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Highlights

This article presents a new model, GISimos MCDA, for ecotourism land suitability analysis.

Contains a comprehensive literature review on GIS-MCDA methods previously used in ecotourism land suitability

analysis.

Determines and standardizes the basic criteria for land suitability analysis.

Introduces a classification system to express the levels of land suitability for ecotourism development.

Abstract. Ecotourism development planning is a multi-criteria process that generally requires spatial analysis. GISimos
MCDA model developed by this study, was presented for the first time and applied to the Kalecik sub-province of Ankara,
Turkey to determine the suitable areas and their suitability levels for ecotourism development. The model is based on the
evaluation of sub-factors representing the topography, land cover, climate and sociocultural characteristics of the region,
with the combination of GIS and the revised Simos procedure, one of the MCDA techniques. It included a series of pro-
cesses such as determining the suitability rates and weights of sub-factors, calculating the Ecotourism Suitability Index
values, and overlapping them using the WLC method. The resulting values were categorized as highly suitable, moderately
suitable, marginally suitable, and not suitable areas. The results of this study and the method developed will be helpful for
decision-makers and planners in the study area and similar regions.

Keywords: land suitability, multi-criteria decision analysis, MCDA, GISimos, Simos procedure, ecotourism development.

Introduction

Considering the developments in the global tourism in-
dustry, one of the fastest growing types of tourism is na-
ture tourism and its subtype, ecotourism (Cini et al., 2017;
Hidrawati et al., 2020; Wondirad et al., 2020). Ecotourism
has appeared as a sustainable type of tourism with a mini-
mum negative impact on the environment (Castellanos-
Verdugo et al., 2016; Mondino & Beery, 2019; Sriarkarin
& Lee, 2018; Wishitemi et al., 2015). In parallel to the con-
cept of sustainable development, the idea of sustainable
tourism came emerged and ecotourism is a suitable choice
to achieve it (Asadpourian et al., 2020; D’Souza et al.,
2019; Dangi & Gribb, 2018; Jamaliah & Powell, 2018).
The development of unplanned or poorly planned
ecotourism brings some environmental and sociocul-
tural threats with it (Cobbinah, 2015; Lonn et al., 2018;
Tseng et al., 2019). Especially in developing countries,

there should be principles for ecotourism on a global and
national scale to overcome these threats. Many research-
ers defined the important factors effective in planning
ecotourism development (Arsi¢ et al., 2017; Biglarfadafan
et al,, 2016). Rather than consuming resources, the focus
should be on designing activities that enrich the corre-
sponding area. To achieve this, researchers developed
robust methods by assigning values to ecological and so-
cial components. One of the significant parts of planning
ecotourism is the spatial analysis where multiple factors
are analyzed. Thus, many researchers applied Geographic
Information Systems (GIS) and Multi-Criteria Decision
Analysis (MCDA) to determine ecotourism development
areas and rank their suitabilities. The MCDA methods that
have been used are Analytic Hierarchy Process (AHP)
(Sahani, 2019), Delphi (Bali et al., 2015), Elimination Et
Choix Traduisant la Realite (ELECTRE) (Kaptan Ayhan
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et al,, 2020), Fuzzy Decision Making Trial and Evaluation
Laboratory (FDEMATEL) (Gigovi¢ et al., 2016; Jeong &
Ramirez-Gémez, 2018), Fuzzy AHP (Zabihi et al., 2020),
Fuzzy ANP (Analytic Network Process) (Aliani et al,,
2017), Ordered Weighted Averaging (OWA) (Bunruam-
kaew & Murayam, 2011), Technique for Order Perfor-
mance by Similarity to Ideal Solution (TOPSIS) (Jozi &
Majd, 2015), and WLC (Aliani et al., 2017; Gigovi¢ et al,,
2016).

This study presents a GISimos MCDA land suitability
model to evaluate the land suitability of the Kalecik sub-
province of Ankara, Turkey for ecotourism development.
The basis of the model is the evaluation of spatial suitabil-
ity levels for ecotourism development using 18 sub-factors
(Sfs) related to the corresponding region’s topography,
land cover, climate, and sociocultural main factors (MFs).
The set of MFs and Sfs were constructed after examining
region-specific properties, expert opinions, and other sim-
ilar studies. Relative weights of the Sfs were determined
using one of the MCDA techniques, the revised Simos
procedure (Figueira & Roy, 2002). Later, in the GIS envi-
ronment, Sf suitability maps were generated, the Ecotour-
ism Suitability Index (ESI) was computed with the multi-
plication of weights and suitability rates, and then, result-
ant ESI values were summed with the WLC method. Fi-
nally, with these results, a suitability classification map was
generated. Even though the Simos procedure is a widely
used MCDA technique, its usage frequency is rather low
in environmental studies and no study has been reported
in the ecotourism literature. However, specifically its re-
vised version provides an easy, understandable and reli-
able decision-making process that will be an alternative to
other MCDA techniques used in this field, especially AHP,
which is the most common method. Thus, this study is
rare in terms of GIS integration with the Simos procedure
for environmental studies, and the first in the ecotour-
ism literature. The aim is to make a start for integrating
the Simos procedure, which has been used successfully in
many fields, with GIS and adapting it to ecotourism land
suitability analyzes, and to provide a decision support tool
outside of the complex and conventional methods. At the
same time, the findings of the research will be a guide for
planners and decision makers in solving similar problems,
efficient distribution of resources and encouraging devel-
opment based on ecotourism.

