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Abstract. In addition to the rapid growth and expansion of cities, the pressure created by the increasing
population on natural resources is now taking place at a rate above the carrying capacity of the environment.
Cities are highly dependent on ecosystem services, that is, the resources that nature provides to sustain our
existence. Water has a privileged place within these sources. Water is a basic resource for life and for all human
activities. It is also irreplaceable in terms of the ecosystem and the services it provides. Water is a resource
where the negative effects of climate change are already beginning to be seen and could directly threaten the
security of states. The vulnerability of water to changes in the climate system is paramount because climate
change directly affects the water cycle. Extreme weather events due to climate change can cause sudden,
unexpected events unlike conventional climate regimes. This also changes the rainfall regime. This situation
causes urban floods in cities where rainfall becomes more frequent, resulting in loss of property and lives. In
urban areas where the rainfall regime is decreasing, conversely, it causes water scarcity. In the cities, especially
the large number of impermeable surfaces affects the natural flow system of water. Changes in the water cycle
prevent the feeding of underground and above-ground water sources. Rainwater, which cannot pass
underground at the appropriate time, is contaminated during its stay on the surface then pollute the water
reserves. It is observed that urban infrastructure systems are increasingly handled with an integrated approach
to create sustainable cities that are resilient to the negative effects of climate change and green infrastructure
solutions are developed in order to ensure the sustainability of water. One of the most important features of a
city resilient to the climate change is providing effective water management and providing quality water to its
citizens. The aim of this study is to address the strategies and green infrastructure solutions that need to be
implemented by taking into consideration the issue of sustainable management of water resources in cities,
especially in the context of climate change. In the study, it was resulted that reaching to the cities resistant to
climate change in today's conditions depends on the sustainable management of natural resources that are
directly affected by global warming, the determination of green infrastructure strategies and the determination
of appropriate adaptation actions by considering local characteristics. Another result obtained from the study
is that in line with the evaluations made on the basis of geographical regions and urban areas in Turkey, water
management in Turkey will gain more importance in the coming years with the effect of climate change. In
this context, the consideration and dissemination of green infrastructure solutions, especially on the basis of
basins and in urban areas, will increasingly come to the fore with their recreational, cultural and biodiversity
values, health benefits and supports to disaster risk management by increasing resilience of the settlements.
Keywords: Water, climate change, green infrastructure, urban resiliency.

1 INTRODUCTION

Climate change, one of the most important issues on the international agenda today, is a
multidimensional problem. The studies carried out under the leadership of the United Nations (UN) on
combating the negative effects of climate change has dimensions that affect climate change policies not only
at international but also at national and local scales. The greenhouse gas mitigation commitments made by
countries under the UN Framework Convention on Climate Change (UNFCCC) and the Paris Agreement are
very important. However, in the UN NDC Synthesis Report published in February 2021, it was emphasized
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that they are not enough to overcome the climate crisis (UNFCCC 2021). Even if greenhouse gas emissions
are reduced globally, current emissions in the atmosphere will continue to affect the world. In this regard,
today climate change adaptation activities come to the fore and include less exposure to and benefit from
climate-induced changes where possible, and are determined by local conditions (IPCC 2018). In this context,
today cities, where human activities are concentrated, are considered with importance and Nature-based
Solutions (NbS) and green infrastructure (GI) are increasingly used in many countries, including Turkey,
within the scope of climate change adaptation actions (UNFCCC 2020).

NbS is an essential part of the solution to achieve climate resilience and reveals the importance of
nature in combating climate change. Adequate investment in NbS contributes to reducing the cost of negative
consequences of climate change, creating new jobs opportunities, and increasing urban resilience against
climate change (Canals and Marin 2019: 8). Within the scope of NbS, Gl is defined by the European
Commission as "a strategically planned network of natural and semi-natural areas with other environmental
features designed and managed to deliver a wide range of ecosystem services" (EC 2013: 3).

