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Abstract: The history of agricultural terraces dates back to agricultural society; and throughout history, they
have enabled agricultural activities to be carried out on lands with irregular relief. They have also served as an
essential element of rural landscapes due to their architectural features, building materials, and techniques, as
well as the landscapes they create. Furthermore, terraces also contribute to soil conservation by preventing
erosion, adding organic matter to the soil, and harvesting rainwater. The significance of agricultural terraces
in the cultural landscape has triggered the need to define and classify them. In this regard, agricultural terraces
across many different locations have found their place on the List of Globally Important Agricultural Heritage
Sites (GIAHS) and UNESCO cultural heritage lists. In the present study, the agricultural terraces of the Erikli
neighborhood of the Uzundere district were mapped through surveys, drone shots, and orthophotos, and
analyzed based on the size and density indices previously used in the classification of Alpine terraces. The
study is important in terms of demonstrating the use of drone technology in mapping agricultural terraces.
The results of the study revealed that 51.6% of the agricultural terraces in the study area had very steep slopes
and 22195 meters of total stone wall length, the average density index was 523.29 m/ha, and 76.4% of the
terraces were meso and macro in character. Moreover the study shows that the terraces in the region are more
susceptible to deterioration.

Keywords: terraced landscape; agricultural heritage; mapping with drone; density index; size
index; Uzundere

1. Introduction

Terraces are defined as a small step-like ridge on a steep surface or a flattened section of a hilly
area. Some of the terraces may spontaneously form as a result of certain natural phenomena. Terraces
formed as such are called terracets [1]. Additionally, terraces can also be built anthropogenically for
the purposes of agricultural activities, preventing erosion, landslides, and floods. The most
widespread human-made terraces are agricultural terraces built for agricultural purposes.
Agricultural terraces are among agricultural landscapes, which are the first and most basic form of
interaction between humans and the environment [2-9]. Agricultural terraces originated as a way for
people to carry out agricultural activities in mountainous areas [10]. They are traditional agricultural
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structures that alter the slope of sloping land to allow agricultural activities [11,12]. The history of
agricultural terraces has been synchronized with the development of civilization. The Hanging
Gardens of Babylon, whose existence today cannot be proven conclusively but is depicted by many
ancient historians such as Quintus Curtius Rufus and thought to have been located in the city of Al
Hillah in present-day Iraq, was regarded as one of the seven wonders of the ancient world as listed
by Hellenic culture [13]. The Hanging Gardens are still recognized as one of the most spectacular
agricultural terraces even in modern days [14,15].

According to previous research, the oldest surviving terraces are located in Middle Eastern
countries such as Syria [16], Palestine [17], and Yemen [18], and are estimated to be approximately
5000 years old. Agricultural terraces built by the Incas in ancient times on the slopes of the Andes
Mountains in South America are still being used for agricultural activities [19,20]. In 2007, a Swiss
organization recognized the ancient city of Machi Pichu, where the agricultural terraces are located,
as one of the new seven wonders of the world [21]. Currently, various vegetables, mainly maize, are
cultivated on the Machu Picchu terraces. In Europe, especially in Mediterranean countries such as
Spain [22,23], Italy [24], Greece [25,26], and Tiirkiye [27] many terraces date back to ancient times.

Agricultural terraces are anthropological traces of agricultural landscapes that cover large areas
of the world [28-30], which often maximize the use of irrigation water [31,32], reduce erosion [33—
35], facilitate human labor and irrigation on slopes [36] and have benefits in terms of vegetation
restoration, land productivity, and crop yields [36-42].