1. Materials and methods

In the management of tourism resources and planning
tourism development, approaches based on quantitative
evaluation present reliable functional methods that can be
applied to different case studies. In this field, GIS is often
preferred because it is a rapid and low-cost tool (Mahdavi
& Niknejad, 2014; Sahani, 2019; Ullah & Hafiz, 2014). This
tool also makes it possible to process many spatial data
related to inaccessible regions and utilizes remote sensing
information. With these advantages, it can generate maps

illustrating the ecotourism potential of a region (Jhariya
et al., 2016). Integrated use of GIS tools and MCDA is
an established method in many fields, such as resource
management, environmental planning, urban and regional
planning, natural hazard mitigation, water resource man-
agement, transportation, tourism development, ecology,
agriculture, and forestry (Sahani, 2019). This is because
deciding on land suitability is a complex process that re-
quires multi-criteria analysis and incorporating expert
opinions from different fields (Aliani et al., 2017; Fung
& Wong, 2007; Gigovi¢ et al., 2016). GIS-based MCDA
analyzes the problem systematically, makes the best de-
cision using the judgment of experts and comparison of
the significances of the criteria (Gigovic¢ et al., 2016). The
GISimos MCDA spatial model presented in this study is
given schematically in Figure 1, and its process steps are
explained in the following sections.
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Figure 1. GISimos MCDA model diagram

1.1. Study area

The study took place in Turkey’s capital, Ankara’s sub-
province, Kalecik. It is situated between 40°24'27" and
39°57'8" north latitude and 33°12'16"" and 33°39'45"" east
longitude, covering an area of 1318 km? (Figure 2). This
location is at the intersection of the roads for three major
cities, Ankara, Cankiri, and Kirikkale and is a transition
between the Internal Anatolia and the Black Sea Region. It
has 57 different districts. The Kizilirmak River is the long-
est river in Turkey among rivers where both their source
and discharge are in Turkey, and the Kalecik region is in
the fertile soils of the Middle Kizilirmak Basin. Its altitude
is 580-1997 m above sea-level and its highest point is on
the Idris Mountain. The local people’s earnings come from
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Figure 2. Location of the study area

agriculture, livestock, and other commercial activities. Vi-
tis vinifera L. cv. Kalecik Karas1 a globally acknowledged
plant for red wine production, is a highly economically
valuable agricultural product and is also featured as a cul-
tural asset. The region is also rich in tangible and intan-
gible cultural heritage. But, insufficient job opportunities
and social activity options result in migration to other
places. Especially the young people have abandoned the
sub-province.

Several things are necessary to develop ecotourism
such as natural beauties, sparse urbanization, traditional
culture, unique agricultural methods, traditional local
communities, tangible and intangible cultural heritage,
rare valuables, and accessibility. Despite Kalecik has most
of these characteristics, it did not reach an appropriate
tourism level worthy of its characteristics. Planning the
development of ecotourism in this region and increasing
the awareness of local people and institutions of these val-
ues’ significance will positively affect its economic devel-
opment and increase its recognition. Moreover, it will be
an important ecotourism destination for the people in the
surrounding regions.

1.2. Identification of factors

This study aims to put forward an MCDA supported spa-
tial analysis model that will be a foundation for planning
ecotourism development in the Kalecik sub-province of
Ankara, Turkey. For this reason, the opinions of nine dif-
ferent experts were obtained from the landscape planning,
tourism planning, agricultural development, natural re-
source management, and cultural landscape fields. Ad-
ditionally, previous similar studies’ methods and criteria
were examined. Moreover, the natural, cultural, sociologi-
cal, and economical characteristics of the study area were
comprehensively investigated. Finally, a dataset for four
MF (topography, MF1; land cover, MF2; climate, MF3; so-
ciocultural, MF4) and their 18 Sf was created to determine
the suitable areas for ecotourism. Table 1 illustrates the
similar criteria used from various case studies.

1.3. Data collections and creating GIS data

The data used in this study were obtained from public in-
stitutions, literature, computer programs offering satellite

images, open-content websites, and on-site monitoring in
different formats. The data entry, digitalization, transfor-
mation, classification, and analysis processes were done
using the ArcGIS 10.6.1 software tools. The dataset of the
study is given in Table 2.

For elevation, slope, Topographic Roughness Index
(TRI), visibility, and aspect, the 30-meter spatial resolu-
tion DEM of ASTER was used. The visibility map was
constructed with 16 reference points, comprised of
five of the highest hills overlooking the landscape, the
Kalecik Castle, six district centers including one sub-
province center, highway entries from three neighbor-
ing cities, and one point for the intersection of these
three roads. Soil and geology maps were reclassified
from the relevant data, The Normalized Difference Veg-
etation Index (NDVI) map was created with 30 m spa-
tial resolution Landsat 8 imagery, and the surface water
map was drawn in Google Earth Pro 7.3.3 as a KML
and converted to an ESRI shapefile. NDVI illustrates
the natural landscape’s very significant component, veg-
etation, and is directly proportional to soil fertility. For
temperature and precipitation maps, the 5-year average
values between 2014-2018 of 9 meteorology stations
were used, and the spatial distribution was made by the
Inverse Distance Weighting (IDW) interpolation meth-
od. A land use map was reclassified from vector data,
and road and railway maps were obtained via Open-
StreetMap (OSM). For the settlement data, 57 district
residential areas were drawn on Google Earth Pro 7.3.3,
which then was updated with their impact areas calcu-
lated after field studies, and this generated KML file was
converted into an ESRI shapefile. Ninety cultural assets
in the study area were included in the cultural value
map. Some of these were historical buildings registered
to the inventory, settlements, fossil beds, and ruins. In
addition, further relevant points were inserted, which
were determined after field studies, observations, and
interviews, and their locations were obtained via a GPS
device. These were natural formations such as moun-
tains and plateaus that attract visitors, extraordinary
agricultural production areas and facilities, vineyards,
vineyard houses, wineries, symbolized statues, and some
private contemporary structures. The negative factors in
the study area were unwanted facilities in the auditory
and visual sense. There were 18 of them, composed of
industrial facilities, sand and stone quarries, floodplains,
landslide areas, solar energy panel facilities, wastewa-
ter treatment plants, solid waste landfill areas, and HPP
related constructions. Their coordinates were specified
with field studies and the negative factors map was gen-
erated. For the population density map, 2019 data of the
address-based population register system was used. The
built-up areas in the seven districts of the sub-province
center are attached to each other. This region is where
the economic activities take place and governmental and
education facilities, food and beverage services, social
facilities, public transportation, and accommodation
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Criteria