In the literature, it is seen that there are studies in which evaluations are made in terms of the benefits
of GI to urban areas from different perspectives and these benefits are evaluated within the scope of case
studies. As emphasized in these studies, GI have important functions in urban areas (OECD 2020: 6). Liu and
Jensen (2018) evaluated the relationship between GI and urban water management in the context of case
studies. They demonstrated the benefits of combining GI with traditional grey engineering solutions in terms
of reducing the urban water footprint and conserving water. In the aforementioned study, it was concluded that
cooperation between sectors and stakeholders is important in extending GI approach to the urban area (Liu and
Jensen 2018: 126). Everett et al. (2015) also discussed the potential benefits of using blue and green
infrastructure elements in cities. In the study, it was concluded that a significant paradigm change is needed in
policies and practices in order to realize the many benefits that can be increased, such as reducing the risk of
flooding in cities, breaking the urban heat island effect and providing recreation opportunities of the blue and
green infrastructure elements, which are increasingly used to meet the objectives of urban water management,
and that all parties should work together (Everett et al. 2015: 50). Another study that deals with Gl in the
context of Disaster Risk Management (DRR) is Carter et al.'s (2018) study in the Urban Mersey Basin in North
West England, revealing the contribution of Gl in the context of disaster management in flooded areas (Carter
et al. 2018).

In the study carried out by Stefanakis (2019), the role of wetlands as a Gl element in urban water
management was discussed, and it was concluded that wetlands have important environmental and economic
advantages with their functions such as protection against floods, storm water management, water treatment,
habitat creation, recreation and education opportunities (Stefanakis 2019). In another study by Ellis (2013),
this time a broader Gl approach in urban sustainable surface water management was considered together with
micro and mezzo-vegetative drainage systems. Evaluation conducted within the scope of the UK using GIS
and remote sensing revealed that it is important to include GI solutions in planning (Ellis 2013: 24). In the
study conducted by Rowe et al. (2016) in New Jersey, a survey was conducted on the practices and barriers to
GI at the municipal level. As a result of the survey, it was determined that the most common Gl solution to
reduce the runoff of rainwater on the surface is rain gardens. As an important result of the study, adaptation to
climate change was not seen as the primary objective by the municipalities in the implementation of the
aforementioned application and financing was identified as an important obstacle in the dissemination of Gl
solutions (Rowe et al. 2016).

Pitman et al. (2015) evaluated the contribution of Gl to climate change adaptation within the context
of South Australia. It was concluded that Gl includes multiple benefits such as human health and well-being,
urban liveability, effective water management, economic development, urban agriculture and biodiversity
conservation (Pitman et al. 2015: 112). In addition, by De la Sotaa et al. (2019), the contribution of urban
forests and urban agricultural activities in Spain applied within the scope of the EU's LIFE Program to
combating climate change and reducing greenhouse gasses as Gl elements was discussed. It was concluded
that the type of urban Gl selected in the study provided significant differences in this context (De la Sotaa et
al. 2019: 151). In addition to these studies, Seddon et al. (2020) emphasized that there is a need for an
administrative paradigm change that will enable sustainable development and the dissemination of NbS
solutions in overcoming climate and biodiversity crises (Seddon et al. 2020). In their studies, Zuniga-Teran et
al. (2020) and Alhassan et al. (2020) emphasized the difficulties encountered within the scope of Gl solutions,
and revealed that appropriate techniques should be used and green governance should be ensured in the
effective implementation of GI (Zuniga-Teran et al. 2020; Alhassan et al. 2020).

As mentioned in the above studies in the literature, GI solutions create carbon dioxide sinks, protect
biodiversity, protect from flood risks, mitigate the impact of floods after heavy rains, and are used as urban
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recreation areas outside of these disaster times. They are also useful in soil management and wastewater
treatment. GI are more cost-effective than traditional gray infrastructure solutions and can serve for a longer
period of time. For this reason, they are considered as a complementary or alternative to technical solutions
(O’Farrell and Anderson 2010: 59; Rusche et al. 2019: 2).

In line with these considerations, the aim of the study is to address the strategies and Gl solutions that
need to be implemented by taking into consideration the issue of sustainable management of water resources
in cities, especially in the context of climate change.

2 METHODS

The relational research model was used as the study method. It is aimed to establish the relationship
between Gl solutions and ensuring the sustainability of water resources against climate change, especially in
urban areas (Figure 1).