Agricultural terraces are exceptional cultural landscapes, a physical product of the traditional
form of landscape components, continuity of landscape function, traditional knowledge, rituals,
architecture, and architectural construction techniques, underpinned by human socioeconomic and
religious values [43]. Therefore, terraced landscapes are regarded as an integral part of the rural
landscape and cultural heritage [44]. The architectural features of agricultural terraces, the materials
used in their construction, the construction methods, and the landscapes they constitute as a whole
with the rural landscape make them precious in terms of cultural heritage [12]. UNESCO recognizes
agricultural terraces as cultural landscapes and includes them within the scope of tangible cultural
heritage. UNESCO has included six transboundary properties on the World Heritage List and 121
properties on the list of World Cultural Landscapes. Several of these areas included agricultural
terraces. The Food and Agriculture Organization of the United Nations (FAO) classifies agricultural
terraces as "Globally Important Agricultural Heritage Systems (GIAHS)". FAO defines agricultural
terraces as sustainable land use systems and important landscapes that are skillfully built by rural
communities as a source of food supply and livelihoods, but also support social and cultural structure
[45].

Agricultural terraces are also essential for the services they provide within the ecosystem [20,46].
Agricultural terraces are carbon sinks for the ecosystems in which they are located [47,48]. They also
provide habitat for other species such as invertebrates, reptiles, birds, and insects, supporting
biodiversity [49-51]. Terrace walls absorb heat during the day and release it in the evening, creating
a microclimate for plants and animals [52]. The moist and vegetated environment at the base of the
terrace walls provides a breeding ground for invertebrates [53,54]. The gaps between the stones
forming the terrace walls provide shelter for invertebrates, reptiles, and insects in summer.

Furthermore, crops cultivated on terraces also contribute to agricultural biodiversity [46,55-57].
Due to global warming, environmental pollution, and decreasing access to food in the twenty-first
century, agricultural biodiversity has become increasingly important [58-60]. In today's world of
global environmental problems, terraces provide sustainable food production with the agricultural
biodiversity they offer [61-63]. The unique rural landscapes formed by terraces [64,65] offer the
possibility of recreational use [66,67], thereby allowing agricultural terraces to be associated with
different forms of tourism. Agricultural terraces constitute a potential for various types of alternative
tourism such as agrotourism, eco-tourism, and gastro-tourism, and that potential offers an
opportunity for local and regional development [68]. However, it is only possible to take advantage
of this opportunity if agricultural terraces are designed in accordance with the basic principles of
sustainable tourism. In particular, the principles of sustainable tourism for the conservation of
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tangible and intangible cultural heritage, biodiversity, and visual integrity can serve as a general
planning framework for the sustainable use of agricultural terraces in the context of tourism [69].
Offering traditional and safe forms of food production as well as environmental, social, cultural, and
economic benefits, agricultural terraces are also essential for the world's shared goal of sustainable
development (SDG-Agenda 2030) [70].

The present study was conducted to analyze some agricultural terraces in Cittaslow Uzundere,
which is located in the southern part of the Coruh Basin in the western part of the Western Caucasus
Ecoregion, one of the world's 200 most important ecologically sensitive areas and 35 hotspots. There
are numerous agricultural terraces in the Uzundere district, built in ancient times, which are an
integral part of traditional agriculture and local culture. However, these terraces are currently being
abandoned for various reasons and are in danger of disappearing in the future. The abandonment of
these terraces threatens the sustainability of ecosystems, biodiversity, agricultural product diversity
and cultural landscapes in the district. Within the scope of the present study, agricultural terraces in
the Erikli neighborhood, which hosts one of the densest terraces in the district, were mapped with
the help of drone technology and geographical information systems (GIS) and analyzed in terms of
their size and density. Hence, it is crucial to identify the agricultural terraces in the region and to
expand the limited studies in the area.

2. Materials and Methods

2.1. Research Areas

The study was conducted in the Uzundere district of Erzurum province, located in northeastern
Tiirkiye (Figure 1). Uzundere district is one of Tiirkiye's 21 settlements on the cittaslow list. Uzundere
is located between 40° 42' - 40° 26' north latitude and 41° 26' - 41° 47" east longitude. The area of the
district is 84.000 hectares, and the altitude is 1.050 m.

41,36°T.