Sf1 Elevation

Sf2 Slope
Sf3 TRI

Sf4 Visibility
Sf5 Aspect

Sf6 Soil cover

Sf7 Geology cover

Sf8 NDVI

Sf9 Surface water dist.

Sf11 Precipitation

Sf10 Temperature
Sf12 Land use

Sf13 Road distance

Sf14 Railway distance

Sf15 Settlement dist.

Sf16 Cultural value dist.

Sf17 Negative fac. dist.

Sf18 Population density

MF1

F3

M

MF4

203
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Table 2. Data, processes and sources
MFs Sfs Data Scale. Process Source
Resolution
Sf1 Elevation
Sf2 Slope
MF1 ASTER Georeferencing Surface .
Topography Sf3 TRI DEM 30 m Analysis U.S. Geological Survey (USGS)
Sf4 Visibility
Sf5 Aspect
Soil map of Republic of Turkey Ministry of Agriculture
Sf6 Soil Turke p 1:25,000 | Reclassify and Foresty, Soil Fertilizer and Water
¥ Resouces Central Research Institute
St7 Geology Geology map 1:100,000 | Reclassify General Dlre'ctorate of Mineral Research
ME2 cover of Turkey and Exploration
Land cover i
Sf8 NDVI Landsat 8 30 m Georef.erencmg Surface U.S. Geological Survey (USGS)

imagery Analysis
Sf9 Distance Geographic Conversion from KML
from surface data in KML | 1:50,000 |to ESRI shapefile / Google Earth Pro 7.3.3
waters format Euclidean distance
Sf10 o
T t Climatic . . . .

ME3 emperature Georeferencing by IDW | Republic of Turkey Ministry of Agriculture
L data / 5 years | 1:50,000 |. . . .
Climatic Sf11 average interpolation method and Foresty, Meteorological Service
Precipitation
MF4 Soil map of Republic of Turkey Ministry of Agriculture
Socio- Sf12 Land use Turke p 1:25,000 | Reclassify and Foresty, Soil Fertilizer and Water
cultural Y Resouces Central Research Institute
Sf13 Distance .
from roads Geographic

data in ESRI | 1:50,000 |Euclidean distance OpenStreetMap
Sf14 Distance shapefile
from railway

. Geographic Conversion from KML
SfI5 Distance | 4 50 KML | 1:25,000 | to ESRI shapefile / Google Earth Pro 7.3.3
from settlements . .
format Euclidean distance
Republic of Turkey Ministry of Culture

Cultural . A .

. and Tourism, Ministry of Environment and
SF16 Distance property L .

. . . Urbanisation, General Directorate of Land
from cultural inventory, 1:50,000 | Euclidean distance . d Cad 51 )
values field survey Registry and Cadastre, Caglar (2008); Cinar

X (2020); Giileg (1990); Yesil (2019) and on-

with GPS : o

site monitoring
Sf17 Distance Field surve
from negative . Y 1:50,000 | Euclidean distance On-site monitoring
P with GPS
actors
(Slf18 .Pop ulation | Pop .ul?mon 1:50,000 | Density analysis Turkish Statistical Institute (2019)
ensity statistics

facilities are situated. For this reason, its impact area is
larger than the other built-up areas’ impact area. Con-
sidering this impact area difference, 2000 m of buffer was
generated for the sub-province center in the maps, but
only 500 m of buffer was applied for the rest. This was
the revision method to calculate and map the population
density.

1.4. Standardization of Sfs

After the criteria selection, the values and ranges were as-
signed to all Sfs in accordance with the study area and the
purpose of the study. The dataset comprises quantitative

and qualitative data in various formats, as in other simi-
lar studies. As a pre-requisite for MCDA, all values and
ranges should be in comparable units to each other and
consequently, they needed to be standardized. This stand-
ardization process is mandatory in multi-criteria analy-
sis within the GIS environment. Hence, the ecotourism
suitability scale was constructed with a 1-to-5 rating scale
according to the literature and expert opinions. The scale
includes very low (1), low (2), moderate (3), high (4), and
very high (5) suitability. The value and value ranges tak-
ing the same suitability rate for every Sf were combined
digitally and spatially.
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1.5. GISimos MCDA land suitability model

