
Impacts of land cover change in a 
cultural landscape: Vulnerability 
assessment of the archaeological 
landscape of Alaca Höyük, 
Türkiye

Abstract
Whether caused by human or natural drivers, land use and land cover change 
(LULCc, hereafter) affect the landscape’s vulnerability and brings environmental 
consequences. Landscape change also affects cultural heritage. LULCc and 
vulnerability studies around archaeological landscapes become more critical 
with climate change. We aim to assess changes in land cover types in the last 30 
years and to create a vulnerability map concerning areas with different landscape 
characteristics around Alaca Höyük. We use a mixed-method approach; (i) a 
quantitative method for the LULCc assessment, (ii) the Landscape Character 
Assessment (LCA) and evaluation of expert opinion surveys, and (iii) a qualitative 
method to assess climate change impacts on land cover types with expert opinions. 
The study has important implications for revealing how archaeological landscapes 
around Alaca Höyük have become vulnerable in the context of climate change 
through land cover transformation over the last 30 years. The study demonstrates 
that the extent of agricultural land in and around Alaca Höyük has been increasing 
over time, while the area of uncultivated natural lands has been decreasing. This 
transition has resulted in an increase in the vulnerability of land uses and cover 
types. Thus, the unique historic landscapes of the area are under pressure and that 
policies for landscape management are needed. The vulnerability map underlines 
the immediate need for more holistic future studies to inform the management of 
cultural landscapes, in this case with an explicit focus on the archaeological site at 
Alaca Höyük and the gardens near Gölpınar Hittite Reservoir.
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1. Introduction
Landscapes are dynamic and change 
constantly as a result of natural and 
human factors. Many landscape changes 
that accelerated from the 18th century 
can be attributed to anthropogenic 
factors including population growth, 
urbanization, disruption of the urban-
rural equilibrium, and increased 
mobility facilitating the spread of 
technological innovations (Antrop 
2005).

 LULCc is generally caused by hu-
man activities that alter the physical 
components of landscapes. Coupled 
with the impacts of climate change 
(e.g., changes in precipitation patterns 
and drought), it may lead to various 
negative impacts on the environment, 
for example fragmentation in land-
scape patterns, loss of biodiversity, and 
soil erosion. Pressure from population 
growth, urbanisation, industrial de-
velopment, mineral extraction, energy 
infrastructure, and agriculture often 
cause ecologically diverse landscapes 
to shrink, disappear or change land 
cover types. For instance, the world’s 
forests shrank from 32.5% to 31.2% 
of land area between 1990 and 2020 
(The World Bank, 2020b); on a longer 
timescale, much pasture was converted 
to intensely cultivated agricultural land 
between the 1700s to the 1990s (Gol-
dewijk, 2001). 

The environmental impacts of LUL-
Cc may be accelerating due to the 
consequences of climate change. Such 
changes also put pressure on cultur-
al heritage in threatened landscapes. 
One notable impact includes poten-
tial harm to buildings or structures at 
heritage sites, as they may experience 
deterioration of building materials, in-
creased humidity, corrosion, salt crys-
tallization, frost damage, and black 
crusts on stone (Carroll & Aarrevaara, 
2018). According to IPCC (Intergov-
ernmental Panel on Climate Change), 
the increasing pace of climate change 
exacerbates the effects of land cover 
change and increases the vulnerabili-
ty of landscapes and their constituent 
elements (2018). The United Nations 
Educational, Scientific and Cultural 
Organization (UNESCO) has recog-
nized the threats of climate change and 
its destructive impacts on World Heri-

tage sites since 2006 (UNESCO, 2007). 
Increasing desertification and severe 
weather events such as flooding caused 
by climate change present substantial 
risks for cultural heritage sites (Gru-
ber, 2008). As Plieninger et al. (2006) 
has noted, the abandonment of cul-
tural landscapes, which may be partly 
or wholly driven by climate change, 
can lead to succession and an increase 
in the woodlands. While progress has 
been made in recognizing climate 
change as a threat to World Heritage 
properties, its integration into the 
monitoring system is still insufficient 
(Guzman et al., 2020). Such changes 
can directly endanger the distinctive 
character of landscapes and cultural el-
ements including archaeological sites, 
with negative impacts on cultural val-
ues such as sense of place (De Noronha 
Vaz et al., 2012). Consequently, re-
searchers studying climate change and 
cultural heritage sites have argued that 
site-specific approaches are essential, 
with each heritage site requiring evalu-
ation and conservation actions tailored 
to its unique characteristics (Cartalis 
et al., 2022). This approach can also 
be extended to the historic landscapes 
around archaeological sites.

