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Highlights:

= Urbanization and industrialization cause expansion into natural areas.

= Uses GIS-based spatial analysis to identify suitable recreational areas.

= It contributes to the management of urban sprawl by presenting a data-driven decision support model.

= Presents an ecological planning model for rapidly urbanizing regions.

= Implementing the suggestions to promote open green spaces and strengthen ecological connectivity will facilitate more sustainable and resilient
urban growth.

Abstract. Recreation is people’s whole activity to regain their lost energy. In urban recreation areas, today’s
people can escape city life and reach themselves and nature at some point. In this context, the distribution,
size, and accessibility of recreation areas in cities gain importance. The research aims to determine potential
recreation areas by considering the natural and physical characteristics of the Adana Province Cukurova dis-
trict.

The criteria and importance weights of the criteria related to the natural and physical characteristics of Cuku-
rova district, which is the research area, were determined by Analytic Hierarchy Process (AHP) technique. The
data layers of the criteria were overlapped using the “Weighted Linear Combination Technique” in ArcMap
program using the importance weights and a map of potential recreation areas was created.

The results show that 2.6% of the region has low, 72.2% has medium, and 25.2% has high recreational po-
tential. The western part of Seyhan Dam Lake has been identified as the most suitable area for recreation.
Providing a holistic green space system will enable the development of the city’s natural potential. In addi-
tion, the areas proposed to be planned as recreational areas will contribute to urban ecosystem services and
improve the quality of urban life. To define recreational suitable areas provides effective and quick solutions
to manage urban sprawl on ecological. (Referee 1).
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1. Introduction

The historical development of open spaces dates back to
ancient times. Many research works and historical descrip-
tions provide evidence of the deliberate use of public open
spaces in their settlements (e.g., Greek sacred gardens and
agoras, the Roman forum, etc.) by ancient cultures (such
as Egypt, Mesopotamia, then Greece and Rome) (Balogh
& Takacs, 2011).

Many definitions have been made of open space, and
according to Gold (1980), “Open space is a general term
that covers many classifications of land use”. According
to Yildizcr (1982), open space is defined as "empty areas

within or outside the city that are reserved for a specific
land use purpose such as agricultural areas, forests, heaths,
lakes, etc. or that respond to specific functions such as
parks, gardens, squares, promenades, sports fields, play-
grounds, etc.”

It is possible to express the concept of open space
generally as lands likely to have the same harmony with
various land use types or land uses. In other words, there
are natural landscapes such as countryside, rivers, bays,
lakes, oceans, hills, mountains, canyons, reefs, deserts
and their mixtures, and artificial landscapes such as water
reservoirs, mining areas, agricultural areas, parks, plazas,
flower gardens, golf courses, cemeteries, etc. Open spaces
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are one of the most important essential components of
the urban fabric, contributing to production such as ag-
riculture, forestry, water, and energy within the city, be-
ing used as urban expansion areas, creating buffer zones
or regions, serving as corridors for highways, railways, oil
lines, hosting cultural heritage values, creating centers of
attraction, being used for health purposes, and is used for
active and passive recreational purposes such as walking
paths, bicycle paths, and horseback riding.

Most urban open spaces are green areas, and open
green areas refer to public and private open spaces cov-
ered with vegetation outside the structural regions of ur-
ban areas, made available to users directly or by planning
for the needs of the society (Gurses, 1970; Keles, 1980;
Swanwick et al., 2003; Gunal, 2010; Haqg, 2011; World
Health Organization [WHQ], 2017; Lin, 2020). Urban green
spaces are widely recognized as critical parts of the urban
environment that support the livability and sustainability
of cities (Wolff & Haase, 2019; Duku et al,, 2023).

Urban green spaces offer numerous ecological and
environmental benefits such as biodiversity conservation,
habitat creation, stormwater runoff reduction, flood and
erosion risk reduction, air quality improvement, microcli-
mate and heat island effect, noise pollution reduction, and
masking (Bolund & Hunhammar, 1999; Prance et al., 2014;
Cilliers, 2015; Aronson et al., 2017; Osorio et al., 2022; Pau-
del & States, 2023). In addition to environmental benefits,
there are also social benefits such as aesthetic value, stress
reduction, improved quality of life, positive impact on
physical and psychological health, social interaction, edu-
cation, and recreation (Zhou & Rana, 2012; Cilliers, 2015;
WHO, 2016; Vaznoniené & Vaznonis, 2017).