As is the case for many sub-fields of environmental plan-
ning, the determination of the suitable areas for ecotour-
ism requires correct comparison and evaluation of many
factors. In this process, MCDA techniques are reliable
tools for decision-makers and the Simos procedure, de-
veloped by Jean Simos in 1990, is one of them. This tech-
nique makes it possible to rank a set of criteria hierarchi-
cally and to assign numerical values when required. In the
literature, researchers frequently use this technique to pre-
sent their preferences and compile expert opinions. The
procedure was either used by itself (Alsulaihi, 2017; Mar-
zouk et al., 2014) or with other MCDA techniques, such
as ELECTRE (de Sousa Pereira & Morais, 2020; Merad
et al,, 2013), Fuzzy AHP (Ribas & da Silva Rocha, 2015),
Preference Ranking Organization Method for Enrich-
ment Evaluation (PROMETHEE) (Govindan et al., 2017),
Simple Multi Attribute Rating Technique Exploiting Rank
(SMARTER) (Fontana et al., 2011), TOPSIS (Balaji & Sen-
thil Kumar, 2018), and Closed Procedures near Reference
Situations (ZAPROS, in Russian) (Gorecka, 2016). But
there is no tourism or recreation themed study among
them. However, the Simos procedure, especially its revised
version by Figueira and Roy (2002), can be quite success-
ful in environmental management fields, as it is in other
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% & &
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Figure 3. The card-playing method of Simos, adapted from
Shanian et al. (2008)

fields, and it can be an alternative or complementary to
other available methods. AHP is the most used MCDA
method in land suitability analysis for ecotourism. The
methods of 14 of the 22 studies given in Table 1 are based
on AHP. Kahneman (2021) included a general critique of
the method and the views of the author in one of his study.
Most authors are of the opinion that AHP is not a useful
method for setting clear priorities, but rather fragile, com-
plex, and prone to error. In addition, there are researchers
who think that the pairwise comparison, which requires
excessive repetition of correlations, gives flawed results
(Karthikeyan et al., 2016). Often experts have difficulty
mastering and consistently maintaining ratings 1-9. Espe-
cially when the number of criteria is high, pairwise com-
parison tables become very complex and the reliability of
the result becomes doubtful. Despite this, compared to
other methods, AHP is perceived as a method that is easy
to understand and learn, mathematically simple, and gives
the decision maker the feeling that it can easily solve com-
plex problems. However, the Simos procedure offers an
easier, more understandable and reliable decision-making
process even in analyzes where the number of criteria is
high to achieve the targeted result with other methods and
AHP. Since it is designed as a card-playing, it is possible
for the expert to understand and manage the process well.
For these reasons, it has the potential to be a useful and
powerful MCDA option for spatial analysis of ecotourism
development.

Simos procedure is a card-playing method (Figure 3).
Every expert took a deck of cards with Sf names written
on them and ordered them from the least to most impor-
tant for the determination of land suitability for ecotour-
ism development. To stress the difference between two
consecutive Sfs, white cards were put between them in a
number proportional to the difference between them. If
the Sfs had the same importance, experts grouped them
under the same subset. Instead of sharing the opinions
of all experts, an example obtained from their arithmetic

Table 3. Calculation of Sf weights with original Simos procedure

Subsets of Sf iju 23;; Positions Non;lg;rﬁltaslized N%glglllitzsed Total weights
St7, Sf10, Sf11, Sf14 4 1,2,3,4 (1+2+3+4)/4=2.50 1.30 4 x1.30=5.20
White 1 (5) - - -
Sf3, Sf4, Sf6, Sf17 4 6,7,8,9 (6+7+8+9)/4=7.50 3.89 4 x 3.89 =15.56
Sf16 1 10 10.00 5.18 1x5.18=5.18
Sf15 1 11 11.00 5.70 1 x5.70 =5.70
Sf1, Sf13, Sf18 3 12, 13, 14 (12 + 13 + 14)/3 = 13.00 6.74 3 x6.74 =20.22
White 1 (15) - - -
Sf9, Sf12 2 16, 17 (16 + 17)/2 = 16.50 8.55 2 x8.55=17.10
White 1 (18) - - -
Sf2, St5 2 19, 20 (19 +20)/2 = 19.50 10.10 2 x10.10 = 20.20
Sf8 1 21 21.00 10.88 1 x10.88 = 10.88
Sum 21 193* - 100
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mean is given in Table 3. It also shows the weights ob-
tained with the original Simos procedure.

After this step, the revised Simos procedure developed
by Figueira and Roy (2002) starts and first the z value,
which is the ratio of the weight of the most important Sf
and the least important Sf, is calculated from Table 3 with
the Eq. (1):

[z a-a)p
(= avila

where T is the total number of cards, g is the Sf number in
the most important subset, and p is the Sf number in the
least important subset. The computed z value is 8.4. The
second step is the calculation of non-normalized weights
k(r). For this, firstly, u, the difference between weights, was
computed with the Eqgs (2), (3) and (4).

(1)

z=

e, =e,+1 Vr=l..,n-1 (2)
n-1

e:Zer; (3)
r=1

u=2"1, )
e

where e'r is the number of white cards between the ranks
rand r + 1. As can be seen in Table 4, the calculated e val-
ue is 10 and u is 0.74. We obtained the Eq. (5) with e, = 0.

(5)

where k(r) is non-normalized weights. The third step is
the calculation of the normalized weights k; with the
Egs (6) and (7) (Table 4).

k(r)=1+u (eg+...+e._1)

n

K'=Yk; (6)
i-1

k=220 %)
K

where k; is weight of the Sf, its non-normalized expres-
sion k; = k(r).
Comparing the maximum and minimum weights

E Asilioglu. GISimos MCDA land suitability model for ecotourism development

obtained in Table 4 with the characteristics of the study
area can be quite beneficial to question the results’ prox-
imity to reality. The least important Sfs with a 1.40% ratio
were geology cover Sf7, temperature Sf10, precipitation
Sf11, and distance from railway Sf14. The major part of
the study area has limestone, melange, sandstone, mud-
stone, conglomerate, and alluviums. There is no role for
these in ecotourism in the study area, other than agricul-
tural fertility and vegetation cover. As they have already
been considered in soil, land use and NDVI, low weight
was given to geological cover. The range of temperature
and precipitation in the study area was too little to af-
fect ecotourism development in the region. The distance
from the railway is among the least important as it only
transports loads, not people. On the other hand, the most
important Sf with 8.40% is S8 NDVL. It is an important
indicator of ecotourism. The forested area is suitable for
many activities and the agricultural area is also important
in this region, both of which NDVT reflects.