In this context, monitoring LULCc 
in cultural landscapes and understand-
ing their vulnerabilities to climate 
change becomes crucial in protecting 
the natural and cultural environment. 
This research focuses on the archaeo-
logical site of Alaca Höyük in Çorum 
(Türkiye) over the last 30 years and 
the fragility of its landscape. Shaped 
by different societies in various peri-
ods, Alaca Höyük and its surroundings 
have a unique archaeological land-
scape character that has been evolv-
ing for at least 3500 years. The main 
research questions of the study are to 
examine: (i) which land cover types 
have changed in and around Alaca 
Höyük, (ii) to what extent fragility has 
increased, and (iii) whether the sensi-
tive areas that have emerged affect the 
local landscape character of the region. 
Studies that focus on measuring the 
vulnerability to climate change gen-
erally employ one method, but rarely 
integrate multiple methods in physical 
and social sciences (Orr et al., 2021). 
This study uses a combination of vari-
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ous approaches: 1) a period-based land 
cover analysis by using CORINE land 
cover data to map landscape change, 2) 
expert opinion surveys to understand 
the climate change impacts on land 
cover types of Alaca Höyük, and 3) a 
landscape character assessment (LCA) 
both to identify individual landscape 
character areas and to present vulner-
ability in landscape character areas. 
Aerial photographs taken from the 
Republic of Türkiye-Ministry of Na-
tional Defense General Directorate of 
Mapping (HGM) show that, as of 1990, 
there has been a significant increase in 
the agricultural lands in and around 
Alaca Höyük. In addition to the inten-
sification of agricultural production, 
there may have been changes in other 
land use types. The CORINE maps ex-
amined within the scope of the study 
also support this change. In this sense, 
the time limit of the CORINE maps 
was sufficient for the study.

2. Materials and methods
2.1. The site and historical
background
Alaca Höyük is located in Alaca 
district, 45 km southwest of the city 
of Çorum, Türkiye (Figure 1). The 
site was a key Hittite settlement, lying 
36 km to the northeast of the capital 
of the Hittite Empire at Hattusa 
(Boğazköy). The mound at Alaca 
Höyük formed an essential node in 
the settlement network of Central 
Anatolia for millennia. Archaeologists 
have identified four principal epochs 
of activity from the Chalcolithic Period 
( ca. 4000 BC), Early Bronze Age (ca. 
2500 BC-2000BC), Late Bronze Age/
Hittite Empire (ca. 1500 BC-1200 
BC), and from the Hellenistic Period 
onwards (ca. 300 BC).

During the Hittite Empire (ca. 1400 
BC), an ancient reservoir at Gölpınar, 
supplied water for arable land (Apa-
ydın et al., 2020). At this time, dams 
were constructed by creating a triangu-
lar section on a surface to take advan-
tage of the groundwater (Schachner, 
2019; Wittenberg & Schachner, 2013). 
Landscape change is evidently not 
specific to modern times; indeed, pro-
gressive aridity in north-central Ana-
tolia during the Bronze Age (ca. 3000-
1200 BC; Arıkan & Yılmaz, 2018) may 
have contributed to the collapse of the 
Hittite Empire by causing long-term 
drought and food shortages (Manning 
et al., 2023). Coupled with changing 
precipitation regimes and intensive 
anthropogenic impacts on the land-
scape during the Hittite period, the 
rate of erosion-deposition increased 
and badlands developed (Arıkan & 
Yılmaz, 2018). Such events were exac-
erbated by intensive deforestation for 
a variety of purposes. Consequently, 
the climate and related ecological (e.g., 
surface processes and biodiversity) 
changes were influential factors in the 
fate of the Hittite Empire. Until the 
first archaeological excavations started 
in 1935, the village of Alaca Höyük was 
located on the mound itself. Since then, 
the village has been moved to the north 
and east of the mound. Excavations at 
the site continue to the present day. 
Alaca Höyük includes the archaeologi-
cal site (Figure 2) and a museum, both 
open to the public. The modern village 
is surrounded by fields, orchards, and 
gardens (bağ-bahçe in Turkish). Fol-
lowing the excavation and restoration 
of Gölpınar in the early 2000s, the res-
ervoir operates once again.  Despite a 
modern irrigation dam built close to 
Alaca Höyük, farmers continue to use 

Figure 1. Study area.
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the ancient dam during the dry sum-
mer days. Agricultural production 
in the region is based on wheat, rice, 
chickpeas, barley, and walnuts.

2.2. Materials
The methodological flow chart (Figure 
3) shows the systematic processes 
applied in this study. The research 
adopted a mixed-method approach: 
a quantitative method for the LULCc 
assessment with CORINE maps, a 
qualitative evaluation of experts in 
adapting climate change impacts to 
the field, a quantitative evaluation 
of the survey of expert opinion, and 
a quantitative method using LCA 
to assess climate change impacts on 
land cover types in the light of expert 
opinions. The graph outlines the 
approaches used, as well as the inputs 
and outputs of each technique.

2.2.1. Method 1: LULCc analysis
LULCc refers to a transition between 
land use/cover types and spatial 
alterations in specific cover types. It 
is widely acknowledged that LULCc 
can result from a combination of 
anthropogenic and non-anthropogenic 

factors (Kleemann et al., 2017). The 
CORINE land use/land cover data 
set (CLC, hereafter) is essential in 
providing quantitative and accessible 
data for researchers studying landscape 
change. CLC, produced in 1985, 
presents data relating to biodiversity, 
water resources, land cover, and soil 
structure and to create a platform to 
monitor the changes in the landscape 
within a period (Ljuša et al., 2013). 
Today, data are available for 1990, 2000, 
2006, 2012, and 2018. CLC products are 
frequently used for landscape character 

Figure 2. Alaca Höyük archaeological area (by Arzu Türk, 
October 2022).