Agricultural Tefraces

4
41 345°F 41.585°F

Figure 1. Location of the study area.

Uzundere is geographically located in the Tortum Stream Valley, one of the valleys that make
up the Coruh Basin. The Coruh Basin formed the western part of the Caucasus Ecoregion, announced
by the International Union for Conservation of Nature (IUCN) as one of the 200 important ecoregions
and 35 hotspots in the world due to its rich biodiversity and threatened species and ecosystems [71].
The Tortum Stream Valley, located in such an important and sensitive region, is one of Turkey's 305
Important Nature Areas.

There are 327 herbaceous and woody plant species along the Tortum Stream Valley, and 89 are
endemic. Vegetation characteristics of the Iranian-Anatolian, European-Siberian, and Mediterranean
phytogeographic regions are observed throughout the valley. Located on the Caucasus-Africa bird
migration route, the Tortum Stream Valley is the habitat of more than 200 bird species and mammal
species such as lynx, wolf, wildcat, brown bear, and mountain goat [72].
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One of the most important water resources of Uzundere is the Tortum Stream. Many streams
feed the Tortum Stream flowing along the valley. In addition to Tortum Stream, other important
hydrographic resources of the district are Tortum Lake, a landslide sed lake, and Tortum Waterfall,
one of the most important waterfalls in the world, which falls from a height of 48 meters.

The geological structure of Uzundere generally consists of volcanic rocks such as basalt and
andesite from the Paleocene and Lower-Middle Jurassic periods and classical carbonate sedimentary
rocks from the Upper Jurassic-Upper Cretaceous period [72]. Characteristic folded structures were
formed especially due to the compression of sedimentary rocks by tectonic movements [73].

The general geomorphologic structure of Uzundere consists of a narrow valley floor and
mountain and hill slopes. The height of the hills and mountains surrounding the district reaches up
to 2500 meters in places. The Tortum Stream, which flows in the north-south direction through the
valley floor, and the other streams that feed the Tortum Stream are the main elements that shape the
valley.

The sloping land structure of the region, which is not suitable for agriculture, was terraced and
agricultural activities have been carried out by the local people since the past. The district consists of
18 neighborhoods and one of them is the Erikli neighborhood located in the center of the Uzundere
district. Along with its central location, the Erikli neighborhood is one of the most densely populated
areas of agricultural terraces in the district (Figure 2). Furthermore, it is more accessible than other
regions due to its central location. Therefore, agricultural terraces in the Erikli neighborhood were
covered in the study. The slope, aspect, contour and hydrography maps of the study area, Erikli
neighborhood, and its immediate surroundings are given in Figures 3-6.

Figure 2. A view from the terraces of Erikli neighbourhood.
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Figure 3. Slope map of the research area.
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Figure 4. Aspect map of the research area.
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Figure 5. Contour map of the research area.
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Figure 6. Hydrography map of the research area.

The stones obtained from the fragmentation of the volcanic bedrock of the Paleocene period,
during which the geological formation of Tav Mountain, one of the important mountains of the
region, and its surroundings took place, were used during the construction of agricultural terraces in
the district [12]. After the reclamation of the Tortum Stream in the 1990s, floodplains were used as
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agricultural areas and agricultural activities in these areas were easier compared to the terraces. These
and other factors such as the decrease in the population engaged in agriculture gradually and
migration from rural to urban areas are among the reasons for the abandonment of the terraces in the
region.

2.2. Methods

The study employed a 3-stage methodology including field and office studies and the
methodology diagram of the study is presented in Figure 7.