1.6. Suitability analysis

Suitability analysis was done first by multiplication of the
k; given in the GISimos MCDA land suitability model
section, and s; given in the Standardization of Sfs section;
and then, projecting of the resulted ESI values to maps.
ESI is formulated as in the Eq. (8):

Vs; =1,..

1

ESI=s; xk; 5. (8)

Theoretically, ESI takes the least value for s; = 1 and
k; = 0 and the highest value for s; = 5 and k; = 100. Ta-
ble 5 lists the ESI value for all Sfs, and Figure 4 shows the
suitability maps according to each Sf’s ESI values.

The WLC method was used to overlap GIS lay-
ers for every Sf and sum them. The most important
advantage of the method is that in the studies related
to planning, such as in this study, it can simultane-
ously evaluate the properties, such as under the titles
of topography, land cover, climate, and sociocultural
tactors. The WLC gives quick and reliable results while
holistically expressing the data obtained from MCDA
methods in a GIS environment (Aliani et al., 2017; Bun-
ruamkaew & Murayam, 2011; Dashti et al., 2013). The
WLC obtained an ESI for each 30x30 m size raster by

Table 4. Calculation of Sf weights with revised Simos procedure

Rank r Sf in the rank r Number of white cards e, e, Non-normalized weights k(r) | Normalized weights k;
1 St7, Sf10, Sf11, Sf14 1 2 1.00 x 4 = 4.00 1.40 x 4 = 5.60
2 Sf3, Sf4, Sfe6, Sf17 0 1 248 x4 =992 348 x 4=13.92
3 Sf16 0 1 322x1=322 452 x1=4.52
4 Sf15 0 1 3.96 x 1 =3.96 5.56 x 1 =5.56
5 Sf1, Sf13, Sf18 1 2 4.70 x 3 = 14.10 6.59 x 3 =19.77
6 Sf9, Sf12 1 2 6.18 x 2 =12.36 8.67 x2=17.34
7 Sf2, St5 0 1 7.66 x 2 =15.32 10.75 x 2 =21.50
8 S£8 - - 8.40 x 1 =8.40 11.78 x 1 =11.78
Sum 18 3 10 71.28 100
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Table 5. ESI values for Sfs

200-214
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MF1 Topography

MF3 Climate

Sfs ESI Sfs ESI
580-880 32.95 Sf10 11.80-13.40 7.00
Sf1
. 880-1170 26.36 Temperature 10.00-11.80 4.20
Elevation (m) Q)
1170-1997 19.17 8.20-10.00 1.40
0-6 53.75 Sfl1 375.00-419.10 7.00
6-12 43.00 Precipitation 330.00-375.00 5.60
SE2 12-20 33.25 (mm/year) 291.05-330.00 4.20
Slope (%)
20-30 21.50 MF4 Sociocultural
30< 10.75 Sfs ESI
<0.26 17.40 Vineyard, orchard 43.35
0.26-0.39 13.92 Meadow 34.68
%fle 0.39-0.47 10.44 Sf12 Dryland agriculture 26.01
0.47-0.56 6.96 Land use Irrigated agriculture 17.34
0.56-0.86 3.48 Shrub land, water- 867
Sfa Visible 17.40 industry-settlement )
Visibility Not visible 10.44 <1000 32.95
South 53.75 Sf13 1000-2000 26.36
South, southwest 43.00 Distance from roads | 2000-3000 17.77
Sf5 East, west 32.25 (m) 3000-4000 13.18
Aspect
Northeast, northwest 21.50 4000< 6.59
North 10.75 2000< 7.00
MF2 Land cover Sfl4 1500-2000 5.60
Sfs ESI Distance from 1000-1500 4.20
Chestnut 17.40 railway (m) 500-1000 2.80
Brown forest, reddish <500 1.40
Sf6 : 13.92
. brown, alluvial <1000 27.80
Soil cover
Brown 10.44 Sfl5 1000-2000 22.24
Colluvial 6.96 Distance from 2000-3000 16.68
Conglomerate-sandsto- 200 Settlements (m) 3000-4000 11.12
ne-mudstone, alluvium ’ 4000< 5.56
Melange, sandstone- <1000 22.60
mudstone-limestone, 5.60 Sf16 1000-2000 18.08
Sf7 limestone Distance from 2000-3000 13.56
Geology cover | volcanite-sediment 4.20 Cultural values (m) |3009_4000 9.04
Olistostrome, 2,80 4000< 4.52
metaolistostrome ’ 2000< 17.40
Peridotite,. andesite- . 1.40 Sf17 1500-2000 13.92
basalt-dacite, evaporite Distance from 1000-1500 10.44
Very high (0.48-0.65) 58.90 Negative factors (m) | 559109 6.96
High (0.32-0.48) 47.12 <500 3.48
Sf8
NDVI Moderate (0.16-0.32) 35.34 Sf18 100-140 32.95
Low (0.00-0.16) 23.56 Pop. density 70-100 26.36
2
Very low (>0.00) 11.78 (per km?) <70 19.77
<700 43.35
Sf9 700-1400 34.68
Distance from [ 071 59 26.01
surface waters
(m) 2100-2800 17.34
2800< 8.67
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Figure 4. Suitability analysis according to ESI values