Despite all these contributions, urban green spaces
in many cities worldwide are rapidly at risk of depletion,
and among the driving forces of this trend, the rapidly
growing urban population and the pressure created by
urbanization are noteworthy (McDonald et al.,, 2010; Men-
sah, 2014). In addition to the threat of depletion resulting
from the pressure created by urbanization and popula-
tion growth, the development of technology and changing
lifestyles have also further distanced humans from nature.
Recreation encompasses all the activities through which
humans regain lost energy, and urban recreational areas,
namely urban open green spaces, are places where mod-
ern individuals can distance themselves from city life and
ultimately connect with nature. In this context, planning
urban open spaces from a recreational perspective and the
distribution, size, and accessibility of urban recreational ar-
eas within cities become highly significant.

In this context, research methods for recreational plan-
ning are needed to accurately evaluate, analyze, and de-
sign natural, cultural, and visual values (Gul et al., 2006).
Appropriateness techniques are essential for informed
decision-making and enable planners and local decision-
makers to analyze interactions in multiple ways (Steiner
et al,, 2000; Ozugul, 2012). The Analytical Hierarchy Process
is a method approach widely used in the location selection
of recreational areas due to the many requirements that

should be taken into account in the process (Dagistanh
et al, 2018; Caglayan et al,, 2020; Toapanta Orbea et al.,
2021; Lu et al., 2022; Srdjevic et al.,, 2022; Luo et al,, 2022;
Asilioglu & Cay, 2023). In the process of mapping the rel-
evant spatial parameters and creating the suitability map,
Geographic Information Systems are accepted as a prac-
tical spatial analysis tool (Lindenbaum, 2006; Gacu et al,
2023).

The factors used in the suitability analysis are stan-
dardized and synthesized according to the weight values
determined in line with the purpose of the study (Saha &
Roy, 2021). This spatial analysis plays a vital role in deter-
mining the most suitable areas by analyzing the spatial
data related to the area to be planned, taking into account
environmental sustainability.

The research was carried out in the Cukurova district
of Adana Province, where urbanization is intensified, and
the need for recreational areas is increasing in parallel.
The research aims to determine potential recreation areas
by considering the natural and physical characteristics of
the Adana Province Cukurova district. The literature re-
view carried out for the research’s purpose was consid-
ered. Slope (Gul et al., 2006; Chhetri & Arrowsmith, 2008;
Sohrab et al., 2020), aspect (Kréamer & Roth, 2002), erosion
(Erdogan et al., 2013), proximity to the road (Gelan, 2021),
proximity to natural landscape assets (Nordh et al., 2011;
Derr et al,, 2016), proximity to residential areas (Santos
et al, 2016; Gelan, 2021), proximity to the dam (Gul et al.,
2006; Gelan, 2021; Voigt et al., 2014; Wang et al,, 2021)
criteria were selected.

2. Material and method

2.1. The study area

The primary material of the study is Adana province Cuku-
rova district. Adana province is located in the east of the
Mediterranean Region between 36°32" and 38°23' north
latitudes and 34°42" and 36°42’ east longitudes. The study
area is one of the 15 largest districts of the province and
is the central district. The area is bordered by Seyhan Dam
Lake in the north, Karaisali District in the northwest, Sey-
han District in the south, Saricam District in the east, Mer-
sin Province in the west and has a plain nature (Figure 1).
The study area is 31.387 ha, and the district population is
389.319, according to 2021 TURKSTAT data. 48.08% of the
population is male and 51.92% is female. Looking at the
population values of the last fourteen years, it is seen that
the population has increased (Turkish Statistical Institute,
2021).

There are various techniques to evaluate the suitable
location of parks and recreation areas in cities (Miyachi
et al., 2003). The Analytical Hierarchy Process (AHP) is one
of the most widely used techniques for appropriate site
selection (Zhou & Troy, 2008).