Figure 1. Conceptual method flowchart

The evaluations were made with the regional climate projections produced for Turkey until 2100 by the
General Directorate of Meteorology (GDM) according to the Intergovernmental Panel on Climate Change
(IPCC) scenarios, based on the CMIP5 project global models HadGEM outputs using the dynamic
downscaling method in the RegCM4 model. These projections were also used in the 7" National
Communication of Turkey submitted to the UNFCCC Secretariat prepared under the coordination of the
Ministry of Environment and Urbanization (MoEU). Projections were made for the years 2016-2099 with
reference to the period 1971-2000 (Figure 2). When the results of the outputs for all scenarios were evaluated
together, it was predicted that temperatures would increase by an average of 2-3°C, the numbers of consecutive
dry days would increase, and rainfall would decrease significantly. These are important results that reveal the
importance of water management, which is the focus of this study (MoEU 2018a).

Temperature Precipitation

- R s

Figure 2. HadGEM2-ES RCP4.5 Temperature and Precipitation Projections-20 km (M

« "

oEU 2018a: 131)
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3 CONCEPTUAL FRAMEWORK

Entire societies live dependent on ecosystems. Factors such as climate and land use changes caused
by human activities affect ecosystems and the services they offer. This is an issue that increases and
exacerbates disaster risks. In combating these effects, NbS are defined as actions involving the improvement
and restoration of nature in line with conservation, management and ensuring climate resilience (IDB, 2020:
9). In climate change adaptation and DRR, Gl is an important approach in the context of NbS, plans and
strategies, and GI forms a hybrid structure of NbS together with ecosystem services (Diepetri and McPherson
2017: 99; Eggermont et al. 2015; OECD 2020: 6). Ecosystem services contained in this definition refer to all
the processes, benefits and products that the ecosystem offers for human existence. Water, air, food and
cultural/spiritual values obtained from nature are within this scope. These opportunities provided by the natural
environment are important not only for humans, but also for all living things. Therefore, the planning approach
based on ecosystem services, which also takes into account natural functioning and the factors affecting it,
should be preferred. Studies show that well-managed ecosystems and services offer cost-effective solutions to
reduce disaster risks (Albayrak 2017; EC 2013; EEA 2014: 18).

Gl on the other hand, contains various natural and semi-natural entities as a network system consisting
of interconnected elements, including all kinds of green and blue components (Figure 3). Many natural
elements such as coastal salt marshes, oyster reefs, mangroves, coral reefs, and dunes can be considered within
the scope of GI. In addition, all water bodies, lakes, rivers and streams, as well as the sea and oceans, are
considered as blue infrastructures. Since there are places such as coastal areas, forests, beaches, wetlands,
which are areas where water and land meet, these places are considered with importance in climate change
adaptation and DRR studies but they are Gl areas under urbanization pressure. In urban areas, Gl also include
all elements from street afforestation to large parks, pocket parks to cemeteries, small streams, lakes and sports
facilities. Today, green walls and green roofs have been added to this list as modern Gl elements (EEA 2014;
Haase 2017:111).

yyyyyyyy

-

Figure 3. Potential components of GI (EC 2021)

Gl has the functions of reducing the heat island effect in cities, providing rainwater drainage in order
to prevent floods, providing recreational opportunities, protecting physical and psychological health and
ensuring pollution control, creating new employment areas and supporting economic development as well as
increasing the quality of urban life. In a study conducted in the United States, it has been calculated that street
afforestation is three to six times more efficient in rainwater management than drainage systems per US $ 1000
invested. In the same study, the cost of urban Gl was US $ 8 million and US $ 250 million was saved in gray
infrastructure costs (IDB 2020: 7; Diepetri and McPherson 2017: 100). In the context of NbS development and
adaptation to climate change, it is important to apply Gl as hybrid systems (Figure 4) with gray, namely hard
or engineering techniques and blue infrastructures. Because they complement each other (Diepetri and
McPherson 2017: 94-96; Grimm 2016).
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Figure 4. Hybrid systems, green, grey and blue infrastructure are considered together (Martin et al. 2021: 3)

