteiz there are five implemented and two planned parks. These parks include Wetlands of International 
Importance and Sites of Community Importance that are included in the Natura 2000 network. In 2012, the city 
received the title of European Green Capital. 

The Urban Green Infrastructure System of Vitoria-Gasteiz seeks the following general objectives5:

•	 Foster the biodiversity of the city, by increasing the spatial and functional connectivity between urban and 
periurban green spaces. 

•	 Increase ecosystem services in the city, by favouring urban metabolism processes more in line with natural 
processes, reducing the consumption of natural resources. 

•	 Integrate ecological and hydrological processes and flows into the urban developed network through 
adequate planning.

•	 Reduce urban heat islands, prevent climate change and improve conditions and processes to adapt to this. 
Increase the resilience of the region and reduce its vulnerability. 

•	 Promote public use compatible with green spaces, increase opportunities for leisure and recreation, increase 
accessibility and country-city connections, preserve the cultural heritage and traditional landscapes and 
increase a sense of identity and belonging. 

•	 Create environments that favour health, collective well-being and the general habitability of the city.

•	 Create an awareness of the nature-biodiversity/society relationship and, in particular, of the goods and 
services of ecosystems, including their economic valuation. 

•	 Contribute to economic development through green employment.

Two examples of projects that were carried out are:

transforming a section of the Zadorra riverbanks into a large natural park integrated in the Green Belt, as a 
leisure area and at the same time as a flooding space for the river and 

diverting the southern streams away from the sewage system into the Salburía Wetland to recover the 
wetland and integrate it in the Green Belt

1.2.1.3. Deva River

Deva is a river in Northern Spain, flowing through the Autonomous Communities of Cantabria and Asturias until 
it joins the Cares River and flows into the Atlantic Ocean. Extensive rates of erosion on the right bank of the river 
caused damages on the coastal forests. On the other hand, presence of vegetation leads to reduction in flow rates.  

Aims of this Project are to promote development of forest along the river and protect the right bank of the 
river from further erosion.

1.2.1.4. The Madrid+ Natural Project

The Project is part of a collaborative assessment to the local City Hall and includes ideas for greening buildings, 
infrastructures and open spaces in the city of Madrid. Madrid + Natural” consist on a series of guidelines to 
tackle the global concern of climate change through multiple local solutions. This report provides multiple nature 
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based solutions to regulate Madrid’s urban environment and respond to problems like pollution, heavy storm 
events, draught, periods of abnormally hot temperatures or local biodiversity loss. Some of the practices in this 
Project are, green walls and roofs, river restoration, permeable pavements, urban agriculture, urban forests ans 
sustainable drainage systems 6.

1.2.1.5. Green Infrastructure applications of Biodiversity Information System for Europe in Spain

Valencia’s Landscape Policy has an interconnected network made up of landscapes with greater environmental, 
cultural and visual value that will become the basic ecological structure of the region. The city has announced 
a resolution in 2015 introducing an Action Plan for GI in the Comunitat Valenciana. GI will be consolidated from 
initiatives such as the Valencian network of protected natural areas or the Natura 2000 network, incorporation of 
other landscapes of cultural and visual value and critical areas of the territory with restrictions for urbanization, 
such as flood zones, areas with high risk of erosion, recharge areas of aquifers, etc. The set of these spaces will be 
bound together territorially by means of ecological corridors and functional connections4. 

The rain water management based on GI in the municipality of Benaguasil won the city the Sustainable City Award 
2016 in the category of the water cycle.

This Project supports the idea of sustainable rainwater management by sustainable urban drainage 
systems. In this respect, this system is a green infrastructure model that promotes retention and infiltration 

of rainwater. For this purpose urban areas were renewed by construction of extented vegetation cover, 
drainage ditches, permeable pavements, rain gardens, detention rafts and rainwater harvesting depots.

In 2016, the city of Burgos celebrated ‘more than 80 years of renaturalisation’ in the city: its Burgos green belt. 
This successful urban initiative is seen as a good practice case representing a long history of adequate supporting 
policies and legislation, combined with appropriate management measures, ongoing and new initiatives in order 
to ensure the continued territorial space and good ecological status of the green belt [7]. The city of Zaragoza 
utilised a LIFE project to start promoting GI initiatives around the city: the project entitled ‘creation, management 
and promotion of GI in Zaragoza’, a EUR 2 billion project running from 2013 to 2017. 

Project aims to improve the quality of GI by designing and managing Zaragoza’s GI by structuring it around 
a ‘blue matrix’ of infrastructure including rivers, riversides and wetlands, and a ‘green matrix’ focusing on 

forest and steppe areas. The aim is to improve the ecological status of both areas as well as their inter-
connectivity and coherence to provide a multifunctional resource.

1.2.2.Italian Experience

The concept of Green Infrastructure was first introduced in Italy in December 2013 by the Ministry of the 
Environment as part of its national conference “La Natura dell’Italia”. The objective of this conference was to 
kick-start the economy focusing on Italy’s natural capital and protected areas and highlighting the importance 
of Green Infrastructure in a green economy context for the National Biodiversity Strategy. Currently, the Italian 
Ministry of the Environment is responsible for implementing the Green Infrastructure Strategy at the national 
level, within the broader context of the European Biodiversity Strategy for 2020. Accordingly, the Ministry has 
commissioned the Italian Botanical Society (SBI), with a working group from La Sapienza University of Rome and 
the Interuniversity Research Centre “Biodiversity, Plant Sociology and Landscape Ecology” to develop: 

•	 A methodological framework for identifying ecosystem restoration priorities and promoting Green 
Infrastructure in Italy; 

•	 A restoration project on freshwater ecosystems making use of Green Infrastructure; and 

•	 Two Green Infrastructure pilots for the urban and peri-urban context of the Metropolitan Area of Rome [8].  
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Generally, the concept of Green Infrastructure as promoted in Italy, is linked to ecosystem services and green 
economy.

Italy considers Green Infrastructure as a means to strengthen biodiversity conservation, promote and enhance 
natural capital, in order to develop a greener economy. The implementation should start from protected areas, 
which are crucial to conserve natural capital, implement sustainable tourism and implement traditional forms of 
agriculture and industry, since these activities are well suited for developing a green economy.

Action 5 of the EU Biodiversity Strategy to 2020 calls Member States to work on the “Mapping and Assess the 
state of Ecosystems and their Services” (MAES). Italy started assessing its national ecosystems in 2014 and has 
recently completed its biophysical evaluation with the production of the map of Italy’s ecosystems.

1.2.2.1. Corona Verde (Green Crown) 

“Corona Verde” (Green Crown) is a strategic project implemented in the metropolitan and surrounding (hilly) 
area of Turin, involving 93 municipalities. It was launched by the Piemonte Region and the “Politecnico di Torino” 
University 8.

The project aimed to set-up a Green Infrastructure that integrates the “Corona di Delitie” (Crown of 
Delights), a system of royal residences from the sixteenth and seventeenth century spread out across the 

city of Turin, with the city’s green belt including metropolitan parks, rivers and rural areas.

1.2.2.2. Green Infrastructure for Sustainable Energy in Modena (Piano di azione per l’energia sostenibile)

In 2010, the city of Modena put in place a plan of action for sustainable energy (SEAP). It is part of a bigger ini-
tiative of local Italian municipalities called “Patto dei Sindaci” that many mayors signed in 2008. The project’s 
objective is to requalify its territory according to sustainable development criteria and to pursue energy efficiency 
goals and a CO2 reduction of 20% by 2020. Urban greening is part of the plan. An increase in urban forest of 127.5 
ha is planned between 2011 and 2020. 

1.2.2.3. Ecological Network Across the Lombardia Region (Progetto di rete ecologica regionale)

The project focuses on the importance of protecting biodiversity by creating an ecological network which 
safeguards pieces of land that were not included in the regional protected areas. The objective is to maintain and 
restore a connection between the flora and fauna where fragmentation occurs.

1.2.2.4. Green Infrastructure Applications of Biodiversity Information System for Europe

Green Infrastructure Applications of Biodiversity Information System for Europe in Italy are as follows 4 

The Ecological Network of Rome Municipality

The ecological network concept was introduced in the urban planning of Rome municipality in 2003. 

The New General Masterplan, approved in 2008, is structured around three components: the environmental 
system, defining the protection and enhancement of the environment and of the cultural heritage of the 

city; the infrastructural system, focusing on the development of the railway infrastructures; and the urban 
and metropolitan system, planning for and setting the limits of urban development.

Constructed Wetlands as Multipurpose Green Infrastructure in Gorla Maggiore:

•	 The project tested the feasibility of using green infrastructure, instead of traditional grey infrastructure, to 
treat sewage overflows in Gorla Maggiore, a municipality of ca. 5000 inhabitants in the Lombardia Region. 
The GI developed consists of a set of constructed wetlands surrounded by a park on the shore of the Olona 
River in an area previously used for poplar plantation. 
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Green infrastructure in Gorla Maggiore includes:

•	 pollutant removal area with a grid, a sedimentation tank and four vertical sub-surface flow constructed 
wetlands; 

•	 a surface flow constructed wetland with multiple roles, e.g. pollution retention, flood buffer, maintenance of 
biodiversity and recreation; and a recreational park with restored riparian trees, green open space, information 
panels, walking and cycling paths, etc. 

Expected outcomes from the Project are as follows:

•	 improved management of water resources for the benefit of people and biodiversity. 

•	 providing evidence that GI, besides complying with the existing water regulations, provides additional services.

•	 providing the regional government, the main sponsor of the project, with a cost-benefit analysis that can be 
replicated to analyse the potential impact of such interventions in other locations.

The Tree Database of Padua

The city of Padua has been collecting information on street trees since 1999. Since 2013, data collection also 
includes trees that grow inside public green areas (urban parks and gardens). Data are collected on the ground 
by trained and experienced surveyors using mobile devices and paper forms, and all records are checked for 
accuracy. 

This information combined with the size of every tree species population delivers sound estimates for services 
such as air quality regulation and micro-climate regulation. The data are also very useful for validating models 
based on land cover and land use alone and thus help reduce uncertainty 2, 8.

GreenSurge Project

Italy is currently involved in the EU co-financed GreenSurge project, which will identify, develop and test ways of 
linking green spaces, biodiversity, people and the green economy in order to meet the major urban challenges 
related to land use conflicts, climate change adaptation, demographic changes, and human health and wellbeing. 
Moreover, three Italian cities (i.e. Padua, Rome and Trento) represent case studies for green infrastructure projects 
supported by the EU 9.
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URBAN GreenUP

The city of Mantova participates in the Horizon 2020 project URBAN GreenUP which aims to obtain a tailored 
methodology to support the co-development of Renaturing Urban Plans focused on climate change mitigation 
and adaptation and efficient water management, and to assist in the effective implementation of Nature-Based 
Solutions.

Urban Nature Labs (UNaLab)

Genoa participates in the Horizon 2020 project Urban Nature Labs (UNaLab) which aims to develop a robust 
evidence base and European framework of innovative, replicable, and locally-attuned nature-based solutions (NBS) 
to enhance the climate and water resilience of cities. UNaLab focuses on urban ecological water management, 
accompanied by greening measures and innovative and inclusive urban design.

Green Cities for Climate and Water Resilience, Sustainable Economic Growth, Healthy Citizens and 
Environments/GrowGreen

Modena participates in the Horizon 2020 project Green Cities for Climate and Water Resilience, Sustainable 
Economic Growth, Healthy Citizens and Environments (GrowGreen) which aims to deliver systemic changes to the 
long-term planning, development, operation and management of seven cities through the use of nature-based 
solutions (NBS), in order to deliver quantified improvements in climate and water resilience, social, environmental 
and economic performance.



SECTION 2
MODELLING CLIMATE CHANGE



Climate models are the models that cover large areas 

In order to develop local solutions for adapting climate change, downscaling is 
required on local scales

Land cover change dynamics need to be modeled

Ecocsystem services that are provided from this cover also need to be modeled

High-level of adaptation to climate change may be possible through the guidelines 
that integrate knowledge and information extrated from above mentioned 
processes

For this reason, climate change is modeled for the city of Izmir as a very beginning 
stage of the process of preparing guidelines.
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2.1. Development of Climate Change Research
The Intergovernmental Panel on Climate Change (IPCC) was launched in 1988 by the World Meteorological 
Organization (WMO) and the United Nations Environment Program (UNEP) in order to guide the decision makers, 
evaluate the current scientific, technical and socio-economic knowledge and studies in the field of climate change 
and to adapt and mitigate climate change impacts.

The IPCC has been continuing its mission with the support of 95 IPCC member countries from United Nations 
Environment Program (UNEP), and the World Meteorological Organization countries including Turkey.

The IPCC also prepares specific reports or technical assessments on specific issues addressed by the Conference 
of the Parties to the United Nations Framework Convention on Climate Change (UNFCCC) or the Scientific and 
Technological Assistance Committee. The studies of the panel in the field of methodology play an important role 
in the preparation of guidelines for the establishment of the greenhouse gas inventories of the parties. Reports are 
used as main reference sources in the negotiations and working groups can be formed in certain periods according 
to the needs. Every 5 to 7 years, the Assessment Reports, which are compiled to indicate the current situation 
of the world’s climate system, are shared with the press and decision makers. Five reports were published so far: 

•	 Report	1.	1990	(appendix	1992)	(FAR),
•	 Report	2.	1996	(SAR),
•	 Report	3.	2001	(TAR),
•	 Report	4.	2007	(AR4),
•	 Report	5.		2014	(AR5).

The IPCC’s 5th Assessment Report (AR5) has been prepared since 2007 and has been approved in 2014. The 
report was the result of more than 30 thousand pages of studies evaluated by 900 scientists based on the 
Working Group I (WGI) Physical Science Base, Working Group II (WGII) Impacts, Adaptation and Sensitivity, 
Working Group III (WGIII) Climate Change Mitigation Reports, for the policy and decision-makers.

IPCC decided to set up new climate change scenarios based on new concentration scenarios for the 5th Assessment 
Report of IPCC at the experts meeting in the Netherlands in 2007 (Figure 2.1).

MODELLING CLIMATE CHANGE
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Figure 2.1. Climate change scenario process 10

2.1.1. Groups in the New Process

IAM groups: Integrated assessment model groups, Socio-economic scenarios

CMC groups: Climate model groups (communities)

IAV groups: Impact, adaptation and vulnerability assessment groups

The Kyoto Protocol is the international framework for the combat against global warming and climate change. It 
was signed in the frame of United Nations Framework Convention on Climate Change.

The aim of the Kyoto Protocol is to ensure that the greenhouse gasses in the atmosphere remains stable. The 
Intergovernmental Panel on Climate Change estimates a temperature increase from 1.4 °C to 5.8 °C between 1990 
and 2100. It is expected that if Kyoto Protocol implemented successfully, this increase will remain between 0.02 
and 0.28 °C.

The Kyoto Protocol was adopted in 1997 and entered into force in 2005. Turkey became a party to the Protocol 
in 2009 (Figure 2.2).

Figure 2.2. World’s participation in the Kyoto Protocol

2.1.2. Working Group on Coupled Modeling (WGCM) 

WGCM was initiated and financed by International Science Council (ISCU); The World Meteorological Organization 
(WMO) and the United Nations Educational, Scientific and Cultural Organization (UNESCO). One of the most 
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important projects developed by this organization was the Coupled Model Intercomparison Project (CMIP). The 
Project results were utilised by the IPCC. In September 2008, 20 different climate modeling groups were brought 
together in order to coordinate the new generation climate model studies from the atmosphere-ocean general 
circulation coupled model. The data produced within the scope of this project was used in the 5th assessment 
report of the IPCC. The models developed by CMIP are General Circulation/Climate Model (50-100 km) with 
coarse spatial resolution (50-100 km). The existing atmospheric processes are defined by means of mathematical 
expressions and based on the rules of physics. Different working groups produced future climate models 
considering certain predefined emission scenarios (Table 2.1). 

Table 2.1. General Circulation / Climate Models by CMIP

Model Name Country and Institute Model Name Country and Institute

ACCESS-1.0 CSIRO-BOM, Australia HadCM3 MOHC, UK

BCC-CSM1.1 BCC, CMA, China HadGEM2-AO NIMR-KMA, Korea

CanESM2 CCCMA, Canada HadGEM2-ES MOHC, UK

CCSM4 NCAR, USA INMCM4 INM, Russia

CESM1-BGC NSF-DOE-NCAR, USA IPSL-CM5A-LR IPSL, France

CESM1-CAM5 NSF-DOE-NCAR, USA IPSL-CM5A-MR IPSL, France

CMCC-CM CMCC, Italy MIROC5 JAMSTEC, Japan

CNRM-CM5 CNRM-CERFACS, France MIROC-ESM JAMSTEC, Japan

CSIRO-MK3 6.0 CSIRO-QCCCE, Australia MIROC-ESM-CHEM JAMSTEC, Japan

GFDL-CM3 NOAA, GFDEL, USA MPI-ESM-LR MPI-N, Germany

GFDL-ESM2G NOAA, GFDEL, USA MPI-ESM-MR MPI-N, Germany

GFDL-ESM2M NOAA, GFDEL, USA NorESM1-M NCC, Norway

NorESM1-ME NCC, Norway

HadGEM	model	was	used	amongst	these	climate	models. HadGEM;

•	 It	is	a	2nd	generation	global	model	developed	according	to	the	climate	scenarios	introduced	at	IPCC	Fifth	
Assessment	(AR5)	report.	Hadley	Center	is	affiliated	to	the	UK	Meteorological	Service.

•	 The	 HadGEM2	 series	 includes	 a	 coupled	 atmosphere-ocean	 configuration	 and	 a	 ground-system	
configuration	including	dynamic	vegetation,	ocean	biology,	and	atmosphere	chemistry.

•	 There	are	many	versions	of	this	model	with	similar	physical	properties	but	 in	different	configurations:	
HadGEM2-A,	HadGEM2-O,	HadGEM2-AO,	HadGEM2-CC,	HadGEM2-CCS,	HadGEM2-ES.

HadGEM2-ES,	was	used	in	the	project	as	the	most	comprehensive	version	of	the	HadGEM2	series.

HadGEM2-ES, was used in the project as the most comprehensive version of the HadGEM2 series.

2.1.3. Climate Change Modeling

Working Group on Coupled Modeling (WGCM), under the World Climate Research Program (WCRP), working 
on Atmosphere-Ocean General Circulation Models (AOGCM) initiated Coupled Model Intercomparison Project In 
September 2008 by bringing together 20 different climate modeling groups, to develop standard protocols for 
the outputs of Atmosphere-Ocean General Circulation Models. CMIP provides a community-based infrastructure 
to support the diagnosis, verification, circulation-comparison, documentation and data access of the climate 
models. This framework provides services to a community of scientists to facilitate the development of the model 
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in a systematic way for the analysis of Global Circulation Models (GCM). The data produced within the scope of 
this project was foreseen to be used in the 5th evaluation report of the IPCC.

Climate model simulation, which corresponds to global scenarios, is based on global climate models developed 
by modeling groups around the world through CMIP5, which supports the 5th Intercomal Panel on Climate 
Change (IPCC). These projections were prepared for Representative Concentration Pathways (RCPs) representing 
different greenhouse gas and emission scenarios and land use changes used in the final IPCC assessment report 11. 
RCPs are the concentration trajectories of the four greenhouse gases adopted by the IPCC for the 5th Assessment 
Report (AR5). In other words, RCPs are scenarios created for concentration trajectories of emissions that disrupt 
the radiation balance of the earth. RCPs have been defined according to their radiative forcing levels and routes 12. 
These four scenarios explain the future climate by considering how much greenhouse gas will be emitted in 2100. 
These four RCP scenarios represent possible values of the radiative constraint in 2100 relative to the pre-industrial 
revolution values, considering + 2.6, + 4.5, +6.0, and + 8.5 W / m2 increase corresponds to RCP6 and RCP8.5. 
RCP8.5, RCP6 and RCP 4.5 scenarios respectively. For example, the RCP2.6 scenario corresponds to a radiative 
forcing of 3 W / m2 before 2100 and 2.6 W / m2 for 2100 (Table 2.2). The changes of radiative forcing from the 
industrial revolution to 2150 is shown in Figure 2.3. 11.

The RCP 8.5 scenario is the highest risk group scenario where the radiative forcing approaches 8.5 W/m2. This 
scenario assumes population increase, per capita income decreases, long-term energy demand due to greenhouse 
gas emissions and land use changes together with development of technology in 2100. CO2 equivalent 
concentrations is expected to reach approximately 1370 ppm in 2100.