Developed by Saaty (1980), AHP provides a flexible
and easy-to-understand way of analyzing complex prob-
lems. It is a multi-criteria decision-making technique that
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Figure 1. Location of the study area

is objective as well as subjective. AHP ensures the active
participation of decision-makers. It has the quality of mak-
ing rational decisions for the managers in reaching the
final agreement. Therefore, qualitative or semi-quantitative
methods are often helpful for regional studies (Soeters &
Van Westen, 1996; Guzzetti et al., 1999; Lynch, 2021; Dong
et al.,, 2021).
Within the scope of the research
= To determine the recreation areas of Cukurova dis-
trict with its strategic location around Seyhan Dam
Lake, critical agricultural areas, and cultural richness.
= It is aimed to evaluate the size and distribution of
urban open spaces within the city.

2.2. Method

The research is based on determining suitable recreational
areas with the Analytical Hierarchy Process approach. The
Analytic Hierarchy Process (AHP) method is a multi-cri-
teria decision-making approach developed by T. L. Saaty
between 1971 and 1977 (Saaty, 1987). The AHP method
uses a hierarchical model of purpose, criteria, sub-criteria,
and options for each problem. Different importance lev-

Table 1. Basic scale used in AHP technique (Saaty, 1987)

els of the variables are evaluated for the decision-making
process (Ozcan et al., 2009). While solving the problem,
the weights of the criteria that make up the hierarchy are
calculated after the hierarchical structure is established
(Ozturk & Batuk, 2010). The next step after the model is
based is to determine the relative weights of the factors at
the same hierarchy level, and it is carried out in the form
of pairwise comparisons of the lower-level factors related
to the higher-level factor (Canhasi, 2010). A scale of 1-9 is
used for measurement (Saaty, 1987) (Table 1).

To compare the factors identified in the study and
determine the weight of different influencing factors, the
opinions of 3 experts who completed their doctorate in
the Landscape Architecture Program were taken. The eval-
uation was carried out in the form of a survey.

The data obtained after the pairwise comparison of
the criteria/variables are converted into a matrix to cal-
culate the weights, and the overall weights are calculated
by combining the weights of all experts (Canhasi, 2010)
(Table 2).

In this approach, which is based on expert opinion,
the consistency of the evaluations gains importance as the
expert's ability, experience, and intuition come into play. In

Severity Definition Explanation
1 Equal importance The two criteria/variables contribute equally to the goal
3 Moderate importance of one over the other | Experience and judgment strongly favor one criterion/variable over the other

Basic or strong importance

Experience and judgment strongly favor one criterion/variable over the other

7 Very strong importance

A criterion/variable is strongly favored and its dominance has been proven in

o
oo

jurisdictions

practice
. Evidence favoring one criterion/variable over another has the highest
9 Extreme importance - -
possible level of validation
2,4, |Intermediate values between two adjacent

When compromise is needed




276

Table 2. AHP pairwise comparison matrix
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Criterion/variable significance scale
Criterion/variable Criterion/variable
More Important Equal Less Important
C/NV 1 98765432 1 23456789 C/V 2
C/V 2 9876543\2\ 1 2‘3456789 C/V 3
V3 98765432 1 23456789 V1
\
Criterion/variable e N \ s
V1 1 Ry 5
aov2 | 1 Y172
cov3 1

this context, the problem’s random index is calculated and
expected to be below 0.1 (Canhasi, 2010).

AHP consists of 5 stages for the purposes and objec-
tives of the study. “Determining the criteria and restrictive
criteria” is the first step in the process. In this process,
the studies were conducted to determine suitable recre-
ational areas. Slope, aspect, erosion and natural landscape
existence, cultural landscape existence (Seyhan Dam), and
proximity to roads and settlement areas were determined
as the criteria of the study (Ebrahimi et al., 2019; Caglayan
et al.,, 2020; Turgut et al., 2021).

The other stages of the study are "preparing data lay-
ers for the criteria”, "determining the fitness values of the
criteria”, "determining the criteria weights with the AHP
technique”, and “obtaining the map of recreationally suit-
able areas with the linear combination technique”.