The proportion of built and impermeable surfaces in cities is generally higher than green and soil areas,
which increases the vulnerability of cities to the effects of climate change and disrupts the water cycle.
Underground and surface water resources cannot be fed sufficiently (Figure 4). Rainwater, which flows rapidly
on the surface, gets polluted in the urban area and transfers this pollution to water reservoirs. In addition, high
volumes of rapidly moving water damage the riverbeds that it reaches with pressure, create erosion and cause
habitat loss. The increase in sediment also causes the clogging of drainage channels. Floods in urban areas are
also responsible for significant loss of life and property (Konyali and Cay 2020: 668; CA-NEMO 2021).
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Figure 4. Changes in water cycle by urbanization (CA-NEMO 2021: 2)

Today, ‘sponge city’ approach is adopted for effective urban water management. Sponge cities include
an infrastructure system where large amounts of water are drained and slowly returned to nature or used where
necessary. In this context, permeable surface coating materials are used in cities, green roofs, rainwater tanks
and rain gardens are designed and GI system is developed to allow water cycle (Chan 2018; Fuldauer 2019).

Gl solutions in the context of ensuring water management in cities, which are the subject of this study, are
shown in Table 1.

Table 1. Gl solutions supporting the water cycle in cities (Flint 2019; Fuldauer 2019; Furlong et al.2018;
Hepcan 2019: 20; IDB 2020; Khan 2018; Konyali and Cay 2020: 673; MoEU 2018b; Urban GreenUp 2021a,b)

Gl Solution Content Display
Planted Swales are shallow, flat bottom, planted open
swales and channel systems and are often used to reduce
retention the flow rate of water. Biodiversity, aesthetics
ponds and landscape values are quite high. It can also

be used to drain roads and parking lots from
rainwater in cities.

Retention ponds are NbS that provide additional
storage capacity that prevents runoff during
rains, and an existing natural pit can also be
used for this purpose. Figure 5. Swales
(sustainabletechnologies.ca 2021)
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Floodable These parks are designed to allow stormwater to
parks be stored in a risk-free manner and to allow

controlled release and/or drainage after the

flood is over.

Figure 6. Floodable Parks (Furlong et
al. 2018)

Green filter The fall of rainwater or irrigation water from the - P
areas surface along the soil profile with the effect of I

gravity is called infiltration. It is used to
separate major pollutants such as industrial
facilities or roads and walk axles and to create
barriers between them. In this context, pocket
parks, street trees, green walls are considered
and they are important not only in the context of
water management but also in reducing air
pollution.

Figure 7. Green filtration (IDB 2020)

Natural waste

It refers to natural wastewater treatment

Step 1
Primary tank Ti

Seftiing and anacrobic digestion
Final fitter to retain solids

Step 3

Step 2
v ted water

T

conventional leach drain
Landscape of harvestable plants
No root crops of leaty vegetables

Diverse Plants for root
Control Box with stand pipe

SUBSURFACE FLOW WETLAND
Residence time at loast 4 days

SUBSOIL IRRIGATION
FIELD

SEPTIC TANK
Rendunce e

water systems created with the support of water plants

treatment within the scope of elements such as wetlands
and ponds.

Hard It is a type of flooring produced from hard

drainage material in small pieces or completely porous

sidewalks / material that gives water directly to the soil.

Porous floors

Green Green pavements are plantable Gl that provide

pavements drainage of water as low-cost solutions and
provide the opportunity to use in different ways
in the context of urban design.

Cool Cool pavement are pavements that can be

pavements disassembled and reflect sunlight. In addition to

reducing the urban heat island effect, they stay
cool thanks to their porous structure and the
water and air they contain.

Figure 11. Cool pavement (Aouf 2016).
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Green roads
for cyclists
and
pedestrians

They are permeable Gl systems that allow the
flow of water and are made suitable for use on
the axles used by cyclists and pedestrians.

Figure 12. Cycle green paths (Urban
GreenUp, 2021d)

Green
buildings,
green roofs
and rain
water
harvesting

They are the GI elements that are formed
especially on the roofs and hold a part of the
precipitation water thanks to the vegetation,
soil, drainage and waterproof coating
components. In addition, systems for efficient
use of water are established in green buildings.

Figure 13. Green roofs
(Vijayaraghavan, 2016)

Renaturalizat
ion of the
water
channels

These are Gl's, where concrete wall systems
that disrupt the natural outflow of water are
removed in line with flood prevention and are
instead installed with modular and plant-
containing systems that enable the natural flow
of river beds.

