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Abstract

Aim of study: Countries will be affected by climate change in different levels and ways. Therefore, it is
necessary to focus on methods and options specific to regions. Basin approach, the sustainability of the
basins and their capacity to be exposed to the possible effects of climate change, adapting to and resisting
climate change should be addressed with an integrated approach. “Basin vulnerability analysis” methods
are developed to ensure ecosystems sustainability and reveal their adaptive capacities. The purpose of these
analyses is to calculate the basin’s vulnerability to all anthropogenic stress factors, especially climate
change, for prioritizing investments and measures.

Area of study: This study applied in Balikesir-Susurluk sub-basins.

Material and methods: This study applied a vulnerability analyses and mapped in Balikesir-Susurluk
sub-basins. The vulnerability analysis results were evaluated together with land use and resilience capacity.

Main results: We obtained a high correlation (r>=0.788) between the vulnerability values and the water
quality scores. The used method was verified and found to be successful and applicable.

Highlights: The dissemination of the method with its application to other basins is critical in analyzing
the vulnerability at the basin scale and directing the basin restoration investments.
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iklim Degisikligine Uyum Kapsaminda Kirilganlk, Direng

Kapasitesi ve Arazi Kullanimi Degerlendirilmesi: Balikesir-

Susurluk Havzasi Ornegi

Oz

Calismamn amaci: Tklim degisikliginden iilkeler farkli diizeyde ve sekilde etkilenecektir. Bu durumda
hem iilkelere hem de farkli bolgelere 6zgii uyum yontem ve secenekleri iizerinde durulmasi gerekmektedir.
Havza yaklasimi kapsaminda havzalarin siirdiiriilebilirligi ve iklim degisikliginin olasi etkilerine maruz
kalma, iklim degisikligine uyum saglama ve direng gdsterme kapasiteleri de entegre bir yaklagimla ele
alinmalidir. Ekosistemlerin siirdiiriilebilirliginin saglanabilmesi ve adaptif kapasitelerinin ortaya
konulabilmesi i¢in “havza kirilganlik analizi” yontemleri gelistirilmektedir. Bu analizlerde amag
yatirimlarin ve Onlemlerin Onceliklendirilmesi ve dogru yonlendirilmesi bakimindan havzanin iklim
degisikligi basta olmak iizere tiim antropojenik stres faktorlerine kars kirilganliginin hesaplanmasidir.

Calisma alani: Bu ¢aligma Balikesir-Susurluk alt havzalarinda gergeklestirilmistir.

Materyal ve yontem: Balikesir-Susurluk alt havzalarinda kirilganhik analizi uygulanmis ve
haritalanmigtir. Kirilganlik analizi sonuglari, arazi kullamimi ve direng kapasitesi ile birlikte
degerlendirilmistir.

Temel sonuglar: Kirtllganlik degerleri ile arazi 6lgiimlerinde elde edilen su kalitesi skorlar1 arasinda elde
edilen yiiksek korelasyon (r?=0.788) sayesinde uygulanan yontemin dogrulamasi yapilmis ve yontem
basarili ve uygulanabilir bulunmustur.

Arastirma vurgulari: Yontemin baska havzalara uygulamasi ile yayginlastirilmasi, havza dlgeginde
kirtlganligin analizi ve havza restorasyon yatirimlarinin yonlendirilmesi bakimindan son derece dnemlidir.

Anahtar Kelimeler: Havza Kirilganligi, Uyum, Direng, Iklim Degisikligi
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Introduction

As a result of the rapid increase in popu-
lation over the next last century, changes in
food, soil, land use, and the demand for access
to water will lead to changes in the amount of
water, an increase in desertification, and
deterioration in air quality (Roy & Majumder,
2016; McCarthy et al., 2001; Watson, 2001).
Recent global developments at the United
Nations Climate Change Conference
(COP21) held in Paris in 2015, countries
agreed to apply their Nationally Determined
Contributions (NDC) as part of an agreement
to limit global warming to below 2°C by the

end of this century (WBG, 2016). According
to the 5th assessment report (AR5) of the
IPCC (Intergovernmental Panel on Climate
Change), greenhouse gas concentration and
temperature scenarios consist of five high
priority scenarios (Shared Socioeconomic
Pathway) (SSP1-1.9, SSP1-2.6, SSP2-4.5,
SSP3-7.0 ve SSP5-8.5) in addition to the
SSP1-1.9 scenario, which most closely ref-
lects the 1.5 °C target specified in the Paris
Climate Agreement. The optimistic scenario
for the 1.5 °C target of the Paris Agreement
(by 2050) that the IPCC (ARG6) considers is
SSP1-1.9 (Figure 1).
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Figure 1. Global surface temperature change (relative to 1850-1900) (IPCC, 2021).