Figure 3. Methodological flow chart.
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analysis (Uzun et al., 2015; Van Eetvelde 
& Antrop, 2009; Wascher, 2005), as well 
as to monitor change and urbanisation 
around archaeological sites (Agapiou, 
2021; De Noronha Vaz et al., 2012; 
Florea, 2015) and to reconstruct past 
landscapes by combining land cover 
change and archaeological data such as 
pollen analysis (Abraham et al., 2014). 
On the other hand, current maps of 
CORINE can provide essential data for 
climate change-based LULCc studies. 
Cook and others (2021) advocate for 
the importance of near-future climate 
projections derived from current data 
in shaping archaeological heritage 
management decisions, highlighting 
their relevance over historical climate 
information.

The relatively low resolution of CO-
RINE data (100 m) may prompt con-
cern about its accuracy and usability. 
Nevertheless, examining aerial photos 
of the study area yielded results com-
parable to those of the CORINE data. 
For this reason, CORINE maps were 
preferred as land cover / use base with-
in the scope of the study. 

In this study, 1990 and 2018 CO-
RINE land cover data was obtained 
from the Copernicus Land Monitoring 
Service for 5644 hectares (Figure 4).

To make the graphical representa-
tion more understandable, the expla-
nation of code 243 has been altered to 
“mosaic landscapes” in the figures and 
tables below. Additionally, codes 332 
and 333 have been combined into one 
and re-named “Sparsely vegetated bare 
rocks” since they have a similar land-
scape character. 

Landscape change between 1990 
and 2018 was assessed in two ways. 
First, the area of all land cover types was 
measured. Second, the flow of land cov-
er types was visualized using the Sankey 
diagram method. Sankey diagrams dis-
play energy, material, and cost flows and 
major shifts in a system more efficiently, 
with arrows representing the power of 
the transfer. They may also be used to 
visualize the changes in land cover over 
time (Cuba, 2015; Zhang et al., 2017), 
for example, the conversion of forest to 
arable land or urbanization. Sankey dia-
grams are beneficial for communicating 
the impacts of land use change to stake-
holders and decision-makers. 

2.2.2. Method 2: Expert opinion
survey to assess vulnerability to 
climate change
Expert-based surveys are important 
as participants possess comprehensive 
knowledge about the research subject 
derived from their expertise or 
professional background. They may 
be used in different ways to obtain 
perspectives on landscape change, 
for example by drawing on locally-
produced oral histories (Bürgi et al., 
2017), by asking experts to assess 
causes of change (Jacobs et al., 2015), or 
by generating models of possible future 
scenarios (Herring et al., 2022). Studies 
based on expert opinion are critical in 
forming consensus, as in the case of 
climate change (Anderegg et al., 2010). 
On the other hand, some structured 
expert opinion studies reveal the 
diversity of judgments on climate 
systems and factors (Morgan & Keith, 
1995). It is of particular significance 
to consider the role of expert opinion 
studies in research on climate change. 
Studies indicate that surveys based 
on the opinions of experts create 
a positive opinion and motivation 
especially among policy makers and 
decision makers on climate change 
(Javeline et al., 2013). Such multiple 
exchanges can especially broaden 
communication networks between 
different actors and increase attention 
to the issue. Information gathered 
from different actors can be a driving 
force for future climate change agendas 
and strategies in different areas. In 
this context, expert opinion survey 
approach has been also used in cultural 
heritage sites and archaeological areas 
to assess national adaptation plans. 
The studies demonstrated how such 
methodologies can uncover innovative 
sources of data not readily available in 
the literature (Daly et al., 2022).

Our study implements a participa-
tory expert opinion survey designed 
to assess the vulnerability of each 
land cover type at Alaca Höyük and 
its surroundings likely to be affected 
by climate change impacts, for exam-
ple temperature rise, drought, floods, 
biodiversity, soils, and inland water. 
Direct impacts on coastal areas, such 
as sea level rise, were excluded. The 
survey was implemented using Google 
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Forms (online) and shared in English, 
after receiving the approval of the Eth-
ics Committee at Istanbul Technical 
University.

In the study, experts working ex-
clusively on climate change were not 
solely relied upon; instead, preference 
was given to researchers conducting 
work across a broad range of disci-
plines. The goal was to build consen-
sus, enhance the reliability of results, 
and inspire decision-makers by in-
corporating diverse perspectives from 

various fields of study. In this sense, 
there are examples where experts are 
selected from different fields of study 
and thus a consensus is achieved in 
studies on climate change that use ex-
pert opinion in their research (Myers 
et al., 2021; Nordhaus, 1994). Our sur-
vey was conducted among thirty-three 
experts researching landscape ecology, 
landscape change, climate change, and 
vulnerability. Two survey results were 
excluded from the evaluation because 
of unrelated research areas. Out of the 

Figure 4. CORINE land cover change between 1990 and 2018 (© European Union, Copernicus Land Monitoring 
Service 1990 and 2018, European Environment Agency (EEA)).
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33 survey participants, 25 belong to 
university institutions, five are affili-
ated with the private sector, and three 
are associated with public institutions. 
Nonetheless, all survey participants 
have either completed their doctorates 
or are currently doctoral candidates. 