 

Table 2.2. Representative Concentration Pathways (RCPs) scenarios

Name 
(RCP’s) 

Radiative 
forcing Time Change in radiative 

forcing
Concentration 

(CO2 equivelent) 
Emissions (Kyoto Protocol Gre-

enhouse Gases) 

RCP 8.5 > 8.5 W/m2 2100 Increase > ~1370 (at 2100) 

Up to 2100 increase continues 
Decline in the last quarter of the 
century Decline from the middle 
of the century Fall in the first 
quarter of the century

RCP 6.0 ~6.0 W/m2 Post 2100 Stabilization without 
reaching the target

~ 850 ppm (at 
2100) 

RCP 4.5 ~4.5 W/m2 Before 2100 Stabilization without 
reaching the target

~ 650 ppm (at 
2100) 

RCP 2.6 ~3.0 W/m2 Before 2100 Peak and drop before 
reaching 3.0 W/m2 

Peak ~ 490 ppm 
and decline (at 
2100) 

The scenario of RCP 4.5 refers that the greenhouse gas emission and long-term changes in land use will result 
about 4.5 W / m2 in 2100 and that there will be a decrease in radiative energy and emissions from 2050 onwards. 
It predicts that CO2 equivalent concentrations reach approximately 650 ppm in 2100.
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Figure 2.3. Global Total Radiation Forcing Chart  13

2.2. Method
In the study, CMIP5 (Coupled Model Intercomparison Project Phase 5) was used as the climate projection for İzmir 
region in 2050-2100 period. RCP4.5 and RCP8.5 scenarios introduced at the IPCC 5th Assessment Report utilised 
at HadGEM2-ES Global Circulation Model (GCM) part of CMIP5 project were used for İzmir region. Regional scale 
downscaling method was used to predict below variables for İzmir and its surroundings, for the years 2050-2100;

1. Monthly, seasonal and annual average temperature

2. Monthly, seasonal and annual total precipitation

3. Average temperature for the coldest three months of the year

4. Average temperature for the hottest three months of the year

5. Total rainfall for the three driest months of the year

6. Total rainfall for the three wettest months of the year

7. Monthly evaporation

8. Monthly average soil temperature

9. Total soil moisture per month

10. Monthly average wind speed

11. Radiation projections are produced.

The results were compared with the 11 climate variables mentioned above for the reference period (1971-2000) 
and the differences were determined. Future values of existing stations for RCP4.5 and RCP8.5 scenarios were 
produced in grid format by interpolating with thin-plate smoothing spline model developed by Australian 
University at 500 m spatial resolution.

In this context, the methodology followed in the climate change modeling under the İzmir Region is summarized 
as follows;

Yıllar
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Model simulations were made within the scope of climate change projections considering reference period 
of 1971-2000. The coupled earth system model was run from 1971. Future climate simulations for RCP4.5 

and RCP8.5 were evaluated according to the reference period 1971-2000. The change interval for the 
period 2050-2100 was calculated as monthly, seasonal and annual averages (annual total for precipitation). 
In this context, the simulations corresponding to the current conditions of the HadGEM2-ES for the 30-year 

reference period and the future simulations were evaluated for İzmir Region. Present simulations were 
carried out for the January 1971-December 2000 period and a total of 30 years of simulation was made for 
present conditions. The reference period climate simulations for RCP4.5 and RCP8.5 were compared with 

meteorological observation data and the bias in the simulations was determined and the uncertainty of the 
results of the climate model for the future was determined.

The high-resolution downscaling used in the project was performed using the Statistical Downscaled Model 
(SDSM) model. SDSM is best described as a blend of stochastic climate simulator and transfer function methods. 
This is because large-scale circulation patterns and atmospheric humidity variables are used to model local-scale 
climate variables. In addition, stochastic techniques are used to better align the variance of the downscaled 
daily time series with artificial observations. To date, the downscale algorithm of SDSM has been applied to a 
variety of geographies including Africa, Europe, North America and Asia, as well as a number of meteorological, 
hydrological and environmental assessments.

General Circulation Model (GCMs) shows increasing concentrations of greenhouse gases at global and regional 
scales with significant climate-related consequences. The direct use of GCMs, due to limitations such as cloud 
or topography with rough spatial resolution (usually regulated 50,000 km2) is not possible on a local scale. 
At the local scale, the surface climate is obtained from the atmospheric prediction variables. Firstly, statistical 
downscaling is analogous to the “model output statistics” (MOS) and “perfect prog” approaches used for short–
range numerical weather prediction. Secondly, Regional Climate Models (RCMs) simulate sub–GCM grid scale 
climate features dynamically using time–varying atmospheric conditions supplied by a GCM bounding a specified 
domain (Figure 2.4).

Both approaches play an important role in assessing the potential climate change impacts resulting from future 
increases in greenhouse gas concentrations.
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Figure 2.4. Downscaling approach

2.2.1. Scale reduction techniques

The large increases in the impacts of air and climate events on water resources, agriculture, health etc. required downscaling 
need in the last decade [14].  (NCAR / UCAR, 2013). The use of global model outputs are limited to represent local atmospheric 
processes. Because global climate/earth system models bring uncertainties with their hundreds of kilometers spatial resolution. 
This problem can be solved by downscaling to make the region climate scenarios more sensitive. Reviews typically group 
downscaling methodologies into four main types: a) dynamical climate modelling, b) synoptic weather typing, c) stochastic 
weather generation, or d) transfer-function approaches.

i. Dynamical downscaling involves the nesting of a higher resolution Regional Climate Model (RCM) wit-
hin a coarser resolution GCM. The RCM uses the GCM to define time–varying atmospheric boundary 
conditions around a finite domain, within which the physical dynamics of the atmosphere are modelled 
using horizontal grid spacings of 20–50 km. The main limitation of RCMs is that they are as computatio-
nally demanding as GCMs (placing constraints on the feasible domain size, number of experiments and 
duration of simulations). The scenarios produced by RCMs are also sensitive to the choice of boundary 
conditions (such as soil moisture) used to initiate experiments. The main advantage of RCMs is that they 
can resolve smaller–scale atmospheric features such as orographic precipitation or low–level jets better 
than the host GCM.

ii. Synoptic Climate approach: Weather typing approaches involve grouping local, meteorological data in 
relation to prevailing patterns of atmospheric circulation. The technique is also valid for a wide variety 
of environmental variables as well as multi–site applications. However, weather typing, a poor basis for 
downscaling rare events, and entirely dependent on stationary circulation–to–surface climate relations-
hips. Potentially, the most serious limitation is that precipitation changes produced by changes in the 
frequency of weather patterns

iii. Stochastic downscaling approaches typically involve modifying the parameters of conventional weather 
generators such as WGEN, LARS–WG or EARWIG. Climate change scenarios are generated stochastically 
using revised parameter sets scaled in line with the outputs from a host GCM. The main advantage of the 
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technique is that it can exactly reproduce many observed climate statistics and has been widely used, 
particularly for agricultural impact assessment.

iv. Transfer functions Transfer-function downscaling methods rely on empirical relationships between local 
scale predictands and regional scale predictor(s). Individual downscaling schemes differ according to the 
choice of mathematical transfer function, predictor variables or statistical fitting procedure. To date, line-
ar and non–linear regression, artificial neural networks, canonical correlation and principal components 
analyses have all been used to derive predictor–predictand relationships. The main weakness is that the 
models often explain only a fraction of the observed climate variability (especially in precipitation series). 
In common with weather typing methods, transfer methods also assume validity of the model parame-
ters under future climate conditions, and the downscaling is highly sensitive to the choice of predictor 
variables and statistical form.

Figure 2.5. İzmir province downscaling approach

SDSM, as a decision support tool, has been selected due to its advantages in small areas. SDSM is best described as 
a hybrid of the stochastic weather generator and transfer function methods. This is because large–scale circulation 
patterns and atmospheric moisture variables are used to condition local–scale weather generator parameters 
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(e.g., precipitation occurrence and intensity). Additionally, stochastic techniques are used to artificially inflate 
the variance of the downscaled daily time series to better accord with observations (Figure 2.5). To date, the 
downscaling algorithm of SDSM has been applied to a host of meteorological, hydrological and environmental 
assessments, as well as a range of geographical contexts including Africa, Europe, North America and Asia.

The scale reduction method followed in the project is as follows according to the SDSM approach (Figure 2.6).

•	 Quality	control	and	data	transformation;
•	 Determination	of	potential	downscaling	variables;
•	 Model	calibration;	Modeling;
•	 Production	of	stationary	climate	data	for	the	1972-2000	period	using	HadGEM2-ES	estimation	variables;
•	 Statistical	analysis	of	produced	synthetic	data	with	measured	data;
•	 Model	bias	analysis	and	correction;
•	 The	production	of	future	climate	data	obtained	from	GCM-estimation	variables	and	bias	correction.

Observed	data HadGem2-	ES
(RCP	4.5	ve	RCP	8.5)

			 			

Selected	predictors Selected	
predictands

Downscaling
(SDSM)

			

Estimated	data
			Calibration	and	

validation 			

Future	Climate	
Change	Scenarios

			

Figure 2.6. Methodology for the creation of future climate scenarios with downscaling 

2.2.1.1. Quality control and data transformation 

Handling of missing and imperfect data is necessary for most practical situations. In many instances it may be 
appropriate to transform predictors and/or the predictand prior to model calibration. The Transform facility takes 
chosen data files and applies selected transformations (e.g., logarithm, power, inverse, lag, binomial, etc).

2.2.1.2. Determination of potential downscaling variables;

Screening of downscaling predictor variables Identifying empirical relationships between gridded predictors (such 
as mean sea level pressure) and single site predictands (such as station precipitation) is central to all statistical 
downscaling methods. The main purpose of the Screen Variables operation is to assist the user in the selection of 
appropriate downscaling predictor variables. This is one of the most challenging stages in the development of any 
statistical downscaling model since the choice of predictors largely determines the character of the downscaled 
climate scenario.

Predictor variables used in the project were i) Average temperature at 2 m height, ii) Average sea level pressure, 
iii) 500 hPa geopotential height, iv) 850 hPa geopotential height, v) Near surface relative humidity, vi) Near sur-
face relative humidity at a height of 500 hPa vii) Near surface relative humidity at a height of 850 hPa, viii) Near 
surface specific humidity, ix) Surface specific humidity near 500 hPa x) Surface specific humidity close to 850 
hPa, xi) Zonal velocity component, xii) Meridional velocity components. 
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2.2.1.3. Model Calibration; Modeling
Model calibration The Calibrate Model operation takes a User–specified predictand along with a set of predictor 
variables, and computes the parameters of multiple regression equations via an optimisation algorithm (either 
dual simplex of ordinary least squares). The User specifies the model structure: whether monthly, seasonal or 
annual sub–models are required

2.2.1.4. Production of Stationary Climate Data for the 1972-2000 Period Using HadGEM2-ES Estimation 
Variables
Considering the atmospheric predictive variables, artificial daily climatic series were produced by adhering to the 
observed determinants. Observed atmospheric predictive variables and artificial daily climate series were derived. 
Predictive variables were weighted using the calibrated model. 

2.2.1.5. Statistical Analysis Of Produced Synthetic Data With Measured Data;
With the summary statistics and frequency analysis, both downscaling scenarios and observed climate data were 
correlated. Three options were evaluated for graphical analysis by frequency analysis, comparison results and 
time series analysis.

2.2.1.6. Model Bias Analysis And Correction
It is the balance of the tendency that the average of the contingent processes is below or above the forecast. It 
was used to reveal the correlations between variables for the specified sub-periods (annual, seasonal or monthly).

2.2.1.7. Production Of Future Climate Data Derived From GCM-estimation variables 
The tendency of the average of the contingent processes to be above or below the forecast is balanced.

2.3. Results
The reference period (1971-2000) used for model validation and bias testing was obtained from 14 meteorological 
stations as shown in Figure 2.7 (Table 2.3). Future values of existing stations based on RCP4.5 and RCP8.5 
scenarios, were derived from CMIP5 HadGEM2-ES Global Model. Figure 2.8 shows the geographical information 
of these data. 

Table 2.3. Meteorological Station Names

Station ID Station Name Province District Latitude Longitude Elevation

17180 Dikili İzmir Dikili 39.0737 26.888 3

17186 Manisa Manisa Şehzadeler 38.6153 27.4049 71

17220 İzmir Bölge İzmir Konak 38.3949 27.0819 29

17221 Çeşme İzmir Çeşme 38.3036 26.3724 5

17232 Kuşadası Aydın Kuşadası 37.8597 27.2652 25

17742 Bergama İzmir Bergama 39.1098 27.171 53

17787 Aliağa İzmir Aliağa 26.9681 38.792 27

17782 Foça Toprak Su İzmir Foça 26.74 38.69 37

17789 Menemen İzmir Menemen 27.0432 38.623 10

17790 Bornova İzmir Bornova 27.13 38.28 27

17792 Salihli Manisa Salihli 38.4831 28.1234 111

17820 Seferihisar İzmir Seferihisar 38.1990 26.8350 22

17822 Ödemiş İzmir Ödemiş 38.2157 27.9642 111

17854 Selçuk İzmir Selçuk 37.9423| 27.3669 18
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Figure 2.7. Location of the climate stations used in the project

Figure 2.8. Sample average temperature data from the HadGEM2-ES Global Model

2.3.1. Seasonal Changes of Meteorological Parameters for Climate Change Scenarios including RCP 
4.5 and RCP 8.5 for the Periods of 1971-2000 and 2050-2100.

Average temperature, total precipitation, evaporation, average soil temperature, average soil moisture, average 
wind speed, radiation, average temperature of coldest/hottest three months and the change intervals of the total 
rainfall variables for the three driest/wettest months were mapped for the periods of 1971-2000 and 2050-2100 
considering the RCP 4.5 as modest and RCP 8.5 as the worst scenario. 
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2.3.1.1. Average temperature

According to the RCP 4.5 scenario, the annual average temperature change is expected to increase in the low parts 
for 2050-2100, whereas in the high sections there is an annual decrease in the winter months due to excessive 
cooling (Figure 2.9). According to the RCP 8.5 scenario, while the average temperature increase is expected in 
the regions near the sea and in the low areas, a decrease in the annual average is expected in areas over 1500 
m height (Figure 2.10). According to the RCP 4.5 scenario, the monthly average temperatures decreased in all 
stations except Kuşadası and increased in other stations between the current (1971-2000) and future (2050-2100) 
periods. According to the RCP 8.5 scenario, the monthly increase in the months of March-April-May except for 
Kuşadası, Bergama and Selçuk regions (Table 2.4).

Figure 2.9. Change in the annual average temperature of İzmir province between current (1971-2000) and future period (scenario 
2050-2100 RCP 4.5)

Figure 2.10. Change in annual average temperature of Izmir province between current (1971-2000) and future period (scenario 
2050-2100 RCP 8.5)



SECTIO
N

 2: M
odelling C

lim
ate C

hange

37

Green Re-vision: A framework for the Resilient Cities

Table 2.4. Change of monthly average temperature of current (1971-2000) and future (2050-2100) climate stations in 
İzmir province and its surroundings

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 7.66 1.30 1.78 6.25 1.79 3.36 8.64 1.47 2.51
Feb 8.07 -1.93 4.52 7.33 -1.10 3.07 8.98 -1.15 4.01
Mar 10.10 -0.64 6.01 9.82 -2.02 0.36 11.12 0.58 3.21
Apr 14.61 2.91 6.76 14.87 -1.28 1.32 15.75 3.08 3.91
May 18.75 4.10 2.85 19.94 3.53 2.74 20.36 4.67 1.60
Jun 23.28 0.44 -0.53 25.19 0.40 -0.76 25.26 -0.88 -0.05
Jul 25.64 0.43 -0.13 27.77 0.31 -0.03 27.65 0.07 0.90
Aug 25.17 0.94 0.10 27.27 -0.06 -0.13 27.16 1.04 -0.62
Sep 21.92 0.93 0.33 23.14 0.57 1.71 23.50 -1.99 0.67
Oct 17.61 1.02 0.49 17.71 -0.08 2.05 18.85 -0.11 1.03
Nov 12.67 0.69 -0.07 11.52 -0.47 0.99 13.70 -0.15 0.10
Dec 9.41 0.91 0.72 7.94 0.37 1.20 10.31 -0.71 1.24
Mean 16.24 0.92 1.90 16.56 0.16 1.32 17.61 0.49 1.54

İzmir/Dikili

Increase (oC)

Manisa/Şehzadeler İzmir/Konak

Increase (oC) Increase (oC)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 9.43 0.59 0.29 9.03 0.72 1.87 6.51 2.05 3.00
Feb 9.59 -2.51 4.54 9.23 0.41 1.81 7.03 -0.01 4.70
Mar 11.30 -0.41 8.80 11.08 -1.74 -4.81 9.24 -3.46 -0.16
Apr 15.08 1.53 10.11 15.02 3.69 1.89 14.23 -2.55 -0.40
May 19.09 3.83 3.69 18.73 2.89 2.63 19.02 2.51 2.27
Jun 23.50 0.25 1.71 23.15 -1.19 -0.39 23.99 -0.41 -0.12
Jul 25.57 0.85 2.98 25.44 0.64 0.46 26.29 -1.46 0.25
Aug 25.20 1.12 1.34 24.81 -0.72 -0.67 25.90 -1.61 -0.83
Sep 22.39 -0.61 1.78 21.84 -0.98 0.10 22.27 0.08 0.67
Oct 18.34 -0.54 0.16 17.97 2.17 1.03 17.28 -0.34 1.83
Nov 14.00 0.02 -0.27 13.58 -0.49 0.53 11.71 0.05 0.93
Dec 11.06 -0.02 -0.44 10.71 -0.01 -0.03 8.28 0.35 1.06
Mean 17.04 0.34 2.89 16.71 0.45 0.37 15.98 -0.40 1.10

Increase (oC)

İzmir/Çeşme Aydın/Kuşadası İzmir/Bergama

Increase (oC) Increase (oC)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 5.99 1.62 3.20 8.24 0.72 1.54 7.85 1.04 2.19
Feb 6.95 -1.65 4.54 8.52 -0.28 5.81 8.48 -0.14 0.44
Mar 9.60 -3.92 0.39 10.34 -1.39 5.89 10.46 -2.66 -4.60
Apr 14.87 1.21 0.38 14.30 3.44 5.69 14.66 3.41 2.67
May 19.76 5.05 2.75 18.59 4.45 2.42 18.88 2.65 2.73
Jun 24.42 0.27 -0.54 23.47 -1.63 -0.78 23.47 0.20 -0.50
Jul 26.58 -1.06 -0.15 26.19 0.90 -0.65 25.92 0.27 1.47
Aug 26.04 -0.80 0.08 25.81 0.79 -0.63 25.20 -2.68 0.01
Sep 22.11 0.04 0.52 22.19 -1.16 0.26 21.47 -1.07 -0.63
Oct 16.74 1.22 2.14 17.74 -0.89 1.00 17.06 2.54 2.91
Nov 11.04 0.49 1.40 13.04 -0.40 0.84 12.30 -1.01 -0.37
Dec 7.70 -0.26 0.38 9.99 -0.39 0.12 9.43 -0.06 -0.03
Mean 15.98 0.19 1.26 16.53 0.35 1.79 16.27 0.21 0.52

Manisa/Salihli İzmir/Ödemiş İzmir/Selçuk

Increase (oC) Increase (oC) Increase (oC)

2.3.1.2. Total Precipitation

An overall increase is expected in the RCP 4.5 scenario for the 2050-2100 total annual rainfall. The highest pro-
portional increase was observed around İzmir Bay, Bergama-Dikili districts and Ödemiş-Beydağı regions (Figure 
2.11). In the RCP 8.5 scenario, a decrease is observed in the overall İzmir province, while the highest proportional 
decrease will be in the Bergama region (Figure 2.12). When the changes in the current (1971-2000) and future 
(2050-2100) months total rainfall data are examined, it is seen that there is a decrease in March and April months 
in general according to the RCP 4.5 scenario, whereas in the other months it is seen an increase. According to 
the RCP 8.5 scenario, except for Kuşadası, there is a decrease in March and April and an increase in other months 
(Table 2.5).
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Figure 2.11. Change of total annual rainfall of İzmir province between current (1971-2000) and future period (scenario 2050-2100 
RCP 4.5)

Figure 2.12. Change of total annual rainfall data of İzmir province between current (1971-2000) and future period (scenario 
2050-2100 RCP 8.5)
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Table 2.5. Variation of monthly total precipitation data of current (1971-2000) and future (2050-2100) climatic stations 
of İzmir province and its surroundings

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
mm mm mm

Jan 93.68 2.92 -23.14 119.59 -66.03 -28.35 125.77 11.65 -27.09
Feb 77.36 -56.46 -30.36 89.38 106.41 -57.87 86.50 -73.59 -36.86
Mar 69.28 -67.91 -48.62 83.14 -75.30 -68.38 80.18 -76.73 -70.80
Apr 43.99 -30.92 -40.46 56.99 -56.02 -33.88 47.70 -47.70 -47.70
May 23.41 86.50 24.52 35.19 330.89 27.40 27.97 116.21 63.55
Jun 8.66 -8.09 -3.49 10.32 -10.16 -8.38 6.55 -3.98 -2.64
Jul 3.18 18.47 8.81 5.78 4.57 4.48 3.19 -3.11 -2.74
Aug 1.84 12.44 -1.39 4.94 -3.98 -4.64 0.73 -0.53 -0.70
Sep 11.42 -8.53 -9.36 11.26 -2.38 -7.43 12.15 -8.62 -10.46
Oct 35.80 -25.50 -24.82 41.63 -23.83 -25.82 41.37 -33.89 -31.36
Nov 88.58 -46.22 -47.15 96.85 -5.26 -30.67 109.09 -58.62 -54.46
Dec 112.57 80.64 25.18 138.25 -17.92 -34.64 138.97 136.83 76.86
Mean 569.76 -42.67 -170.29 693.32 180.97 -268.18 680.16 -42.06 -144.41

İzmir/Dikili

Increase (mm)

Manisa/Şehzadeler İzmir/Konak

Increase (mm) Increase (mm)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
mm mm

Jan 94.25 -18.03 -14.54 101.78 33.31 -30.53
Feb 80.97 -34.48 -36.28 83.61 -16.18 -67.13
Mar 67.26 -44.31 -55.13 77.27 -40.52 -75.26
Apr 35.64 -29.90 -35.64 45.70 -44.34 -45.70
May 18.62 69.04 30.88 20.87 9690.94 -20.87
Jun 3.86 -1.94 5.96 5.00 29.40 11.24
Jul 1.13 -1.11 -1.03 0.13 -0.12 -0.12
Aug 0.24 -0.24 -0.24 0.19 -0.19 -0.19
Sep 6.95 -6.21 -6.33 13.52 -11.62 -11.95
Oct 31.57 -18.98 -20.21 33.73 -22.22 -24.17
Nov 76.53 -17.44 -23.16 88.98 -21.78 -27.08
Dec 125.71 20.37 18.92 117.36 65.54 30.11
Mean 542.73 -83.22 -136.78 588.14 805.18 -21.80

İzmir/Çeşme Aydın/Kuşadası

Increase (mm) Increase (mm)

2.3.1.3. Average Temperature of the Coldest Three Months
According to the RCP 4.5 scenario for the average temperature change of the coldest three months, there will be 
a temperature decrease of 0-2 degrees in the area for 2050-2100 period (Figure 2.13). According to the RCP 8.5 
scenario, it is expected that the average temperature of the coldest three months will increase by more than 2 °C 
(Figure 2.14). It is expected that in some high altitudes of the area, the temperature will decrease from 0 to 1 °C 
for these three months. 