multiplying si and K1 for all 18 Sfs and summed all lay-
ers’ ESI in the GIS environment. After that, the next step
was grouping different ESI values and determining the
varying suitability levels of the study area for ecotourism
development. In the final map, using ArcGIS 10.6.1 ESRI
software’s “natural breaks method”, the range of between
the highest and lowest ESI sums was broken into 4 dif-
ferent parts. This method was designed to separate the
range in the best way according to its values’ statistical
properties. It applies an iterative procedure that mini-
mizes intra-range differences and maximizes inter-range
ones. Its use is widespread in the classification and map-
ping of geographical data (Yang et al., 2016). As a re-
sult, based on Food and Agriculture Organization’s land
evaluation scale’s land suitability class levels, four levels
were determined as S1 (highly suitable), S2 (moderately
suitable), S3 (marginally suitable), and NS (not suitable)
(Food and Agriculture Organization [FAO], 1976). Fig-
ure 5 illustrates the MF maps and the final map. The

darker the region in these maps, the more suitable they
are for the ecotourism development.

2. Results and discussions

With the GISimos MCDA model, four different suitability
levels for ecotourism development were determined for
the Kalecik sub-province, S1, S2, S3, and NS.

2.1. Highly suitable areas, S1

The S1 areas are highly suitable for ecotourism develop-
ment. They cover 178.88 km? or 14% of the entire study
area. Overall, they are at 580-880 m of altitude, rarely at
880-1170 m of altitude, flat or near-flat with 0-6% slope,
and with low TRI value areas. They are visible in the
sub-province center and surroundings, but there are also
not visible parts in other regions. They have all aspects
except north, northeast, and northwest. Even though a
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Figure 5. The final ecotourism suitability map

high majority of the Kalecik sub-province is covered with
brown soil, these areas are found in alluvial soils stretching
through valleys and in all soil classes in the sub-province
center. Conglomerate-sandstone-mudstone and alluvium
draw attention in the geology cover. High NDVT value ar-
eas, valleys of Kizilirmak and other rivers, and their for-
ested and scrub areas are all in S1. When the final map is
examined, the impact of rivers on S1 areas’ distribution is
clear. Other water bodies in the region, dams, and HPPs
are out of these S1 areas. S1 areas’ highest and lowest year-
ly temperature and precipitation averages are close to each
other. The lowest temperature average was from the Idris
Mountain and surroundings, while the lowest precipita-
tion encompasses the Koyunbaba Dam in the northwest
part of the study area. Other than these, the distribution
of S1 areas is independent of temperature or precipitation.
The sub-province center, irrigated agriculture areas found
in the north and northeast, scattered dryland agriculture
areas, vineyards, orchards, and occasional meadows are
under this category. The main highways traversing the
region through Ankara-Cankir: or Kirikkale-Cankir1 did
not affect the distribution because secondary roads envel-
op the entire region like a cobweb, and consequently, no
additional transportation infrastructure is required. There
is only a relationship between S1 areas and main highways
surrounding the center of the sub-province. Railways, on
the other hand, only serve for load transportation, and
the destinations in the region are not actively used. In-
deed, the railway is only seen as a source of noise and
S1 distribution is far from railway lines. Yet, settlements
and their proximities are in S1 areas. Unfortunately, set-
tlements also have the following negative factors: indus-
trial facilities, sand and stone quarries, solar energy panel
facilities, wastewater treatment plants, solid waste landfill
facilities, and some structures related to HPPs are situated
near the sub-province center. However, as the other posi-
tive factor effects are much stronger, the negative factors
are mostly seen in SI areas. Places with high population
densities are in S1 areas, first with the sub-province center,

then Hasayaz, Degirmenkaya and Karahoyiik villages in
the west, the Gokdere and Samanlik villages in the south,
the Alibeyli village in the east, and the Satilar village in
the north.

These areas are highly suitable for soft ecotourism
activities. They have alluvial covered valley areas, dry-
land agriculture areas, vineyards, orchards including
fertile regions, forests, and scrubs. For this reason, they
are both sensitive to ecotourism development and have
high potential. Especially in the parts relatively far from
settlements, with some restrictions on the use of natu-
ral resources, time-controlled and intensity restricted
ecotourism opportunities can be encouraged. These can
be education and research related to ecotourism, nature
photography, sightseeing, wine degustation trips, har-
vesting, vintage, and reaching out to local agricultural
products. As its slope and TRI is reasonable, bicycling
is possible. Especially on the shorelines of Kizilirmak,
there are already recreational fishing and amateur wa-
ter sport activities. As S1 areas cover settlements and
near-environments, present or potential infrastructure
for ecotourism, transportation, accommodations, shop-
ping, and eating-drinking can be provided easily. They
are also suitable for camping and riding, which require
infrastructure. Settlements are also rich in tangible and
intangible cultural heritage. Firstly, culture tourism aim-
ing to experience the cultural heritage of the local life-
style is very appropriate in these S1 areas. It is possible to
visit historical and archeological sites there. The majority
of the local people live in S1 areas. Especially in villages,
traditional lifestyles persist, and consequently, local pro-
duction continues, which make these areas very suitable
for people willing to experience traditional life and ac-
tivities. They have the necessary manpower and young
population for the development of ecotourism. These
areas can be quite attractive to ecotourists for arranging
festivals and agriculture fairs, visiting vineyards, visiting
barnyards in local architecture, local product promotion,
and organic agriculture products sales points.
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2.2. Moderately suitable areas, S2