In the first phase of the expert sur-
vey, participants were asked how each 
possible impact of climate change 
would affect the vulnerability of each 
land cover type. Responses were giv-
en based on the Likert Scale, ranging 
from 1 (low) to 5 (high) that desginate 
the vulnerability score. For example, 
a score of 1-5 is given for how biodi-
versity reduction affects transitional 
woodland-shrub areas. Expert opin-
ions were averaged for each of the six 
climate change impacts: temperature 
rise, drought, floods, biodiversity, 
soils, and inland water. Each answer 
has a maximum of 5 points on the 
Likert scale and there are six climate 
change parameters, so the vulnerabil-
ity score of a land cover type may be a 
maximum of 30 points. Table 1 shows 
how the vulnerability assessment was 
made for all land types based on the 
total points. 

In the second step, the area covered 
by each land type in 1990 and 2018 was 
measured in hectares, and the ratio of 
each area to the total land size was used 
as a coefficient. The coefficient of each 
terrain type was multiplied by 100 to 
obtain a meaningful value in the first 
step and multiplied by the vulnerabili-
ty score obtained. With the help of the 

equation given below (1), vulnerabili-
ties of land cover types may be calcu-
lated for the years 1990 and 2018. In 
this equation, x and y express the area 
of land covers (in hectares) in 1990 and 
2018, and VS represents the sum of the 
vulnerability scores given by experts 
for each land cover type. The Z value 
indicates the total area of each land 
cover type.

The spatial fragility measurement 
was then classified with a maximum 
value of 3000, the highest vulnerability 
between 2500-3000, high vulnerability 
between 2000-2500, medium vulnera-
bility between 1000-2000, low vulner-
ability between 500-1000, and most 
minor vulnerability between 100-500 
in both 1990 and 2018. As a final step, 
the spatial fragility was assessed and 
compared for 1990 and 2018.

2.2.3. Method 3: Landscape
character assessment
The visible consequences of landscape 
change, especially in historic landscapes, 
suggest that the LCA initiatives have 
become increasingly necessary.

These studies are essential for iden-
tifying the characteristics that make a 
landscape unique, for mapping land-
scape character areas, for informing 
planning, design, and management 
with reference to the characteristics of 
place as well as monitoring the chang-
es in the landscape. LCA was initially 
used in the UK and subsequently in 
Estonia, Germany, Hungary, and the 
Czech Republic (Tudor, 2014); with 

Table 1. Classification of the vulnerability scores and their assessments.

Equation 1. Classification of the vulnerability scores and their assessments.
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the signing of the European Land-
scape Convention in Turkey, it has 
become a necessity to classify, deter-
mine types, and assess landscapes on 
a national scale. Research in Turkey 
has facilitated the expansion of LCA 
studies to encompass basin-scale and 
wide-ranging readings (Uzun et al., 
2015). Such initiatives are crucial in 
revealing the landscape characteris-
tics of the natural, historical, and built 
environment (Atik et al., 2015) and 
underpinning sustainable manage-
ment of natural and cultural resources 
through the identification of land-
scape character areas (Koç & Yılmaz, 
2020).

The LCA used here consists of data 
collection, identification of landscape 
character types, and mapping of land-
scape character areas with the help 
of field visits. LCA is a structured 
process that determines how each el-
ement contributes to landscape char-
acter (Sarlöv Herlin, 2016) using the  
‘parametric method’ (Van Eetvelde & 
Antrop, 2009). First, data relating to 
geology, climate, and geomorpholo-
gy of the research were collated and 
a land-use map was prepared at a 
1/10.000 scale. Following data inte-
gration, the parametric method was 
followed with the help of Intersect 
Analysis in ArcGIS. Four main spatial 
datasets were used for Climate, Geol-
ogy, Geomorphology, and Land Use. 
Fifty-seven different landscape char-
acter types were identified through 
this method. Each type has common 
micro-climatic, geological, geomor-
phological, and land use aspects. In 
the GIS, each character type was given 
a name that contains codes for specific 
types of data. For instance, the Land-
scape Character Type (LCT) of Alaca 
Höyük was coded “s_as_SDSH_FA,” 
(Sedimentary, defined as an Archaeo-
logical Site, Semi-Dry Low Humidity 
1st Degree Mesothermal climate, and 
fill area); the LCT of Gölpınar Reser-
voir was defined as “s_as_SDSH_PVB” 
(Sedimentary, defined as Archaeolog-
ical area, Semi-Dry Low Humidity 
1st Degree Mesothermal climate and 
plain and valley base). Finally, the 
character types were used alongside 
additional information from histori-
cal maps and aerial photos, literature 

reviews, and field visits to identify 
and tag character areas based on their 
unique characteristics. 

Twenty-four landscape character 
areas were determined around Alaca 
Höyük, including ‘Alaca Höyük Fields’, 
‘Gölpınar Gardens’, ‘İmat Village 
Woodlands and Vineyards’, ‘Kalınkaya 
Grassland and Archaeological Area’ 
(Figure 5). The majority of the land-
scape is arable with fields, orchards, 
and small areas of vineyards. The other 
examples of the character areas include 
historic vineyards and ancient quar-
ries, as well as the archaeological sites 
of Alaca Höyük itself and the ancient 
Hittite reservoir.