In consequence of climate change, basin
management and sustainability of natural
resources are exposed to hazard, and
adaptation management should be provided in
sensitive  and  vulnerable basins by
determining strategies at different scales wit-
hin the scope of adaptation to climate change
(Aytekin, 2021). Basin resistance is a
synthesis of basin condition, which expresses
physical and biological characteristics. The
deterioration of the basin condition is related
to the magnitude of the degradation of natural
ecosystems (Furniss et al., 2010; USDA,
2013). The World Bank (WBG, 2021) is
expected to increase support, including
technical assistance and financing, for cities to
build carbon neutral and climate change
resilience in urban basins. This support means
providing new regulations to improve urban
air quality, decarbonizing urban energy
systems, promoting green infrastructure and
integrated  solid waste  management,
promoting urban transport by public transport
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(renewable energy), improving the scope-
efficiency-flexibility of wastewater treatment.

Since climate change substantially impacts
the hydrological processes of a basin system
in the assessment and development of
adaptation strategies, it can be used at the
basin scale through best management
practices and conservation of natural
resources. With these methods, basin systems
can become more resistant to external
influences (Randhir et al., 2014).

The World Bank's Climate Change Action
Plan (2021-2025) aims at green, resilient and
inclusive development by increasing support
for countries to integrate them into their
development strategies (WBG, 2021).
Climate change will cause increased
vulnerability on the underdeveloped count-
ries’, infrastructure, economy, agricultural
enterprises, and wildlife, which lack the ne-
cessary resources and skills to adapt rapidly to
severe conditions. Temperatures and extreme
weather events will increase over the next



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2022, 22(2): 112-124

Kastamonu Univ., Journal of Forestry Faculty

Aytekin and Serengil

century with increased flood and landslide
risks (Roy & Majumder, 2016). Globally,
one-third of the population lives in water-
stressed countries in Central Asia, South
Africa and the Mediterranean region.
According to climate change scenarios, it is
expected that there will be decreases in stream
flow and groundwater in the Mediterranean
Basin (McCarthy et al., 2001). Changes in the
total amount of precipitation and its frequency
will affect the runoff and the intensity of
floods and droughts (Roy & Majumder,
2016).

We carried out the study in the Balikesir-
Susurluk Basin. Balikesir-Susurluk Basin is
vital basin where the Mediterranean climate is
combined with terrestial to certain extent,
hosting  ecologically  critical  aquatic
ecosystems. At the same time, especially ag-
ricultural activities are common human
influence. The waters of the Balikesir-
Susurluk Basin also contribute to the pollution
and related mucilage problem of the Marmara
Sea. The basin also has an important place in
the country’s economy in terms of agriculture
and includes important provincial centers
such as Bursa and Balikesir. The fact that it
contains significant spatial differences in land
use provides an advantage in testing the

method. Although there are sub-basins that
include mostly forests within the central basin
of Balikesir-Susurluk, there are also entirely
agricultural ~ sub-basins. These features
provides suitable environment for testing the
applicability of the developed approach.
Within the scope of the research, the main
basin of Balikesir-Susurluk was divided into
sub-basins and analyzed both in the field and
by G1S-based methods. The aim is to develop
numerical, objective and verifiable approach
that will demonstrate the adaptive capacity on
a basin basis.

Material and Method

Study Site

The study was conducted in the Balikesir-
Susurluk Basin, one of the main 25 river
basins of Turkey located in the south of the
Marmara Region (Figure 2). It has an area of
approximately 24,385.31 km? (3.1% of the
country's surface area). The study plots were
located between 39° 1' 8" —40° 31' 43" N and
27° 9" 50"- 29° 51' 42" E. According to
CORINE (2018) data, while forest area
occupies the largest portion, agricultural land,
pasture areas and urban areas are also exist in
the basin (Aytekin, 2021).

v;‘ °| Legend

D Susurluk Bagin

Figure 2. Study area (Aytekin, 2021).

