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Abstract
The landscape is a dynamic and multidimensional concept which includes natural and/or cultural components, ecosystems, 
relations and processes. The sustainability of landscapes depends on the harmony of these ecosystems. Particularly, it is 
important to identify areas where the landscape is sensitive within the basin and to restrict urban growth in these areas. 
However, the land cover change that occurs in the form of transformation from natural areas to cultural areas undermines 
the operability of the processes within the landscape. In this study, two different scenarios regarding land cover change have 
been developed using the FLUS model for Asarsuyu Watershed between the years 2018–2036 and 2036–2054. With these 
scenarios, the areas where landscape is sensitive are revealed and the urban growth is restricted in areas where landscape 
sensitivity is very high and high. In this respect, landscape sensitivity studies provide an important tool for guiding urban 
growth in an ecological framework.

Keywords  Land cover change · Water infiltration · Erosion risk · Habitat fragmentation · Markov chain model · Watershed 
protection

Introduction

Landscapes are dynamic entities for which change is inevi-
table (Manolaki et al. 2020). As the main factors that trigger 
the change in the landscape could be defined by geomorpho-
logical and ecological processes that include tectonic, ero-
sion and climate (Bogaert et al. 2004; Thomas 2012; D’Arcy 
and Whittaker 2014), this change is also associated with cul-
tural (anthropogenic) processes such as population growth, 
urbanization and urban growth (Manolaki et al. 2020). In 
particular, the intensification of agriculture and urbaniza-
tion and land abandonment are two opposing processes with 
profound consequences on landscape structure and function 
(Farina 2000). Although transformations in the landscape 
due to urban growth are not new, they have accelerated 
in recent years (Cortina 2011) and human impact on the 

landscape has increased significantly during the twentieth 
century (Bogaert et al. 2004). The impacts of this transfor-
mation have transcended urban boundaries and had a global 
impact (Bradley and Altizer 2007; Pickard et al. 2017). Land 
use/land cover significantly affects the dynamics as well as 
the structure and function of many landscapes (Wu and 
Hobbs 2002). These changes in landscapes are seen as evolu-
tion and they cause diversity, complexity and loss of identity 
which are characteristic of landscapes (Antrop 2005).

Population growth, urbanization and land use/land cover 
change (LUCC) have an impact on water resources (Houet 
et al. 2010; Liu et al. 2008a; Van de Voorde et al. 2011), 
land surface temperature (Le-Xiang et al. 2006; Whitford 
et al. 2001), runoff and biodiversity (Whitford et al. 2001), 
habitat or landscape fragmentation (Conway and Lathrop, 
2005; Van de Voorde et al., 2011), carbon sequestration and 
storage (Zofío and Prieto 2001) and soil quality (Houet et al. 
2010; Safaei et al. 2019). After all, the landscape is a set 
of systems. Therefore, each natural and cultural component 
that creates the landscape and the structures and processes 
created by these components are also subject to change due 
to LUCC. This makes landscapes sensitive to change. Every 
landscape is sensitive to a certain degree and the land should 
be used by taking this sensitivity into account (Usher 2001). 
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As LUCC changes the landscape more rapidly and often irre-
versibly, sensitive landscapes should be taken into account in 
decision-making processes. In other words, sensitive areas in 
landscapes with potential for change should be identified and 
land use decisions should be made in line with this.

While there are many definitions of landscape sensitiv-
ity (Manolaki et al. 2020), it is often a context-specific and 
flexible term (McGlade 2002; Manolaki et al. 2020). Land-
scape sensitivity is defined as a conditional instability in 
the system that has the potential to cause rapid and irre-
versible changes due to deterioration in environmental pro-
cesses (Thomas 2001). According to Brunsden and Thornes 
(1979: 476), “The sensitivity of a landscape to change is 
expressed as the likelihood that a given change in the con-
trols of a system will produce a sensible, recognizable, and 
persistent response”. The study of landscape sensitivity is 
applied in the context of land use impacts on natural systems 
(Thomas and Allison 1993). The concept of landscape sensi-
tivity developed by Brunsden and Thornes (1979) includes 
geomorphological processes. However, physical systems 
(rocks, superficial deposits, landforms, soil) and biological 
systems (plants, animals, people) (Usher 2001), which con-
stitute landscape sensitivity, are directly related to hydro-
logical and biological processes besides geomorphological 
processes. In this context, water infiltration, erosion risk, 
habitat fragmentation, whose natural and cultural landscape 
components are evaluated together and have an impact on 
landscape character, could be considered as ecological pro-
cess parameters and landscape sensitivity could be evaluated 
(Karadağ and Şenik 2019). Therefore, erosion risk, water 
infiltration, habitat fragmentation could provide directly 
landscape sensitivity.

On the other hand, basin-based studies are necessary 
for ensuring proper land use in a way that does not endan-
ger the ecosystems in the watershed, protection of natu-
ral resources, and effective and sustainable use of natural 
resources (Pandey et al., 2011). It is especially important 
to evaluate landscape changes with LUCC studies carried 
out at the watershed level (Boongaling et al. 2018; Feng 
et al. 2011). The urbanization process especially affects 
infiltration and runoff in the hydrological cycle (Ogden 
et al. 2011). In undeveloped watersheds, most precipita-
tion is infiltrated into the soil, whereas in urban water-
sheds, water flows rapidly due to impermeable surfaces 
(Sohn et al. 2020; Wright et al. 2021). At the same time, 
soil erosion is triggered by the effects of urban expan-
sion, topography, soil characteristics and precipitation 
(Chen et al. 2021a; Sujatha & Sridhar 2018). This pro-
cess, which changes the hydrological cycle, also causes 
the transformation of naturally vegetated soil surfaces 
(Wang et  al. 2018). Gradually, a landscape sensitivity 
emerges within the dynamics of the watershed itself. The 
basins form a natural boundary and each basin feeds the 

region ecologically and spatially with its water potential. 
Although a basin is an ecosystem consisting of soil, water, 
vegetation and people, each basin has its own unique bio-
physical conditions with its land use types, soil structure, 
topography, climate, geology and geomorphology. Some 
changes in these characteristics may be a driving factor for 
degradation in the watershed (Basri & Chandra 2021). At 
this point, landscape sensitivity studies enable the sustain-
able balance of protection-use in the watershed.