Figure 2.13.  Change in the average temperature of the coldest three months of Izmir province for current (1971-2000) and future 
period (2050-2100 RCP 4.5 scenario).
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Figure 2.14. The change in the average temperature data of the coldest three months of the current period in İzmir (1971-2000) 
and future period (2050-2100 RCP 8.5 scenario)

2.3.1.4. The Hottest Three Months Average Temperature

According to the RCP 4.5 scenario, the temperature of the warmest three months can be increased up to 2 °C in 
the western part of the area for the years 2050-2100 and the temperature in the eastern part up to 2 °C decrease 
will be seen in these months (Figure 2.15). According to the RCP 8.5 scenario, it is expected that the temperature 
will increase 3 °C at low lands and up to 2 °C increase is expected in other areas for the average temperature of 
the hottest three months (Figure 2.16). 

Figure 2.15. Change in the average temperature data of the warmest three months of Izmir province for current (1971-2000) and 
future period (2050-2100 RCP 4.5 scenario)
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Figure 2.16. Change in the average temperature data of the warmest three months of Izmir province for current (1971-2000) and 
future period (2050-2100 RCP 8.5 scenario).

2.3.1.5. The Driest Three Months Total Precipitation

A general decrease in overall rainfall is expected for the driest three months under the RCP 4.5 scenario for 2050-
2100 period. This decrease will take place at the high altitudes whereas, the low plains near the coastal part will 
experience an increase (Figure 2.17). In the RCP 8.5 scenario, a decrease is observed in the overall İzmir province, 
while the highest decrease will be seen at the high altitudes as in the case of RCP 4.5 scenario (Figure 2.18).  

Figure 2.17. Variation of total rainfall data in the driest three months of İzmir province for current (1971-2000) and future period 
(2050-2100 RCP 4.5 scenario).
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Figure 2.18. Change of the total rainfall data of the driest three months of Izmir province for current (1971-2000) and future 
period (2050-2100 RCP 8.5 scenario).

2.3.1.6. Most wet three months total precipitation

It is expected that there will be a decrease in high altitudes of RCP 4.5 scenario for the total rainfall of wettest 
three months in 2050-2100 period and an increase in low sections (Figure 2.19). There will be an increase of more 
than 100 mm in low altitudes, and a decrease of more than 150 mm in high sections for the RCP 8.5 scenario 
(Figure 2.20)  

Figure 2.19. The change in the total rainfall data of the wettest month in Izmir province for current (1971-2000) and future period 
(2050-2100 RCP 4.5 scenario)
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Figure 2.20. The change in the total rainfall data for the wettest period of the Izmir province for current (1971-2000) and future 
period (2050-2100 RCP 8.5 scenario)

2.3.1.7. Average Soil Temperature

Annual average soil temperature of 2050-2100 period for RCP 4.5 and RCP 8.5 scenarios, will increases in low 
altitudes, whereas in high lands a low decrease is expected (Figure 2.21-Figure 2.22). Overall an increase in the 
annual average soil temperature is expected for the RCP 4.5 scenario. The highest increase is modelled in Kuşadası 
(+3.40 oC) and Seferihisar (+2.50 oC) districts. The largest proportional increase in the RCP 8.5 scenario, is 
estimated for Çeşme (+3.10 ˚C) and Seferihisar (+2.93 ˚C) districts. A significant increase was modelled for April 
and May according to the RCP 4.5 scenario, while there is an increase in January and May interval according to 
the RCP 8.5 scenario (Table 2.6).

Figure 2.21. Changes in the annual average soil temperature data of İzmir province for current (1971-2000) and future period 
(scenario 2050-2100 RCP 4.5)



SE
CT

IO
N

 2
: M

od
el

lin
g 

C
lim

at
e 

C
ha

ng
e

44

Green Re-vision: A framework for the Resilient Cities

Figure 2.22. Change in the annual average soil temperature data of İzmir province for current (1971-2000) and future period 
(scenario 2050-2100 RCP 8.5)

Table 2.  6. Variation of monthly average soil temperature data of current (1971-2000) and future (2050-2100) climate 
stations in İzmir province

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 6.92 3.32 2.50 6.64 2.17 3.89 7.55 1.15 3.04
Feb 7.80 -0.07 4.86 7.52 -0.43 2.39 8.46 -2.02 5.59
Mar 10.69 -2.93 12.75 10.35 -4.66 4.79 11.40 -2.99 11.92
Apr 16.46 7.58 7.59 15.80 7.47 5.75 17.10 13.81 8.86
May 21.93 3.73 1.02 21.90 3.88 3.35 23.33 6.04 -0.33
Jun 27.30 1.08 0.79 27.81 0.30 0.61 29.45 0.64 -0.34
Jul 30.10 -0.31 0.53 30.96 0.79 0.78 32.39 1.34 -0.11
Aug 29.78 1.88 0.89 30.75 2.31 0.44 31.90 4.94 -0.31
Sep 25.81 1.41 0.59 26.98 0.31 -1.03 27.45 1.93 -0.70
Oct 19.76 -2.44 -0.16 20.44 -4.01 -0.50 21.12 -2.81 -0.78
Nov 12.74 -1.45 0.07 13.01 -1.51 0.35 13.93 -2.70 -0.15
Dec 8.72 0.25 0.28 8.64 0.63 1.21 9.47 -0.10 0.93
Mean 18.17 1.00 2.64 18.40 0.60 1.84 19.46 1.60 2.30

İzmir/Dikili

Increase (oC)

Manisa/Şehzadeler İzmir/Konak

Increase (oC) Increase (oC)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 9.10 4.28 3.06 8.53 2.72 6.64 7.04 2.39 3.88
Feb 9.81 0.77 4.62 9.16 5.98 4.37 8.19 1.03 2.71
Mar 11.93 -0.08 10.23 11.58 2.02 4.27 11.06 -3.10 2.85
Apr 16.50 4.87 12.49 16.39 19.63 4.12 16.00 3.76 -0.80
May 21.18 5.20 6.53 21.59 13.88 1.67 21.45 3.90 -1.38
Jun 26.34 1.97 1.92 26.48 1.69 -0.76 26.93 1.68 0.30
Jul 28.90 2.15 -0.25 29.25 1.77 -0.05 30.27 1.38 0.75
Aug 28.65 4.39 -0.55 29.16 2.14 0.35 30.58 3.48 0.69
Sep 25.19 0.38 -1.22 26.17 -1.35 -0.17 26.70 4.25 0.13
Oct 20.04 -5.01 -1.38 20.95 -2.93 0.68 20.38 2.29 -0.55
Nov 14.37 -2.39 0.22 14.52 -2.88 0.03 12.90 -0.72 0.29
Dec 10.75 1.83 1.57 10.46 -1.89 0.46 8.72 -0.24 0.25
Mean 18.57 1.53 3.10 18.69 3.40 1.80 18.35 1.58 0.88

İzmir/Çeşme Aydın/Kuşadası İzmir/Bergama

Increase (oC) Increase (oC) Increase (oC)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 6.23 2.32 4.19 8.47 2.03 3.16 7.65 4.45 5.97
Feb 7.58 3.33 4.61 9.26 -1.49 4.18 8.41 4.58 3.17
Mar 10.82 -2.11 7.36 11.75 0.94 11.26 10.80 1.31 4.74
Apr 16.86 6.62 3.90 16.83 9.64 9.31 15.75 12.58 7.32
May 23.01 1.75 1.97 22.77 9.28 0.99 21.34 10.60 5.91
Jun 28.45 -0.78 0.33 28.59 1.58 0.10 26.91 1.44 0.57
Jul 31.59 -1.01 0.07 31.41 1.31 0.89 30.15 -0.21 0.18
Aug 31.21 5.38 -0.08 31.16 5.73 1.19 30.17 0.47 1.38
Sep 26.79 4.68 -0.19 27.29 4.95 1.19 26.15 -2.07 0.50
Oct 19.87 -1.60 -0.20 21.37 -1.94 1.74 19.93 -4.38 0.87
Nov 12.26 -0.45 0.61 14.59 -2.35 0.39 13.29 -2.61 0.30
Dec 7.97 -0.90 -0.48 10.33 0.26 0.77 9.51 0.47 -0.06
Mean 18.55 1.44 1.84 19.49 2.50 2.93 18.34 2.22 2.57

Manisa/Salihli İzmir/Ödemiş İzmir/Selçuk

Increase (oC) Increase (oC) Increase (oC)
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2.3.1.8. Average Wind Speed

Average wind speed RCP 4.5 scenario shows high increase in high altitudes, while small increase or decrease took 
place in lowland areas (Figure 2.23). The average wind speed has decreased in general according to the RCP 8.5 
scenario, while the largest decrease was observed in Kuşadası region (Figure 2.24). According to the RCP 4.5 
scenario, the change in average monthly average wind speed for current (1971-2000) and future (2050-2100) 
period is generally decreasing in the first six months except Selcuk region. According to the RCP 8.5 scenario, 
overall decrease was observed except Selçuk region (Table 2.7).

Figure 2.23. Annual average wind speed change in İzmir province for current (1971-2000) and future period (scenario 2050-
2100 RCP 4.5)

Figure 2.24. Annual average wind speed change in İzmir province for current (1971-2000) and future period (2050-2100 RCP 
8.5 scenario)
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Table 2.  7. Monthly average wind speed data change for current (1971-2000) and future period (2050-2100) in İzmir 
province

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 2.79 0.14 0.00 2.69 0.05 0.05 2.87 0.00 0.00
Feb 2.76 0.69 0.04 2.80 -0.77 -0.03 3.04 -0.09 -0.22
Mar 2.65 -2.45 -0.04 2.59 -1.42 0.22 2.63 -2.48 0.16
Apr 2.56 0.21 0.29 2.70 -1.50 -0.02 2.56 0.00 0.00
May 2.60 0.74 -0.06 2.59 0.08 0.07 2.24 0.00 0.00
Jun 2.65 0.00 0.00 2.71 -0.24 -0.04 2.23 1.19 0.00
Jul 2.48 0.00 0.00 3.06 -0.78 0.08 2.44 1.86 0.00
Aug 2.39 1.50 -0.18 2.93 -2.85 0.18 2.31 -1.30 -0.10
Sep 2.47 0.00 0.10 2.65 0.96 -0.20 2.25 0.54 -0.24
Oct 2.29 -2.21 0.22 2.43 1.01 -0.01 2.30 0.00 0.00
Nov 2.39 -0.06 0.04 2.45 0.10 0.04 2.35 0.00 0.00
Dec 2.59 -0.71 0.00 2.59 -0.08 -0.13 2.72 0.00 0.00
Mean 2.55 -0.18 0.04 2.68 -0.45 0.02 2.50 -0.02 -0.03

İzmir/Dikili

Increase (m/sn)

İzmir/Konak

Increase (m/sn)

İzmir/Çeşme

Increase (m/sn)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 2.71 -2.62 -2.62 2.33 0.00 0.00 1.34 0.34 0.34
Feb 2.70 -2.58 -2.58 2.44 0.00 0.00 1.46 0.82 0.82
Mar 2.35 -0.41 -0.41 2.38 -2.29 -1.04 1.29 0.66 0.66
Apr 2.18 0.00 0.00 2.51 0.00 0.00 1.35 2.42 2.42
May 1.96 0.00 0.00 2.49 0.00 0.00 1.32 0.00 0.00
Jun 1.94 -1.85 -1.85 2.67 0.00 0.00 1.31 0.00 0.00
Jul 1.96 -0.64 -1.91 3.36 -3.25 -0.04 1.38 0.00 0.00
Aug 1.85 -1.00 -0.10 3.41 -3.25 -0.04 1.29 -1.25 -1.25
Sep 1.95 -1.95 0.00 2.77 0.18 0.00 1.23 0.00 0.00
Oct 2.00 1.04 0.00 2.48 1.31 0.00 1.10 0.00 0.00
Nov 2.26 -2.19 -2.19 2.20 1.40 0.00 1.11 0.00 0.00
Dec 2.48 0.00 0.00 2.22 0.00 0.00 1.17 -1.11 0.62
Mean 2.20 -1.02 -0.97 2.60 -0.49 -0.09 1.28 0.16 0.30

İzmir/Bergama

Increase (m/sn)

Aydın/Kuşadası

Increase (m/sn)

İzmir/Selçuk

Increase (m/sn)

2.3.1.9. Soil Moisture

The average soil moisture will increase in lowlands for 2050-2100 years, while a small decrease is expected in 
the high altitudes according to the RCP 4.5 scenario (Figure 2.25). In the RCP 8.5 scenario, a high increase in 
lowland areas and a low increase in high areas were modelled (Figure 2.26). According to the RCP 4.5 scenario, 
a significant decrease is observed in March-April except for the Selçuk and Kuşadası regions, while the region of 
Çeşme shows a decrease compared to the RCP 8.5 scenario (Table 2.8).
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Figure 2.25. Annual average soil moisture change of İzmir province for current (1971-2000) and future period (2050-2100 RCP 
4.5 scenario)

Figure 2.26. Annual average soil moisture change of İzmir province for current (1971-2000) and future period (2050-2100 RCP 
8.5 scenario)
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Table 2.8. Change of monthly average soil moisture data of current (1971-2000) and future (2050-2100) period of 
climate stations in İzmir province

Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5
% % %

Oca 34.35 4.14 7.52 15.87 1.63 2.94 20.77 5.37 -0.03
Şub 31.93 14.02 17.85 15.53 -1.15 -2.78 20.55 4.49 -0.85
Mar 35.91 22.05 11.82 14.89 1.71 -4.57 18.62 23.61 0.06
Nis 38.68 16.26 5.61 13.35 4.38 3.19 16.43 13.65 9.89
May 36.00 5.99 2.39 12.92 0.98 2.86 14.26 5.72 3.31
Haz 36.30 9.05 4.16 12.61 -1.59 1.25 12.75 -1.08 3.58
Tem 31.97 14.26 2.25 10.59 -5.11 1.20 11.99 -10.58 -0.83
Ağu 27.47 0.41 3.59 20.65 -14.04 2.25 9.75 -7.50 0.13
Eyl 25.62 -18.84 2.67 21.09 -18.70 1.06 16.91 -13.29 -1.85
Eki 28.50 -1.08 0.69 16.92 -13.53 1.45 13.87 -5.58 0.16
Kas 29.51 1.86 -0.61 21.16 -13.15 4.71 16.11 -3.78 -0.31
Ara 32.76 1.12 4.71 15.65 -5.14 2.87 20.27 -1.65 -1.37
Genel Ortalama 32.42 5.77 5.22 15.94 -5.31 1.37 16.02 0.78 0.99

İzmir/Dikili

Artış miktarı (%)

Manisa/Şehzadeler İzmir/Konak

Artış miktarı (%) Artış miktarı (%)

Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5
% % %

Oca 29.27 0.52 0.14 28.97 3.62 -1.93 17.23 2.05 4.97
Şub 29.43 -9.76 -1.19 28.02 1.20 15.70 16.48 10.86 -1.26
Mar 30.07 21.97 0.48 26.74 -23.90 26.87 16.38 14.85 0.01
Nis 27.51 51.17 -12.00 23.86 -23.45 9.30 14.78 -1.77 8.91
May 23.17 33.97 -11.22 21.23 33.63 -12.96 12.66 -6.46 7.49
Haz 18.66 35.46 2.80 19.00 24.89 5.74 14.53 4.56 12.73
Tem 14.57 22.31 3.89 15.82 -0.18 1.16 23.35 -18.46 4.29
Ağu 11.38 12.19 0.29 13.92 -5.04 0.93 21.47 -15.93 -0.32
Eyl 11.65 13.84 1.09 13.96 -5.79 -0.59 19.70 -14.37 -0.04
Eki 16.93 3.00 -0.19 17.05 -6.07 -1.21 22.15 -14.73 0.09
Kas 21.12 -3.25 -0.08 21.08 -5.40 -2.57 11.37 -2.36 1.01
Ara 26.88 0.34 -1.30 26.74 -3.25 -1.53 15.90 -1.90 1.27
Genel Ortalama 21.72 15.15 -1.44 21.37 -0.81 3.24 17.17 -3.64 3.26

İzmir/Çeşme Aydın/Kuşadası İzmir/Bergama

Artış miktarı (%) Artış miktarı (%) Artış miktarı (%)

Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5 Güncel RCP 4.5 RCP 8.5
% % %

Oca 11.89 1.32 3.57 17.79 7.96 4.93 17.76 -1.09 -1.86
Şub 11.62 2.89 -0.36 18.23 19.72 -3.95 17.58 -2.27 17.65
Mar 12.79 16.05 -12.10 17.30 32.76 -13.34 16.25 -12.66 22.57
Nis 13.69 2.01 19.58 15.23 35.23 -13.76 13.59 -12.93 11.76
May 10.23 -2.63 4.54 14.01 18.01 -5.36 10.25 3.29 -0.57
Haz 9.71 -2.61 2.75 13.65 -0.51 4.47 14.27 10.24 7.80
Tem 6.25 -1.09 1.08 11.76 -10.67 7.18 13.20 6.54 7.49
Ağu 11.15 -2.71 -0.31 10.32 -9.13 6.61 16.42 11.24 7.93
Eyl 10.87 2.53 1.72 17.69 -13.66 10.02 15.84 15.15 7.23
Eki 13.18 19.80 15.69 16.66 -10.79 15.01 17.04 8.73 8.70
Kas 15.87 8.52 8.40 12.85 -3.60 13.32 10.92 -0.43 1.45
Ara 12.62 -2.39 -1.56 16.34 1.81 10.44 16.23 0.87 0.94
Genel Ortalama 11.66 3.47 3.58 15.15 5.59 2.96 14.95 2.22 7.59

Manisa/Salihli İzmir/Ödemiş İzmir/Selçuk

Artış miktarı (oC) Artış miktarı (oC) Artış miktarı (oC)

2.3.1.10. Evaporation

The average annual evaporation amounts of 2050-2100 for the RCP 4.5 scenario will be high in low lands, whereas 
a large decrease, is expected at highlands. According to the RCP 8.5 scenario, an increase is observed in all regions 
(Figure 2.27, (Figure 2.28).  The average annual evaporation amounts increase in general compared to the RCP 4.5 
scenario. The highest increase was in Çeşme (0.94 mm) and İzmir (0.68 mm) regions (Table 2.9).
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Figure 2.27. Annual average evaporation change of İzmir for current (1971-2000) and future period (next year (2050-2100 RCP 
4.5 scenario)

Figure 2.28. Annual average evaporation change with current (1971-2000) of İzmir province (2050-2100 RCP 8.5 scenario)