Figure 14. Channel renaturalization
(Urban GreenUp 2021d)

Protection of
coastal
ecosystems

In the prevention of flood risks in coastal cities,
it is necessary to protect the mangroves,
wetlands, floodplains and swamps, which are
important parts of coastal ecosystems, to create
buffer zones and to protect water quality.

S o

Urban forests

These forests provide effective drainage with
their water retention capacity, especially in
urban floods, and significantly support gray
infrastructures. In this respect, it is very
important to protect and develop forest areas
and wooded areas in cities.

Rain gardens

These gardens are considered as shallow basins
that are built to collect, store and filter and
purify the flowing water and contain porous soil
structure and natural vegetation.

Figure 17. ain Garden (MoEU, 2018b)

4 THE GEOGRAPHICAL REGIONS, CITIES IN TURKEY AND G| SOLUTIONS

According to IPCC reports, the Mediterranean macroclimate region, including Turkey, is one of the
most vulnerable regions in terms of climate change impacts (IPCC 2021). On the other hand, water
consumption in Turkey increases with population growth and urban activities (Karli and Artar 2021: 145).
Annual usable water per capita amounted to 1,652 m? in 2000, 1,544 m? in 2009 and 1,346 m? in 2020. Turkey
is among the countries experiencing water stress, when its per capita water potential is considered. It reveals
the importance of water management and the necessity of a basin-based approach in Turkey (Birpinar and
Tugag 2018; SHW 2021).

Considering that each geographical region in Turkey will face different problems in the context of
climate change, Regional Climate Change Action Plans (RCCAP) prepared by MoEU for seven geographical
regions and announced in February 2021. In the RCCAP, in parallel with the meteorological observations
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above, it is seen that the problems related to water management (Table 2) come to the fore due to the problems
of excessive rainfall and drought and require DRR measures (MoEU 2021a).

Table 2. Findings in the context of water and disaster management in Turkey's geographical regions (MoEU

2021a)
Region Location Findings in the Context of Water and Disaster Management
The A —.-| Annual rainfall in the region tends to decrease. However, there

Mediterranean
Region

The Eastern

| are records of sudden heavy rains. Accordingly, floods and
-~ | overflows are important problems, and the issue of drainage

comes to the fore. Rainwater harvesting should be expanded in
the region in the context of GlI, swales and floodable green areas
should be developed to protect wetlands from rising sea water
levels.

Changes in the region's rainfall patterns reveal the risk of flooding

Region

The Marmara
Region

Anatolia due to sudden record levels of rainfall, while long periods without

Region | rainfall present a drought problem this time. In addition, extreme
snowfalls and variable weather conditions in the region require
the use of permeable and climate-resistant flooring in the context
of GI.

The Aegean ¥ e . Annual average precipitation in the region tends to decrease and

Region " jj water stress is expected. There is an increase in the number of

2 4| consecutive dry days. Sudden and heavy rainfalls are a major

threat. Gl solutions should be developed to protect the
groundwater resources from the increasing sea level on the
shoreline and to address floods caused by sudden rainfalls.

The South- v | Temperatures in the region are very high and trigger vigorous

eastern : . _ || evaporation. It is the region with the highest risk of drought and

Anatolia #@- | desertification. There are areas of severe erosion. The number of

Region - : rainy days decreases significantly. However, sudden heavy rains
that suppress suddenly cause floods. The prominent Gl in the
region is rainwater harvesting.

The Central = o | Itis the geographic region with the least rainfall. It is expected

Anatolia * | that the amount of rainfall will decrease and the number of

Region .| consecutive dry days will increase. There is an important sinkhole
formation due to underground water intakes. Sudden heavy
rainfalls can be seen. Protection of wetlands, inventory of
underground and surface water resources and rain harvesting are
important.

The Black Sea |, ~ The region receives the most precipitation in Turkey and there is

" a serious increase in the number of days with heavy rain. Floods,
| overflows and landslides are experienced in the region. It is

important to develop effective basin management and Gl
solutions such as swales, permeable floors and green roofs.
Streambeds should not be narrowed by walls in the Region.