Although the relationship between LUCC and landscape 
sensitivity is critical, landscape sensitivity studies which 
are considered an important strategy for ecological land use 
planning/management are extremely rare. Many existing 
studies related to landscape sensitivity have focused on top-
ics such as a change in the landscape in terms of component, 
spatial pattern, environmental conditions (Knox 2001; Miles 
et al. 2001; Usher 2001;), tourism development (Jennings 
2004), floods (Safeeq et al. 2015), visual landscape sensitiv-
ity quality (Fang et al. 2021; Haara et al. 2017; Wang & Qu 
2018), landscape pattern across temporal and spatial scales 
(Chi et al. 2019), erosion (Kieu et al. 2020), the combina-
tion of ecological sensitivity, cultural sensitivity and visual 
sensitivity (Manolaki et al. 2020). Hence there is a lack of 
studies that directly examine the relationship between land-
scape sensitivity and LUCC on the watershed scale.

The most important tool to manage landscape changes 
with an ecological process is to understand LUCC and evalu-
ate them with different scenarios (Alberti 2005; Conway and 
Lathrop 2005; Dadashpoor et al. 2019; Houet et al. 2010; 
Lathrop et al. 2007; Zebisch et al. 2004). “Land cover is the 
observed physical cover of Earth’s surface” (Duhamel 2012 
p.8), while “land use refers to the manner in which these bio-
physical assets are used by people” (Cihlar & Jansen 2001, 
p.275). Many models have been developed for LUCC such 
as UrbanSim (Waddell, 2002), LTM (Pijanowski et al. 2006), 
CLUE-S (Verburg et al. 2002) and SLEUTH (Dietzel and 
Clarke 2007). However, models such as LTM and CLUE-S 
estimate the probability of individual land-use types sepa-
rately and give the land grid the highest value (Liu et al. 
2017). LTM (Aburas et al. 2016) and UrbanSim (Patterson 
and Bierlaire 2010) also require complex operational steps. 
On the other hand, SLEUTH is constrained by certain fac-
tors that do not change and evolve the simulation process 
(Aburas et al. 2016). Among these models, FLUS includes 
solutions for the disadvantages of other models such as 
CLUE-S, ANN-CA and performs better than other models 
(in terms of overall accuracy and Kappa coefficient) (Liang 
et al. 2018b; Liu et al. 2017) and was used in many studies 
(Fu et al. 2018; Guo et al. 2021; Huang et al. 2018; Liang 
et al. 2018a, 2018b; Liu et al. 2017; Wang et al. 2019; Yan 
et al. 2018; Zhao et a., 2019). This model is also used for 
different purposes and study areas such as the flood risk 
assessment (Lin et al. 2020), Landscape Ecological Risk 
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Assessment (Xu et al. 2021) and Eco-Fragile Region (Feng 
et al. 2021).

Turkey ratified the European Landscape Convention on 
20 October 2000. The aim of the Convention was defined 
as “to promote landscape protection, management and plan-
ning, and to organize European co-operation on landscape 
issues”. On the other hand, the technical work of “Water 
Framework Directive Implementation Project in Turkey” 
which started in January 2002 completed in November 
2003 and “Basin Protection Action Plan” was prepared for 
25 river basins in Turkey (Ministry of Agriculture and For-
estry 2012). In this context, it is important to develop con-
servation awareness in line with the natural boundaries of 
the basins where water is collected by gravity and forms an 
ecological unit.

In this study, we claimed that landscape sensitivity analy-
ses, which could be demonstrated by processes such as water 
infiltration, erosion risk and habitat fragmentation, could be 
an important driving factor when making ecological land-
use decisions. This general hypothesis was examined by 
comparing the land cover change scenarios in the study area 
(Asarsuyu Watershed) over a 16-year period (2036—2054). 
In this direction, areas with high water infiltration, erosion 
risk and habitat function were determined as the most sensi-
tive areas of the landscape. Areas with high landscape sen-
sitivity were determined as restricted areas and included in 
the scenario studies (years 2036 and 2056). The scenarios 
are based on the land cover change in the Asarsuyu Water-
shed between the years 2000 and 2018. For the land cover 
change between 2000 and 2018, five driving factors were 
used, namely slope, elevation, proximity to rivers, proximity 

to roads and proximity to settlements. Subsequently, two 
scenarios were developed in the study. In the “Business as 
Usual” scenario, it is assumed that the land cover change 
trend in 2000–2018 will not change. In the second scenario 
to emphasize the importance of landscape sensitivity stud-
ies, areas where the landscape is sensitive, are identified 
and urban growth is restricted in these areas. Sensitive areas 
of the landscape were identified by water infiltration, ero-
sion risk and habitat fragmentation analysis. The simula-
tion process was realized with the FLUS model and land 
demand was determined using the Markov chain model. As 
a result, it is emphasized that watershed-based conservation 
awareness should be integrated into spatial planning stud-
ies and future urban growth should be limited in areas with 
landscape sensitivity.

Study area

Asarsuyu Watershed is located between Düzce and Bolu 
Province in Turkey (Fig. 1). The study area is located as 
a sub-basin of the Melen River Basin which is located in 
the Western Black Sea Basin, one of the 25 river basins of 
Turkey.

A large part of the study area (84.86%) consists of 
lime-free brown forest soil. The other 15.14% consists of, 
respectively, alluvial soil, brown forest soil and red-yellow 
podzolic soil. Its geological structure is composed of very 
consolidated calcareous rocks (32.55%), quaternary deposits 
(21.70%), less consolidated rocks (19.94%), very compe-
tent rocks (15.57%) and compact siliceous rocks (10.24%). 

Fig. 1   The study area
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According to the CORINE 2018 data, more than half of the 
study area consists of forests. More than half of these forests 
are covered with deciduous forests and the rest is mixed 
forests and coniferous forests, respectively.