3. Result

Cukurova district center became the fastest-growing dis-
trict in Adana after the zoning revisions in 1991-1992

678000 634000 690000

(Adana Development Alliance Foundation, 1999). The
adverse conditions that have emerged in urban environ-
ments with the increase in urbanization have increased
the recreational needs of those living in cities. The dis-
trict has natural landscape values with Seyhan Dam Lake
in the north, Seyhan Dam Lake and Seyhan River in the
east and agricultural and forest-maquis areas in the north
and west. These natural areas create an essential potential
for recreational uses. However, recreational activities in
natural areas must comply with environmental conditions.
In this context, in the study, slope, aspect, erosion and
natural landscape existence, cultural landscape existence
(Seyhan Dam), proximity to roads and settlement areas
criteria were selected, and suitable recreation areas were
determined.

In line with the criteria determined within the scope of
the study, “slope”, "view", "erosion”, “"proximity to natural
landscape”, “proximity to cultural landscape (Seyhan Dam
Lake) existence”, "proximity to the road” and "proximity
to residential areas” maps were created. Slope and aspect
maps were produced using the “ALOS PALSAR DEM dated
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04.10.2009" area data in the ArcMap software from GIS.
When the slope of the area is examined, it is seen that
4235 ha is almost flat, 5034 ha is slightly sloping, 5316 ha
is medium sloping, 4590 ha is high sloping, 4625 ha is
steep, and 4284 ha is very steep (Figure 2).

To examine the aspect of the area, a map including the
north, northeast, east, southeast, south, southwest, west,
and northwest directions was produced, and it is seen
that the dominant aspects of the area are east, southeast,
south, southwest and west (Figure 3).

Erosion is another criterion to determine recreation-
ally suitable areas, and the T.C. Ministry of Agriculture and

696000 702000 708000

Forestry determines the erosion status of the area. It was
produced from the numerical erosion data. According to
the data, 2% of the area has a very low, 62% low, 32%
moderate, and 4% very high erosion risk (Figure 4).

Finally, within the scope of the study purpose, the
proximity criterion was evaluated in the ArcMap software,
and the proximity analyses of the natural landscape assets,
cultural landscape assets, roads, and settlements were car-
ried out. The area expressed as a cultural landscape asset
is the Seyhan Dam Lake, and this region has a significant
recreational potential for the province of Adana (Figures 5,
6,7, 8).
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Figure 4. Erosion map of Cukurova Province-Adana
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All produced data were reclassified as "high, medium,
low, and very low" according to the level of importance
to be included in the weighted linear combination. A rel-
evant preference has been developed for slope, aspect,
and erosion. On the slope map, “flat and nearly flat areas
and slightly sloping areas” are classified as high, “medium
sloping areas” as medium, "highly sloping areas” as low,
and "steep areas and very steep areas” as very low. For the
aspect map, in recreational terms, “south, east, southeast”
was determined as high, “southwest, west” middle, "north-
east, northwest, flat area” as low, and "north” directions
were determined as very low. The erosion status is clas-
sified as "high areas” very low, "medium areas” low, "low
areas” medium and “very low areas” high.

After determining the criteria and producing the data,
the criteria’ suitability and relative importance were evalu-
ated by three experts who were not parties to the research
to determine the weights. As a result of the evaluations
made by experts who are landscape architects and have
completed their doctorate education, weights were ob-
tained, and matrix consistency ratios were calculated
(Table 3). The same process as in the AHP method was
applied in the calculations.

With the weights obtained, a "Recreationally Suitable
Areas Map” was produced using the "Weighted Linear
Combination” technique in the ArcMap program (Figure 9).

Multi-criteria decision analysis method; it allows the
evaluation of many ecological, social, economic, and cul-
tural criteria together and the analysis of complex environ-
mental problems. With this method, multiple criteria can
be analyzed together according to the determined priority
order (Herath & Prato, 2006). This study used the weighted
linear combination method to combine the criteria. The
Recreation Areas Suitability Map was produced using the
weights obtained during the AHP process for the defined
parameters.