1. Survey activities started on 13.07.2021 and several photographs were taken along the path
from the edge of the Tortum Stream to the ruins of the old church in the Erikli neighborhood. On
31.03.2022, 01.04.2022, 02.04.2022, 24.09.2022, 01.12.2022, and 02.12.2022, 2k and 1080p videos of the
study area were captured by a drone. Lidar-integrated commercial drone technology is a frequently
used method in the last decade for determining agricultural terraces and archaeological sites and
preparing 3D maps [42,74,75]. However, the expensiveness of commercial drones and the need for
official permits in Turkey forced the use of drones under 250 gr, which is cheaper and includes fewer
permit procedures, in this study carried out for the mapping of agricultural terraces. Hence, DJI Mini
2 lightweight drone was used in the study. The specifications of the DJI Mini 2 lightweight drone are
given in Table 1.

Table 1. DJI Mini 2 Specifications

DJI Mini 2 Specifications

Typology Quadricopter
Weight 249 g

Approx. 31 mins with mini 2 battery

Max. Flight time
25 mins with mini 1 battery

16 m/s (S Mode)
Max Speed (near sea level, no
) 10 m/s (N Mode)
wind)
6 m/s (C Mode)
Global Navigation Satellite System GPS+GLONASS+GALILEO

doi:10.20944/preprints202304.0808.v1

Controllable Range

Tilt: -90° to 0°

Gimbal stabilization

3-axis (tilt, roll, pan)

Video Resolution

4K: 3840x2160 @ 24/25/30fps
2.7K: 2720x1530 @ 24/25/30/48/50/60fps
FHD: 19201080 @ 24/25/30/48/50/60fps

Operating Frequency

2.400-2.4835 GHz, 5.725-5.850 GHz

Max Transmission Distance
. 10 km
(unobstructed, free of interference)

2. After the field studies, the images acquired from the Google Earth Pro program, orthophotos
derived from the 'Republic of Tiirkiye Ministry of National Defense General Directorate of Mapping'
KURE application [76], and orthophotos derived from the 'Republic of Tiirkiye Ministry of
Environment, Urbanization and Climate Change General Directorate of Geographical Information
Systems' ATLAS application [77] were combined by image overlaying with geographic information
system software (ESRI-GIS).
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3. In order to determine the character of terraces in the region, terrace classes used in 'ALPTER-
Terraced Landscapes of the Alps' and 'Interreg IIIB Alpine Space Project’ were employed. The method
was introduced by Scaramellini (2005) and utilizes a measurement criterion based on size and density
indices to quantify terraces in a region [78,79]. Under this method, the Terrace Size Index (TSI) defines
the size of the terraced area in an area of 1 hectare. Based on this definition, three qualitative classes
are established: micro terrace if the terrace size is 0.01-0.33 ha, meso terrace if 0.33-0.66 ha, and macro
terrace if 0.66-1.00 ha. The Terrace Density Index (TDI) is measured as the linear sum of the length
of terraces in 1 ha and is classified as low density (5-200 m/ha); medium density (200-800 m/ha) and
high density (>800 m/ha) [79]. Increasing terrace density means that the original terrain topography
is being moved away from the original topography. As maintenance decreases on terraces with high
densities, fragility increases [80]. Spatial analyses in TDI and TSI calculations were conducted with
ESRI-ArcMap software.
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Figure 7. Flowchart for the identification of agricultural terraces.

3. Results and Discussion

The Erikli neighbourhood of the Uzundere district, located in the northern of the Eastern
Anatolia Region of Tiirkiye has many agricultural terraces which are an essential part of the cultural
landscape reflecting human-nature interaction. The rough terrain of the district, which restricts
agricultural activities, has led the inhabitants to search for alternative ways of agricultural production
for centuries. The agricultural terraces that emerged as a result of this pursuit have shaped the
cultural landscape texture and identity of the Tortum Lake Basin and the Coruh Valley. The stones
collected from the surroundings and occasionally obtained by crushing the bedrock on the land were
used for the construction of the terrace gardens analyzed within the scope of the present study. The
stones were carefully piled using dry stone masonry technique, and terrace walls were built (Figure
8). The dry-stone wall technique is an old architectural construction technique. The technique was
included in the 'Representative List of the Intangible Cultural Heritage of Humanity' by UNESCO
with the application of eight European countries in 2018 [81]. Although the dry-stone wall technique
is recognized as a shared heritage of eight European countries, the fact that the terrace walls analyzed
were built with this technique is of significance in terms of reflecting the intangible cultural heritage
element in Northeastern [12]. Beams, a traditional method, were used to enhance the durability of
the terrace walls. The use of beams is a traditional method that has existed for more than 2500 years
and is also widely spread in Turkish architecture [82].
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Figure 8. General view of the Erikli terraces and some dry wall samples of these terraces.
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In order to map the terraces, drone photographs were taken at different time periods in the study
area (Figure 9). The drone photographs provided additional supporting material for mapping the
terraces. A plan view showing the general formal characteristics of the agricultural terraces is shown
in Figure 10.