The study area is located in the first-degree seismic zone 
and the 12 November 1999 Düzce earthquake occurred on 
the North Anatolian Fault Zone like the 17 August 1999 
Kocaeli earthquake. Düzce earthquake has caused heavy 
damage and loss of life in the district of Kaynaşlı, Düzce, 
and Bolu provinces (Utkucu et al. 2005). A serious urban 
growth process started to take place within the study area 
after the earthquake. This growth has developed around the 
D-100 and TEM (Trans-European Motorway) motorways 

passing through the study area and causes pressure on eco-
systems (forest ecosystems, river ecosystems) within the 
watershed boundary.

Method

The analyses within the scope of the study were evaluated 
in two contexts. These include landscape sensitivity analysis 
(water infiltration, erosion risk and habitat fragmentation) 
and scenario analysis based on the FLUS model and Markov 
chain model (Fig. 2). For the FLUS and Markov chain mod-
els, CORINE land cover data (2000 and 2018) were used to 

Fig. 2   Flow chart of the method
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determine land cover change (Kucsicsa et al. 2019). In addi-
tion, proximity to rivers, proximity to roads, proximity to 
the settlement, elevation and slope were used as the driving 
factors for the FLUS model. In addition, a landscape sensi-
tivity map was used as restricted area data for the landscape 
sensitivity based urban growth scenario (Table 1).

FLUS model

The FLUS is a model which is carried out LUCC simu-
lations and land-use scenarios under future natural and 
anthropogenic impacts (Chen et al. 2021b). Liu et al. (2017) 
developed the FLUS model. The model has been used suc-
cessfully in many studies on LUCC simulation for several 
natural environments and socioeconomic driving forces 
(Zhao et al 2019; Yan et al 2018; Chen et al. 2021b; Feng 
et al. 2021; Guo et al. 2021; Xu et al. 2021). The FLUS 
is a model based on multiple cellular automata (CA) allo-
cations, in which scenarios for land cover/land-use change 
are developed at a certain time. CA is widely used in the 
modeling of urban growth and simulation of complex sys-
tems (Mitsova et al. 2011; Liu et al. 2008b). In the model 
CA-based simulation is used in two stages. In the first stage, 
using artificial neural networks (ANN), the probability of 
occurrence of each type of land cover in a certain grid cell 
is determined. In other words, ANN provides to reveal the 
relationship between driving factors and land cover changes. 
In the second stage, elaborate self-adaptive inertia and com-
petition mechanism are used to evaluate the interaction and 
competition between different land cover types (Liu et al., 
2017). During CA iteration, the probability of allocating 
each type of land cover to cells is estimated, and the domi-
nant type of land cover is allocated to the respective grid 

cell. In the allocation process, either the existing land cover 
type does not change or changes to a different land cover 
type depending on combined probabilities and the roulette 
selection (to model the competition between urban land and 
nonurban land in each cell) (Liang et al., 2018b; Liu et al., 
2017). Also the Markov chain is a stochastic model preferred 
for simulating randomly altering and continuous surfaces 
(Mansour et al., 2020). However, this model alone is not 
adequate to analyse LUCC, as it does not take into account 
the spatial distribution of each land type or the direction of 
urban growth. (Ghosh et al., 2017). For this reason, many 
hybrid models integrated with the Markov chain are used (da 
Cunha et al. 2021; Mishra et al. 2018; Okwuashi & Ndehe-
dehe 2021; Rahnama 2020; Wang et al. 2021). At the same 
time, the land demand is estimated using the Markov Chain 
method (Aguejdad, 2021; Xie et al. 2020).

In this study, the FLUS model was used with landscape 
sensitivity analysis in the context of realization of land-
scape sensitivity-based land cover change in the study area 
and with the Markov chain model to the estimation of land 
demand for the years 2036 and 2054.

Model calibration and validation process: CORINE 
Land Cover database (available via the Copernicus Land 
Monitoring Service of the European Union) of 2000 and 
2018 were used in the analysis process. In the study area, 
types of land cover (artificial surfaces, agricultural areas 
and forests) in the CORINE Land Cover database were 
adapted to Level 1 with a pixel size of 100 m × 100 m. 
There are many driving factors affecting land cover 
change. These could be socioeconomic (population, GDP, 
distance to town, etc.) and natural environment (elevation, 
slope, aspect, protected areas, etc.) (Zhao et a., 2019; Liu 
et al. 2017; Verburg et al. 2002). Positional driving factors 

Table 1   The data used in this study. All raster datasets are transformed into the same resolution (100  m) and projection (ED_1950_UTM_
Zone_36N) prior to model implementation

Data Data year Source Data use

CORINE Land cover map (1/100.000) 2000, 2018 European Union Copernicus, https://​land.​coper​
nicus.​eu/​pan-​europ​ean/​corine-​land-​cover

Model simulation

DEM (derived from topograhic map (1/25.000)) 2000 Ministry Of National Defense, General Directo-
rate of Mapping

Landscape sensitivity analysis 
& Driving factor

River map (derived from topograhic map 
(1/25.000))

2000 Ministry Of National Defense, General Directo-
rate of Mapping

Driving factor

Forest management map (1/25.000) 2008 Ministry of Agriculture and Forestry Landscape sensitivity analysis
Soil map (1/25.000) 2002 Ministry of Agriculture and Forestry Landscape sensitivity analysis
Geology map (1/25.000) 1984 Ministry of Energy and Natural Resources, 

Mineral Research and Exploration General 
Directorate

Landscape sensitivity analysis

Hydrological soil group map (1/25.000) 2002 Producted from soil map Landscape sensitivity analysis
Road map 2018 Open Street Map (https://​www.​opens​treet​map.​

org/#​map=​10/​40.​9608/​31.​3380)
Driving factor

Settlements 2019 Google Earth (https://​www.​google.​com.​tr/​intl/​
tr/​earth/)

Driving factor

https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover
https://www.openstreetmap.org/#map=10/40.9608/31.3380
https://www.openstreetmap.org/#map=10/40.9608/31.3380
https://www.google.com.tr/intl/tr/earth/
https://www.google.com.tr/intl/tr/earth/
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that direct land cover changes in the study area were evalu-
ated according to previous studies and expert opinions. 
The driving factors used in the study were as follows: 
slope, elevation, proximity to rivers, proximity to roads 
and proximity to settlements (neighborhoods) (Fig. 3). 
These numeric variables were normalized to [0, 1] before 
the ANN-based probability of occurrence estimation in 
the FLUS model.