The final step is to identify areas vul-
nerable to climate change impacts by 
mapping the landscape character ar-
eas against vulnerable land cover types 
that emerged in 1990 and 2018 based 
on data gathered in each previous re-
search stage. 

3. Results
3.1. LULCc analysis
CORINE maps, which were given in the 
second part, produced in 1990 and 2018 
were used in the research, and these 
production dates played a significant 
role in establishing their temporal 
scope. The analysis of field patterns 
in aerial photos from 1957 revealed a 
notable increase in new fields by 1990, 
indicative of expanded agricultural 
land and field division. However, 
parallel with these changes, Alaca 
Höyük, like other rural settlements 
in Central Anatolia, witnessed a 
substantial decline in population 
(Yılmaz, 2015). Our diagram (Figure 6) 
displays the quantitative transition of 
classification results and the observed 
land cover change dynamics between 
1990 and 2018. The graph additionally 
provides the quantitative alterations in 
land cover sizes measured in hectares. 
For instance, it is evident that “non-
irrigated arable land” comprised of 
2,267 hectares in 1990 and it increased 
to 2,961 by 2018.

Based on our results, it is clear that 
in 1990, non-irrigated arable lands, 
natural grasslands, and mosaic land-
scapes had covered the largest area in 
the region. By 2018, natural grasslands 
and mosaic landscapes decreased, 
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while non-irrigated arable lands and 
permanently irrigated lands increased. 
It is also clear that less intensively used 
land was transformed into arable land. 
Finally, vineyards were almost entirely 
replaced by mosaic landscapes. How-
ever, viticulture and grape consump-
tion have been influential in Anatolia 
for millennia. Endemic grape species 
supported wine production during the 
Hittite Empire and the production of 
table grapes during the Ottoman peri-
od, and historical descriptions by trav-
elers indicate that there were extensive 
vineyards in the research area.

3.2. Expert opinion survey to assess 
vulnerability to climate change
The vulnerability assessment based 
on expert opinion is given in Figure 
7, depending on each climate change 
parameter. Expert opinion indicates 
that sparsely vegetated lands have a 
medium vulnerability, while other 
land cover types are interpreted to be 
highly vulnerable. Thus, an increase or 
decrease in the latter land cover types 
will inevitably affect the vulnerability 
of the landscapes around Alaca Höyük. 
When land-cover changes between 
1990-2018 were analyzed, the spatial 

Figure 5. Landscape character assessment of Alaca Höyük.
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vulnerability of non-irrigated arable 
lands appeared to increase, that of 
natural grasslands decreased, and the 
other areas seemed stable.

Alaca Höyük and its surroundings 
are suitable for dry farming with pre-
cipitation values varying between 400-
500 mm/year: in response to economic 
drivers, the area of non-irrigated ag-
ricultural land increased substantial-
ly between 1990 and 2018. However, 
precipitation became more irregular 
in the same period, especially after 
2000. The increase in non-irrigated 
lands is consequently becoming more 
vulnerable to climate change impacts 
under drought (Lu et al., 2020). Even 
though the region is suitable for dry 
farming, permanently irrigated arable 
lands are also increasing. This indicates 
that changes in the rainfall regime are 
likely visible and perceivable among 
local people and landowners. It sug-
gests that rainwater has become insuf-
ficient, and water management strate-
gies have become increasingly crucial 
for agriculture around Alaca Höyük. 
In the future, there may be a shift from 
non-irrigated arable land to more per-
manently irrigated land. Indeed, a sim-

ilar shift has already been identified at 
the national level (The World Bank, 
2020a). Water management for arable 
agriculture is likely to become increas-
ingly crucial on both the regional and 
national scales. 

Other fundamental changes are 
seen in mosaic landscapes and natu-
ral grasslands. The mosaic landscapes 
of the area include woodland-shrub, 
mixed with small fields. Between 1990 
and 2018 much natural grassland and 
pasture land was converted into per-
manently irrigated land, with a con-
sequent reduction in the carbon-hold 
capability of the soil (IPCC, 2003).

An area with small intermixed par-
cels for various crops and pastures 
identified as ‘complex cultivation pat-
terns’ forms part of a small floodplain, 
which retains rainwater and therefore 
provides a valuable resource during 
drought seasons (Ebert et al., 2019). 
While the total area may be relatively 
small, replacing such complex ecosys-
tems with agricultural land may create 
areas that are more vulnerable to cli-
mate change. Whilst it was used main-
ly for grazing in the past, the area has 
been used increasingly as agricultural 

Figure 6. Transition among different land cover types, between 1990 and 2018.
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land in the last 20 years. This change in 
landscape character is therefore likely 
to increase sensitivity to drought.

The replacement of woodland/
shrub areas, which are important for 
local flora with arable land, is also like-
ly to increase vulnerability to climate 

change. On the other hand, natural 
or human-induced ecological succes-
sion has increased in other parts of the 
study area, notably areas characterised 
by sparsely vegetated bare rocks which 
have tended to move towards transi-
tional woodland/shrub. This change 

Figure 7. Radar (or web) chart of  expert opinion survey about the vulnerability assessment of different LULC 
types and climate change parameters.
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may be beneficial to prevent erosion 
resulting from weak soil medium and 
temperature changes and to create re-
sistance patches in the vegetational lay-
er. Some natural grasslands have also 
changed into coniferous forests, with 
benefits for carbon capture, preventing 
erosion, increasing soil quality, and en-
riching biodiversity.