In the study area, 37.37 hectares of terrace area and a total length of 22195 meters of terrace walls
were recorded. Terrace Size Index (TSI) and Terrace Density Index (TDI) maps were created using
ArcMap's areal analysis and density algorithms. Figure 11 shows the TSI and TDI maps of the study
area, while Figure 12 shows the spatial and proportional distribution of TSI and TDL

Figure 11 shows that the terraces analyzed in the study consist of micro-sized terraces with 8.82
ha, meso terraces with 14.95 ha, and macro-sized terraces with 13.6 ha in terms of TSI. In terms of
proportional distribution, 36% of the total terrace area consists of macro terraces, 40% of meso
terraces, and 24% of micro terraces. In terms of TD], it was concluded that 4.86 ha (13%) were low
density, 27.75 ha (74.30%) were medium density, and 4.76 ha (12.70%) were high density.

Figure 13 shows the map of the size and density of mixed classes and Table 2 shows the data for
the spatial distribution of terrace classes:

Figure 9. Location and some images of the Erikli agricultural terraces at the foothills of Tav Mountain

in different periods.
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Figure 10. Plan view showing the general formal characteristics of the Erikli agricultural terraces.
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Table 2. Spatial and proportional distribution of terrace classes.
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The average terrace length was calculated as 593.3 m/ha. It was established that meso/medium-
characterized agricultural terraces, which constitute 40.03% of the region, cover the largest area.

In their study conducted in the Alps, Varotto & Ferrarese (2008) recorded micro and meso
terraces as 28% and 55% respectively in the Granile region, and macro terraces as 50% and 60%
respectively in the River Brenta and Aosta Valleys. The maximum terrace density index was 1278
m/ha for Granile, 1626 m/ha for the River Brenta Valley, and 1807 m/ha for the Aosta Valley. They
concluded that 77% of the terraces in Granile, 79% in the River Brenta Valley, and 38% in the Aosta
Valley are composed of medium-density terraces. The size index of the terraces analyzed in the study
was determined as 23.6%, 40%, and 36.4% for micro, meso, and macro, respectively. The maximum
terrace density index was calculated as 954.26 m/ha in the vegetable and vine growing areas in the
south of Erikli neighborhood, the minimum as 471.34 m/ha in the easily accessible and low-sloping
areas in the west of Erikli neighborhood, and the average as 523.29 m/ha. The findings of the study
revealed that 76.4% of the terraces in the Erikli neighborhood are meso and macro-character terraces
and therefore have similar characteristics to the terraces in the Alps. This result also shows that the
terraces in the Erikli neighbourhood have a high fragility potential and need for maintenance.

A pathway crossing the terraces in the study area and Biiyiikdere and Halitpagsa roads divide
the region into four physical parts. Thus, the terraces in the area are divided into four sections from
north to south. In the terrace sections, 82, 154, 29, and 131 terraces were identified from north to south
(Sections 1, 2, 3, 4) respectively. Average plot sizes were calculated as 815.85 m?, 1267.53 m?, 1800 m?,
and 456.49 m?, respectively (Figure 14).
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Figure 14. Physical sections of Erikli agricultural terraces.