4 In the Region, an increase in temperatures and irregularities in
/| precipitation is predicted. The region is vulnerable to floods and
4| storms with increasing severity and is the region where the most

flood disasters are seen after the Black Sea Region. Gls for floods
and sea level rise should be designed and hybrid solutions should
be considered in water supply and wastewater management.

The different local characteristics of the geographical regions in Turkey bring along solutions that
differ in the context of NbS and GI. In this respect, Regional and Urban NbS Catalogs are developed by MoEU
together with UNDP under Climate Promise Programme (UNDP 2020). In addition, Enhancing Adaptation
Action in Turkey Project is carried out with EU-IPA funds and impact and risk analyzes are made based on
geographical regions. The grant component of the project has been opened to local governments and different
stakeholders on climate adaptation, including water management (EU et al. 2021; MoEU 2021b). Another
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project that can be addressed in the context of climate change and water management and made at the regional
level is the Climate Change Impact on Water Resources Project completed in 2016 by the repealed Ministry
of Forestry and Water Affairs. With the project, 25 hydrological basins in Turkey were considered and drinking
and utility water in cities, rainwater harvesting, water pricing as well as climate change adaptation actions in
the main sectors of agriculture and industry were determined (MoFWA 2016).

In the upcoming period in Turkey, management and storage of water will become even more important,
especially in urban areas. In this context, by MoEU; (1) Regulation on Stormwater Collection, Storage and
Discharge Systems was published in 2017, (2) Rain Gardens Preparation Guide was published in 2018 (MoEU,
2018Db), (3) In 2019, the 2020-2023 National Smart Cities Strategy and Action Plan was announced (MoEU
2019), (4) With the amendment of the Regulation dated January 23, 2021, rainwater collection system has
become mandatory in buildings to be built on parcels over 2000 m2. For the buildings to be built in areas
smaller than 2000 m2, the decision is left to the local administrations, (5) Green areas are rapidly increased
with public gardens, ecological corridors, and afforestation works.

In addition to these studies in Turkey, there are also Gl-focused projects directly carried out by local
administrations. The following headings include examples of the said projects.

4.1 Gaziantep Metropolitan Municipality/Alleben Stream Water Project

The green corridor project was initiated by the Metropolitan Municipality in 2019 in order to open the
narrowed bed of the Alleben Stream in Gaziantep and turn it into a living element of the city and it was aimed
to contribute GI. By allowing the natural flow of the Alleben Stream in an area of 350 meters long and
approximately 200 thousand square meters in line with flood and hydrological analyzes, it is aimed to purify
the stream bed from pollution, protect existing trees and add new ones, create a green corridor (Figure 18), and
give the city an important recreation area with permeable surface coatings (Gaziantep Metropolitan
Municipality 2019).

Flgure 18‘ GaZ|antep / Alleben Stream Project and Green Belt (Ga2|antep Metropolltan Mun|C|paI|ty 2019)
4.2 Eskisehir Metropolitan Municipality/Porsuk Creek Project

In Eskisehir, Porsuk Creek divides the city center into two parts and forms a green corridor. Along
Porsuk Creek, projects have been developed to design a green axis connecting the city center with a large urban
recreation area City Park with a green area of 150.000 m? on an area of 257.000 m2. While Porsuk could be
used for drinking and irrigation water until 1980, it was polluted due to domestic and industrial wastes. In this
direction, the Porsuk Creek Coastal Transformation Project has been developed along the 10 km coastline in
order to improve the parts of the creek in the city, make it resistant to disasters such as floods, and prevent
leakage from irrigation channels. With the project, the city has gained both an important green and cultural
infrastructure and an important recreation axis (Figure 19). The project made it to the finals in the World
Urbanism Competition organized by WRI in 2018. (Arslantas et al. 2020: 8; kentselstrateji.com 2021; WRI
2019).
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Flgu re 19. Eskisehir Porsuk Creek Coastal Transformation Project (kentselstratejl com 2021 Eskisehir
Metropolitan Municipality 2018)
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4.3 izmir Metropolitan Municipality/Gl Strategy