Climate parameters (temperature, preci-
pitation, humidity, etc.) in the study area
change with the altitude. The mean elevation
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was about 631.24 m (0-2531.98 m).
According to the slope groups of the study
area, a medium slope areas (6-12%) occupy
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the largest (7700.26 km?) part. While the
aspect of the study area is mostly northwest
(333.94 km?) and west (3212.40 km?), the
dendritic type drainage distribution is typical.
The soil structure of the study area is mainly
the lands with non-calcareous brown forest
soils and VII. class lands (highly inclined and
eroded) are the lands that have the most area
in the study area with 57.13% (Aytekin,
2021).

The
transitional

Balikesir-Susurluk  Basin has a
climate between the
Mediterranean, the Black Sea, and the
continental climate. According to
Thornthwaite climate classification, Bursa is
semi-humid and other provinces are semi-arid
and less humid (Thornthwaite, 1948; MGM,
2016). In the Balikesir-Susurluk Basin,
Bursa’s average temperature (1928 — 2020) is
the highest average temperature of 14.9 °C,
while Kiitahya (1929 — 2020) is the lowest
average temperature of 11.2 °C. In the
Balikesir-Susurluk Basin, the highest average
precipitation is Bursa (1928 - 2020) with
719.1 mm, and the province with the least
precipitation is Balikesir (1929 - 2020) with
524.2 mm. The highest daily wind speed is in
the north (N) direction in Bursa (47.3 m/sec),
and the lowest wind speed is in the NW (NW)
direction in Balikesir (27.6 m/sec). Northerly
winds are dominant throughout the basin.
According to Corine 2018 data, coniferous
forests (15.3%) have more than deciduous
forests (8.5%). There are mainly Quercus sp.,
Fagus sp., Pinus brutia Ten. and Pinus nigra
Arnold. species in the forest formation.

Climate Change and Resilience

To determine the wvulnerability and
resilience of the Balikesir-Susurluk Basin,
various indicators have been developed based
on GeoREWIEW, the location-based regional
vulnerability index model of basins and
ecosystems ( Tiburan et al., 2013). Although
the indicators that may affect the vulnerability

115

score of the Balikesir-Susurluk Basin are
micro-scale, measurable and applicable
parameters, the parameters that do not have a
statistically significant effect were eliminated
after a correlation evaluation between the
indicators (Aytekin, 2021).

Scientific studies were taken into account
in order to conduct a basin vulnerability
analysis, and 28 indicators were determined in
terms of being calculable regarding sensitivity
parameters (physiographic characteristics of
the basin), exposure parameters (climatic
data), and adaptive capacity (socio-economic
status) (Table 1) (Aytekin, 2021). Each
indicator was scaled with a degree of
significance between 1 and 5, and the
vulnerability point score was calculated for
each basin (Table 2) (Tiburan et al., 2009)(Eqg.
1). Resilience capacity parameters are
between exposure and adaptive capacity, and
the following calculation method has been
developed for resilience (Aytekin, 2021).

_ExatAxp

R=52 1)

R: Resilience indicator

E: Exposure

A: Adaptive capacity

a ve 3: The weights of exposure and adaptive
capacity, respectively.

Calculation of overall vulnerability point
(Tiburan et al., 2009) (Eq. 2);

1/n 3% (Si)
Smax

ovP = x100

)

OVP: Overall vulnerability point
Si: i scale of indicator

Smax: Maximum scale

n: Total number of indicators
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Table 1. Basin vulnerability indicators (Aytekin, 2021).