The descriptions of land cover types, 
the direction of land cover change and 
its causes, and an assessment of vulner-
ability are given in Table 2. LULCc is 
affected by economic drivers, as shown 
by the demand for arable land, as well 
as climate change, extreme grazing, 
and ecological succession. However, 
the lack of management strategies for 
landscapes in and around Alaca Höyük 
will inevitably create ecological impacts 
in the coming years since tempera-
tures are rising, precipitation patterns 
are changing, and extreme weather 
events are happening more frequently 
(IPCC, 2018). Indeed, rainfall data in 
Çorum show significant increases and 
decreases in various years. Changing 
rainfall patterns also make cultivation 
more difficult; besides the adverse ef-
fects of droughts, unstable precipita-
tion patterns can cause crop damage 
in fields and orchards (Çevre Yönetimi 
ve Denetimi Şube Müdürlüğü, 2023). 
Significant drops in water levels have 
been observed in local dams over re-
cent years, and research indicates that 
drought also played a pivotal role in the 
decline of the Hittite Empire (Manning 
et al., 2023). Fluctuations in rainfall 
patterns and drought are likely to have 
been experienced by past inhabitants 
of the region.

Between 1990-2021 the average 
temperature in Çorum has already in-
creased by as much as 2 degrees. Cli-
mate change in agricultural areas will 
negatively affect soil quality and crops. 
According to the latest report by the 
IPCC, although crop productivity and 
quality have increased with the help 
of agricultural techniques on a glob-
al scale, the development speed has 
slowed down due to climate change in 
the last 50 years (IPCC, 2023). Given 
projected population growth and the 
need for food, climate change is there-
fore likely to create further instability 
in terms of food security.

3.3. Landscape character assesment
LCA of Alaca Höyük and its environs 
demonstrate that the existing landscape 
exhibits a heterogeneous structure in 
terms of both modern and historic 
landscape patterns. The study area has 
unique microclimate structures and 
topographic characteristics. Moreover, 
the region displays notable variations 
in geology and land cover, which have 
given rise to a diverse range of land uses. 
While the monotonous of the brownish 
color steppe landscape is disrupted by 
diverse modern and ancient settlement 
and structures, the region also builds a 
landscape seasonally blossomed.

As noted in relation to individual 
land cover types above, LULCc is likely 
to create landscapes that are more vul-
nerable to climate change (Riebsame et 
al., 1994). Monitoring changes in land 
cover is therefore essential to provide a 
basis for future planning and manage-
ment. From this perspective, Figure 8 
presents the relationship between vul-
nerable areas and landscape character 
areas, identifying areas that were sensi-
tive in and before 1990, and new sensi-
tive areas identified in 2018.

Based on the vulnerability assess-
ment, vineyards, non-irrigated arable 
lands, and permanently irrigated lands 
exhibit a high score. The major factor 
influencing these assessments is the 
reduction in ‘inland water’ surfaces 
for vineyards and permanently irrigat-
ed lands. Unlike non-irrigated arable 
lands that rely on rainfall, vineyards, 
and permanently irrigated arable lands 
depend heavily on inland water and ir-
rigation systems for sustainability. 

Mosaic landscapes and complex 
plantations also have a high vulnerabil-
ity. These areas are diverse landscapes 
comprising wetlands, water resources, 
corridor areas, and agricultural areas. 
Such diverse landscapes are affected by 
a wide range of climate change events 
at different rates. Additionally, pas-
tures, natural grasslands, transitional 
woodland shrubs, and broad-leaved 
forests also demonstrate a high level 
of vulnerability. The cover type that is 
the least vulnerable to climate change 
is “sparsely vegetated bare rocks”.

In Figure 8, dotted areas represent 
fragile land use areas in 1990, and 
hatched areas represent fragile land use 
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in 2018. The map is the result of two 
CORINE maps (1990 and 2018, Figure 
4) and vulnerability assessment of ex-
pert opinions and shows the land use 
types with vulnerability values greater 
than 21 are shown. As a consequence, 
İmat Village woodlands and vineyards, 
Alaca Höyük, İmat and Kalınkaya 
Fields, Alaca Höyük site and wetland, 
Gölpınar Hittite Reservoir Gardens, 
Dere Geçidi Stream and fields have 
strong vulnerability, especially coming 
from the land use types from and be-
fore 1990. On the other hand, new land 
use changes starting from 2018 created 
new vulnerable areas. Thus, Gölpınar 
Grassland, Deregeçidi Broad-Leaved 

Forests, and Kalınkaya Grassland and 
Archaeological Area are facing pres-
sure. Future studies should consider 
how to protect these areas from this 
new pressure.