The S2 include moderately suitable areas for ecotourism and
covers 493.16 km? or 37% of the study area. They are mostly
around S1 areas as if outer layer zones, but they can also be
seen in the entire region. Generally, they are at 580-1170
m of altitude and their presence is lower in higher altitude
sections of the western part and the Idris Mountain. S2 ar-
eas usually have 6-20% slope, rarely 20-30% slopes, and
the TRI is between 0.39 and 0.47 with moderately undulat-
ing topography. In the south, they are in visible regions,
whereas in the north they are not in visible parts. Excluding
the north, northeast, and northwest, they can be found on
all aspects. S2 areas are distributed mostly in brown and
reddish-brown soils. Their geological covers are primarily
conglomerate-sandstone-mudstone and alluvium, followed
by limestone, mélange, and sandstone-mudstone-limestone.
Except for bare soil, they are distributed in all middle-level
NDVI areas. When the final map is examined, as much as
they are in the riverine regions, S2 areas are in other parts,
as well. Similarly, they are distributed outside of the Idris
Mountain and surroundings where the yearly temperature
average is lower. Other than this, the yearly precipitation
average does not affect the distribution of S2 areas. The
Koyunbaba Dam and surrounding areas receive the low-
est amount of precipitation and they are in S2 areas. The
meadows and drylands surrounding S1 areas are S2 areas.
Their distribution is independent of main roads, secondary
roads, or railways because the transportation network in
the region is already sufficient. Considering the relation-
ships with the settlements, they are located densely around
the S1 areas, which include settlements, but they are also
in other places. They encompass some negative factors in
the settled areas, and generally, they are distributed in less
densely populated areas.

S2 areas are the center of attraction for both hard and
soft ecotourism activities. They are like a buffer region
between settlements and rural areas. In sensitive areas,
controlled and restricted ecotourism is possible, whereas
in other places it can be more flexible. Some S2 areas’
slope and TRI are suitable for bicycling. They are also ap-
propriate with their middle-level NDVTI values for botan-
ical and herbal activities, wildlife and flora observation,
nature photography, sightseeing, picnicking, hiking, and
trekking activities. River routes, especially the shoreline
of Kizilirmak, are very suitable for fishing and amateur
water sports. Vast meadows and rare dryland agriculture
areas offer hobby farming, harvest, vintage, and access
to local agriculture products. Especially the areas near
settlements have the potential to develop infrastructure,
transportation, accommodations, shopping, and food
and beverage services. It is also possible to construct the
necessary infrastructure for riding and camping. At the
same time, they are near tangible and intangible cultural
values. They are relatively less densely populated. For this
reason, ecotourism activities requiring fewer local peo-
ple and manpower should be planned and developed in
these areas.

2.3. Marginally suitable areas, S3

The S3 correspond to the areas marginally suitable for
ecotourism development and covered 421.33 km? or 32%
of the entire study area. Generally, they are like a buffer
between S2 and NS areas, and sometimes scattered in NS
areas. They are distributed in all altitudes, all slopes equal
to or greater than 12%, TRI values >0.47, and in visible re-
gions in the south and not visible ones in the north. They
rarely reside in the south, southeast, or southwest aspects.
These areas are covered by brown soil, brown forest soil,
and reddish-brown soil and show a distribution independ-
ent of geological cover. They are scattered around middle
and low NDVI values. Even though they exist in Koyun-
baba Dam’s surrounding area in the northwest and middle
parts of the Kizilirmak Valley in the southeast with S1 and
S2 areas, they are generally found in areas far from rivers.
In the parts outside of the S1 and S2, their distribution is
uncorrelated with temperature or precipitation changes.
Usually, they cover dryland agriculture areas and mead-
ows. Similar to the other categories, main road related
factors do not affect their distribution. Since the railway
is considered a negative factor, a major part of it is in S3
category areas. Other negative factors are generally in S1
and S2 areas as they are nearer to the settlements. They
comprise the rural areas between villages with very low
population densities.

S3 areas generally have the potential to be developed
for hard ecotourism activities. Their sensitivity is low and
they provide limited opportunities. In these areas with
mostly middle or low-value NDVI, the ground is either
covered by vegetation or low-height bushes. Compared
to the S1 and S2, they cover higher altitude areas. They
can be developed for more rural and natural ecotourism
activities as they are distant from infrastructure and lo-
cal people and mostly related to the local agriculture and
livestock activities since they are covered with either dry-
land or meadows. With its characteristics, they are suitable
for botanical and herbal activities, wildlife and flora ob-
servation, nature photography, sightseeing, and trekking.
They are far from settlements and except for long walking
routes, they can only be reached by motor vehicles. As a
result, except for a low number of archeological sites, they
do not contain a tangible or intangible cultural value. De-
spite all restrictions, the accommodation units, food and
beverage services, shopping malls, and other large struc-
tures might be built and benefit the area.

2.4. Not suitable areas, NS

The NS include the areas currently not suitable for eco-
tourism development and covers 224.62 km?, which corre-
sponds to 17% of the entire region. These areas are gener-
ally in the hills and ridges over 1170 m of altitude, such as
the Idris Mountain, in all places with >20% slope, undu-
lating topography with very high TRI, and usually not vis-
ible or barely visible parts. These areas are mostly on the
north, northeast, and northwest faces of the mountains.
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Soil cover is composed of brown and reddish-brown soils.
Geology cover contains all types except for volcanite-sed-
imentary. The NDVT is in general below the middle value
in NS areas. These areas are distributed mainly in distant
places from rivers, valleys, dams, and HPPs and in high
altitudes. They cover the regions with the lowest tempera-
ture and precipitation average observed and they are in
bare or meadow parts. Excluding a very small part of the
Ankara-Cankir1 highway in the western region, NS areas
are far away from main and secondary roads, railways,
settlements, and cultural values. Moreover, some negative
factors, such as stone and sand quarries, are in NS areas.
In summary, these areas are not preferred as a living place
by local people and are only rarely used for agricultural
purposes. Despite all negative properties, some hard eco-
tourism activities might still be realized in these regions
after their development.