In the study, 5 neurons in the input layer due to the use 
of 5 driving factors, 12 neurons in the hidden layer and 3 
neurons in the output layer (for each type of land cover; 
artificial areas, agricultural areas, forests) were used. Two 
percent of the total pixels including the Asarsuyu Watershed 
were uniformly selected as the training set. The 3 × 3 Moore 
neighborhood was selected in the simulation module when 
compared to Liu et al. 2017 study. The model calibration and 

validation process are applied to the period from 2000–2018 
(Table 2 and Fig. 4).

Calculating the land demand, 2000 and 2018 CORINE 
Land Cover database was used and the spatial change was 
calculated in ESRI ArcGIS 10.1 software in percent and km2 
(Table 3). Subsequently, in line with the expert opinions, the 
cost (conversion) matrix that best reflects the usual change 

Fig. 3   Driving factos of land 
cover change

Table 2   Comparison of land cover change between 2000, 2018 (actual) and 2018 (predicted) in Asarsuyu Watershed

CORINE Land Cover Actual area (km2) 
in 2000

Actual area (%) 
in 2000

Actual area (km2) 
in 2018

Actual area (%) 
in 2018

Predicted area 
(km2) in 2018

Predicted 
area (%) in 
2018

Artificial surfaces 12.42 9.11 13.46 9.87 13.55 9.94
Agricultural areas 38.20 28.02 40.95 30.03 40.92 30.02
Forests 85.71 62.87 81.94 60.09 81.85 60.04
Total 136.3 100.0 136.3 100.0 136.3 100.0

Fig. 4   Land cover change between 2000, 2018 (actual) and 2018 (predicted) in Asarsuyu Watershed

Table 3   Land use demand

Artificial surfaces Agricultural areas Forests

Initial Pixel Num-
ber (2000)

1268 3813 8568

Future Pixel Num-
ber (2018)

1374 4087 8188
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in the watershed was created (Table 4). With this matrix, the 
temporal dynamics of the simulations are determined and 
form possible and impossible conversion sequences between 
land-use types. If the conversion is allowed, the correspond-
ing cell value is assigned to 1 (one), and if not allowed, 
0 (zero) is assigned. The model uses a neighboring effect 
similar to traditional CA models. It is assumed that each land 
use type has different neighborhood effects. Neighborhood 
weights for individual land cover types in the study area are 
determined by expert opinions (Table 5).

For the accuracy assessment results, three accuracy 
indexes were calculated. According to results, the over-
all accuracy is 0.87, the Kappa coefficient is 0.80 and the 
Fom (Figure of Merit) is 9%. Overall accuracy is over 85% 
(Thomlinson et al. 1999), Kappa coefficient greater than 
0.79 (Maingi et al. 2002) shows that the analysis has high 
accuracy. The Fom value is superior to the Kappa coeffi-
cient in the accuracy assessment of the change obtained 
by simulation (Pontius et al. 2008). Nevertheless, the Fom 
value of 9% is not highly accurate. Pontius et al. (2008) also 
reported Fom values of some studies (range from 1 to 59%) 
and some Fom values in the studies are below 9%. Accord-
ing to Estoque and Murayama (2012), the Fom value of the 
short-period simulation result is relatively lower than the 
long-period one and as the observed net change decreases, 
the Fom value decreases (Liu et  al. 2017). In this con-
text, the simulation period in this study is relatively short 
(2000–2018) and observed net change is 8.44%.

Scenario simulation: Many models for simulation of land-
use change exist; however studies involving the combination 
of different models yield good results (Verburg and Overmars 
2009; Castella et al. 2007). In this study, the Markov chain and 
FLUS model are used together for the simulation of land cover. 
Land demands were obtained by the Markov chain model. The 
Markov chain is a model, based on a stochastic process, used 
to predict future probabilities by taking advantage of changes 

in the past and present (Muller and Middleton 1994) and it is 
successfully applied in many studies (Fu et al. 2018; Arsanjani 
et al. 2011). First, the change of land cover between 2000 and 
2018 was analysed and the probability of occurrence data was 
obtained. Then the year 2018 was accepted as the initial year. 
Subsequently, the same land demands, cost matrix, and weight 
of neighborhood were used for both scenarios and the future 
situation of the land cover was estimated. This whole pro-
cess was carried out using the FLUS model. FLUS model and 
Markov chain model were run with GeoSOS-FLUS software 
(http://​www.​geosi​mulat​ion.​cn/​FLUS.​html).

Two different scenarios have been developed within the 
scope of the study to show that landscape sensitivity studies 
are an important tool for ecologically sustainable land cover 
change, namely business as usual and landscape sensitivity-
based urban growth. The content and scope of the scenarios 
are given below as follows:

•	 Business as usual: In this scenario, it is assumed that 
the previous urban growth trend (2000–2018) will not 
change. Therefore cost matrix and weight of neighbor-
hood tables used in the model calibration and validation 
process are also used in business as usual scenario. The 
land demand in the periods of 2018–2036 and 2036–
2054 could be calculated.

•	 Landscape sensitivity based urban growth: In this sce-
nario, it is assumed that the previous urban growth trend 
(2000–2018) will not change. Therefore, cost matrix and 
weight of neighborhood tables used in the model calibra-
tion and validation process are also used in landscape 
sensitivity based urban growth scenario. However, in 
contrast to the previous scenario, in the “Self-adaptive 
inertia and competition mechanism CA” stage, the areas 
where landscape sensitivity is very high and high are 
determined as “restricted areas” (Fig. 5). Accordingly, 
“0” value is given to areas where landscape sensitivity 
is very high and high. Thus, the land cover in grid cells 
was prevented from turning into another land cover type. 
In areas where landscape sensitivity is medium, low and 
very low, “1” value is given. Here, the conversion of the 
land cover in the grid cells to another land cover type is 
not restricted and land cover change is allowed. Within 
the watershed boundaries, areas with high water infil-
tration, erosion risk and habitat function correspond to 
areas with high landscape sensitivity. The land demand 
in the periods of 2018–2036 and 2036–2054 could be 
calculated.