Sensitivity

Reference

Stream order

Drainage density

Stream frequency

Form factor

Circularity ratio

Maximum relief

Mean slope

Channel erosion

Potential evapotranspiration

Strahler, 1964

Horton, 1945

Horton, 1945

Horton, 1945

Miller, 1953

Ozhan, 2004

EU-DEM, 2018
Quantitative assessment
Thornthwaite, 1948

Erosion Quantitative assessment
Exposure

Watersed area EU-DEM, 2018
Elevation EU-DEM, 2018
Maximum temperature MGM, 2018

Minimum temperature MGM, 2018
Precipitation MGM, 2018

Flow DSl, 2018

Drought RDI (Tsakiris et al., 2007)
Wet season MGM, 2018

Dry season MGM, 2018

Air quality index EPA, 2018

Adaptive capacity

Forest area Corine, 2018
Agriculture area Corine, 2018
Settlement area Corine, 2018

Range area Corine, 2018

Road density
Railway density
Population density
Natural rate

DIVA-GIS (Hijmans et al., 2001)
DIVA-GIS (Hijmans et al., 2001)
TUIK, 2020

Quantitative assessment

Table 2. Range of basin vulnerability point and classification values (Tiburan et al., 2009).

Category Classification Overall Vulnerability Point
5 Extremely Vulnerable > 85
4 Highly Vulnerable 70 -85
3 Vulnerable 55-70
2 At Risk 40 -55
1 Resilience <40

Basin vulnerability assessment including
validation (14 sub-basin) and test (14 sub-
basin) basins, was used in the study (Figure 3).
The basin vulnerability score was calculated,
including all parameters (28 parameters) for
the validation and test basins. Also, resilience
capacity values were calculated for all basins.
The coefficient of determination (R?) value
was determined with the trend line between
the test basins and the ecological water quality

values, and the vulnerability score of the basin
was estimated in the validation basin with the
linear regression equation (y=at+bx) (y:
dependent variable-water quality value, a:
constant value, b: regression coefficient, x:
independent variable-predicted vulnerabilty
score value) obtained as a result of the
graphic, and basin vulnerability score values
were examined by the least-squares method
(Aytekin, 2021).
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Susurluk Basin (Validation and Test Sub-basins)

Figure 3. Validation and test sub-basin area in Balikesir-Susurluk Basin (Aytekin, 2021).

Water Quality Parameters

Generally  accepted indicators  for
monitoring and evaluating aquatic ecosytems
are divided into 4 groups: physico-chemical,
biological, habitat and flow indicators.
Electrical conductivity, pH, turbidity, stream
width and depth, dissolved oxygen, nitrate
(NO3), ammonium (NH4*), phosphate (PO4-
P), water temperature and flow rate indicators

Table 3. Water indicator values (Aytekin, 2021).

were measured once for each sample point
over two years. Ecological indicators like
turbidity,  dissolved  oxygen, nitrate,
ammonium and phosphate indicators were
taken into consideration for water quality
evaluation. Ecological water quality (WQeco)
scoring was made between 1 and 2 values, and
the ecological water quality value is obtained
by scoring all parameters. (Table 3) (Aytekin,
2021).

Turbidity Dissolved oxygen  Nitrate (NO3)  Ammonium Phosphate (PO4-P)
(NTU) (DO)(mg/l) (mg/l) (NHz*) (mg/l) (mg/1)
Turbidity <5 DO >8 NO;<5 NHs<0.2 PO,—P <0.02
2 point 2 point 2 point 2 point 2 point
Turbidity <50 DO >6 NO3;< 10 NHs< 1.0 PO,-P <0.1
1 point 1 point 1 point 1 point 1 point
Results is at a risk of 2.6 points. As a result of the sub-

Basin Vulnerability Analysis

Results showed that Balikesir-Susurluk
Basin is at risk against climate change of basin
vulnerability points (51.71). According to
sub-basins, the SP9ly sub-basin has the
highest value (vulnerable) with 62.14 points,
while the SP10 and SP22b sub-basins have the
lowest value (at risk) with 42.86 points.
According to the resilience capacity, the basin
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basin evaluation, the SPy2 sub-basin is the
most (least resilience) with 3.24 points, and
the SP10 sub-basin is the least (most
resilience) with 1.97 points (Table 4).
Balikesir-Susurluk Basin was assessed as sub-
basins, and the map expresses basin
vulnerability and resilience capacity (Figure
4).
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Table 4. Balikesir-Susurluk sub-basin vulnerability, adaptive capacity, resilience and WQEco

values (Aytekin, 2021).