SE
CT

IO
N

 2
: M

od
el

lin
g 

C
lim

at
e 

C
ha

ng
e

50

Green Re-vision: A framework for the Resilient Cities

Table 2.9. Monthly average evaporation data change of current (1971-2000) and future (2050-2100) climate stations of 
İzmir province

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 1.19 0.14 0.17 2.13 0.49 0.12 2.00 1.23 -0.23
Feb 1.56 -0.74 1.68 2.15 -1.45 3.41
Mar 2.40 -0.52 -0.18 3.39 -0.79 1.18 2.22 -0.62 -1.87
Apr 3.30 -0.86 1.92 3.91 -1.11 2.63 3.30 -0.71 2.73
May 4.63 -2.56 -0.31 5.73 -1.91 -0.37 4.44 0.86 -1.69
Jun 6.32 -1.05 0.32 8.00 -0.71 1.17 5.98 -0.79 0.78
Jul 7.10 0.98 1.38 9.33 3.76 2.01 6.49 2.65 2.39
Aug 6.26 7.03 2.42 8.36 6.65 0.42 5.94 2.06 -0.08
Sep 4.62 0.81 0.17 6.13 4.33 0.43 4.36 3.37 0.50
Oct 2.77 0.46 0.01 3.59 -0.43 -0.26 2.87 0.79 0.26
Nov 1.64 -0.23 -0.04 2.06 -0.60 -0.22 1.89 0.02 0.03
Dec 1.20 -0.03 0.11 1.92 -0.11 0.05 1.66 1.46 0.13
Mean 3.58 0.29 0.64 4.73 0.68 0.88 3.74 0.94 0.27

İzmir/Çeşme

Increase (mm)

İzmir/Dikili

Increase (mm)

İzmir/Konak

Increase (mm)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 1.85 -0.07 0.15 0.00
Feb 2.10 -1.43 -1.96 0.00
Mar 3.15 -2.18 -2.23 0.00
Apr 4.12 4.30 1.54 2.84 1.00 0.95 3.55 3.04 1.86
May 5.39 0.47 1.44 4.78 0.32 0.32 5.27 2.17 1.16
Jun 7.28 -1.02 -0.12 8.13 -0.87 -0.62 7.37 0.14 0.32
Jul 8.22 1.14 -0.26 9.23 -1.88 -0.95 8.38 0.06 0.00
Aug 7.27 1.47 -1.29 8.20 -1.36 0.23 7.76 0.17 0.21
Sep 5.62 0.58 0.18 5.46 -0.63 0.02 5.58 -0.92 -0.31
Oct 3.76 -0.70 0.15 2.83 1.51 1.27 3.11 -0.13 1.21
Nov 2.54 0.18 0.16 1.62 0.13 1.36
Dec 2.14 -0.12 0.22 1.26 -0.17 -0.20
Mean 4.45 0.22 -0.17 5.92 -0.27 0.17 3.66 0.50 0.63

Manisa/Salihli

Increase (mm)

Aydın/Kuşadası

Increase (mm)

17782

Increase (mm)

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC)

Jan 1.04 -0.30 -0.42
Feb 0.00 0.00 0.00
Mar 0.00 0.00 0.00
Apr 3.54 -0.74 -0.27 3.18 2.29 2.00
May 5.48 -0.37 -1.52 4.37 1.05 0.99
Jun 7.80 -0.56 -1.34 6.60 0.36 0.05
Jul 8.66 -2.06 3.46 7.48 0.05 -0.19
Aug 8.10 1.90 -0.73 6.48 0.08 -0.63
Sep 6.08 -0.05 -0.98 4.84 -0.01 0.06
Oct 3.93 -1.83 -1.22 2.84 1.23 1.35
Nov 2.15 -0.90 -0.82 1.66 0.77 1.43
Dec 1.03 -0.25 -0.08
Mean 5.72 -0.58 -0.43 3.29 0.44 0.38

İzmir/Selçuk

Increase (mm)

İzmir/Seferihisar

Increase (mm)

2.3.1.11. Radiation

The average annual radiation amount of RCP 4.5 scenario for 2050-2100 is expected to increase significantly in 
the low altitudes, while there will be a decrease in highlands (Figure 2.29). According to the RCP 8.5 scenario, the 
highest increase will take place in the plains, while the increase continues at the high altitudes (Figure 2.30). The 
largest increase in the amount of radiation will be seen in Selçuk (51.35 cal / cm2) and Kuşadası (41.96 cal / cm2) 
regions. There is also an increase in Kuşadası (20.32 cal / cm2) and Dikili (26.48 cal / cm2) according to the RCP 
8.5 scenario.

The highest increases in the monthly radiation for current (1971-2000) and future (2050-2100) period data took 
place in February-March-April months according to RCP 4.5 scenario. However, RCP 8.5 showed larger spatial 
variation (Table 2.10).
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Figure 2.29. Annual average radiation exchange of Izmir province for current (1971-2000) and future period (2050-2100 RCP 
4.5 scenario)

Figure 2.30. Annual average radiation exchange of Izmir province for current (1971-2000) future period (2050-2100 RCP 8.5 
scenario)
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Table 2.10. The current (1971-2000) and future (2050-2100) monthly radiation data exchange of İzmir province

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC) (oC)

Jan 159.20 -5.91 -1.14 177.70 -16.85 -15.60 152.61 2.00 -1.77
Feb 221.90 14.14 66.23 242.18 71.80 11.31 217.46 107.56 56.77
Mar 316.21 35.39 112.39 337.08 100.67 89.74 297.47 -62.17 -7.40
Apr 404.48 72.31 26.67 433.04 128.48 -58.16 405.84 137.74 -115.11
May 488.57 18.53 31.88 515.53 82.59 -121.88 468.87 71.15 -26.86
Jun 544.92 16.90 -1.10 580.54 21.51 -119.57 526.65 6.66 -76.11
Jul 538.27 17.49 -6.29 573.86 37.18 33.98 525.12 3.63 -19.02
Aug 487.21 -2.71 68.52 517.55 -16.49 21.63 468.38 -2.45 244.07
Sep 406.32 -0.83 15.05 440.15 9.01 -15.25 393.52 16.03 2.70
Oct 283.15 9.88 -6.26 309.85 8.55 2.25 270.09 13.78 7.10
Nov 176.44 16.49 0.01 203.46 15.08 3.55 178.79 20.24 6.44
Dec 134.84 7.77 11.77 152.61 8.51 17.61 132.79 8.51 20.57
Mean 346.79 16.62 26.48 373.63 37.50 -12.53 336.47 26.89 7.62

Increase(cal/cm2)

İzmir/Dikili

Increase(cal/cm2)

İzmir/Konak

Increase(cal/cm2)

İzmir/Çeşme

Present RCP 4.5 RCP 8.5 Present RCP 4.5 RCP 8.5
(oC) (oC)

Jan 183.26 -3.88 5.17 168.65 -29.70 -21.74
Feb 252.53 138.79 21.59 237.94 193.29 -20.75
Mar 339.97 207.94 261.56 335.08 152.62 -17.77
Apr 432.67 112.00 120.16 434.02 202.18 109.22
May 506.14 35.29 181.27 517.35 27.64 52.15
Jun 555.00 9.85 -108.42 577.08 4.44 -0.29
Jul 539.29 -11.67 -170.94 572.43 -2.74 -1.78
Aug 490.83 -40.25 26.30 515.49 -0.75 82.21
Sep 415.11 -3.93 -102.23 429.97 7.71 -89.37
Oct 310.15 3.55 -6.19 294.02 4.24 5.19
Nov 206.78 23.21 1.89 187.05 17.64 -10.73
Dec 160.59 32.63 13.69 143.52 39.67 20.43
Mean 366.03 41.96 20.32 367.72 51.35 8.90

İzmir/Selçuk

Increase(cal/cm2)

Aydın/Kuşadası

Increase(cal/cm2)

2.3.2. Comparison of Model Results with Observations and Bias Correction

In the modeling studies, significant or meaningless biases occur in the model results due to differences in local and 
temporal resolution, applied methods, meteorological phenomena and approaches in physical and thermodynamic 
processes. The errors in modeling studies vary according to the accuracy, continuity and representation of the 
measured data. In order to determine and correct the bias that occur as a result of modeling, statistical characteristics 
of the measured data in the same period are used and monthly, seasonal and annual by. The bias correction 
coefficient corresponds to the ratio of long-term data modeled and the average data of the observations. Hence, 
large values indicate underestimated prediction; small values indicate overestimated prediction in the model. The 
largest bias occurred in the high altitudes of the study area due to lack of meteorological stations in these areas.

2.3.2.1. Average temperature

The coefficient of correction of annual bias was calculated by the ratio between the measurements and the 
modeled average temperature data. As a result, the highest bias is shown in the areas indicated by red color and 
the lowest bias is observed in yellow and light green areas (Figure 2.31). 
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Figure 2.31. Average temperature bias coefficients calculated between meteorological station observations and model results 
for 1971-2000 period.

The model bias was corrected by comparing the average temperature observation data from 14 different climate 
stations and the model results. Measurement and biased daily average temperature data taken from climate 
stations are given as an example in Figure 2.32. As shown in Figure 2.32, the model bias is generally positive 
between January and June and negative between July and December. Seasonal-based bias correction was applied 
to ensure close distribution to the measured data (Figure 2.32).

Figure 2.32. Monthly average temperature distribution of model results and meteorological measurement for 1971-2000 
period2.3.2.2. Toplam yağış
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2.3.2.2. Total Precipitation

In the total rainfall data, the coefficient of correction of annual bias was calculated with the ratio between the 
measured and the modeled data. As a result of this, high bias indicated by red color, and low bias indicated by 
blue (Figure 2.33). Measurement and biased daily average temperature data taken from climate stations are given 
in Figure 37. Figure 34 shows that model bias is generally negative in between January and June and positive in 
July and December period. There is an increase and decrease in the precipitation data before the bias correction. 
For this reason, seasonal-based bias correction for January and June was applied (Figure 2.34).

Figure 2.33. Total rainfall bias coefficients calculated between meteorological observations and model results for 1971-2000 
period.

Şekil 2.34. 1971-2000 yılları dönem aralığı meteorolojik ölçüm ile model sonuçlarının aylık toplam yağış dağılımı



SECTIO
N

 2: M
odelling C

lim
ate C

hange

55

Green Re-vision: A framework for the Resilient Cities

2.3.2.3. Average Soil Temperature

In the, the model bias correction coefficient was negative for the mean soil temperature. These results showed 
that the model outputs were lower than the actual measured values (Figure 2.35). Figure 2.36 shows that model 
bias is generally positive between January and July and negative between August and December.

Figure 2.35. Mean soil temperature bias coefficients calculated between meteorological observations and model results between 
1971-2000.

Figure 2.36. Monthly average soil temperature distribution of model results and meteorological measurement between 1971-
2000.
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2.3.2.4. Average Wind Speed

According to the coefficient of correction of annual wind in average wind speed, the model bias is generally in 
the direction of over-calculation. These results show that the modeled data is greater than the actual measured 
values. From yellow to red, the model results are shown to progress more than the normal estimate (Figure 2.37). 
The model bias was corrected monthly and monthly distribution of wind speed was given on station basis (Figure 
2.38). 

Figure 2.37. Average wind speed bias coefficients calculated between meteorological observations and model results for 1971-
2000.

Figure 2.38. Monthly average wind speed distribution of the model results and climate station records 1971-2000
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2.3.2.5. Soil Moisture

It was calculated that soil moisture is low in highlands and it is high at the rest of the study area according to 
annual bias correction coefficient (Figure 2.39). Monthly distribution of soil moisture following to bias correction 
was given in Figure 2.40. The model bias is negative in Manisa and İzmir regions for January and July period, while 
it is generally positive from September to December.

Figure 2.39. Mean soil moisture coefficients derived from model results and observation for 1971-2000.

Figure 2.40. Monthly soil moisture distribution of the model results and climate station records for 1971-2000 period.
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2.3.2.6. Evaporation

It was calculated that the evaporation data is over-estimated at the entire study area according to the annual bias 
correction coefficient (Figure 2.41). Monthly distribution of evaporation following to bias correction was given 
in Figure 2.42. Model bias is generally positive between January and July and negative between August and 
December.

Figure 2.41. Mean evaporation coefficients derived from model results and observation for 1971-2000.

Figure 2.42. Monthly evaporation amount of model results and climate station records for 1971-2000.
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2.3.2.7. Radiation

According to the coefficient of correction for the annual radiation of the model results were smaller than the 
actual measurement values. It is observed very low estimations took place in the low altitudes, especially in green 
color, whereas in yellow areas indicate more realistic estimation (Figure 2.43). Model bias is generally positive 
between January and July and negative between August and December. The model bias was derived on monthly 
basis for accurate bias correction (Figure 2.44). 

Figure 2.43. Average radiation coefficients calculated between climate station records and model results for 1971-2000.

Figure 2.44. Monthly radiation distribution of model results and climate station records for 1971-2000 period
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2.3.3. Evaluation of Extreme Values

Extreme events include events close to the upper and lower limits of the probability distribution. These extreme 
values are of great importance for many sectors in the risk management associated with meteorological events. The 
predicted information about these extreme values play an important role in the formation of the infrastructure of 
many applications such as underground water management, green infrastructure system, dams, irrigation ponds, 
and prevention of possible damages [10]. In particular, some successes have been achieved in the statistical 
simulations of temperature extremes according to the IPCC 5th Assessment Report [10].

The duration, intensity and frequency of extreme events such as heat waves, drought, excessive rainfall play an 
important role. Therefore, climate indexes should be evaluated statistically by using data with a daily and long 
period.

Climate indices within this project were derived using RCP4.5 and RCP8.5 scenarios of IPCC 5th Assessment 
Report through HadGEM2-ES model in CMIP5 project. 

2.3.3.1. Consecutive Wet Days

Sequential wet days refer to the maximum number of consecutive days where precipitation is greater than or 
equal to 1 mm. Wet days index was calculated as 25 year periods according to the RCP 4.5 and RCP 8.5 climate 
change scenarios through HadGEM2-ES model (Figure 2.45). 

Figure 2.45. Long term total consecutive wet days for İzmir region under climate change.

According to the RCP 4.5 scenario, climate change will decrease the number of wet days in all areas whereas, RCP 
8.5 will result an increase except Dikili, Konak, Çeşme, Kuşadası.   

2.3.3.2. Consecutive Dry Days

Sequential dry days are the maximum number of consecutive days in which rain falls less than 1 mm. Arid days 
index was calculated as 25 yearly periods including 1971-2000, 2050-2074 and 2075-2099 periods according to 
the climate change scenarios of RCP 4.5 and RCP 8.5 at HadGEM2-ES climate model (Figure 2.46). The number 
of dry days in the regions of Dikili, Konak, Cesme, Kuşadası increased in terms of RCP 4.5 and RCP 8.5 climate 
scenario, whereas in Bergama, Seferihisar, Ödemiş and Selçuk region, only RCP 8.5 scenario is expected to 
decrease in the number of arid days.
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Figure 2.46. Long term total consecutive dry days in İzmir region under climate change

2.3.3.3.  95.Persintil (95p) Precipitation Index

It defines the number of days that precipitation is greater than 95. persintil of the total precipitation in that 
year. 95.Persintil rainfall index was calculated for İzmir province using RCP 4.5 and RCP 8.5 scenarios based on 
HadGEM2-ES climate model for 25 yearly periods including 2550-2074 and 2075-2099 (Figure 2.47).

Figure 2.47. Long term 95. persintil rainfall index of Izmir region under the climate change
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In the RCP 4.5 scenario, it is estimated that there will be an increase in the number of 95. persintil rainy days 
during the 2050-2074 period whereas; there will be a decrease in 2075-2099 period. In the RCP 8.5 scenario, 
it is expected that the number of 95. persintil precipitation days will be higher in 2075-2099 than the period in 
2050-2074.

2.3.3.4. Summer Days Index

It is the number of days when the daily temperature is greater than 25 ° C. The reference period data clearly shows 
the change in the air temperature with respect to latitude and height. The summer days index was calculated for 
İzmir province using RCP 4.5 and RCP 8.5 scenarios based on HadGEM2-ES climate model for 25 yearly periods 
including 2550-2074 and 2075-2099. The model results were compared with current period from 1971 to 2000. It 
is expected that the number of summer days in İzmir will increase under the climate change scenarios. 

It is expected that there will be an increase according to the RCP 4.5 scenario for 2050-2074 period in whole 
region except Bergama and this increase will be most severe in Dikili. In the RCP 8.5 scenario, the number of 
summer days in Ödemiş will decrease in the 2050-2074 period and it will be similar to the current situation in 
Manisa-Şehzadeler district. In other areas, it is seen that it will increase in high ratio (Figure 2.48).

Figure 2.48. Long term total summer days in İzmir region under climate change 

2.3.3.5. Frost Days Index

It is the number of days when the minimum daily temperature is below 0 °C. The number of frosty days varies 
with latitude, longitude, altitude and proximity to the sea. When the atmospheric pressure is increased, the air 
temperature decreases due to the decrease in air density as a result of thinning of the atmosphere. The tempera-
ture generally decreases to 1 °C as it reaches a height of 200 m. For this reason, the number of frost days in the 
province of Izmir increases in highlands. The frost days index was calculated for İzmir province using RCP 4.5 and 
RCP 8.5 scenarios based on HadGEM2-ES climate model for 25 yearly periods including 2550-2074 and 2075-
2099. Due to the steep location of the mountain ranges to the Aegean Sea, the heat wave coming from the sea 
reaches to the inner parts and the number of frosty days decreases. In the case of RCP 8.5, more warming will oc-
cur in these regions. In the 2050-2074 period it is expected that the total number of frost days will increase in the 
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25-year period for Salihli, Ödemiş, Selçuk, Bergama and Çeşme according to the RCP 4.5 scenario. On the other 
hand, the number of frost days will decrease in Konak, Kuşadası, Dikili and Seferihisar., The number of frost days 
will increase significantly in Kuşadası and Selçuk settlements and a small increase is expected in Ödemiş district 
according to the RCP 8.5 scenario. The other settlements will experience less number of frost days relative to the 
current situation (Figure 2.49). 

Figure 2.49. Long term average number of frost days in İzmir region under climate change. 

2.3.3.6. Hot Waves

Hot air waves are the number of days at least 6 days greater than 90% of the maximum temperatures in the 
reference period. The heat waves were calculated according to RCP 4.5 and RCP 8.5 scenarios for 1971-2000, 
2050-2074, 2075-2099 periods (Figure 2.50).

Figure 2.50. Long term average heat wave in İzmir region under climate change
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RCP 4.5 and RCP 8.5 scenarios will increase the heat wave in İzmir. Between 2050-2099, it was estimated that the 
heat wave in Dikili, Konak, Cesme and Seferihisar counties would be over 100 days in RCP 8.5 scenario. In Konak 
district, according to RCP 4.5 scenario, it is expected that there will be an average of 85 days between 2050 and 
2099 and an average of 110 days according to RCP 8.5 scenario. 

2.3.4. Statistical Analysis of Temperature Extremities in İzmir Province

2.3.4.1. Izmir / Dikili

Statistical analyzes were performed to determine whether the climate data had a normal distribution. The nor-
mality tests, in which parametric or non-parametric statistical methods can be used, are determined by using the 
Shapiro Wilk and Kolmogorov Simirnov normality tests (Table 2.11). 

Table 2.11. Descriptive statistics of Dikili district average temperature data.

Descriptive Statistics

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Dikili

Mean 16.74 17.71 19.24

95% Confidence 
Interval Average

Lower Limit 16,59 17,59 19,12

Upper Limit 16,88 17,83 19,35

5% Adjusted Average 16,91 17,75 19,32

Median 16,70 17,21 20,69

Variance 51,31 65,02 60,57

Standard deviation 7,16 8,06 7,78

Minimum -7,35 -3,47 -2,43

Maximum 31,73 40,89 41,42

Distribution Range 39,08 44,36 43,85

Interval Quarter 12,19 14,21 12,60

Skewness -0,23 -0,05 -0,24

Kurtois -0,95 -1,12 -0,84

Descriptive statistics values such as standard deviation, standard error, median and variance are given. In addition, 
Skewness and Creation criteria are also provided. These two values are important in the normality assumption 
test. Values for skewness and kurtosis should be in the range of -1.5 and +1.5. In this example, it is clear that the 
values are not within the specified range. This is one of the indicators that the data set does not have normal 
distribution. The Extreme Values table shows the lowest and maximum 5 temperature values in the data set (Table 
2.12).