Landscape sensitivity analysis

The determination of landscape sensitivity was carried out 
in three following stages: water infiltration, erosion risk and 
habitat fragmentation.

Table 4   Cost matrix

Artificial sur-
faces

Agricultural 
areas

Forests

Artificial surfaces 1 0 0
Water bodies 0 0 0
Agricultural areas 1 1 0
Forests 1 1 1

Table 5   Weight of neighborhood

Artificial surfaces Agricultural areas Forests

Weight of neighbor-
hood

1 0.9 0.1

http://www.geosimulation.cn/FLUS.html
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Water infiltration: Although water, the most fundamen-
tal natural resource, is renewable due to its cyclical nature, 
the hydrological cycle and water resources are highly het-
erogeneous in terms of time and space (Yang et al. 2021). 
The cycle, which is of critical importance for the continuity 
of physical and ecological processes, is being changed by 
human influence in many basins (also river basin landscape) 
around the world (Gulahmadov et al. 2021). The cyclic pro-
cess of water is important for the functioning of vital activi-
ties in landscapes with a mosaic of ecosystems. Sustainabil-
ity of the water cycle depends on considering landscapes as 
feeding and discharging areas of aquifers. Water infiltration 
is the main stage controlling the relationship between sur-
face water and groundwater (Neris et al. 2012; Ward and 
Robinson 1989). On the other hand, soil properties (Basri 
& Chandra 2021; Neris et al. 2012; Cousin et al. 2003), 
vegetation cover (de Almeida et al. 2018; Mehta et al. 2008), 

geological structure (Karadağ 2019; Cousin et al. 2003) play 
a very important role in this process. Also land cover sig-
nificantly affects water infiltration (Carlesso et al. 2011). In 
this study, the method which is called water infiltration is 
used which is based on revealing the degrees of infiltration 
zones (Şahin et al. 2014; Uzun et al. 2012, 2015; Uzun and 
Gültekin 2011; Buuren 1994) (Fig. 6).

To obtain the infiltration zones theoretically, the rock 
permeability values have been revealed. Then, to determine 
the permeability values of soil structure, soil permeabil-
ity map was prepared using the pre-made methods of soil 
structures and permeability levels (Şahin et al. 2014; Uzun 
et al. 2012, 2015;). Both maps were overlapped, and the 
infiltration zones map was obtained according to soil and 
rock structure. Infiltration values were added to this method, 
which was previously applied as soil and rock permeability 
according to vegetation cover, and total infiltration value 

Fig. 5   Restricted areas of the study area

Fig. 6   The method of water infiltration analysis
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was reached according to three variables. Permeability and 
infiltration values were evaluated according to expert opin-
ions. Soil permeability values were obtained from soil map 
and rock permeability values ​​were obtained from the geol-
ogy map. The forest management map of 2008 was updated 
with the CORINE 2018 land cover map (for settlements and 
agricultural areas) and vegetation cover map was created. 
Water infiltration degree was used here (scale from 1 to 5) 
as follows:; 0 for no infiltration, 1 for very low infiltration 
(very low sensitivity), 2 for low infiltration (low sensitivity), 
3 for medium infiltration (medium sensitivity), 4 for high 
infiltration (high sensitivity), and 5 for very high infiltra-
tion (very high sensitivity). The analyses were performed 
using ESRI ArcGIS 10.1 software. According to the analysis 
results, 63.23% of the study area has medium water infiltra-
tion, 20.21% has low water infiltration, 9.44% has very low 
water infiltration, 7.0% has high water infiltration, and 0.12% 
has very-high water infiltration.

Erosion risk: Soil is a dynamic structure that has a rela-
tion/connection with all the components that make up the 
landscape both underground and aboveground. Therefore, 
a change that may take place here could lead to disruption 
of the processes that create the landscape. Erosion is the 
situation where the topsoil is moved from its location due 
to various factors. Erosion leads to deterioration of land and 
ecosystem functions (Jiu et al. 2019). Accordingly, erosion 
risk and landscape sensitivity are evaluated together in stud-
ies (Bou Kheir et al. 2006; Thomas 2001). The presence 
of vegetation cover (Carvalho et al. 2015; Bou Kheir et al. 
2006), the land slope (Jiu et al. 2019), and geological struc-
ture (Sommer et al. 2008; Bou Kheir et al. 2006) are impor-
tant factors that affect erosion. In this context, the method 

developed in the determination of erosion risk in the study 
area (Uzun et al. 2015; Şahin and Kurum 2002; MAPA / 
ICONA, 1991; MOPU 1985; MAPA/ICONA, 1983) was 
used (Fig. 7).

In this analysis, first, vegetation map and slope map were 
overlapped and soil protection map was obtained. Second, 
The geology and slope maps were overlapped and an erod-
ibility map was obtained. Finally, a potential erosion risk 
map was obtained by overlapping and evaluating both maps 
(soil protection and erodibility). The forest management map 
of 2008 was updated with the CORINE 2018 land cover 
map (for settlements and agricultural areas), and vegetation 
cover map was created. Geological data were obtained from 
the geology map, and the slope map was obtained from the 
DEM data produced from the topographic map. Soil pro-
tection and erodibility values were evaluated according 
to expert opinions. A scale between 1 and 5 was used to 
evaluate the degree of erosion risk as follows: very severe 
areas of erosion risk, 5 (very high sensitivity); severe areas 
4 (high sensitivity); medium areas 3 (sensitivity medium); 
low areas 2 (low sensitivity), and very low areas 1 (very 
low sensitivity). Settlements were excluded from the evalu-
ation and 0 (no value) points were given. The analyses were 
performed using ESRI ArcGIS 10.1 software. According 
to the analysis results, 30.90% of the study area has high, 
23.56% has very low, 12.36% has medium, 11.27% has low, 
and 5.67% has very high erosion risk. The rest of the 16.24% 
were considered to have no erosion risk as they were located 
in settlements.