According to the parcel classification of Agnoletti et al., 2019 (small<556 m?2, medium; 556-1533
m?, large>1533 m?); Section 4 consists of small terraces, Section 1 consists of medium terraces, Section
2 consists of large terraces to the east and medium terraces to the west, and Section 3 consists of large
terraces. The total terrace lengths in the sections are 4912 m, 9115.6 m, 2460.4 m, and 5706.5 m
respectively. Terrace densities are 734.3 m/ha, 467 m/ha, 471.3 m/ha, and 954.3 m/ha respectively.
During the field studies, it was observed that Section 4, which has a high density of terraces, is
generally located behind the village houses, and mainly vegetables and grapevines are cultivated,
whereas in Sections 2 and 3, various fruit trees, especially mulberry and walnut, are grown; in Section
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1, vegetables are mainly cultivated in the western regions with easy access, while mulberry, walnut,
and grapevine are grown in the other regions.

Ozgeris and Karahan (2022) reported that 78% of the terraces they studied in different regions
of Uzundere had extremely steep slopes [12]. It was detected that 51.6% of the terraces in the Erikli
neighborhood have extremely steep slopes. It can be argued that the terraces analyzed in the present
study were built on less sloping lands than the terraces analyzed by Ozgeris and Karahan (2022).
Nevertheless, the results of both studies show that the terraces in the region enable agricultural
activities on high slopes. Additionally, Koulouri & Giourga (2007) reported that agricultural terraces
in the Mediterranean Basin had slope values ranging from 25% to 40%. Studies with similar results
indicate that agricultural terraces are a significant form of land use [83].

It was noted that the terraces analyzed within the scope of the study were neglected and
damaged in terms of structural and vegetative aspects (Figure 15).

Figure 15. Damaged agricultural terraces

In some terraces where agricultural activities were carried out, it was considered that there was
a transformation in terms of architectural construction techniques with the development and change
in technological, social, economic, and cultural spheres. In some of the terraces, for instance, the dry-
stone wall technique was replaced with cement mortared stone walls. It was also observed that plastic
(PVC) pipes were used instead of open water channels in irrigation and drainage systems. The
findings are similar to those of Ozgeris and Karahan (2022), who examined 9 agricultural terraces in
the study area. It is expected that migration from rural areas to cities as a result of socio-economic
and cultural transformation and the fragmentation of agricultural lands through inheritance may
result in the complete disappearance of agricultural terraces and specialized construction techniques
in the near future.

4. Conclusions

The present study was conducted in Uzundere, one of the 21 settlements in Tiirkiye that are
members of the International Network of Cittaslow. The study aimed to map and classify the
agricultural terraces in the Erikli neighborhood, which is one of the areas with the highest density of
agricultural terraces in Uzundere, in terms of density and spatial size. As part of the study, surveys
were conducted in the area, and drone photographs were obtained. GIS-based analyses were carried
out together with satellite images of the area. The results show that collapsing satellite images and
orthophotos with drone photographs is an easy way to map agricultural terraces.
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The study showed that there are many agricultural terraces in the Erikli neighbourhood of
Uzundere. These terraces are mostly medium and high density, meso and macro terraces. They are
also structurally and vegetationally neglected. This is mainly due to the fragmentation of agricultural
lands through inheritance and abandonment due to migration from rural to urban areas. The high
density and neglect of the terraces increase their fragility and encourage their disappearance.

The research shows that the terraces in the region were constructed with the use of traditional
construction techniques such as dry stone wall technique and beam application. In some terraces
where agricultural activities are still carried out, the original architectural construction techniques
have been replaced by modern materials and construction techniques. Undoubtedly, this is directly
related to changes in social, cultural, economic, and technological spheres. However this threatens
the sustainability of agricultural terraces and their specialized construction techniques in the future.
Moreover, this will also have a negative result in terms of the sub-criteria of environmental integrity
and conservation of biodiversity, which are the requirements of the Cittaslow status.
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