Sub-basins OVvP Adapt_lve Resilience  WQEco
capacity
SP11 47.14 2.13 2.07 9
SP144 52.14 2.0 2.4 8
SP173y 50.0 2.13 2.52 4
SP168 47.14 2.63 2.57 8
SP68 61.43 2.0 2.85 4
SP08 51.43 2.13 2.22 5
SP49 52.14 2.0 2.5 2
SP9ly 62.14 3.63 3.22 2
SP136 48.57 2.29 2.2 6
SP0O3y 52.14 2.88 2.84 7
SP10 42.86 2.13 1.97 5
SP69 55.0 2.0 2.75 8
SP117 53.57 2.25 2.58 6
SP92 53.57 25 2.7 2
SP22a 45.71 2.13 2.22 8
SP22b 42.86 15 2.2 7
SP90y 47.86 2.13 2.37 9
SP129y 52.14 2.75 2.73 6
SP28 53.57 3.38 3.09 8
SP60y 52.86 2.0 24 4
SP126y 56.43 2.75 2.88 10
SP168y 50.0 2.38 2.64 5
SPyl 54.29 2.25 2.58 5
SP171 49.29 2.5 2.55 7
SP173 55.71 35 3.3 6
SPy2 55.71 3.38 3.24 3
SP172y 52.86 2.88 2.69 0
SP25y 49.29 2.25 2.53 2
Average 51.71 2.45 2.6
*SP: Susurluk point.
a) b)
Susurluk Basin Vulnerability Map Susurluk Basin Resilience Capacity Map
wde o 1 £

Figure 4. Balikesir-Susurluk sub-basin vulnerability (a) and resilience capacity (b)

(Aytekin, 2021).

The Relationship Between Basin Vulnerability
and Water Quality

The statistical results of correlation and
regression analysis for basin vulnerability
point score (OVP) and water quality values
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maps

for the application basin showed that there is
a strong correlation (p < .001) between the
basin overall point score and ecological water
quality values (Table 5).
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Table 5. Mean statistical values in the test basin vulnerability point and ecological water quality

(Aytekin, 2021)

Correlation matrix OVP WQECco

OVP Pearson’s r - - 0.89***
p — value <0.001
95% CI Upper -0.68
95% CI Lower -0.96
Spearman's rho - 0.87***
p-value <0.001
R? 0.7882

Not. * p < .05, ** p < .01, *** p < .001

According to the regression analysis
equation and graph between the basin
vulnerability point score (OVP) and the
water quality values, the basin vulnerability
score of the basins selected as the validation
basin was estimated and the difference was
found to be 31.68 by the least-squares
method.

Assessment  of  Basin  Vulnerability,
Resilience Capacity and Land Use

When the land use, basin vulnerability,
and resilience capacity are evaluated, it has
been observed that the resilience of the
basins increases as the forest area ratio
increases, and the resilience of the basins
increases as the settlement area ratio
increases (Table 6 and Figure 5) (Aytekin,
2021).

Table 6. Vulnerability point score, land use and resilience capacity values (Aytekin, 2021).