Table 2.12. Table of extreme values of Dikili district average temperature data
Extreme values

Present RCP 4.5 RCP 8.5

İzmir/Dikili

Highest

1 31,73 40,89 41,42

2 31,51 40,64 40,47

3 31,06 39,24 40,04

4 31,01 39.07 39,89

5 30,60 38,62 39,33

Lowest

1 -7,35 -3,47 -2,43

2 -7.03 -2.83 -2,36

3 -6,33 -2,70 -2,19

4 -5,97 -2,62 -2,09

5 -4,57 -2,19 -1,68
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The P value in the Normality Test table determines the significance of the study. P value is expected to be below 
0.005 (this indicates that the test is significant) in other statistical analyzes, while significant P value in normality 
tests means that the data set does not have normal distribution. In order to see the temporal distribution of the 
data, histograms were generated to reveal the data distributions (Figure 2.51). In 1971-2000 data density varies 
between 0-30, while in RCP 4.5 and RCP 8.5 scenarios (2050-2099) the data density varies between 0-40. 
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Figure 2.51. Histogram image of Izmir / Dikili Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs are generated to analyze the normal distribution of data. It is seen that the marked value 
in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear line. This 
strengthens the belief that the data set does not have normal distribution (Figure 2.52).

a) 

b) c) 

Figure 2.52. Normal Q-Q Output of Izmir / Dikili Temperature Data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)



SE
CT

IO
N

 2
: M

od
el

lin
g 

C
lim

at
e 

C
ha

ng
e

66

Green Re-vision: A framework for the Resilient Cities

2.3.4.2. İzmir/Konak

Statistical	analyzes	were	performed	to	determine	whether	the	climate	data	had	a	normal	distribution	(Table	
2.13).	The	average	temperature	in	Konak	for	the	periods	of	1971-2000	is	18.38	°C,	and	for	the	2050-2099	
period	it	is	expected	to	be	20.11	°C	and	20.83	°C	according	to	the	RCP	4.5	and	RCP	8.5	scenarios	respectively.	
The	Extreme	Values	table	shows	the	lowest	and	maximum	5	temperature	values	for	Izmir	/	Konak	data	set	
(Table	2.14).

Table 2.13. Table of extreme values of Konak district average temperature data
Descriptive Statistics

 
 

Present RCP 4.5 RCP 8.5
Statistic Statistic Statistic

İzmir/Konak

Mean 18,38 19,11 20,83

95% Confidence Interval 
Average

Lower Limit 18,23 18,99 20,71

Upper Limit 18,54 19,24 20,96

5% Adjusted Average 18,50 19,10 20,71

Median 18,55 18,25 21,65

Variance 57,84 72,99 71,69

Standard deviation 7,61 8,54 8,47

Minimum -3,48 -2,42 -1,37

Maximum 36,80 41,30 47,80

Distribution Range 40,28 43,72 49,17

Interval Quarter 13,02 14,70 12,85

Skewness -0,17 0,04 0,07

Kurtois -1,05 -1,08 -0,54

Table 2.14. Table of extreme temperatures of Konak district average temperature data

Extreme values

  Present RCP 4.5 RCP 8.5

İzmir/Konak

Highest

1 36,796 41,30 47,8

2 36,176 40,91 47,566

3 35,917 40,86 47,023

4 35,25 40,86 46,928

5 34,616 40,43 46,662

Lowest

1 -3,48 -2,42 -1,369

2 -1.,701 -1,86 -0,876

3 -1,45 -1,77 -0,371

4 -1,306 -1,51 -0,264

5 -0,975 -1,46 0,053

In order to see the temporal distribution of the data, histograms of the data were generated to reveal the data 
distributions (Figure 2.53). In 1971-2000 the data density varies between 0-35, whereas in RCP 4.5 and RCP 8.5 
scenarios (2050-2099) the data density varies between 0-40 / 45.
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Figure 2.53. Histogram image of Izmir / Konak Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.54). It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution

a) 

b) c) 

Figure 2.54. Normal Q-Q Output of Izmir / Konak Temperature Data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

2.3.4.3. Izmir / Cesme

Statistical analyzes were performed to determine whether the climate data had a normal distribution (Table 2.15). 
While the average temperature for the periods between 1971-2000 in the Çeşme region is 17.37 ° C, it is expected 
to be 19.38 ° C and 17.83 ° C for the 2050-2099 period according to the RCP 4.5 and RCP 8.5 scenarios respectively 
(Table 2.16). 
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Table 2.15. Table of extreme temperature of Çeşme district average temperature data
Descriptive Statistics

 
 

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Çeşme

Mean 17,37451 17,831064 19,37938

95% Confidence Interval 
Average

Lower Limit 17,245092 17,719309 19,28004

Upper Limit 17,503928 17,942819 19,47871

5% Adjusted Average 17,505486 17,850873 19,39253

Median 17,494 17,307 19,59

Variance 40,8 56,172 44,381

Standard deviation 6,3874608 7,494809 6,661934

Minimum -1,642 -5,874 -0,413

Maximum 30,681 37,468 39,637

Distribution Range 32,323 43,342 40,05

Interval Quarter 11,048 12,7918 10,356

Skewness -0,216 -0,039 -0,071

Kurtois -1,033 -1,021 -0,762

Table 2.16. Table of extreme values of Çeşme district average temperature data
Ekstrem Değerler

  Present RCP 4.5 RCP 8.5

İzmir/Çeşme

Highest

1 30,681 37,468 39,637

2 30,617 36,991 38,249

3 30,601 36,506 37,149

4 30,574 36,371 36,965

5 30,548 36,141 36,941

Lowest

1 -1,642 -5,874 -0,413

2 -1,238 -4,534 -0,292

3 -1,005 -4,295 0,85

4 -0,485 -4,122 0,906

5 0,139 -3,212 1,055

In order to see the temporal distribution of the data, histograms of the data were generated to reveal the data 
distributions (Figure 2.55). In 1971-2000 the data density varies between 0-30, whereas in RCP 4.5 and RCP 8.5 
scenarios (2050-2099) the data density varies between 0-40.
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Figure 2.55. Histogram image of Izmir / Cesme Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.56) It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution

a) 

b) c) 

Figure 2.56. Normal Q-Q Output of Izmir / Cesme Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)
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2.3.4.4. İzmir/Bergama

The average temperature for the periods of 1971-2000 in Çeşme region is expected to be 15.98 ° C, whereas for 
2050-2099 it is expected to be 15.56 ° C and 17.11 ° C according to the RCP 4.5 and RCP 8.5 scenarios respectively. 
Thus, it is seen that the average temperature will decrease by 0.42 ° C according to RCP 4.5 climate change 
scenario (Table 2.17-18). 

Table 2.17. Table of extreme values of Bergama district average temperature data

Descriptive Statistics

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Bergama

Mean 15,98 15,56 17,11

95% Confidence Interval 
Average

Lower Limit 15,82 15,44 17,00

Upper Limit 16,14 15,68 17,22

5% Adjusted Average 15,99 15,51 17,09

Median 14,99 14,15 16,06

Variance 63,10 66,08 54,86

Standard deviation 7,94 8,13 7,41

Minimum -3,64 -5,76 -1,79

Maximum 34,54 40,06 38,24

Distribution Range 38,17 45,81 40,04

Interval Quarter 14,17 14,35 12,71

Skewness 0,08 0,15 0,10

Kurtois -1,17 -1,10 -1,06

Table 2.18. Table of extreme values of Bergama district average temperature data

Extreme values

  Present RCP 4.5 RCP 8.5

İzmir/Bergama

Highest

1 34,54 40,06 38,24

2 34,45 38,72 37,07

3 33,08 38,49 36,25

4 32,91 38,13 36,15

5 32,79 38,05 35,82

Lowest

1 -3,64 -5,76 -1,79

2 -3,10 -5,51 -1,30

3 -2,73 -5,50 -0,85

4 -2,41 -4,91 -0,48

5 -2,17 -4,66 -0,47

In order to see the temporal distribution of the data, histograms of the data were generated to reveal the data 
distributions. In 1971-2000 the data density varies between 0-34, whereas in RCP 4.5 and RCP 8.5 scenarios 
(2050-2099) the data density varies between 0-40 (Figure 2.57)
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Figure 2.57. Histogram image of Izmir / Bergama Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.58). It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution.

a) 

b) c) 

Figure 2.58. Normal Q-Q Output of Izmir / Bergama Temperature Data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)
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2.3.4.5. İzmir/Seferihisar

Statistical analyzes were performed to determine whether the climate data had a normal distribution (Table 2.19). 
In the Seferihisar region, the average temperature for the periods between 1971-2000 is 17.01 ° C, it is expected to 
be 17.53 ° C and 19.18 °C for the 2050-2099 period according to the RCP 4.5 and RCP 8.5 scenarios respectively. 
Thus, it is seen that the average temperature will increase by 0.52 °C and 2.17 °C according to RCP 4.5 and RCP 
8.5 scenarios respectively (Table 2.20). 

Table 2.19. Table of extreme values of Seferihisar district average temperature data

Betimleyici İstatistik

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Seferihisar

Mean 17,01 17,53 19,18

95% Confidence 
Interval Average

Lower Limit 16,86 17,41 19,07

Upper Limit 17,16 17,65 19,28

5% Adjusted Average 17,12 17,53 19,31

Median 16,98 16,47 20,02

Variance 52,11 65,30 48,96

Standard deviation 7,22 8,08 7,00

Minimum -6,09 -6,71 -3,92

Maximum 33,13 38,83 38,34

Distribution Range 39,22 45,54 42,26

Interval Quarter 12,34 14,27 11,15

Skewness -0.14 0,05 -0,29

Kurtois -0,96 -1,16 -0,75

Table 2.20. Table of extreme values of Seferihisar district average temperature data

Ekstrem Değerler

  Güncel RCP 4.5 RCP 8.5

İzmir/Seferihisar

Highest

1 33,13 38,83 38,34

2 32,92 37,95 37,63

3 32,43 37,71 36,99

4 32,42 37,06 36,56

5 32,32 37,05 36,47

Lowest

1 -6,09 -6,71 -3,92

2 -5,09 -3,66 -3,37

3 -3,73 -3,14 -2,28

4 -3,66 -2,99 -1,63

5 -3,26 -2,99 -1,50

The data density in the Izmir Seferihisar region in the period of 1971-2000 ranged from 0 to 33, while the data 
density in the RCP 4.5 and RCP 8.5 scenarios (2050-2099) ranged from 0 to 38 (Figure 2.59).
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Figure 2.59. Histogram image of Izmir/Seferihisar Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.60). It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution.

a) 

b) c) 

Figure 2.60. Normal Q-Q Output of Izmir / Seferihisar Temperature Data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099  (RCP 
8.5)
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2.3.4.6. İzmir/Ödemiş

Statistical analyzes were performed to determine whether the climate data had a normal distribution (Table 21). 
While the average temperature for the periods between 1971-2000 in the Ödemiş region is 15.86 ° C, it is expected 
to be 15.92 ° C and 16.23 ° C for the 2050-2099 period according to the RCP 4.5 and RCP 8.5 scenarios respecti-
vely. Thus, for the 2050-2100 period, the average temperature will increase by 0.06 °C and 0.37 °C according to 
the RCP 4.5 and RCP 8.5 scenarios respectively (Table 2.21-22). 

Table 2.21. Table of extreme values of Ödemiş district average temperature data

Descriptive Statistics

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Ödemiş

Mean 15,86 15,92 16,23

95% Confidence 
Interval Average

Lower Limit 15,70 15,79 16,11

Upper Limit 16,02 16,05 16,34

5% Adjusted Average 15,85 15,90 16,22

Median 14,54 14,67 15,04

Variance 61,13 73,36 59,83

Standard deviation 7,82 8,56 7,74

Minimum -5.,05 -6,94 -5,95

Maximum 33,63 39,36 36,90

Distribution Range 38,68 46,30 42,85

Interval Quarter 14,09 15,17 13,41

Skewness 0,12 0,11 0,10

Kurtois -1,18 -1,10 -1,05

Table 2.22. Extreme values table of Ödemiş district average temperature data

Extreme values

  Güncel RCP 4.5 RCP 8.5

İzmir/Ödemiş

Highest

1 33,63 39,36 36,90

2 33,51 38,68 35,89

3 33,40 38,56 35,13

4 33,37 37,72 35,01

5 32,89 37,71 34,59

Lowest

1 -5,05 -6,94 -5,95

2 -2,26 -5,66 -5,19

3 -2,22 -5,66 -5,04

4 -2,11 -5,43 -3,82

5 -2,03 -5,34 -3,44

The data density of İzmir Ödemiş region in the period of 1971-2000 ranged from 0 to 33, while it was in the range 
of 0 to 39 for the RCP 4.5 and RCP 8.5 scenarios (2050-2099) (Figure 2.61).
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Figure 2.61. Histogram image of Izmir / Odemis Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.62). It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution.

a) 

b) c) 

Figure 2.62. Normal Q-Q Output of Izmir / Odemis Temperature Data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)
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2.3.4.7. İzmir/Selcuk

While the average temperature for the periods between 1971-2000 in the Selçuk region is 16.32 ° C, it is expected 
to be 16.64 ° C and 16.93 ° C for the 2050-2099 period according to the RCP 4.5 and RCP 8.5 scenarios respectively 
(Table 2.23). Thus, for the 2050-2100 period, the average temperature will increase by 0.32 °C and 0.61 °C 
according to the RCP 4.5 and RCP 8.5 scenarios respectively (Table 2.24). 

Table 2.23. Table of extreme values of Selçuk district average temperature data

Descriptive Statistics

Present RCP 4.5 RCP 8.5

Statistic Statistic Statistic

İzmir/Selçuk

Mean 16,32 16,64 16,93

95% Confidence 
Interval Average

Lower Limit 16,17 16,52 16,81

Upper Limit 16,48 16,76 17,06

5% Adjusted Average 16,39 16,66 16,99

Median 15,96 16,28 16,57

Variance 58,09 66,99 71,47

Standard deviation 7,62 8,18 8,45

Minimum -6,10 -6,04 -5,48

Maximum 32,02 38,24 38,61

Distribution Range 38,12 44,28 44,09

Interval Quarter 13,77 14,31 14,58

Skewness -0,04 -0,01 -0,06

Kurtois -1,20 -1,12 -1,07

Table 2.24. Table of extreme values of Selçuk district average temperature data

Extreme values

  Present RCP 4.5 RCP 8.5

İzmir/Selçuk

Highest

1 32,02 38,24 38,61

2 31,79 37,30 38,31

3 31,59 35,56 37,29

4 31,58 35,53 36,95

5 31,55 35,41 36,17

Lowest

1 -6,10 -6,04 -5,48

2 -5,33 -4,43 -5,07

3 -4,22 -4,32 -4,83

4 -2,59 -3,93 -4,24

5 -2,59 -3,77 -4,05

The data density of İzmir Selcuk region in the period of 1971-2000 ranged from 0 to 32, while it was in the range 
of 0 to 38 for the RCP 4.5 and RCP 8.5 scenarios (2050-2099) (Figure 2.63).
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Figure 2.63. Histogram image of Izmir / Selcuk Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)

Normal Q-Q plot graphs were generated to analyze normal distribution of data (Figure 2.64). It is seen that the 
marked value in the Q-Q Plot chart is linearly distant and deviated, and data are not distributed around the linear 
line. This strengthens the belief that the data set does not have normal distribution.

a) 

b) c) 

Figure 2.64. Normal Q-Q Output of Izmir / Selcuk Temperature data a) 1971-2000, b) 2050-2099 (RCP 4.5) c) 2099 (RCP 8.5)



SE
CT

IO
N

 2
: M

od
el

lin
g 

C
lim

at
e 

C
ha

ng
e

78

Green Re-vision: A framework for the Resilient Cities

2.3.5. Mapping Climate Variables using Climate Projections (RCP 4.5 and RCP 8.5) for the Periods of 
1971-2000 and 2050-2100

2.3.5.1. Average Temperature Maps

Figure 2.65. Long term (1971-2000) monthly average temperature maps of İzmir province using HadGEM-ES model.
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Figure 2.66. Monthly average temperature maps of İzmir province for the period of 2050-2100 using HadGEM-ES model with 
RCP 4.5 scenario.
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Figure 2.67. Monthly average temperature maps of İzmir province for the period of 2050-2100 using HadGEM-ES model with 
RCP 8.5 scenario.
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Figure 2.68. Long term (1971-2000 and 2050-2100) annual average temperature maps of İzmir province.
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Figure 2.69. Long term (1971-2000 and 2050-2100) seasonal average temperature maps of İzmir province.
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Figure 2.70. Long term (1971-2000 and 2050-2100) average temperature data of the warmest three months maps of İzmir 
province.
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Figure 2.71. Long term (1971-2000 and 2050-2100) average temperature data of the coldest three months maps of İzmir province.
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Figure 2.72. Long term (1971-2000) total precipitation maps of İzmir province using HadGEM-ES model.

2.3.5.2. Total Precipitation Maps
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Figure 2.73. Long term (2050-2100) total precipitation maps of İzmir province using HadGEM-ES model with RCP 4.5 scenario.
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Figure 2.74. Long term (2050-2100) total precipitation maps of İzmir province using HadGEM-ES model with RCP 8.5 scenario.
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Figure 2.75. Long term (1971-2000 and 2050-2100) total precipitation maps of İzmir province.
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Figure 2.76. Long term (1971-2000 and 2050-2100) total precipitation maps of the wettest three months of İzmir province.
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Figure 2.77. Long term (1971-2000 and 2050-2100) total precipitation maps of the driest months of İzmir province.
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Figure 2.78. Long term (1971-2000) monthly soil temperature maps of İzmir province using HadGEM-ES model.

2.3.5.3. Average Soil Temperature Maps
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Figure 2.79. Long term (2050-2100) monthly soil temperature maps of İzmir province using HadGEM-ES model with RCP 4.5 
scenario.
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Figure 2.80. Long term (2050-2100) monthly soil temperature maps of İzmir province using HadGEM-ES model with RCP 8.5 
scenario.
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Figure 2.81. Long term (1971-2000) monthly soil moisture maps of İzmir province using HadGEM-ES model.

2.3.5.4. Average Soil Moisture Maps
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Figure 2.82. Long term (2050-2100) monthly soil moisture maps of İzmir province using HadGEM-ES model with RCP 4.5 
scenario.
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Figure 2.83. Long term (2050-2100) monthly soil moisture maps of İzmir province using HadGEM-ES model with RCP 8.5 
scenario.
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Figure 2.84. Long term (1971-2000) monthly wind speed maps of İzmir province using HadGEM-ES model.

2.3.5.5. Average Wind Speed Maps
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Figure 2.85. Long term (2050-2100) monthly wind speed maps of İzmir province using HadGEM-ES model with RCP 4.5 scenario.
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Figure 2.86. Long term (2050-2100) monthly wind speed maps of İzmir province using HadGEM-ES model with RCP 8.5 scenario.
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Figure 2.87. Long term (1971-2000) monthly solar radiation maps of İzmir province using HadGEM-ES model.

2.3.5.6. Solar Radiation Maps
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Figure 2.88. Long term (2050-2100) monthly solar radiation maps of İzmir province using HadGEM-ES model with RCP 4.5 
scenario.
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Figure 2.89. Long term (2050-2100) monthly solar radiation maps of İzmir province using HadGEM-ES model with RCP 8.5 
scenario.
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 Figure 2.90. Long term (1971-2000) monthly evaporation maps of İzmir province using HadGEM-ES model.

2.3.5.7.Evaporation Maps
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Figure 2.  91. Long term (2050-2100) monthly evaporation maps of İzmir province using HadGEM-ES model with RCP 4.5 
scenario.
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Figure 2.  92. Long term (2050-2100) monthly evaporation maps of İzmir province using HadGEM-ES model with 
RCP 8.5 scenario.



MODELING LAND USE LAND 
COVER CHANGE

SECTION 3



Land cover is a generic term that indicates biological (For example: forests 
and agriculture areas) and physical attributes (for example: built-up areas) of 
landscapes that cover the Earth’s surface. Land use is described as human activities 
that take place on this cover.
Land cover, is an indicator of the interactions of the Earth’s surface with climate 
and the consequences of the climate change 
Land cover has impact on climate and it is also affected by climate
Therefore, land cover and its change are the keys for climate change and related 
studies
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3.1. Concept of Land Cover and Climate
Biological and physical features that cover landscapes affect climate and they are affected by climate. for example, 
horizontal and vertical surfaces urban areas such as impermeable surfaces, roofs and building facades are the 
sources of thermal radiation. in other words, these areas absorb incoming solar energy and then emit it as thermal 
energy. Existence of such surfaces and their large extent make urban areas warmer than their surrounding areas. 
Such characteristics in urban areas contribute to formation of specific climatic conditions that are peculiar to 
urban areas and that are different from those in the surrounding landscapes.

Surfaces in urban areas are mostly impermeable. In other words, rainwater cannot penetrate into subsurface. 
Instead, water flows over the surface. Due to lack of appropriate flow control and management infrastructure, 
flash floods that result with human and property losses may occur. Severe droughts and reduced/irregular 
precipitation are among the expected consequences of climate change. For this reason, there is a need to 
configure urban green areas and other rural green structures in their surrounding environment so as to 
create a green network.

Agriculture areas refer to a particular lens cover type that is either open field where annual crops are grown or 
a vegetated area with fruit trees such as orchards olive groves and vineyards. Associations of agricultural areas 
with built up areas within urban territories, along urban margins or outside of urban extent determine functions 
of green infrastructure.