4. Discussion
In this research, we assess the LULCc 
and vulnerabilities that these changes 
bring in and around Alaca Höyük in 
relation to climate change. The results 
suggest that the most significant change 
in Alaca Höyük and its surroundings is 
in agricultural areas (i.e., non-irrigated 
arable land and permanently irrigated 
land categories in Tables 2). Both 
land character types tend to increase, 

Table 2. Changes in land cover, reasons, and expert opinion results on their vulnerability.
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this agriculture-driven change has 
resulted in a return to areas with 
more natural character. This pattern 
fits Plieninger’s (2006) statement that 
land use, particularly agriculture, is the 
fundamental motivation to shape the 
rural landscape. According to Antrop 
(2005) agricultural intensification may 
destroy the landscape characteristics 
and spirit of traditional landscapes. 
Indeed, the landscape, which has 
gradually become an agricultural area 
in Alaca Höyük, has begun to lose 
its unique parts. The vulnerability 
assessment reveals that agricultural 

areas are generally more sensitive to 
climate change. Therefore, transforming 
natural areas into agricultural areas 
has led to the increase of fragile areas 
in Alaca Höyük and its surroundings. 
Kurukulasuriya and Rosenthal (2013) 
underscore the vulnerability of 
agricultural lands (e.g., variations in 
temperature, rainfall, and extreme 
weather events) all of which bring 
significant repercussions on food 
production and security.

Our research highlights how some 
landscape character types risk disap-
pearing altogether from the region. 

Figure 8. Vulnerability maps and unique landscape character areas around Alaca Höyük.
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Notably, vineyards were once typical 
in the districts of Alaca and Boğazkale 
(the capital of the Hittite Empire), but 
today they have decreased significantly. 
Studies show that the effects of climate 
change put pressure on viticulture 
due to the increasing temperature and 
drought (Cardell et al., 2019; Webb et 
al., 2008). All the vineyards in the vil-
lage of İmat were lost by 2018; it is pos-
sible that climate change affected crop 
yields and increased the vulnerability 
of this land cover type. Climate change 
brings significant challenges not only 
in the distribution and conservation 
of viticulture globally but also in the 
economic sense (Hannah et al., 2013). 
The loss of suitable land for this com-
mercially important produce means a 
significant economic loss for the rural 
population.

The disappearance of vineyards that 
distinguish Alaca Höyük’s steppe land-
scape from others marks a shift in the 
rural landscape’s identity. Although 
changing agricultural farmlands to nat-
ural areas may sound ideal, this change 
may cause problems. For instance, 
the traditional cultural landscapes of 
Europe were cultivated by moderate 
human intervention, and if the land 
were abandoned, ecological succession 
would ensue, resulting in the loss of 
cultural landscapes (Plieninger et al., 
2006).

Moreover, the vulnerability assess-
ment here indicates extinction in oth-
er areas as well. The final vulnerability 
map (Figure 7) shows that the unique 
character areas such as Gölpınar Gar-
dens and the Alaca Höyük Natural 
Pasture area (wetland/floodplain) are 
under tremendous pressure today. The 
character of both these pastures and 
the vineyards and gardens of Gölpınar 
result from their historical develop-
ment; they are likely to represent sur-
viving elements of the historic charac-
ter of past landscapes. In this context, 
decision-makers need to have a con-
crete planning and management strat-
egy in order to preserve their cultural 
characteristics. Moreover, the vulner-
ability of land-use types in 1990 con-
tinued in 2018; new fragile areas were 
added in 2018, which means there is a 
lack of management strategies in Alaca 
Höyük. In this context, robust land-

scape management strategies are need-
ed in and around Alaca Höyük so that 
other unique landscape areas will not 
be destroyed, as in the case of the his-
toric vineyards of İmat. Alaca Höyük 
and its surroundings have a land use 
strategy under the Master Plan cov-
ering Samsun-Çorum-Tokat prov-
inces. However, this 1/100.000 scale 
plan does not reflect the unique and 
site-specific characteristics of the land-
scapes in the region due to its scale. 
Therefore, in such historic landscapes, 
it is important to identify small-scale 
approaches and strategies that work 
with the whole.

Planning and management policies 
may help protect cultural landscapes 
and local identity. After the European 
Landscape Convention, which was put 
forward for the protection, manage-
ment and planning of landscapes, the 
Council of Europe carried out a new 
study –Landscape Mosaics– to ensure 
the applicability of these objectives, to 
understand the landscapes and to make 
the strategies put forward more tangi-
ble (Council of Europe, 2023). The rat-
ification of the European Landscape 
Convention in Turkey supports ef-
forts to monitor and record landscape 
changes, while government agencies 
have initiated planning and manage-
ment strategies (Uzun et al., 2018).

In this context, it is essential for 
planners to work across scales and col-
laborate with various stakeholders. A 
network of actors—including agricul-
tural engineers and botanists to under-
stand site-specific cultural and natural 
landscapes, archaeologists to empha-
size cultural heritage and archaeolog-
ical value, and climate experts to ad-
dress climatic vulnerability—is of great 
significance. However, it is crucial that 
landscape architects, as well as urban 
and regional planners, play an active 
role in ensuring a strong link between 
these experts and decision-makers. 
The engagement of local communities 
and administrative units should also 
be considered to facilitate the transfer 
of knowledge and strategies between 
local and broader scales (or vice versa). 
Thus, the significance of multi-actor, 
site-specific studies in such archaeo-
logical landscapes becomes evident. As 
the LCA reveals, even in Alaca Höyük 
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and its immediate surroundings alone, 
different landscape characters have 
been identified, and more localized 
solutions are needed to protect the 
vulnerability of these areas, especially 
against to climate change. This is also 
important for the protection of cultur-
al fragility. This is why a multi-spectral 
action scheme comprising experts, 
public officials, cultural and ecological 
conservation actors and local commu-
nities is crucial for such historic sites.