Recreation Areas Suitability Map = f {Slope, Proximity
to residential areas, Proximity to the road, Aspect, Ero-
sion, Proximity to the dam, Proximity to natural landscape
presence}

RASM = Y (ni = 1SIpT x Wti1 + ProxRes1 x Wti2 +
ProxRoad1 x Wti3 + Aspctl x Wti4 + Ers1 x Wt15 +
ProxDam1 x Wt16 + ProxNat1 x Wt17),

where RASM — Recreational Areas Suitability Map; Slp -
Slope; ProxRes — Proximity to residential areas; ProxRoad —
Proximity to the road; Aspct — Aspect; Ers — Erosion;
ProxDam — Proximity to the dam; ProxNat — Proximity to
natural landscape presence; Wt — Weights.

When the result map is examined, 2.6% of the area was
low, 72.2% was medium, and 25.2% was high suitability

Table 3. AHP pairwise comparison matrix for suitability of recreational areas

Proximity to Proximity

Experts Consistency Slope Residen)tlial Proximity to Aspect Erosion Proximity to to Natural

P Rate P the Road P the Dam Landscape

Areas

Presence
E1 0.151 0.059 0.200 0.286 0.038 0.022 0.197 0.194
E2 0.181 0.053 0.156 0.159 0.125 0.042 0.161 0.303
E3 0.384 0.161 0.299 0.081 0.0831 0.074 0.181 0.117
Avg. 0.007 0.082 0.244 0.167 0.064 0.045 0.201 0.197
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areas. When the high suitability areas are concerned,
it is seen that the natural landscape presence, erosion,
and slope criteria are dominantly effective. Areas close
to roads, settlements, and natural landscapes, which are
low in erosion and slope, were determined as areas with
high suitability. Moderately suitable areas are close to
residential areas, roads, and dams and are relatively close
to natural landscapes. The areas with low suitability are
ideal for slope and erosion. Still, the areas identified in
the southwest and northwest of the area are not con-
sidered suitable for recreational purposes since they are
far from roads and settlement areas. Being away from
the natural landscape is a dominant factor in the areas
within the city, close to the road and settlement but with
low availability. It is seen that the low suitability areas in
the northeast do not have recreational potential due to
their distance from the road, even if they are close to the
natural landscape.

The fact that the designated recreation areas include
different land uses such as waterfront, forest, and agri-
cultural regions will respond to the versatile recreational
activities of the district people. Having suitable recreation
areas in other parts will meet the recreation needs of the
increasing district population. It will also ensure the pro-
tection of these areas by preventing concentration in one
region. One of the places deemed suitable for the rec-
reation area is north of Seyhan Dam Lake. This area is
located on the lake shore and has a close physical and
ecological relationship with the lake. In addition to being
an element that meets recreational needs, water is also a
resource value with a sensitive ecological structure. Deter-
mining this area as suitable for recreation also reveals the
need for correct planning of the lake shore. When plan-
ning for recreational use of water surfaces and coasts, the
protection-use balance should be based on not damaging

the water source and shore, and visitors should be allowed
to use the area to get maximum benefit.

The western region of Seyhan Dam Lake is another
area suitable for recreation. This region includes lands and
forest areas with agricultural value. Forest areas should be
integrated with existing recreation areas without chang-
ing quality and quantity. Sustainable forest management
should ensure the planning of recreational activities in
forest areas. Local governments and non-governmental
organizations must set standards and rules on this issue.

Rural recreation type should be chosen for areas show-
ing recreation potential that are intertwined with agricul-
tural areas. Complementary uses such as holiday farms,
camping, and picnic areas will suit these recreation areas
(Celik & Senay, 2023).