Natural vegetation refers to vegetation cover that consists of forests, scrublands and meadows. in other 
words, natural vegetation is a particular lens cover type, in which carbon is stored as vegetation biomass.  Natural 
vegetation has a regulatory function on climate due to mass and energy exchange with soil and air.

Bare areas refer to the areas without vegetative cover that are unpaved and that are either natural or transformed 
(degraded). Functional contribution of these areas is weaker than that of the natural vegetation. appropriate land 
reclamation practices such as afforestation maybe applied in order to support and strengthen their functions in 
terms of green infrastructure and ecosystem services that they provide.

As indicated previously, Landscapes are composed of different land cover types. Since services provided by land 
cover types differ from one particular cover type to another, amount and spatial distribution of land cover types 
have a key importance to understand consequences of climate change and develop appropriate measures to cope 
with its negative impacts.

For these reasons land cover is mapped and future development is modelled on the basis of observed 
change trends. In this respect, current composition of land cover and its special distribution are 

determined. Discussions and suggestions regarding to climate change are made in the light of this 
information.

3.1.1. Associations Between Land Cover Change and Climate Model

In this Project, information on the amount, quality and temporal change of land cover is produced on a geospatial 
basis in the case of Balçova (İzmir). The aim of this approach is to support the processes for developing climate 
change adaptation strategies and help to create guidelines to combat negative impacts of climate change in 
landscapes.

MODELING LAND USE LAND 
COVER CHANGE
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In this respect, the aims are: 

•	 Investigation of the changes in landscapes of Balçova district from past to present and

•	 Projection of the spatial characteristics of various change phenomena such as 

- urbanization 

- deforestation and 

- agricultural expansion that are likely to occur in future landscapes 

All of these potential consequences are closely linked to green infrastructure that has a key role to develop 
adaptation against negative impacts of climate change.

Associations between land cover change and green infrastructure in terms of climate change and adaptation to 
its consequences are as follows:

3.2. Land Use/Land Cover in Balçova District of İzmir Province (1963, 2016)
“Earlier date” land cover map is produced using satellite images acquired in the period between 1955 and 1965. 
Acquisition year of the high-resolution image is 1963.

“Later date” land cover map is produced using satellite images acquired in the period between 2015 and 2017. 
Acquisition year of the high-resolution image is 2016.
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Climate	change		
scenarios	
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3.2.1. Data Preparation and Pre-Processing

During land cover mapping, data sets need to be pre-processed prior to map production in order to correct and 
normalize geometry of the images and the quantitative information that they include. This stage is called “pre-
processing”.

During pre-processing, geo-registration procedures were employed. In this process, images were geo-registered 
in Universal Transverse Mercator (UTM) projection.

Earlier date image was resampled to 3 meters in both x and y directions.

Later date image was resampled to 0.60 meter in both x and y directions. 

3.2.2. Land Use/Land Cover Classes

Land cover classes that are used in mapping are as follows:

1. Built-up areas

2. Open fields (annual and perennial crops)

3. Natural vegetation

4. Olive groves

5. Bare areas

Water surfaces that confine the area in the north are also added to these classes.

3.2.3. Mapping Land Use/Land Cover (1963, 2016)

Various methodologies are used to produce maps from digital images. These methods are chosen according 
to research goals and the quality of datasets. During map production process automated/manual, supervised/
unsupervised or hybrid classification techniques can be used. Classifications may be employed on the basis of 
pixels or objects. Spectral properties of images and many other features such as shape, size, association, etc. are 
assessed simultaneously in manual classification, while pattern/object recognition algorithms are used in automated 
classification. 

Manual classification method is adopted for map production. Main reason for the use of this method is the quality 
of the images used. Although the 1963 image with 3-meter resolution is the most image for project goals available 
on the earlier period, it is a panchromatic image that does not contain multispectral information. However, current 
image has much higher spatial and spectral resolution. Higher levels of thematic and spatial consistency are 
required for change detection and development modeling. On-screen classification is preferred since qualitative 
differences between the images of the earlier- and later-dates may pose potential disadvantages for change 
analyses. On-screen image classification may be regarded as highly accurate given that image resolution is 
consistent with mapping scale

The “earlier-” (1963) and “later-date” (2016) land use/land cover maps that will serve as the basis for change 
detection and image classification processes were produced. These maps and the area statistics are given in 
Figure 3.1-Figure 3.2 and Table 3.1, respectively.

Fieldworks and digital analyses for land cover of Balçova district have shown that forest areas in the south and 
agriculture areas that extend over the coastal zone in the north are extensive land cover types. Balçova has an 
urbanized core at the central part of district and agriculture areas associated with this core in close vicinity. 
Wetlands exist on the coast as an internal component of lagoon system. Built-up areas that are interspersed on 
extensive agriculture areas are observed as small patches of few individual single-family units.

The 2016 dataset contains more spectral and spatial information than that of the 1963 dataset. For this reason, 
one might think that some other more sophisticated approaches can be used for mapping purposes. However, 
the main goal of mapping is change the direction and future projections. Since these analyses require highly 
consistent image pairs, the mapping procedure that is employed for the earlier date is also used for the later date.
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Figure 3.1. Balçova land cover (1963 )

Figure 3.2. Balçova Land cover (2016 )
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Table 3.  1. Land use/land cover statistics in 1963 and 2016

Class name Area (ha) (1963) Area (ha) (2016)

Built-up Areas (1) 90,98 658,29

Open field agriculture (annual and permanent crops) (2) 597,02 413,81

Natural vegetation (3) 1156,94 969,12

Olive groves (4) 192,30 3,14

Bare Areas (5) 61,47 118,87

Water surfaces (6) 148,79 82,45

Total 2247,51 2245,68

3.2.4. Assessment of Map Accuracies 

As discussed in the previous section, high thematic accuracies are expected for the maps that are produced using 
on-screen digitization, given that appropriate background images are used and image interpretation procedures 
are employed properly. But nevertheless, sets of random reference points were prepared in order to express 
accuracies quantitatively. This procedure was employed by a team that is independent of image interpreters. 
Classified and reference points were cross-tabulated and accuracies for the 1963 and 2016 images were calculated.

•	 A total of 128 points were used in this process.

•	 The points were created using stratified random sampling method.

•	 During this process, minimum number of points is set as 16 for all classes involved.

•	 As seen on land use/land cover maps, transitions between coastal wetlands and agriculture are clear.

•	 Diversity of agriculture areas (open fields, orchards and olive groves) can easily be seen on the maps.

•	 Local ambiguities exist between transitions from agriculture and natural areas in the south. One of the 
major reasons of this phenomenon is that a certain proportion of the southernmost edge of agriculture 
areas are occupied by olive groves.

Associations between maps and reference information are compared using an error matrix in order to produce 
accuracy statistics. Detailed information on these statistics is given in Tables 3.2-3.4 (Figure 3.3).
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Figure 3.3. Associations between background maps and the reference ground locations (top: 1963; bottom: 2016)
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Table 3.2. Error matrix (1963 and 2016 classifications)
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Built-up Areas (1) 16 1 0 0 0 0 17 50 0 1 0 0 0 51

Open field Agriculture (2) 1 24 0 0 0 0 25 0 27 0 0 1 0 28

Natural vegetation (3) 0 0 34 0 0 0 34 0 0 24 1 1 0 26

Olive groves (4) 0 1 1 0 0 0 18 0 0 0 1 0 0 1

Bare Areas (5) 0 1 0 16 0 0 16 0 0 0 0 11 0 11

Water surfaces (6) 0 0 0 0 15 18 18 0 0 0 0 0 11 11

Column totals 17 27 35 16 15 18 128 50 27 25 2 13 11 128

Table 3.  3. Relationships between reference and classified data and Producer’s-user’s accuracies (Overall 
classification accuracies: 96.09 % and 96.88 %)
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Built-up Areas (1) 17 17 16 94,12 94,12 50 51 50 100,00 98,04

Open field Agriculture 
(2) 27 25 24 88,89 96,00 27 28 27 100,00 96,43

Natural vegetation (3) 35 34 34 97,14 100,00 25 26 24 96,00 92,31

Olive groves (4) 16 18 16 100,00 88,89 2 1 1 50,00 100,00

Bare Areas (5) 15 16 15 100,00 93,75 13 11 11 84,62 100,00

Water surfaces (6) 18 18 18 100,00 100,00 11 11 11 100,00 100,00

Total 128 128 123 128 128 124

Table 3.  4. Per category Kappa (1963 ve 2016)

Class name 1963
Kappa (0,9522)

2016
Kappa (0,9579)

Built-up Areas (1) 0,9322 0,9678

Open field Agriculture (2) 0,9493 0,9547

Natural vegetation (3) 1,0000 0,9044

Olive groves (4) 0,8730 1,0000

Bare Areas (5) 0,9292 1,0000

Water surfaces (6) 1,0000 1,0000

According to above given information;

•	 Overall Kappa value for 1963 is calculated as 0.9522.

•	 All of the five locations that are marked as incorrect correspond to locations where transitions between 
classes are not clear. These may not be considered as error.
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•	 Overall Kappa value for 2016 is calculated as 0.9579

•	 Number of incorrect identifications in Table 11 is four, while the number of correct identifications is 124. One 
of the incorrect identifications corresponds to vegetated urban area. This location is classified as natural 
vegetation instead of urban area. Other incorrect classifications are due to confusions between natural 
vegetation and bare areas or olive groves. This type of confusion is due to clearcuts in natural vegetation or 
abandoned olive groves that are occupied by natural vegetation.

3.3. Land Use Land Cover Change in Balçova District (1963-2016)

3.3.1. Methodology and Datasets 

In this section, land use/land cover changes were detected using previously produced land cover maps for 
Balçova District of İzmir Province.

•	 For this purpose, earlier- (1963) and later-date (2016) maps were overlaid and all locations on maps were 
matched on a pixel-to-pixel basis. 

•	 Comparisons were made on the basis of previously define land use/land cover classes.

Change map and the transformations between classes are given in Figures 3.4 and Figure 3.5, respectively.

One of the most significant changes in 2016 is the changes that took place on agriculture areas due to 
urbanization.

In addition, extensive changes were detected on the coastal part due to reclamation grounds.

Table 3.  5. Cross tabulation of earlier (rows) and later (columns) dates (ha).

Land use/land cover
 categories (1) (2) (3) (4) (5) (6) Total

Built-up Areas (1) 81,33 8,50 0,00 0,00 1,10 0,00 90,93

Open field Agriculture (2) 203,67 358,28 7,52 0,01 5,01 0,00 574,50

Natural vegetation (3) 176,64 0,00 961,60 0,00 4,22 13,54 1156,00

Olive groves (4) 155,93 24,91 0,00 3,13 8,18 0,00 192,16

Bare Areas (5) 23,01 17,70 0,00 0,00 10,98 0,00 51,69

Water surfaces (6) 17,70 4,41 0,00 0,00 89,38 68,92 180,41

Total 658,29 413,81 969,12 3,14 118,87 82,45 2245,68
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Figure 3.  4. Land use/land cover changes between 1963-2016

Figure 3.  5. Land use/land cover transformations between 1963-2016 (1: built-up areas, 2: open field, 3: natural vegetation, 4: 
olive groves, 5: bare areas, 6: water surfaces. Example: 2/1; transformation from open field to built-up area)

As mentioned above, change map was produced by comparing the maps of the earlier and later dates on a spatial 
basis. Cross-tabulation of this comparison that include area changes is given in Table 3. 5.

In Table 3.5, rows and columns indicate the earlier- (1963) and later-date (2016) respectively. Below given points 
may be highlighted regarding the changes between two dates.
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•	 Transformations from open field to urban areas is 203,67 ha

•	 Transformations from natural vegetation to urban areas is 176,64 ha

•	 Transformations from olive groves to urban areas is 155,93 ha

•	 Transformations from bare areas and water surfaces to urban areas is 23,01 and 17,70 ha, respectively.

•	 As shown, a total of 658,29 ha of the land is subject to change.

Table 3.5 suggests that a total of 8,50 ha is transformed from built-up areas. This is due to the fact that built-up 
areas were classified with small and interspersed open-field patches in a single class on the first date; while they 
are separately classified on the second date. Arising from the different levels of spatial details provided by the 
earlier- and later-date images, this can be ignoed.

•	 Natural vegetation is also subject to extensive changes due to urbanization. According to cross-
tabulation urbanization occurred as large as 176,64 ha.

•	 Transformations from olive groves to built-up areas is about 155,93 ha

Other comparisons are given in Figures 3.6-3.8.

Figure 3.6. Gains and losses between 1963 and 2016.

Figure 3.7.Net change   between 1963 ve 2016

Figure 3.8.Contribution of built up class to total change
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3.4. Analysis of Land Use/Land Cover Suitability
Analysis of land use/land cover suitability is described as a suite of methods that rely on various factors/criteria 
and quantitative analyses. The main aims are:

•	 to reveal suitability levels of a given area for various land use/cover types or

•	 to determine most suitable areas for a given land use/land cover type. 

This information can be used as the primary source of information for decision making, it can also be used as input 
for geospatial development models.

In this section, suitability maps for below given classes were produced:

•	 Built-up areas

•	 Open fields (annual and perennial crops)

•	 Natural vegetation

•	 Olive groves

•	 Bare areas

Several criteria were described to determine suitability for above given classes. These criteria were transformed 
to maps so as to prepare geospatial information layers for use in future development models.

Distance and context operators were used to produce input maps for urban suitability analysis. For this 
purpose, below given criteria were taken into consideration:

•	 Suitability levels for land cover types in descending order are as follows: built-up areas, bare areas, 
agriculture areas, natural areas and olive groves.

•	 Slope: Suitability is inversely related with slope. Suitability decreases as slope increases.

•	 Aspect: South-facing slopes are more suitable than north-facing slopes.

•	 Proximity to settlements: Proximity of a pixel location to settlements is inversely related to suitability.

•	 Proximity to roads: Proximity of a pixel location to roads is inversely related to suitability.

The maps that are produced according to above mentioned criteria are given in Figures 3.9-3.14.
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Figure 3.  9. Suitability for built-up areas (according to land cover

Figure 3.  10. Suitability for built-up areas (according to slope)
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Figure 3.  11. Suitability for built-up areas (according to aspect)

Figure 3.  12. Suitability for built-up areas (according to distance to built-up areas
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Figure 3.  13. Suitability for built-up areas (according to distance to roads)

Figure 3.  14. Suitability for built-up areas (combined)



SECTIO
N

 3: M
odeling Land U

se Land C
over C

hange

123

Green Re-vision: A framework for the Resilient Cities

Distance and context operators were also used for the assessment of open fields. The maps were created 
using the criteria described below:

•	 Suitability levels for land cover types in descending order are as follows: agriculture areas, olive groves, 
bare areas and natural areas.

•	 Slope: Suitability is inversely related with slope. Suitability decreases as slope increases.

•	 Proximity to agriculture: Proximity of a pixel location to agriculture areas is inversely related to 
suitability. Areas in close proximity are more suitable.

•	 Proximity to roads: Proximity of a pixel location to roads is inversely related to suitability. Areas in close 
proximity are more suitable.

Suitability criteria for natural areas are proximity to natural areas and distance to built-up areas. Distance to bare 
areas is the criterion that is used for bare areas.

The maps that are produced according to above given criteria are given in Figures 3.15-3.23.

Figure 3.  15. Suitability for agriculture areas (according to land cover)
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Figure 3.  16. Suitability for agriculture areas (according to slope)

Figure 3.  17. Suitability for agriculture areas (according to distance to agriculture)
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Figure 3.  18. Suitability for agriculture areas (according to distance to road)

Figure 3.  19. Suitability for agriculture areas (Combined)
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Figure 3.  20. Suitability for natural areas (according to proximity to natural areas)

Figure 3.  21. Suitability for natural areas (according to distance to built-up areas)
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Figure 3.  22. Suitability for natural areas (combined)

Figure 3.  23. Suitability for bare areas
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3.5. Transition Probabilities for 2050 Projection

•There	are	strong	relationships	between	future	climate	change	scenarios	and	land	cover.	It	is	possible	to	
estimate land cover changes in landscapes on the basis of location attributes. The main idea here is that 
future state of land cover can be estimated using observed change trends in an area of interest.

•One	might	think	that	the	change	is	a	complex	phenomenon	and	that	the	drivers	of	the	observed	changes	
from past to present may change for the years to come. But nevertheless, such models provide an 
approximation to reality.

In this section, transition probabilities and the amounts of transition areas were calculated using previously 
produced land use/cover maps. Transition probabilities and the amounts of transition areas are given in Table 3.6 
and Table 3.7, respectively.

Table 3.  6. Transition probabilities for 2050

Land use/land cover
categories (1) (2) (3) (4) (5) (6)

Built-up Areas (1) 0,8291 0,1476 0 0 0,0233 0

Open field Agriculture (2) 0,3321 0,6462 0,0126 0 0,0091 0

Natural vegetation (3) 0,1837 0 0,799 0 0 0,0173

Olive groves (4) 0,8134 0,1077 0 0,0229 0,0559 0

Bare Areas (5) 0,3743 0,3536 0 0 0,272 0

Water surfaces (6) 0 0 0,0004 0 0,5475 0,4521

Table 3.  7. Amounts of transition areas for 2050

Land use/land cover
categories (1) (2) (3) (4) (5) (6)

Built-up Areas (1) 545,46 97,08 0 0 15,32 0

Open field Agriculture (2) 137,47 267,54 5,21 0 3,78 0

Natural vegetation (3) 178 0 774,36 0 0 16,77

Olive groves (4) 2,51 0,33 0 0,07 0,17 0

Bare Areas (5) 44,58 42,11 0 0 32,4 0

Water surfaces (6) 0 0 0,03 0 45,13 37,27

Conditional probability maps were created at this stage. These maps are given in Figures 3.24-3.28.
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Figure 3.  24. Conditional probability for built-up areas

Figure 3.  25. Conditional probability for open filed agriculture
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Figure 3.  26. Conditional probability for natural areas

Figure 3.  27. Conditional probability for olive groves
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Figure 3.  28 Conditional probability for bare areas

3.6. Land Use/Land Cover Change Model for 2050
In this section, spatial distribution of land use/land cover and its change were estimated using cellular automata 
(CA) for the year 2050. During this process, estimations based on transition probabilities and transition areas 
were developed using CA Markov Model. The inputs in the model development process are spatial information on 
the current state of land cover and a set of suitability maps. The model was run using 34 iterations and a spatial 
filter.

Model results were produced according to two scenarios.

Scenario 1, Current state: The state that current regulations for protection (e.g., Soil protection and land use act 
numbered 5403) remain unchanged.

Scenario 2. Weaker protection. The state that current regulations are either altered or abrogated.

These scenarios are, therefore, based on fertile agricultural lands and their protection from development.  
Parameters utilized for creating appropriate datasets for these scenarios are given in Table 3.8.
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Table 3.  8. Parameters for model scenarios

SUITABILITY FACTORS Scenario 1 Scenario 2

LAND COVER Value Value

Built-up Areas (1) 255 255

Open field Agriculture (2) 50 255

Natural vegetation (3) 100 100

Olive groves (4) 50 255

Bare Areas (5) 200 200

Water surfaces (6) 0 0

OTHER Coefficient Coefficient

SLOPE
The aspect of a geographic location determines bioclimatic comfort features such as 
incoming solar radiation, illumination, wind potential and landscape features such as 
scenery. Southerly aspects are preferred over other aspect groups as they provide more 
sunlight and illumination. Locations with sea scenery are preferred over those locations 
without sea scenery. In case of study area, however, only northerly aspects have sea 
scenery. Despite sunlight and illumination advantages, southerly aspects lack this 
scenery attribute. For this reason, aspect feature is considered to have a limited impact 
on suitability.

0,25 0,25

ASPECT
The aspect of a geographic location determines bioclimatic comfort features such as 
incoming solar radiation, illumination, wind potential and landscape features such as 
scenery. Southerly aspects are preferred over other aspect groups as they provide more 
sunlight and illumination. Locations with sea scenery are preferred over those locations 
without sea scenery. In case of study area, however, only northerly aspects have sea 
scenery. Despite sunlight and illumination advantages, southerly aspects lack this 
scenery attribute. For this reason, aspect feature is considered to have a limited impact 
on suitability.

0,05 0,05

DISTANCE TO BUILT-UP AREAS
(min:0; max: 1517)
Building development generally emerges in close vicinity of currently developed areas. 
Therefore, distance to developed areas is standardized in the way that suitability scores 
decrease with distance. Fuzzy functions were used for standardization purposes.

0,20 0,20

DISTANCE TO ROADS
(min:0; max: 760)
Building development also emerges in close association with current roads. Therefore, 
distance to roads is standardized in the way that suitability scores decrease with 
distance. Fuzzy functions were used for standardization purposes.

0,25 0,25
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Projected land cover maps for 2050 are given in Figure 3.29 and Figure 3.30.