Habitat fragmentation: Large and small ecosystem parts 
that make up the landscape constitute the landscape mosaic 
as a whole and this mosaic consists of the following three 

Fig. 7   The method of erosion risk analysis
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main elements: landscape matrix, landscape patch and land-
scape corridors (Odum and Barret, 2005). While a landscape 
patch with natural elements constitutes a habitat for a spe-
cies, landscape corridors (e.g. a river) that provide linkage 
between these landscape patches also ensure that different 
species coexist and thus support biodiversity. Urban eco-
systems, however, are areas located in natural and/or semi-
natural ecosystems and often have significant ecological 
impacts. The change in human activities and land cover is 
one of the most important anthropogenic effects that alter 
the number and shape of habitats (Bierwagen 2006; Syphard 
et al. 2005). Qualitative and quantitative changes that will 
disrupt the structural and functional continuity of habitats 
bring about fragmentation and “habitat fragmentation is a 
landscape-level process” (McGarigal and Cushman 2002). 
Therefore, defining and evaluating landscapes as a mosaic is 
particularly important in areas where cultural habitats result-
ing from centuries of human use have significant protection 
values (Bennet and Saunders, 2010). In this context, land-
scape sensitivity of habitats (forests, pastures, etc.) in human 
dominant areas also increases.

In this study, the fragmentation status of habitats formed 
by forests, glade, pasture, and shrub was determined. In this 
direction, 6 patch classes, including mixed forest, coniferous 
forest, broad-leaved forest, glade, pasture and shrub within 
the watershed boundaries, were created. The reason for this 
is the evaluation of patch classes in forest cover according 
to each other in terms of patch size and number, patch edge, 
patch shape, and core areas. At this stage, the forest man-
agement map of 2008 was updated with the CORINE 2018 
land cover map (for settlements and agricultural areas), and 
vegetation cover map was created. Before the analysis, it was 
envisaged to include the impact of the road network on the 
habitat within the watershed boundaries. In this direction, a 
buffer zone is created around the road network in such a way 
that a 4-m effect zone is formed. The buffer zone map of the 
road network obtained in the next step was overlapped with 

the vegetation cover map containing the habitats. This output 
map was adopted as the basic data for the analysis of habitat 
fragmentation. These data were then analysed at the class 
level with the Patch Analyst module, which was developed 
by Rempel (2010) as an interface to ESRI ArcGIS 10.1. 
Habitat function values were evaluated according to expert 
opinions. A scale between 1 and 5 was used to evaluate the 
degree of habitat function as follows: very high areas of 
habitat function, 5; high areas of habitat function, 4; medium 
areas of habitat function, 3; low areas of habitat function, 2, 
and very low areas of habitat function, 1 (Fig. 8).

In this context, the statistics obtained after patch analysis 
for patch size and number, patch edge, patch shape, and core 
areas (Table 6). Based on the statistical data in Table 2 and 
the criteria for determining the habitat function of Uzun, 
et al. (2015), a result map (habitat function map) was pro-
duced. Landscape ecology-based analyses are performed 
on the landscape, patch type (patch class) and patch scales. 
However, it was found appropriate to carry out a class-level 
analysis for the measurement of the habitat function of the 
landscape. Thus, the fragmentation status of each class has 
been revealed, and habitat function levels have been deter-
mined at the level of patch classes of the landscape.

According to the analysis results, 69.06% of the study 
area has low, 23.69% has high, 5.57% has medium, 0.93% 
has very low, and 0.75% has very high habitat function.

Results

At the stage of landscape sensitivity, three maps obtained 
as a result of water infiltration, erosion risk and habitat 
fragmentation analyses were overlapped and areas sensitive 
to the landscape were identified (Fig. 9). Similar to other 
analyses, a scale between 1 and 5 was used to evaluate the 
degree of landscape sensitivity as follows: very high areas of 
landscape sensitivity, 5; high areas of landscape sensitivity, 

Fig. 8   The method of habitat fragmentation analysis
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4; medium areas of landscape sensitivity, 3; low areas of 
landscape sensitivity, 2, and very low areas of landscape 
sensitivity, 1. The analyses were performed using ESRI Arc-
GIS 10.1 software.

The main difference between the two different scenarios 
in the study is whether or not it is based on landscape sen-
sitivity. When the results of landscape sensitivity analysis 
in Asarsuyu Watershed are examined, 46.20% of the study 
area has medium, 26.43% has low, 17.70% has very low, 
9.61% has high, and 0.07% has very high landscape sensitiv-
ity. Consequently, landscape sensitivity was determined to 

be low/very low in areas where the settlement was located; 
the landscape sensitivity of the areas where mixed forests 
and Rhododendron density is high/very high. Areas, where 
landscape sensitivity is high and very high, are considered 
as restricted areas in the second scenario. According to 
the 2018 CORINE land cover data, 82.4% of the restricted 
areas are forests and 17.6% are agricultural areas. Artificial 
surfaces in the study area were excluded from the assess-
ment of landscape sensitivity. Therefore, for the protection 
and sustainability of sensitive landscapes in the watershed, 
the conversion of forests to agricultural areas or artificial 

Table 6   Patch analysis results of the patch–corridor matrix model forest patches in Asarsuyu Watershed

Class Shrub Pasture Glade Coniferous forest Mixed forest Broad-leaved forest

AWMSI (area weighted mean shape index) 1.65 1.91 1.76 1.97 2.83 2.61
MSI (mean shape index) 1.46 2.23 1.96 1.86 1.96 1.81
MPAR (mean perimeter-area ratio) 178.53 1861.50 8780.65 1846.56 2696.21 3497.91
MPFD (mean patch fractal dimension) 1.28 1.52 1.44 1.45 1.43 1.46
AWMPFD (area weighted mean patch fractal 

dimension)
1.29 1.42 1.33 1.31 1.31 1.28

TE (total edge) 10,193.65 2108.73 19,914.10 86,256.45 175,508.80 268,311.90
ED (edge density) 1.21 0.25 2.37 10.26 20.88 31.92
MPE (mean patch edge) 1698.94 527.18 765.93 1181.60 2166.78 1850.43
MPS (mean patch size) 10.51 0.67 2.89 6.41 24.59 40.04
NumP (number of patches) 6.00 4.00 26.00 73.00 81.00 145.00
MedPS (median patch size) 7.66 0.57 1.13 1.47 1.90 0.98
PSCoV (patch size coefficient of variance) 63.54 82.85 152.87 188.94 430.57 709.52
PSSD (patch size standard deviation) 6.68 0.56 4.42 12.11 105.89 284.11
TLA (total landscape area) 8406.84 8406.84 8406.84 8406.84 8406.84 8406.84
CA (class area) 63.05 2.70 75.12 467.92 1992.00 5806.05
TCA (total core area) 4922.61 – 4922.61 4922.61 4922.61 4922.61
TCAI (total core area index) 6.85 – 2.88 19.54 50.96 73.85
CAD (core area density) 0.08 – 0.04 0.23 0.59 0.44

Fig. 9   The method of landscape sensitivity analysis
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surfaces and the conversion of agricultural areas to artificial 
surfaces are restricted according to land cover change poten-
tial in the study area.