Employing mixed-method ap-
proaches in a case like this may facil-
itate the implementation of site-spe-
cific strategies for landscape planning 
and management. These methods go 
beyond purely quantitative research 
and enable the inclusion of different 
actors (in this case, experts) in the re-
search. The study also has the potential 
to draw multi-disciplinary attention 
to the landscape of Alaca Höyük and 
its vulnerability. In this sense, it can 
potentially attract the attention of a 
broader audience to the research sub-
ject, method, and location. Although 
countries currently have risk preven-
tion strategies against natural disasters 
such as climate change, these strate-
gies and plans fail because stakehold-
er participation is interrupted or not 
considered at all (Shirvani Dastgerdi & 
Kheyroddin, 2022). Future approaches 
may expand the scope of research on 
the socio-ecological resilience of his-
torical landscapes in response to the 
challenges posed by climate change. 
Future studies with the local commu-
nity are of especially great importance. 
Many solutions to global problems in 
local regions are likely to be hidden at 
the local scale with local actors (Vos & 
Meekes, 1999). In this sense, it will be 
essential to include locals and local de-
cision-makers in the planning, strate-
gy, and management stages.

5. Conclusion
Landscapes are constantly changing 
due to anthropogenic and natural 
drivers. The critical distinction 
between traditional/historical and 
contemporary landscapes lies in their 
dynamic nature, characterized by 
rapid and extensive changes driven by 
shifting perceptions, which, although 
accompanied by an exceptional 

volume of data, often exceed the 
capacity for data documentation 
and study (Antrop, 2005). However, 
managing and monitoring these 
changes and preserving diversity in 
landscape patterns is necessary for 
effective adaptation to global changes. 
In our study, CORINE land cover 
maps helped us to understand the 
changes in Alaca Höyük in the last 
30 years. The interpretive score-based 
approach contributed to assessing 
the multi-variables of climate change 
effects on different land cover types 
and revealing the vulnerability of 
each land cover type. These different 
approaches were synthesized into a 
final vulnerability assessment map 
based on the unique landscape 
character areas in and around Alaca 
Höyük. In this context, the superposed 
map provides a valuable synthesis with 
the potential to underpin landscape 
management strategies for the Alaca 
Höyük landscape.

The study has two kinds of limita-
tions. The first is that the oldest CO-
RINE data for land cover change is 
from 1990. In a future similar study 
with a longer time span, a manual 
land cover classification method us-
ing historical satellite imagery could 
be chosen, which would also reveal 
changes in the landscape, especially 
before the mechanization of agricul-
ture. However, since the study involves 
a methodological approach based on 
CORINE maps, a manual classification 
was not used. Moreover, it is a fact that 
high-resolution satellite images are 
needed for such manual classification. 
Another limitation was the inability to 
interview local people due to time con-
straints and transportation problems. 
As mentioned in the results section 
in the meaning of landscape manage-
ment, an open-ended interview and 
workshop bringing together different 
actors would be important to adopt a 
common ground approach.

The study reveals that the agricul-
tural areas in and around Alaca Höyük 
have been gradually increasing whilst 
uncultivated areas have been shrink-
ing, with the result that more vulner-
able land uses and land cover types 
have become more widespread. The 
disappearance of vineyards, the grad-
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ual shrinkage of wetland areas and 
their transformation into agricultural 
areas, and the decrease in natural pas-
tures negatively impact rural character. 
Moreover, LULCc puts pressure on 
characteristics that underpin the sense 
of place in Alaca Höyük, for example 
the historic Gölpınar Gardens. In this 
context, the study highlights the need 
to increase awareness regarding the 
preservation of this unique landscape 
character around the archaeological 
site of Alaca Höyük. Preparing holistic 
planning and management strategies 
that include both local people and ex-
perts will be an essential step toward 
addressing this issue.

This article synthesizes qualitative 
and quantitative approaches to as-
sessing land cover changes in cultural 
landscapes and measures their vulner-
ability to climate change. The research 
provides valuable insights into the vul-
nerability of Alaca Höyük and its sur-
roundings to climate change, shedding 
light on the specific factors and land 
cover types most susceptible to climate 
impacts. Mixed method approaches 
can enable the development of site-spe-
cific landscape planning and manage-
ment approaches, which are especially 
valuable for cultural landscapes with a 
strong sense of place identity. Future 
studies could also extend the research 
to understand the socio-ecological 
resilience of such historic landscapes 
to climate change. In this context, the 
views of local people could be integrat-
ed into the study to better understand 
the social, economic, and cultural im-
pacts of climate and land cover chang-
es on them. In this way, more inclusive 
and location-specific planning and 
management strategies could be de-
signed that involve local people, de-
cision-makers and planners. Such ac-
tions will be vital in raising awareness 
of the risks that climate change poses 
to the natural and cultural heritage of 
landscapes.
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