Forest Agricultural

Settlement

Range Wetlands

Sub-basins area (%) area (%) area (%) area (%) area (%) ovP Resilience
SP11 715 27.8 0.3 0 0.4 47.14 2.07
SP144 91.7 7.7 0.6 0 0 52.14 24
SP173y 34.2 59.0 3.04 3.69 0.07 50.0 2.52
SP168 1.7 64.7 44 5.21 23.99 47.14 2.57
SP68 65.8 331 1.0 0.07 0.03 61.43 2.85
SP08 58 38.0 2.84 0.85 0.31 51.43 2.22
SP49 71.6 277 0.63 0.07 0 52.14 25
SP9ly 125 87.5 0 0 0 62.14 3.22
SP136 51.9 42.6 0.74 3.24 1.52 48.57 2.2
SP03y 1.2 95.2 1.1 25 0 52.14 2.84
SP10 60.5 36.8 0.84 1.3 0.56 42.86 1.97
SP69 66.14 321 1.6 0.16 0 55.0 2.75
SP117 58.4 41.6 0 0 0 53.57 2.58
SP92 35.8 61.5 1.35 0 1.35 53.57 2.7
SP22a 514 46.1 14 0.7 0.4 45.71 2.22
SP22b 100 0 0 0 0 42.86 2.2
SP90y 426 55.6 1.8 0 0 47.86 2.37
SP129y 334 53.4 7.74 5.4 0.06 52.14 2.73
SP28 0 54.1 459 0 0 53.57 3.09
SP60yY 64.3 34.8 0.6 0.29 0.01 52.86 24
SP126y 0 100 0 0 0 56.43 2.88
SP168y 0 71.8 9.4 18.4 0.4 50.0 2.64
SPyl 41.0 53.8 25 2.34 0.36 54.29 2.58
SP171 24.6 54.8 2.01 2.05 16.54 49.29 2.55
SP173 0 87.9 105 0.13 1.47 55.71 3.3
SPy2 0 77.4 10.32 6.7 5.58 55.71 3.24
SP172y 445 40.1 145 0.47 0.43 52.86 2.69
SP25y 56.1 404 1.6 0.98 0.92 49.29 2.53
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Figure 5. Relationship between basin vulnerability, land use and resilience (Aytekin, 2021).

Discussion and Conclusion

Increasing atmospheric disasters in recent
years have brought integrated land and natural
resource planning based on the basin scale to
the agenda. The basis of this planning
approach is to deal with the atmosphere and
ecosystems in interaction with people. This
approach currently forms the core of climate
change adaptation studies on a global scale. In
this study, the concepts of "vulnerability" and
"resilience”, were added to the
aforementioned approach and a method was
suggested to evaluate the basins’ adaptation
and resilience capacities, study was permofed
on the sub-basins with varying sizes. Climate
change will affect the basin in terms of water
quality and quantity through the hydrological
cycle. In the study area, the resilience capacity
of the basins was interpreted by sampling the
sub-basins and evaluating the changes based
on water quality. As a result, a high
correlation was found between vulnerability
values and water quality values, and the
method applied was verified and the method
was found to be applicable.

GeoReview model, which constitutes the
basic approach of the study, besides being a
location-based  regional  environmental
vulnerability index model for basins, does not
limit its capacity in vulnerability studies on its
own. With this feature, and the basic
evaluations in the model, the dynamics that
make up the basin have been tried to be in-
tegrated into the model. The work is combined

120

with spatially based technologies such as
geographic information system (GIS) and
remote sensing. Although the methodology
reveals different levels according to different
indicators, similar methods should be applied
in other basins. An algorithm should be
developed by obtaining coefficients put
forward scaling as a standard (Aytekin, 2021).
By creating new socio-economic parameter
data (i.e., schooling rate, GDP, number of
tourists, soil quality and human development
index, etc.). Applying the method to other
basins and the analysis of vulnerability at the
basin scale is essential in adaptation capacity,
ecological planning, ecosystem services, and
the direction of basin restoration investments.
With a study similar to the one we have done,
the vulnerability point score was calculated in
an urban basin using the GeoReview approach
and found in the risky category (Tiburan etal.,
2013).