Figure 3.  29. Projected land cover for 2050 (Scenario 1)

Figure 3.  30. Projected land cover for 2050 (Scenario 2)
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As suggested by both of the land cover projections, limited development is expected in the northwest section 
of the area. Most extensive development is expected in the south. Comparisons of the current and expected 
development are given in Figure 3. 31. 

Figure 3.  31. Current urban areas (dark brown) and projected urban development (light brown) 

(top: Scenario 1; bottom: Scenario 2) 
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3.7. Green Infrastructure System for Balçova District of İzmir Province
Green infrastructure of Balçova district are mapped. Fourteen classes used in this classification and their spatial 
relationships are given in Figure 3.32.

Figure 3.  32. Green infrastructure of the district of Balçova

3.7.1. Composition and Configuration of Green Infrastructure System

Composition and configuration of green infrastructure system are analyzed in this section using several indices. 
These indices are as follows:

•	 Percentage of landscape

•	 Largest patch index

•	 Perimeter-area ratio 

•	 Related circumscribing circle 

•	 Euclidean nearest neighbor 

•	 Percentage of like-adjacencies

Calculated index values are given in Table 3.9.
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Table 3.  9. Composition and configuration of green infrastructure system in Balçova district of İzmir Province
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1 Built-up areas 26,13 20,88 21.017,22 0,45 18,17 98,89

2 Open field (annual and permanent crops) 15,88 7,33 25.757,78 0,45 4,59 99,34

3 Natural vegetation  42,82 31,55 23.734,45 0,46 9,67 99,84

4 Olive groves 0,14 0,14 357,89 0,69 N/A 99,11

5 Bare areas 1,11 0,68 27.188,95 0,46 13,76 95,22

6 Parks 5,24 3,26 2.418,70 0,62 56,24 99,03

7 Private and Public gardens 2,54 0,21 1.804,62 0,62 39,48 97,84

8 Cemeteries 0,10 0,10 395,37 0,66 N/A 99,01

9 Sports fields 0,18 0,10 1.111,58 0,51 415,11 98,53

10 Refuges 1,85 0,30 8.628,12 0,76 25,24 95,65

11 Vegetated stripes 0,29 0,03 2.664,38 0,90 73,82 93,92

12 Stream corridors 0,05 0,02 4.267,69 0,96 155,40 88,25

13 Water canals 0,03 0,03 2.071,63 0,93 N/A 94,82

15 Streams and water 3,66 3,07 166,77 0,62 3.859,59 99,76

3.7.2. Strengths and Weaknesses of Green Infrastructure System

•	 Green infrastructure may be described as an expression of green attributes of a given ecosystem.

•	 Green infrastructure is as much related to climate parameters such as temperature, precipitation and 
rainfall regime as changing climate conditions.

•	 A strong green infrastructure is essential to store biomass, to regulate surface flow and to provide other 
services regarding to human comfort.

•	 Provision of an inventory of green infrastructure (the amount and the quality of green features in a 
region of interest) is the first step to develop strategies for adaptation to the impacts of climate change.

•	 Green infrastructure map contains spatial information on this inventory.

•	 Spatial characteristics of green features on these maps such as their distribution, shape and size are also 
important. Therefore, the information based on the calculation of several metrics is leading in terms of 
developing adaptation strategies for the impacts of climate change.

An assessment on the strengths and weaknesses of a green infrastructure system is given in Table 3.10.
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Table 3.  10. Strengths and weaknesses of green infrastructure system

General Features Strengths Weaknesses

Nearly one fourth of the area is covered by 
built-up (and associated) areas.

Proportion of open fields is about 15 % of 
total area.

According to Largest Patch Index, natural 
vegetation has the largest patch value 
(Approximately 32 % of total area). This is 
followed by built-up areas (~ 32 %).

Related circumscribing circle measures 
compactness of a patch. Calculations 
suggest that refuges, vegetated stripes, 
stream corridors and water canals are 
elongated classes, while olive groves, parks, 
private and public gardens and cemeteries 
are semi-compact classes. Built-up areas, 
agriculture areas, natural vegetation and 
bare areas were determined as the classes 
of high-level of compactness

Nearest neighbor distance is an expression 
for the distance (e.g., mean distance) 
between spatially distinct patches of a 
given class. According to this definition, 
nearest neighbor distance values suggest 
that all classes of the green infrastructure 
except for agriculture and natural areas are 
interspersed 

The fact that fifteen classes of green 
infrastructure exist in the area is an 
important advantage in terms of 
increasing benefits and diversifying 
services provided by these landscape 
features.

Natural vegetation class has the 
largest extent. The fact that this 
feature exists in close vicinity of 
built-up areas is an advantage.

The fact that the largest patch in the 
area belongs to natural vegetation 
class is an advantage.

Proportions of green infrastructure 
classes are various. Important 
proportion of green infrastructure 
include parks, private and public parks 
and refuges. Proportion of other green 
infrastructure classes is less than 1 %.

The fact that one of the largest 
patches belongs to built-up areas is a 
disadvantage.

Close distances between the features 
of green infrastructure is a desired 
feature in terms of connectivity and the 
potential services to provide. Patches 
in green infrastructure are generally 
distant from each other except for the 
patches of open fields. This may be 
considered as a disadvantage.
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Urban green areas that include natural and/or semi-natural ecosystems provide many be-
nefits to people and other living organisms. Those benefits called “ecosystem services” 
are classified as provisioning, regulating, supporting, and cultural services [15].  Ecosy-
stem services improve the urban environment and urban ecology as well as the quality of 
life of urban dwellers. Ecosystem services provided by green areas vary depending upon 
their physical and ecological characteristics.  

Regulating services obtained from the regulation of ecosystem processes, including cli-
mate regulation, air quality maintenance, flood and erosion control, soil improvement, 
water purification, polenization, regulation of diseases, and noise prevention are the be-
nefits to urban ecology[15].

Plants slow down the stormwater and prevent or decrease surface runoff, flooding and 
erosion. Vegetation intercepts the rainfall and gradually releases it to the ground as stem 
flow and recharge ground and underground water systems. Green areas with plant cover 
infiltrate more stormwater than non-vegetated areas. Impervious surfaces inhibit the na-
tural infiltration of stormwater and generate surface runoff.  

Trees fix CO2 during photosynthesis and store as carbon in their bodies. Plants are also 
capable of capturing pollutants with their leaves in the form of particulates or gases * 
from the atmosphere[16-17].  

In this section stormwater runoff retention, carbon and CO2 sequeastration, and air pu-
rification capacity of urban green areas in the Balçova district have been calculated and 
mapped.

The total runoff retention capacity of urban green areas in Balcova is estimated to be 
1,430,415.16 m3. Similarly, carbon sequestration and air pollutant removal capacity of 
trees in those green areas are calculated to be 4,973.87 t/year (0.24 kg/m2/year), 21.81 
t/year (1.62 gr/m2/year) respectively. Findings of this project showed that a) ecosytem 
services are unevenly distributed throughout the urban development zone, b) urban gre-
en areas show different characteristics, and c) green areas covered with natural vegeta-
tion have greater potential in terms of regulating ecosystem services. Agricultural lands, 
private gardens, traffic islands, vegetated strips and parks come after that. Parks that 
occupy a small amount among urban green areas sequester less carbon and capture less 
atmospheric pollutants compared to other green areas. Furthermore, more surface runoff 
is generated in those parks due to the large amount of impervious surfaces. Findings also 
showed that ecosystem services provided by green areas increase as the numbers of trees 
and the amount of canopy cover rise.

As a result of the project, in order to improve and increase the regulating ecosystem ser-
vices generated by urban green areas suggestions were presented within the context of 
green infrastructure for Balcova.
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4.1. Calculating And Mapping Stormwater Runoff Capacity of Urban Green 
Areas of the Balcova District, İzmir

As one of the regulating ecosystem services of green areas, stormwater retention is described as a capacity 
of retaining rainfall and and gradually releasing it to the ground and recharge ground and underground 

water systems. This processs is very important for the hydrological cycle in the world. 

Certain amount of rainfall is captured by both plants and soil. Some runs on the surface of the ground as runoff.  
Vegetation cover intercepts rainfall and gradually releases it to the ground as stem flow or by falling and storing 
rainwater on tree branches and leaves [18]. Permeable surfaces allow water to percolate into the soil and recharge 
ground and underground water systems. Green areas with plant cover infiltrate more rainwater than non-vegetated 
areas. 

Increasing impervious surfaces and decreasing open and green spaces in urban areas result in inadequate 
stormwater infiltration. Runoff water accumulates in depressions and develops foods [19-20].  

The stormwater runoff retention capacity of urban green areas was calculated by using the SCS-CN (curve number) 
method developed by USDA-NRCS, United States Department of Agriculture, A Natural Resources Conservation 
Service [21]. It is used to estimate runoff based on precipitation, soil type, and land-use/cover data. 

Where Q is runoff (mm), P is rainfall (mm), S is potential maximum retention after the start of runoff (mm), CN 
is a runoff curve number that ranges between 0-100 and represents the hydrologic soil cover complex of the 
watershed, Vr is the volume of runoff (m3) and A is the size of the drainage area (m2).

CN numbers of land use types were interpreted based on USDA soil type geomorpholoy and slope gradient [21-
22].  Runoff calculations were made for a 113 mm rainfall that is based on 10 years, 24-hour rainfall event in Izmir 
(Table 4.1)

Mapping Ecosystem 
Services
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Table 4.  1. Stormwater runoff  

Class name Stormwater runoff  
 m3

Stormwater runoff  
m3 /m2

Built up 672.072,33 0,12

Agricultural land 275.378,60 0,07

Natural vegetation 911.306,43 0,09

Olive groves 2.909,42 0,07

Bare land 10.285,25 0,13

Parks 116.243,03 0,10

Private gardens 58.570,66 0,10

Traffic island 41.733,74 0,10

Cemetery 2.218,09 0,98

Sports area 5.295,77 0,11

Vegetated strips 6.474,17 0,10

Total 2.102.487,49 -

The stormwater runoff in Balcova district is 2102487.49 m3. As expected, stormwater runoff is quite high in buit up 
areas. The total runoff retention capacity of urban green areas in the Balcova district is estimated to be 1,430,415.16 
m3. This amount of water flows on the ground when the soil is fully saturated. Areas with natural vegetation cover 
in Balcova have the highest potential of retaining stormwater runoff among urban green areas with a capacity 
of 911,306.43 m3 (0.09 m3/m2) because those areas occupy the largest area on hilly slopes. Natural areas are 
followed by impervious surfaces, such as asphalt and concrete with 672,072.33 m3 (0.12 m3/m2) (Table 4.1). 

Stormwater retention potential of agricultural land along the highway is 275,378.60 m3 (0.07 m3/m2). Agricultural 
land has the least runoff/surface (m3/m2) ratio compared to other land use types. The total amount of stormwater 
runoff generated by parks in the district is 116243.03 m3 (0.10 m3/m2). The amount of stormwater runoff in 
private gardens is 58570.66 m3 (0.10 m3/m2). While Traffic islands along the roadsides generate 41,733.74 m3 
runoff, vegetated strips have the retention potential of 6474.17 m3 (0.10 m3/m2) (Figure 4.1). 
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Figure 4.  1. Runoff in the Balcova district (m3)

Balcova district has eight neighborhoods and urban green areas in these neigborhoods have 
different characteristics, spatial structure and composition. The calculated runoff retention 
capacity is high in the Çetin Emeç, Korutürk, Teleferik, and Fevzi Çakmak neigborhoods where 
the natural vegetations are dominant and in the İnciraltı and Bahçelerarası neighborhoods, 
which have large agricultural lands. 

4.2. Calculating and CO2 Sequestration (ton/ha) Capacity of Urban Green 
Areas of Balcova District, İzmir
Trees have the ability to sequester and store atmospheric carbon during their growth period [23-24]. The 
amount of carbon annually sequestered is typically greatest in large healthy trees. The process by which a tree 
removes carbon from the atmosphere is called carbon sequestration. The amount or weight of carbon currently 
accumulated by a tree is considered carbon storage. Big trees with large canopies can sequester more carbon 
than short trees with small canopies [25].

The amount of carbon sequestration depends on the growth characteristics of the tree species (age, size), length 
of vegetation period,  the conditions for growth where the tree is planted and the density of the tree’s wood 
[25-26]. Trees in urban areas (i.e., urban forests) sequester carbon as they grow, which can be emitted back to 
the atmosphere after the tree’s death [27]. Management activities in urban green areas also effect the carbon 
sequestration and storage dynamics of trees since trimming and pruning can cause the carbon to release back 
into the atmosphere [28]. 

The annualy carbon sequestration capacity of trees in the urban green areas was calculated by using a methodology 
presented by Rowntree and Nowak[29]; tonnes of carbon sequestered acre−1 year−1 = coefficient x (%tree cover) 
x area). That estimates the tree biomas based on percentage of canopy cover and age-diameter distributions of 
the areas. The coefficients were defined by Rowntree and Nowak [29].
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The tree inventory of the urban green areas managed by both the Izmir Metropolitan Municipality and Balcova 
Municipality was prepared by field observations. The plant cover characteristics of natural vegetation and private 
areas were sampled. The percentage of the canopy cover of the green areas was defined by the interpretation of 
the Pleiades satellite image (dated 2016) and measurements in the field.

Carbon sequestered by green areas in the Balcova district is estimated at 4,973.87 t/year (0.24 kg/m2/year) in 
total. Areas covered with natural vegetation showed the highest carbon sequestration potential with 4,323.73 t/
year. Agricultural lands on the northern part of the highway with 366.29 t/year (0.10 kg/m2/year) come right after 
natural areas. The reason the agricultural land has a high carbon sequestration rate is because one-forth of these 
areas are composed of citrus trees. Private gardens that cover just 2 % of the district surface have three times less 
corbon sequestration capacity (103.71 t/year - 0.10 kg/m2/year). Similarly, parks that occupy 1.37 % of the district 
capture 47.80 t/year (0.16 kg/m2/year) with their plant cover. 

The parks in the Balcova district are unevenly distributed in the built-up areas in the southern part of the highway 
and along the coastline. The parks with the highest carbon sequestration ratios are Picnic areas, Sakarya Park 
and the Inciralti Urban Forest. Traffic islands that cover a larger area than parks have a carbon capture capacity 
that is calculated to be 87.13 t/year (0.21 kg/m2/year). Moreover, the carbon sequestration capacity of trees in 
the vegetated strips that are mostly along the roadways is determined to be 31.22 t/year (Table 4.2) (Figure 
4.2-Figure 4.3).  

Table 4.  2. The carbon sequestration capacity of urban green areas

Class name carbon sequestration 
(ton/year)

carbon sequestration (kg/m2 
/year)

CO2 sequestration 
(ton/year)

Built up - - -

Agricultural land 366,29 0,10 1.342,92

River corridor 2,09 0,20 7,66

Natural vegetation 4.323,73 0,45 15.852,09

Olive groves 0,59 0,02 2,16

Bare land - - -

Parks 47,80 0,16 175,24

Private gardens 103,71 0,19 380,23

Traffic island 87,13 0,21 319,44

Cemetery 6,8 0,30 24,93

Sports area 4,42 0,09 16,20

Vegetated strips 31,22 0,48 144,46

Total 4.973,87 0,24 18.235,69

In spite of the fact that vegetated strips in total occupy smaller areas than parks, their carbon sequestration 
capacity is almost the same as parks. The reason is the existence of high growth and large canopy trees in 
the vegetated strips. The areas with a higher carbon sequestration capacity have large canopies and tall 

trees over 5 metres. 
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Figure 4.  2. The carbon sequestration capacity of urban green areas in the Balçova district (ton)

In the Balcova district, the highest carbon sequestration capacity is calculated in the Çetin Emeç neighborhood 
where there are natural areas with the cover of the largest forest and forest-maquis vegetation.  

Figure 4.  3. The carbon sequestration capacity of urban green areas in the Balçova district (kg/m2)
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4.3. Calculating and Mapping Air Purification Capacity of Urban Green Areas 
of Balcova District, İzmir
Air pollution is one of the main problems of cities. Pollutans exist in the atmosphere in the form of gasses 
(nitrogendioxide-NO2, sulphurdioxide-SO2, ozon-O3), particulates (PM2.5 - fine particles, 2.5 micrometers in 
diameter or smaller and PM10 - coarse dust particles, 2.5 to 10 micrometers in diameter.  

Air pollutants are responsible for several adverse effects on human health especially respiratory and heart 
problems and they can harm both the natural and the semi-natural environment [30]. Consumption of fossil fuels 
increases air pollution. Air quality is not only an issue in the winter but dry and hot air conditions increase the 
concentration of air pollutants in the atmosphere. 

Trees in urban green areas that act as filters can significantly improve air quality of the atmosphere. Gaseous air 
pollutants are removed through dry deposition primarily by uptake via leaf stomata[31]. Particles that accumulate 
on leaf surfaces could be washed off by rainfall to the soil, or re-suspended in the atmosphere by wind or dropped 
to the ground with the leaves [32-33-34]. Therefore, the air purification capacity is high for green areas that have 
trees with big leaves and a large dense canopy and high leaf-area index[35]. 

Pollutants can be removed from the atmosphere through dry and wet deposition. Dry deposition is determined 
by the rate of air pollutants removed from the atmosphere in non- precipitation conditions[36-37].  (McPherson 
et al., 1998; Scott et al., 1998). Dry deposition on plant surfaces is determined by several factors such as plant 
species, leaf type (size, roughness of surface) length of growing season, pollution concentrations and atmospheric 
conditions. The deposition process is controlled by the stomata and is more effective when the stomata are open 
[38-39]. (Lovett, 1994; Fowler, 2002). 

The air pollution removal capacity of urban green areas in Balçova district was calculated and mapped by 
using a land use/cover map, a green infrastructure map, the percentage of tree cover, the leaf area index, 
hourly air pollution concentration and hourly precipitation data for Balçova in 2017. Meteorological data 
including hourly air pollution concentrations and hourly precipitation for Balcova was provided by the 

Ministry of Environment and Urbanization and the Turkish State Meteorological Service [40-41]. (ÇŞB, 2017; 
TSMS, 2017). The leaf-area index of the trees was estimated based on percentage of canopy cover, field 

obserevations and literature for tree species. 

Air pollutant removal capacity (air prification capacity) of trees in urban green areas for NO2, SO2, and PM10 were 
estimated based on dry deposition [36-42]. (McPherson et al., 1998; Baldocchi et al., 1987):

Where F: polutant flux (mg/m2/day) , VD: deposition velocity, A: area, T: time period, C: the concentration of air 
pollutant (mg/m3). 

The growth season of trees in Balcova was defined as 214 days between April and October in 2017. Therefore, the 
air pollutant removal capacity of trees was calculated based on the growth season of trees for day time (12 hours 
per day) in 2017. The hourly air pollution concentration of SO2, NO2, and PM10 of Balcova for 2017 was derived 
from the Ministry of Environment and Urbanization [43].  (MEU, 2017). Rainy hours during the daytime, identified 
by hourly precipitation data, were excluded in the calculation. In order to quantify air pollutant removal in the 
study area an average dry deposition velocity established by empirical studies was adopted. The average dry 
deposition rates of SO2, NO2, and Particulate matter when the stomata are open were accepted as 0.55, 0.37, and 
0.64 cm/sn, respectively [39-44].  (Lowett, 1994; Nowak et. al., 1994b).

The air pollution removal capacity of urban green areas in Balçova is estimated at 21,818,233 gr/year. The areas 
covered with natural forest and shrub vegetations have the largest contribution with 20,365,967 gr/year (3.9 gr/
m2/year). Agricultural lands with citrus plantations can remove 774,911 gr (0.8 gr/m2/year) pollutants.  Private 
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gardens occupy only 2% of the district but their air pollutant removal capacity is 453,301 gr - 3.2 gr/m2/year that 
is almost half of the capacity of agricultural lands (Table 3).

Trees in parks can remove 58,754 gr/year (2.20 gr/m2/year) pollutants. The majority of trees in the parks are 
relatively small therefore their contribution to air purification is low. Parks located along the Inciraltı coasts with 
large trees provide the major contribution to the air purification among parks. The trees in traffic islands and 
vegetated strips can remove 77003 gr/year (1.13 gr/m2/year), 52,830 gr/year (1.30 gr/m2/year) air pollutants, 
respectively (Table 4.3) (Figure 4.4-4.5).