4. Discussion

Today, the structural features of cities are not limited to
meeting human housing needs; open green areas also
play a vital role in increasing the quality of life and main-
taining the ecological balance. Open green areas have a
wide range of functions, such as supporting the biological
diversity of cities, improving air quality, providing water
management, and encouraging social interaction. Howev-
er, unplanned growth, incorrect land use, and inadequate
green area protection strategies have led to a decrease in
these areas both quantitatively and qualitatively. In recent
years, increasing sensitivity to the environment and scien-
tific research have paved the way for essential steps to be
taken towards protecting and developing these areas. In
this context, the more effective inclusion of open green
areas in urban planning is critical in ensuring the ecologi-
cal balance.
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Many studies emphasize that open green areas should
be interconnected. These connections ensure the continu-
ity of ecosystem services and support biodiversity. Wet-
lands, in particular, play an essential role in the ecologi-
cal cycle; integrating these areas with the green texture
is a crucial requirement for ecosystem health. Wetlands
such as Seyhan Dam Lake offer ecological benefits and
great potential for recreational use. These areas allow ur-
ban residents to spend time in nature, engage in physical
activity, and increase environmental awareness. Therefore,
integrating wetlands and other natural areas with green
textures is of great importance in terms of both ecological
and social benefits.

In regions with fertile agricultural lands and strategic
geographical locations such as Cukurova, a holistic green
area system must be established to develop the natural
potential. Such a system supports agricultural and indus-
trial activities and enables an environmentally sensitive ur-
banization process. Proper planning of green areas is one
of the cornerstones of sustainable urbanization.

However, any recreational intervention made in natu-
ral areas can permanently affect the ecosystem. There-
fore, ensuring the balance between protection and use
in determining recreational regions is vital. In this con-
text, multi-criteria decision analysis methods such as AHP
(Analytical Hierarchy Process) can be used as an effective
tool in selecting and placing recreational areas. AHP helps
decision-makers determine the most appropriate options
by allowing different criteria (e.g., environmental protec-
tion, social benefit, accessibility, etc.) to be weighted. This
method provides a more objective and comprehensive ap-
proach to decision-making processes by ensuring expert
opinions and stakeholder participation. The use of AHP
in green space planning contributes to making nature-
friendly decisions and ensures that recreational areas are
compatible with urban life.

The most critical factor in the accuracy and effective-
ness of the AHP process is the connection and diversity of
the determined factors to the subject. Within the scope
of the research, the parameters of slope, aspect, erosion,
proximity to roads, proximity to residential areas, proximity
to dams, and proximity to natural landscape assets were
considered. The most critical constraint in diversifying the
factors for the research area is experienced at the data
acquisition stage. Although it constitutes the limitation of
this research, the findings obtained are consistent and ef-
fective in revealing possible recreational areas. However,
in subsequent studies, comprehensive and comparable
research can be carried out by including many physical
parameters, such as height related to recreation and prox-
imity to rivers and streams.

5. Conclusions

In the study, slope, aspect, erosion, proximity to natural
areas, proximity to water sources, proximity to roads, and
proximity to residential areas were used to derive these
results.

As a result of the study, it was observed that suit-
able recreational areas in the Adana province, Cukurova
district are those close to roads, settlements, and natural
landscapes, with low erosion and slope, indicating high
suitability. Moderately suitable areas are near residential
areas, roads, and dams, and are relatively close to natural
landscapes. Areas with low suitability are primarily charac-
terized by steep slopes and high erosion. The areas iden-
tified in the southwest and northwest are not considered
suitable for recreational purposes due to their distance
from roads and settlements. A significant factor in the low
suitability areas within the city is their distance from the
natural landscape, despite being close to roads and settle-
ments. Furthermore, low suitability areas in the northeast
lack recreational potential because of their distance from
roads, even though they are close to the natural land-
scape. The study suggests that the diverse land uses in the
identified recreation areas, such as waterfront, forest, and
agricultural regions, will cater to the varied recreational
needs of the district population. Suitable recreation areas
in other parts of the district will also meet the demands
of the growing population. One of the recommended rec-
reation areas is located north of the Seyhan Dam Lake,
where the close physical and ecological relationship with
the lake enhances its suitability. Additionally, the western
region of Seyhan Dam Lake is another area with recre-
ational potential, including agricultural and forest lands.
For areas intertwined with agricultural lands, a rural rec-
reation type, including complementary uses like holiday
farms, camping, and picnic areas, should be considered.
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