According to the results, the significant
resilience indicators were; basin area, popu-
lation density, settlement, channel erosion and
form factor, while considerable vulnerability
basin indicators were forest area, runoff,
drought, range-land area and maximum
temperature. According to the study results,
urban sub-basins are more vulnerable than
rural-based sub-basins. It is necessary to make
plans to improve their capacity to adapt to
climate change (Aytekin, 2021). For example,
outdoor ornamental plants that are tolerant to
increasing temperature in urban basins and
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have low water consumption and maintenance
requirements should be chosen. Scientific
research will be beneficial to understand the
effects of changes in the basin ecology due to
climate change. According to the basin
vulnerability assessment, Richardson &
Amankwatia (2019) created a regional-scale
risk map. The slope, drainage density,
precipitation, vegetation, land use, land cover,
soil erosion, soil texture and soil permeability
were analyzed and mapped. The study’s
shortcoming is that field studies have not
verified it. According to another study, it has
been shown that the closer a basin is to nature
and uninterrupted, the greater its capacity to
resilience anthropogenic pressures (Potyondy
& Geier, 2011; Williams et al., 1997). In
another study conducted by Tran et al.,
(2012), 50 different indicators were
determined in the basin-based environmental
vulnerability assessment, and vulnerability
assessment was made according to the
weights of these indicators. The study showed
that in general the most vulnerable basins are
in the transition zone between highly
populated areas and inaccessible areas in
terms of land use. This study shows a similar
working method to ours, as it compares
vulnerability between basins in a region. Ahn
& Kim (2017) conducted a study that included
an assessment of basin health and
vulnerability to determine conservation and
restoration priorities. The study evaluated six
components including basin landscape, fluvial
geomorphology, hydrology, water quality,
aquatic habitat conditions and biological
conditions in 237 sub-basins using the SWAT
model to assess basin health. As a result of the
study, priority areas for restoration and
conservation were determined and a
perspective was presented to determine
management strategies. To combat climate
change, plans should be made to create low-
carbon and resilient cities in urban basins.
Climate change adaptation aims to
increase resilience against climate change,
affecting sectors such as agriculture, forestry,
health,  energy, water  management,
transportation, tourism, soil  protection,
biodiversity, ecosystem goods and services,
and fisheries. Therefore, adaptation options
should be carefully considered in vulnerable
landscapes (coastal areas, wetlands, rivers,
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mountains and glaciers, Mediterranean Basin,
etc.) and related sectors (EU, national,
regional and local level). Adaptation is often
integrated into other intersecting and
management actions such as disaster
preparedness, coastal zone management, rural
development, health care, spatial planning and
regional development, water management and
ecosystems. Increasing consideration  of
adaptation issues in decision-making and
many basin-based international studies are
expected to lead to new assessment tools and
more integrated adaptation measures (EEA,
2008). There is also a strong correlation
between vulnerability and the capacity to
adapt to all possible impacts (risks) of climate
change.

Acceleration of urbanization causes
changes in land use. As a result of the increase
in population, the fragmentation of forest
areas and new pressures in forest areas
increase. Basin management should be built
on sustainable use of natural resources, soil
and water protection, land wuse and
participatory planning processes. Land use
and land-use change affect climate change by
anthropogenic greenhouse gas emissions.
Changes in land cover can affect energy and
mass flows at a landscape scale. For example,
when large forest areas are converted into
agricultural areas or residential areas,
decreases transpiration, cloud formation, and
precipitation (IPCC, 2021; Serengil, 2018).
All basin problems (flood, erosion, drought,
etc.) should be evaluated and taken into
account in climate change adaptation
planning. While evaluating adaptation
actions, decision-makers should avoid actions
that will increase the risk in the other area
while reducing the existing risk (CCME,
2015). In order to increase and develop the
resilience of a basin as a result of climate
change, by the basin managers, an approach
based on thinking, collaborating and acting is
established (Furniss et al., 2010). A basin-
based adaptation strategy has been developed
for climatic adaptation. Among these
adaptation strategies, surface flow is reduced
through vegetation, and water is collected in
the basin as the best management practices.
Considering the balance between
evapotranspiration and precipitation,
practices to reduce evapotranspiration should
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be reviewed and methods to increase the Funding

amount of infiltration (for example, green
stripes should be designed in park areas for
urban areas) should be applied (Randhir et al.,
2014). According to the new climate change
action plan of the World Bank (WBG, 2021),
stabilization of coastlines, reduction of floods
and overflows, and nature-based solution
methods in the amount and quality of water
are critical elements in agricultural practices
and landscape areas affected by land
degradation. The nature-based solution could
yield benefits for soil health, carbon
sequestration, biodiversity and climate
resilience. It is crucial issue to develop
adaptive planning approaches that increase
the adaptation capacity of forest ecosystems to
climate change and increase the resistance
level of the way forest use is planned and
operated (Serengil, 2018).

Since Turkey is a party to the Paris Climate
Agreement and is preparing to submit its
National Declaration of Contribution (NDC),
it should put forward a strong strategy in terms
of reduction and adaptation. This strategy
should be basin-scale and strengthen
mitigation and adaptation capacity. Floods,
mudflows and landslides that have taken place
in Turkey and other countries in the recent
period are the confirmation of this thought in
the field.
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