As the result of scenario analysis, the same cost matrix 
and land demand inputs are used; in both scenarios, an 
increase is observed in agricultural areas and artificial sur-
faces due to losses in forests for the years 2036 and 2054 
(Table 7 and Fig. 10).

In the first scenario (business as usual), some losses in 
forests and agricultural areas were also realized in areas 
where landscape sensitivity is very high and high. On the 
other hand in the landscape sensitivity based urban growth 
scenario, losses in forests and agricultural areas have 
occurred in areas where landscape sensitivity is medium, 
low and very low. Thus, it is aimed to conserve the areas 
where landscape sensitivity is high and very high for 2018 
and beyond. However, it should be noted that the increase 
in artificial surfaces during the period from 2000 to 2054 is 
of concern for watershed protection (Table 7).

Discussion

Landscapes conceptually emerge as a result of natural and 
anthropogenic interactions that convey a different charac-
ter to the land (Atik et al. 2015). Accordingly, it does not 

just contain objects; it involves different processes such as 
growth, decay, flow, and transformation. This combina-
tion of landscape forms complex spatial mosaics (Thomas 
2001). According to Farina (2008); “the landscape could be 
considered a semiotic interface between resources, where 
organisms function as interpreters”. These processes, which 
are in close relationship with each other, may change due 
to human activities and some natural processes (disasters, 
etc.). Landscape, shaped by ecological and geomorphologi-
cal processes (Swanson ve diğerleri 1988; Renwick 1992), 
also interacts with land cover change. Urbanization and the 
expansion of agricultural areas, increasing urban popula-
tion leads to fragmentation/loss of natural landscapes and 
their transformation into impermeable surfaces, water supply 
problem and gradually decreasing biodiversity that supports 
ecosystem functioning (Das & Das 2019; Luo et al. 2020; 
Shao et al. 2021; Wu et al. 2021).

Aquatic ecosystems directly or indirectly support life 
(Higgins et al. 2021). Therefore, while the water conserva-
tion function regulates the water cycle with processes such as 
surface runoff, infiltration, and percolation on a spatial scale, 
it can reduce the effects of processes such as drought and 
floods on a temporal scale (Li et al. 2021). In this respect, 
Higgins et al. (2021) support watershed boundary-governed 
processes. Nevertheless, watersheds around rapidly urban-
izing areas are highly sensitive to these changes due to their 

Table 7   Percentages of change 
in land cover by years

Land Cover Type % of area in 2000 % of area in 2018 % of area in 2036 % of area in 2054

Artificial surfaces 9.1 9.9 11.1 12.3
Agricultural areas 28.0 30.0 32.4 34.5
Forests 62.9 60.1 57.5 54.2
Total 100.0 100.0 100.0 100.0

Fig. 10   Land cover change 
simulation for the years 2036 
and 2054
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rich ecosystems (Zhu et al. 2021). Although a basin is an 
ecosystem consisting of soil, water, vegetation and people, 
each basin has its own unique biophysical conditions with its 
land use types, soil structure, topography, climate, geology 
and geomorphology. Some changes in these characteristics 
may be a driving factor for degradation in the watershed 
(Basri & Chandra 2021). For instance, in areas with water 
infiltration before urbanization and population movement 
in the basin, it is seen that surface flow discharge increases 
with LUCC (Ophiyandri et al. 2021). In this respect, the big-
gest threat to sustainable urban watershed management is the 
uncontrollable LUCC (Adegboyega 2021). Therefore, for the 
ecological protection of the watershed, decision makers need 
to consciously formulate and implement watershed protec-
tion policies (Adegboyega 2021; Zhu et al. 2021). Eventu-
ally, understanding these processes of the landscape in a 
watershed and revealing the effects of human activities on 
these processes is important in terms of turning the relation-
ship between urban growth and landscape sensitivity in a 
positive way. Land cover undergoes a constant change as it 
is under the influence of natural and cultural processes. The 
determination of this change is very important for revealing 
the relationship between land cover dynamics and ecological 
processes (Koffi et al. 2008). According to Costanza et al. 
(1997), landscape alterations because of urban growth have 
a serious impact on the functions of ecosystems and regulate 
the benefits derived from processes (physical, biological, 
etc.) occurring in these natural systems. Especially in small-
scale watersheds, land use change could affect ecosystems 
on a larger scale and subsequently lead to landscape change 
(Feng et al. 2011). Hence examining LUCC models and 
watershed-level processes is essential in land use and water 
resource planning and management (Lin et al. 2007).

Landscape sensitivity studies, on the other hand, focus on 
the natural and anthropogenic origins that affect the land-
scape and try to understand the processes that result in a 
change in the landscape community (Knox 2001). In other 
words, it makes inferences about “why, when, where, how 
often and how quickly” (Miles et al. 2001). Also, studies on 
landscape change generally focus on spatial pattern analysis, 
but draw less attention to the functions and processes of the 
landscape (Chen et al. 2009). Studies that comprehensively 
examine the spatio-temporal processes and causes of land-
scape changes, especially at the watershed level, are very 
important but rare (Zhu et al. 2021). In this sense, land-
scape sensitivity studies contribute to a holistic view of the 
impacts. It gives clues about how to follow a policy against 
this change. Landscape sensitivity studies at the basin/water-
shed level also allow the changes in the basin landscape 
to be handled with natural boundaries with the effect of 
urbanization.