The preparation of the Gl Strategy started in 2017 by the 1zmir Metropolitan Municipality. By Strategy,
development of hybrid blue-green-gray infrastructure solutions, establishment of coast-city relationship, and
in the context of Horizon 2020-Urban GreenUp Project, at which izmir selected as the pioneer city together
with Liverpool and Valladolid, making GI applications such as, vegetated swales and retention pools,
permeable pavements and pocket parks (Figure 20) were aimed. The prepared Gl Strategy has been handled
in the context of the gulf, basin and sub-basins (Izmir Metropolitan Municipality 2021a; Urban GreenUp 2021f,
g). In the GI Strategy, in line with water management, issues such as (1) water potential map, urban streams
master plan, preparation of groundwater resources map, (2) repair of water beds, (3) protection of rain and
surface waters in relation to the groundwater system came to the fore (Izmir Metropolitan Municipality 2021b).

Figure 20. izmir GI Solutions (Izmir Metropolitan Municipality 2021b)

The proliferation of examples such as the above that make water management possible in urban areas
in Turkey and the handling of GI as NbS together with gray infrastructures in this context are important
strategies that stand out even more in a process where the negative effects of climate change are predicted to
continue increasingly.

5 RESULTS AND DISCUSSION

Evaluations made on the basis on the climate related problems both in geographical regions and urban
level in the study reveal that water management in Turkey will become even more important in the coming
years. In this context, the handling of Gl solutions, especially in urban areas, will come to the fore more and
more in order to achieve success in combating climate change in Turkey.

Given that urbanization increases impermeable surfaces, fossil fuel use, deforestation, and ecosystem
degradation, these factors also pose risks to water resources. Underground water sources cannot be adequately
fed, and the water cycle cannot be adequately completed. In the context of climate change adaptation and DRR,
hybrid approaches in which Gl is tackled with blue and grey infrastructures are required to be developed as
part of the NbS. Developing a basin-based approach in ensuring efficiency in water management often
necessitates cooperation between different administrative scales. For developing no regret Gl solutions, it is
essential to base on detailed analysis studies beforehand. Adequate investment in NbS and GI will help reduce
the financial consequences of climate change and will contribute to the creation of new jobs, increase the
resilience of livelihoods, and reduce people's poverty. Another aspect affecting the success of Gl practices is
the development of governance and cooperation at all levels.

As can be seen from the study, there are GI practices in cities in Turkey, but it seems that they should
be expanded. In particular, it is necessary to evaluate in more detail the calculations of the returns of these
studies and the expected gains of the outputs of GI projects carried out in urban areas in the context of water
management. In the context of adaptation to climate change, the short, medium and long-term results of these
Gl solutions, alone or together with hybrid solutions, need to be addressed further. In addition, it is essential
to address the issue of financing needs, which is an important problem area for local governments in the
dissemination of Gl solutions. In this direction, this study should be reconsidered in the coming years in order
to see whether the Gl solutions that are expected to become widespread in new urban areas in Turkey give the
expected effect.
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6 CONCLUSIONS

Gl solutions support ecosystem services, biodiversity and access to fresh water, improved livelihoods,
healthy nutrition and food security and urban resilience, as well as they also contribute to the achievement of
the objectives of the UN Sustainable Development Goals (SDGs), the Paris Agreement, the UN Habitat New
Urban Agenda and the UN Sendai Framework for DRR. Considering the efforts carried out by local
administrations in Turkey in the context of combating climate change, limiting greenhouse gas emissions and
adaptation, it is seen that the actions are concentrated on solid waste and waste-water treatment, transportation,
buildings and settlements, energy efficiency and renewable energy practices, increasing carbon retention and
drainage capacity through land use planning and green-gray infrastructures. Implementation of climate change
adaptation and Gl practices by those who know the specifications of the local area undoubtedly provides much
more effective and practical solutions. Gl practices, which are one of the important agenda items of the G20,
the OECD and the UN, are also one of the most important issues for Turkey in the context of combating climate
change at the local level. However, it is important to provide the national and international technical, financial
and capacity building supports to local administrations in line with the implementation of GI. In today's
conditions, reaching climate change resilient cities depends on sustainable management of natural resources
directly affected by global warming, the determination of Gl strategies and appropriate adaptation solutions
considering local characteristics.
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