Table 4.  3. The air prification capacity of urban green areas
Class name NO2 

(gr/year)
SO2 

(gr/year)
PM10 

(gr/year)
Total pollutant 

 (gr/year)
Total 

pollutant 
(gr/m2)

Built up - - - - -

Agricultural land 197.681 249.079 32.8151 77.4911 0,80

River corridor 815 1.027 2.152 3.994 1,10

Natural vegetation 4.156.320 5.236.963 10.972.684 20.365.967 3,90

Olive groves 322 419 878 1.629 1,04

Bare land - - - - -

Parks 11.991 15.108 31.655 58.754 2,20

Private gardens 92.511 116.563 244.227 453.301 3,20

Traffic island 15.715 19.800 41.488 77.003 1,13

Cemetery 5.537 6.977 14.619 27.133 1,50

Sports area 522 696 1.460 2.708 1,10

Vegetated strips 10.782 7.900 34.148 52.830 1,30

Total 802.910 1.011.666 2.119.683 21.818.233 1,62

The neigborhoods with high air purification capacity are Çetin Emeç, Bahçelerarası, Inciraltı, and Teleferik due to 
large areas covered with natural vegetations and parks with big and mature trees.

Figure 4.  4.  The air purification capacity of urban green areas in Balçova district (gr)
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Figure 4.  5. The air purification capacity of urban green areas in Balçova district (gr/m2)

4.4. Calculating and Mapping Capacity of the Regulating Eco-System Services 
of Urban Green Areas of Balcova District in İzmir
The bundle regulating ecosystem services map that include runoff retention, carbon sequestration and air 
purification of urban green areas in Balcova district is given Figure 4.6. 

The total runoff retention capacity of urban green areas in Balcova is estimated to be 1,430,415.16 m3. 
Similarly, carbon sequestration and air pollutant removal capacity of trees in those green ares are 

calculated to be 4,973.87 t/year (0.24 kg/m2/year), 21.81 t/year (1.62 gr/m2/year) respectively (Table 4.4).

Findings of the project showed that a) ecosytem services are unevenly distributed throughout the urban 
development zone, b) urban green areas show different characteristics, and c) green areas covered with natural 
vegetation have a greater potential in terms of regulating ecosystem services. Areas with natural vegetation are 
followed by agricultural lands, private gardens, traffic islands, vegetated strips and parks. Urban green areas 
located in built-up area are mostly small with a high amount of impervious surfaces and low canopy cover. 
Therefore their contribution to carbon sequestration and air purification is limited. On the other hand due to the 
large amount of impervious surfaces more surface runoff is generated in those parks. Findings also showed that 
ecosystem services provided by green areas increase, as the numbers of trees and the amount of canopy cover 
rise. 
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Figure 4.  6. Regulating ecosystem services provided by urban green areas 

Table 4.  4. Regulating ecosystem services provided by urban green areas

Class name
Stormwater retention

(m3)
Carbon sequestration 

(ton/year)
 Total 

air pollutant (gr/year)

Built up - - -

Agricultural land 275.378,60 366,29 774.911

River corridors - 2,09 3.994

Natural vegetation 911.306,43 4.323,73 20.365.967

Olive groves 2.909,42 0,59 1.629

Barren land 10.285,25 - -

Parks 116.243,03 47,80 58.754

Private garden 58.570,66 103,71 453.301

Traffic island 41.733,74 87,13 77.003

Cemetery 2.218,09 6,8 2.7133

Sports area 5.295,77 4,42 2.708

Vegetated strips 6.474,17 31,22 52.830

Total 1.430.415,16 4.973,87 21.818.233



SECTION 5 
Result and 
Recomendations



Measures to increase urban resilience against the negative impacts of climate change 
range from large-scale, long-term strategic measures to short-term local measures. In 
order to develop these proposals, it is necessary to understand the changes in temperature 
and precipitation. These changes are summarized briefly in the following section within 
the frame of the project findings.
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Measures to increase urban resilience against the negative impacts of climate change range from large-scale, 
long-term strategic measures to short-term local measures. In order to develop these proposals, it is necessary to 
understand the changes in temperature and precipitation. These changes are summarized briefly in the following 
section within the frame of the project findings.

5.1. Recomodations based on the change of the tempreture and rain

5.1.1. Mean Temperature

It is observed that the effect of climate change in temperature will be seen more intensively in January-July 
period. 

According to the RCP 4.5 scenario, the temperature will increase especially after April for the period of 
2050-2100 whereas, in the RCP 8.5 scenario, it was estimated that all settlements except Selçuk district will 
experience an increase throughout the year (Figure 5.1).

Figure 5.1. Current climate data of Izmir province (1971-2000) and future (2050-2100) monthly average temperature data

Result and Recomendations
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According to the RCP 4.5 scenario, the average temperature change of the coldest three months is expected 
to decrease from 0 to 2 °C for the 2050-2100 period, while the RCP 8.5 scenario i increase by more than 2 °C 
compared to the current situation. According to the RCP 4.5 scenario for the average temperature change of the 
hottest three months, will result an increase upto 2 °C in the western part of the area for the period of 2050-2100, 
and there will be increase more than 3 °C in the lower sections according to the RCP 8.5 scenario.

When the impacts of climate change is examined seasonally in İzmir province, it is expected that monthly average 
temperatures from RCP 4.5 scenario will be in parallel with current situation in winter months whereas, in RCP 
8.5 scenario there will be a significant increase. In spring, it is expected that there will be an increase in RCP 4.5 
scenario at whole region except Bergama district. In RCP 8.5 scenario, there will be more increase in Dikili, Konak, 
Çeşme and Ödemiş districts compare to other districts. The average temperature during the summer period for 
RCP 4.5 and RCP 8.5 scenarios, there will be a small change in whole region except Çeşme district. In the autumn 
period, RCP 4.5 scenario is resulted a change between -0.75 - 0.88 °C, while an increase is expected for the RCP 
8.5 scenario in between 0.70 - 1.60 °C. (Figure 5.2).

Figure 5.  2. Seasonal average temperature data of the current (1971-2000) and future (2050-2100) period of Izmir climate 

stations

5.1.2. Total Precipitation

It is predicted that there will be an increase in the amount of precipitation for İzmir Province according to the RCP 
4.5 scenario for the period of 2050-2100, however there will be a significant decrease for the RCP 8.5 scenario. 
The current precipitation pattern will change and it is estimated that the precipitation will be intensified in certain 
periods, which results flood and high erosion risks. It is foreseen that the precipitation especially in March and 
April will occure in May and the precipitation in October-November will occure in December. It is estimated that 
precipitation in Konak district in February and May will be two times higher than the current situation in RCP 4.5 
scenario whereas, in RCP 8.5 scenario it will decrease (Figure 5.3).
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Figure 5.3. Total monthly rainfall data of the current (1971-2000) and future (2050-2100) climate stations in İzmir province

When the effect of climate change is examined seasonally in İzmir province, it is observed that there is an increase 
in precipitation in the winter months according to the RCP 4.5 scenario for whole region except Çeşme, whereas 
in the RCP 8.5 scenario wheras, there will be a decrease in the amount of precipitation except Konak. 

According to RCP 4.5 and RCP 8.5 scenarios in the spring, summer and autumn periods, it is expected that 
precipitation will decrease by 50% in the period of 2050-2100 (Figure 4). This reduction is particularly 
important in terms of plant water demand. It also indicates that water storage and use need to be treated more 
carefully.

Figure 5.  4. Total annual rainfall in İzmir climate stations for current (1971-2000) and future (2050-2100) period considering 
seasonality
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5.2. Recommendations for Land-Use Planning
Izmir City has a target of 20% reduction in carbon emissions by 2020. Many measures need to be taken to achieve 
this goal. Improving the ecological qualities of the city is one of the important issues that will contribute to the 
achievement of this goal. In this respect, suggestions within the scope of the project were proposed for the 
maintenance and management of urban green areas. Suggestions and recommendations are presented in light 
of the knowledge and experience derived from the project to make the city of İzmir resistant to climate change. 
These suggestions are as follows:

•	 Strategic recommendations

•	 Recommendations as application tools 

•	 Activity-level recommendations and 

•	 Future project proposals.

Future short-, medium- and long-term project implementations should be considered as tools to enable the 
implementation of the recommendations mentioned above. Each of the future project proposals should be 
projected and evaluated separately in terms of land suitability.

Land uses in Balçova have changed substantially since 1960’s. Expansion of built-up areas is the main driving force 
in this process.

Agriculture areas on the coast of Balçova District have been relatively less impacted by this development. This 
can be considered as a favourable condition in terms of land use suitability. Suitability analyses have shown that 
suitability for agriculture is very high in these areas. Since sustainability of green infrastructure is a must for 
adaptation to climate change, fertile agricultural areas and the neighbouring urban forest should be kept intact 
from development in future.

Projections for future urban development models suggest that development will mostly take place in the 
South. In this respect, development plans must take topographic features such as steep slopes, streams, 

etc., and the presence of forest cover.

Protection/enhancement of green infrastructure and possible consequences of extreme climatic events such as 
flash floods must be considered as internal components during development planning processes. 

The urban green areas and related ecosystem services are not evenly distributed in the district of Balçova. The 
project findings derived from climate model, the temperature will increase by 1.5 ° C overall in Izmir Province for 
2050 and 2100 period, and rainfall regime will change and water availability will decrease.

Landscape planning and design studies that consider a harmony with nature and ecological planning 
principles will diminish the negative impacts of climate change. Measures should be taken to increase the 
amount of well-connected green areas with high ecological qualities, will improve ecosystem services and 
support creating cities resistant to the impacts of climate change. Urban development should be planned 

to maximize ecosystem services.

5.3. Recommendations for Management of Urban Green Areas 
There is no possibility to create a new green area to increase the amount of green space within the dense urban 
texture. In this case, roof gardens and vertical gardens can be created to increase the amount of green surfaces.

Local species with different physical properties can be used to increase the ecological characteristics of existing 
green areas. In this regard, increasing plant diversity and density should also be seen as a target for improving 
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soil and water quality.

 As the size of the green areas increases, the benefits that they provide also increase. The city needs to create 
large green areas, however it should be noted that city also needs green spaces with various sizes. As in the case 
of Balçova coastline, it should be aimed to create a network of green areas with various sizes and functions.

Areas with potential for connection between green areas are roads, stream corridors, dry river beds or water 
channels. Although there are vegetation along the highway passing East-West and North-South direction and 
refuges, these areas do not form a continuous corridor.

The main streets within the city can be redesigned to form a linear corridor. A pathway can be created on a single 
sidewalk of the streets where it is impossible to plant trees on both pavements.

5.4. Recommendations for Storm Water Management
There is no separate storm water collection system in Balçova. The surface runoff water is transmitted to the 
treatment systems through drainage channel network. Precipitation water cannot complete the natural cycle due 
to the change of natural drainage pattern in the urban fabric and is removed from the city without feeding the 
city’s water reserves.

The proper operation of the district’s water system will provide a positive contribution to the vegetation and 
wildlife of the Çakalburnu wetlands.

It should be ensured that infrastructure applications that include precipitation water management solutions 
collecting precipitation water in a separate system are integrated with parks.

The results showed that the agricultural land in Balçova has high water holding capacity. These areas have the 
capability of draining water in heavy rains and protecting the city from floods. Similarly, individual and residential 
gardens located in low-density areas in the north of the motorway are very effective in keeping the rainfall 
water safely. Therefore, protection of agricultural lands should be foreseen in the process of determining urban 
development areas.

Plants slow down the runoff water and transmit it into the soil. The use of a graded planting system, which includes 
trees, shrubs, and ground covers resistance to excessive rainfall in green areas, will ensure the precipitation 
water transmit it to sub-surface and surface water drainage network without turning to surface flow.

Low density urban development is important for the functioning of water systems. Solutions can be developed in 
urban green areas to keep surface flow and transfer it to underground and surface drainage network by using 
precipitation water management techniques in Balçova district. Integration of infrastructure solutions to keep 
water in the parks should be ensured.

Infrastructure solutions to collect water should be integrated with parks.

In order to increase pervious surface ratio in urban areas and increase water infiltration capacity of urban green 
areas, impervious surfaces in the areas managed by municipalities, such as urban parks, sport fields etc. would be 
replaced with permeable materials. 

In order to catch rainwater for a short period of time in green areas, the depressions, detention ponds, bio-swales 
or rain gardens could be designed (Figure). Additionally, removing curbs from the edges of the green patches or 
making curb cuts will ease to convey storm water into the green patches.

Ditches and hills are used to collect surface flow and transfer it into subsurface as a supporting mechanism for 
plant growth that protects soil and prevents erosion. It is applied in the areas with slopes of up to 32.5 %.  It is not 
appropriate for level areas. 



SE
CT

IO
N

 5
: R

es
ul

t 
an

d 
R

ec
om

en
da

tio
ns

158

Green Re-vision: A framework for the Resilient Cities

Figure 5.  5. Bumerang and ridge ditches [45]

The sidewalks in the process of urban renovation could be designed in a way that they are integrated with storm 
water collection network (Figure 5.6 - 5.7). 

Figure 5.  6. An example of water retention dykes [45]

Figure 5.  7. An example of roadside rainwater collection solution for permeable surfaces [45]
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5.5. Recommendations for Carbon Sequestration and Air Purification
Trees sequester and store the atmospheric carbon in their bodies. Their carbon sequestration and storage function 
is high in their growth period. The amount of carbon taken from the atmosphere gets higher as the number of 
leaves and canopy size increase.

Increased canopy cover in the cities helps to improve air quality. Plants do not wipe off air pollution completely 
but they create more liveable urban environments by improving local microclimate. The air purification 
capacity of trees changes based on the characteristics of tree species, canopy size, pollutant concentration 
in the atmosphere, climate, and the proximity to pollutant source.

Urban green areas themselves are not enough to solve the air pollution problem but they can surely contribute to 
improving the air quality of the cities if some additional measures are taken. 

Planting large trees with dense canopy cover increase the carbon sequestration and air pollutant removal 
functions of the areas. The carbon sequestration and air pollutant removal capacity of palm and date trees are 
lower than other large trees with large leaves.

The air purification capacity of trees is higher when they are close the pollutant source. Therefore, it is important 
to increase canopy cover in cities with a particular interest to the roadsides. 

Since the natural coniferous forests in the Southern part of Balçova have a high value for urban ecosystem services, 
it is imperative to protect these valuable carbon reserve areas.  

The carbon sequestration and air pollutant removal capacity of parks, sport fields and median strips in the urban 
fabric are low as they occupy small area with a poor plant cover. As the size and ecological quality of urban green 
areas increase, the ecosystem services provided by these spaces enhance as well. 

Therefore, as unfragmented green and open spaces including Çakalburnu wetland and İnciraltı Urban Forest 
along the coastline in the North provide a great contribution to urban ecosystem services; they should be 
preserved without causing any fragmentation.

The carbon sequestration capacity of the parks in Balçova is low. When the number of long lived trees with large 
canopy increases in the green areas, the amount of carbon sequestration will increase. 

The regulating ecosystem services obtained by trees are subjected to change based on their canopy size and 
density. Consequently, unnecessary heavy trimming that causes the captured carbon to be emitted back into 
the atmosphere reduces ecosystem services. Heavy and unnecessary trimming should been avoided as much as 
possible to maintain the natural form of the trees.  

Most of the trees in urban green areas in Balçova are young. It is for sure that If these trees could grow in their 
natural form, the ecosystem services they provide will increase over time. In order to raise the ecosystem services 
provided by urban green areas in a short period of time, trees taller than 5-6 m length with 35 cm DBH at least 
and dense canopy should be preferred.  

The large amount of land in the neighbourhoods of İnciraltı and Bahçelerarası is legally protected. This has 
prevented heavy urbanization in those neighbourhoods. The ecosystem services obtained by agricultural lands 
and private gardens in these neighbourhoods are very high. Additionally, the sea breeze blowing from Izmir bay 
onto the landmass in Izmir carries the moist air deep into the city. Thanks to agricultural areas and private gardens, 
sea breeze reaches the Balçova without any physical barrier and cools off the air in the city. Consequently, it is 
important to protect existing housing pattern with gardens and agricultural lands as they are. 

The best way to reduce the surface temperature in urban areas is to increase canopy cover of trees.  It is highly 
recommended to use plane, linden, and oak trees to increase the canopy cover. Plants located near the buildings 
also reduce the energy consumption for heating and cooling.  

Water management measures should be taken for effective use of water during maintenance of urban green 
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spaces. 

•	 Use of drought-tolerant species helps to reduce the amount of water required during maintenance of green 
spaces. Prioritising the use of native plants in urban green spaces of İzmir will save water as far as water 
consumption needs of plants are concerned. In this respect, Silver linden (Tilia argentea), Mediterranean 
hackberry (Celtis australis), terebinth tree (Pistacia terebinthus, Pistacia atlantica), evergreen oak (Quercus 
ilex, Quercus cerris), oriental plane tree (Platanus orientalis), Judas tree (Cercis siliquastrum), sweet gum 
(Liquidambar orientalis), cypress (Cupressus sempervirens) may be preffered during tree planting.

•	 An ornamental tree species, river red gum (Eucalyptus camaldulensis) is observed as being extensively used 
in green spaces of the district. Since this species alters groundwater and competes native species due to its 
ecological needs, it should be removed gradually and be replaced by native tree species in accordance with 
water management principles.

•	 Lawns should be minimised. Alternatively, drought-resistant ground covers that require less water and 
maintenance may be used in green spaces. Improvement of green infrastructure should be a priority to 
combat impacts of climate change. All development projects in the city should be associated with this goal 
and public awareness should be raised by means of these projects.

5.6. Project-level Recommendations
Projects may be developed for different parts of the city of İzmir based on the recommendations included in this 
guidebook. Some Project proposals and expected outcomes are provided in the Table given below.

Table 5.1. Project Proposals and Expected Outcomes

Scope of the Project Expected outcomes

Protection and ecological restoration of (dry) streams that 
flow into Çakalburnu lagoon and wetlands

Wetlands of Çakalburnu lagoon system are home to many 
plant and animal species of national and international 
importance. Presence of this area within the territories of 
Balçova district, as one of the most important biodiversity 
hotspots of İzmir, holds an important potential to enhance 
ecological potential of the city.

Association of the biodiversity of this area with other green 
spaces in Balçova

Thematic projects that highlight the importance of 
reptiles, birds and plants peculiar to the city of İzmir

Increasing public awareness on biodiversity

Tree planting project along road corridors, vegetated 
corridors project, stream corridors project 

Enhancing linear green features that potentially increase 
connectivity between green spaces

Carbon sequestration Project to store atmospheric carbon 
as plant biomass

Support for the City’s goals of reducing emissions

Project on air filtration with plants Increasing the capacity of water retention and reuse of 
rainwater

Rainwater harvesting depots / rain gardens project Reducing potential threats of floods in the areas with high 
flooding risk

Flood prevention Project(s) Promotion of the use of natural and native plants in green 
spaces

Natural plants of İzmir Project Yeşil alanlarda yerel ve doğal bitkilerin kullanımının teşvik 
edilmesi ve yaygınlaştırılması

5.7. Hierarchy of Different Levels of Proposals 
In this section, guidelines on the relationships between different levels of proposals and the projects that may be 
designed on the basis of these proposals are given in the table below.
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Table 5.2. Project Level Recommendations

Strategy-Level Proposals Proposals For 
Implementation 

Techniques

Action-Level Proposals Proposals For Future 
Projects

Improving the functions of 
green infrastructure (e.g., 
increasing connectivity 
between dispersed and 
isolated green spaces)

Establishing green corridors Establishing an “urban 
street trees network”

Designing water canals 
and stream corridors as 
green corridors

Protection of the urban 
forest on the coast and 
associated wetland systems

•	 Enhancing	carbon	
storage capacity

Determining afforestation 
areas/strategies

Selection of native species 
that is capable of storing 
greater amount of carbon in 
rural areas 

Selection of the plant 
species that demand 
minimum amount of water 
and maintenance for 
planting design

Increasing plant canopy 
cover

•	 Using	long-lasting	
broadleaved tree species 
with longer life span and 
large canopy 

Protection of forest areas 
that are critical for carbon 
storage 

Developing prevention 
measures against 
environmental hazards 
resulting from climate 
change

Designing rainwater 
drainage systems to prevent 
flash floods or to mitigate 
their impacts

Designing impermeable 
surfaces during 
development planning

Creating buffers intact 
from development  
near natural drainage 
systems such as streams

Developing stratified 
planting design 
solutions that include 
trees, shrubs and lawns 
to protect soil from 
heavy rains

Preventing soil erosion Popularisation of the use of 
native plants

Determining areas of 
degraded vegetation that 
are susceptible to erosion

Planning reforestation 
and other rehabilitation/
restoration activities

Efficient use of rainwater Designing water retention 
systems and structures for 
rainwater harvesting

Collecting rainwater in a 
separate system

Constructing rainwater 
ponds

Constructing drainage dykes

Promotion of permeable 
pavements

Integrating rainwater 
management infrastructure 
with urban parks

Developing sustainable 

rainwater management 

systems

Establishing a rainwater 

network that combines 

retention ponds, dykes and 

other rainwater harvesting 

structures

Establishing rain gardens

Minimisation of urban heat 

island effects

Improving green 

infrastructure features to 

create an evenly distributed 

pattern in the city

Creating vertical gardens

Creating roof gardens

Increasing percentage of 

tree canopy cover

Protecting green canopy 

and avoiding unnecessary 

pruning of urban street 

trees
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