Turkey, with 1.519 m3 per capita amount of water 
“water-stressed” is considered a country. Turkey Statistical 

Institute, Turkey’s population is predicted to reach 100 
million in 2030. In this case, the amount of water per 
capita is expected to be 1.120 m3/year. In other words, 
increasing the population, the booming economy and 
growing city with Turkey, “water-poor” is moving towards 
becoming. In addition, agriculture is the sector that uses 
the most water with a share of 73% (WWF 2014). Asar-
suyu Watershed is a sub-basin of the Western Black Sea 
Basin, which is one of Turkey’s 25 river basins. Moreover, 
it is foreseen that rainfall will decrease when projections 
are analyzed in all basins in Turkey in the 2041–2070 and 
2071–2099 period and 2–3 °C of warming will occur in 
the future period 2016–2040 in the Western Black Sea 
region (Turkish State Meteorological Service 2015). In 
this regard, the importance of integrated studies at basin 
(or watershed) level increases. This is possible by identi-
fying sensitive ecosystems and directing urban growth to 
more suitable areas outside sensitive areas.

In this study, the FLUS model, which is prominent in 
recent years and landscape sensitivity analysis, which is an 
important tool for ecologically sustainable urban growth, 
has been put forward and their reasons explained. Deter-
mination of the watershed-based landscape sensitivity and 
simulating the land cover by a competent method (FLUS 
model and Markov Chain model) enabled to evaluate the 
possible changes in the study area in accordance with eco-
logical principles and to data products that could be a base 
for spatial plans.

There are also some limitations in the study. Due to lim-
ited data possibilities, five different driving factors were used 
in the study. However, apart from these, there are driving 
factors that will affect the LUCC. In the context of driving 
forces, meteorological data (precipitation, temperature, etc.) 
can be considered in the context of bioclimatic comfort. In 
the context of socioeconomic factors, driving factors such 
as population density andgross domestic product (GDP) can 
be taken into account. These factors depend on the land-
scape characteristics of the study area. However, the driving 
factors mentioned in many studies are an important param-
eter (Feng et al. 2021; Guo et al. 2021; Xu et al. 2021). In 
addition, within the scope of the study, landscape sensitiv-
ity analyses were handled with the natural processes of the 
landscape in the context of water infiltration, erosion risk 
and habitat fragmentation. Different sensitivity studies such 
as visual sensitivity (Fang et al. 2021; Wang 2018), cultural 
sensitivity (Manolaki et al. 2020) can be evaluated together 
in future studies, as well as other different natural processes 
of the landscape (geomorphological and ecological process) 
methodically can be added to the frame. The characteristics 
of the study area are also decisive in this regard. In the selec-
tion of sensitivity parameters, the natural and cultural land-
scape characteristics of the study area and ecological forma-
tions present important bases (Karadağ and Şenik 2019).
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The FLUS model is also a model based on ‘bottom-up’ 
cellular automata. Also, the Markov chain model is used as 
the ‘top-down’ model to estimate land demand (Liang et al. 
2018a, b). Integration of ‘bottom-up’ and ‘top-down’ mod-
els prevent to separate between the macro land use demand 
projection and the local change allocation (Liu et al. 2017). 
Nevertheless, the Markov chain model provides appropriate 
data to create one urban growth scenario (Liang et al. 2018a, 
b). Therefore, different approaches should be preferred in 
multiple urban growth scenarios.

Conclusion

The landscape is exposed to change for many natural and 
cultural reasons and this change could reveal landscape sen-
sitivity. In the study, considering the land cover change in 
the Asarsuyu Watershed in the years 2000–2018, simulation 
modeling was made with FLUS for the watershed, based 
on two different scenarios in 2036 and 2054. In one of the 
scenarios, “Business as usual”, it is assumed that the land 
cover development in 2000–2018 will continue. For the sec-
ond scenario, the map obtained as a result of the landscape 
sensitivity analysis created an input as a “restricted area”. 
Thus, water infiltration, erosion risk, and habitat fragmenta-
tion analyses were conducted for the landscape sensitivity 
analysis within the watershed boundary and the resulting 
three maps were overlapped in the final stage and the areas 
where the landscape in the watershed was sensitive were 
determined.

The land cover change of the watershed between 2000 
and 2018 was obtained by CORINE land cover data and 
the increase in artificial surfaces and agricultural areas and 
decrease in forests were observed. Since CORINE land 
cover provides data at a resolution of 100 m, water bod-
ies cannot be included as land cover types. For this reason, 
three land cover types were analysed according to Level 1 
(CORINE). It is also assumed for two scenarios (business 
as usual and landscape sensitivity based urban growth) that 
the trend of land cover change (2000–2018) will continue in 
the future. FLUS model and Markov Chain model have been 
used together due to successful results for land cover simula-
tion in many studies (Chen et al. 2021b; Feng et al. 2021; 
Fu et al. 2018; Guo et al. 2021; Huang et al. 2018; Liang 
et al. 2018a, b; Xu et al. 2021; Zhao et al. 2019). In both 
scenarios, artificial surfaces and agricultural areas increased 
due to the decrease in forests. However, in the second sce-
nario, the transformation of sensitive landscapes to artificial 
surfaces was restricted by using landscape sensitivity data. 
On the other hand, the increasing trend of artificial surfaces 
will significantly affect the amount of water in the watershed 
due to climatic changes in temperature and precipitation. 
Moreover, agricultural activities are carried out intensively 

in the watershed and there is an increase in agricultural areas 
between 2018 and 2054. In this context, land-use decisions 
are a water use decision that also affects the sectoral distri-
bution of water. Therefore, landscape sensitivity studies at 
the basin level contribute to the protection, development, 
and sustainability of the ecosystem characteristics of areas 
where water infiltration is high and aquifers feed, areas with 
high erosion risk, areas with high habitat function and deg-
radation are low. In addition, it plays an important role in 
ecological decisions in land cover simulation studies. Conse-
quently, the evaluation of landscape sensitivity analyses as a 
driving factor in ecological-based spatial/land use planning 
studies is a critical tool for the protection, development and 
maintenance of existing landscapes.
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