Conclusions

Ecotourism is one the fastest growing sectors in many
countries (Gigovi¢ et al., 2016; Olafsdottir, 2013; The In-
ternational Ecotourism Society [TIES], 2019) at the same
time is an attractive sustainable tourism option. It includes
an endeavor to protect the presence of the natural envi-
ronment and support sustainable development. It aims
to minimize the negative environmental impact, support
the economic development of the local communities,
and find funding for protection and development plans
(Aliani et al., 2017). This is the first study to use a GISi-
mos MCDA land suitability model in the determination of
land suitability for ecotourism development and used the
Kalecik sub-province of Ankara, Turkey as a case study.
The integration of GIS skills with the MCDA technique
includes intelligence, design, and choice phases (Bun-
ruamkaew & Murayam, 2011; Malczewski, 1999). There
are many studies where this integration was employed to
obtain more correct and measurable results (Aliani et al,,
2017; Mahdavi et al., 2015). With its first-time applica-
tion, the model aims to be a decision-making support
tool in planning and evaluating the ecotourism potential
of a specific region. Its most important advantage is its
capability to simultaneously and relatively evaluate many
criteria related to the topography, land cover, climate, and
sociocultural characteristics and digitize it, making it pos-
sible to analyze the data spatially with GIS tools. In order
to measure the ecotourism suitability of the region, the
unique characteristics of the study area, expert opinions,
and literature were examined and 18 Sfs were specified.
Each Sf was assigned a 1-to-5 suitability rate. Then, since
different criteria were expected to carry different impor-
tance, the revised Simos procedure, an MCDA method de-
veloped by Jean Simos and later revised by Figueira and
Roy (2002), calculated their weights. In order to overlap
all Sfs, weights and suitability rates were multiplied and
resultant ESI values were summed with the WLC meth-
od. Finally, a land suitability class based on FAO’s land

evaluation was employed. According to the final map, four
different suitability levels exist including S1, S2, S3, and
NS and covering 14%, 37%, 32%, and 17% of the study
area, respectively. The GISimos MCDA model successfully
revealed areas suitable for ecotourism development and
their suitability levels in line with the determined criteria.
Without a doubt, every region has unique characteristics,
and they might require different measurement methods.
In subsection 1.1, the location of the study area at the in-
tersection of three major cities and in the fertile lands of
the Kizilirmak Basin is mentioned. The potential of Ka-
lecik in terms of topographic structure, natural beauties,
traditional life, agricultural value, tangible and intangible
heritage is detailed in subsection 1.3. Despite this poten-
tial, it is mentioned that the economy, visibility, recogni-
tion and rural development could not be improved due
to the lack of proper spatial planning. In subsection 1.2,
datasets of 22 studies conducted in completely different
regions in different countries in the last 14 years are given.
As a result, the research methodology, which is explained
step by step and in detail in section 1, has the ability to
be used in cities and sub-provinces that are similar to Ka-
lecik, and can be modified according to the purpose and
region in different ones.

In addition, some limitations of the methodology can
be mentioned. Experts’ preferences are limited to the Sfs
offered to them and they tend to give priority to those re-
lated to their field of expertise (Siskos & Tsotsolas, 2015).
In order to overcome this, Sfs were determined by making
a comprehensive literature review, and the experts were
encouraged to be objective by explaining the scope of the
MCDA clearly. Unstable results are likely to occur if the
MCDA procedure is misunderstood or not understood
(Papathanasiou, 2021). That’s why Simos’ card-playing
method has been applied to experts face to face. As with
most MCDA techniques, there is no consensus on the
number of decision makers in the Simos procedure. In-
creasing or decreasing this number and diversifying areas
of expertise may affect the results. Standardization of Sfs
differs among researchers. For example, some researchers
targeted hard ecotourism and determined that areas far
from settlements are more suitable for ecotourism devel-
opment (Gigovi¢ et al.,, 2016). Some of them targeted soft
ecotourism and stated that the areas closest to the settle-
ments are more suitable, especially in rural areas (Aliani
et al.,, 2017; Sahani, 2019; Ullah & Hafiz, 2014). This study
was conducted in a rural area and aimed at soft ecotour-
ism.

The motivations of ecotourists are, in general, to expe-
rience less crowded, remote, and wilderness areas; learn
about nature, wildlife, natives, and cultures; observe flora
and fauna; contribute to the community; and do physical
activity. The study area has the potential to meet all these
expectations for the people living in neighboring cities.
Because this potential was not yet discovered or evalu-
ated properly, the region is not popular, continuously loses
people with migrations to other regions, and no funding
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is allocated to protect and nurture natural, traditional,
and cultural values. However, ecotourism both provides
revenue to local people and increases their quality of life
via novel commercial activities (Gigovi¢ et al., 2016; Hunt
et al., 2015; Strickland-Munro & Moore, 2013). Even
though the study was done in the Kalecik region, it pre-
sents a method to determine the ecotourism development
areas for other similar areas considering all significant cri-
teria and provides a basis for matching that region with
relevant activities. Planners and decision-makers can use
this method to allocate resources effectively and manage
ecotourism-based development with this spatial and deci-
sion-making model.
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