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Abstract

Gunung Sewu Karst, located in the Gunungkidul Regency within the Special Region of Yogyakarta, features
a distinctive karst topography consisting of dolines, hills and caves. Despite its aesthetic appearance, the area
often experiences water scarcity due to the lack of surface water. Dolines, basin-like depressions formed
during the karstification process, play a crucial role in biodiversity conservation, ecology, hydrology and
land-use management planning. This study aims to map and identify the spatial distribution and morphomet-
ric characteristics of dolines in the Purwosari subdistrict, which have important implications for water re-
source management and drought mitigation in karst regions. The findings are intended to guide spatial plan-
ning and environmental mitigation strategies. Data for the study were derived from a digital elevation model
(DEM), more scalable and accessible elevation data, to generate the Topographic Position Index (TPI) and
Topographic Wetness Index for analysing doline spatial patterns, their terrain shapes, their types (dry or
watery), and morphometry. The results show that dolines are associated with negative TPI values (58%) and
low TWI values (53.48%), with most landforms classified below the plain level (27.91%). A significant
proportion of dolines (79.06%) contain water, with the classification accuracy between TPI and TWI being
65.11%. Morphologically, most dolines are U-shaped, with oval-shaped dolines being the most common
(41.86% of observations). The findings reveal that dolines in the Purwosari Subdistrict have significant un-
derground water storage potential, making them crucial for mitigating regional drought risks.

Keywords: doline; distribution; Gunungkidul; Topographic Position Index (TPI); Topographic Wetness In-
dex (TWI); morphometry.

1. Introduction

Karst is an earth form with hydrological conditions that occur due to rock dissolution and which
develop good secondary porosity (Ford & Paul, 2007; Aprilia, 2019). Karst areas are characterised
by closed basins (dolina), scarce surface rivers, and many caves and underground rivers (Haryono
& Tjahjo, 2004). Karst phenomena, both on the surface and underground, are formed by the dis-
solution process; that is, the chemical corrosion of rocks by water in soluble limestone, gypsum
and other stone. Dolina is formed due to weathering that occurs in limestone areas. They are an
exokarst morphological feature, most commonly found on the surface, as the beginning of karstifi-
cation. The subsequent development of mature karst, or sometimes categorised as polygonal karst,
is marked by the merging of the dolina, thus forming an uvala (Haryono & Adji, 2004; Damayanti
& Diah, 2018; Diah ef al., 2021).

Dolines, or sinkholes, in karst landscapes play a crucial role in the hydrology, ecology and land-
use management planning of these areas. In hydrology, they control the spatial distribution of
water and airflows by directing water into the depressions, affecting water movement patterns,
soil moisture, soil depth, air temperature and humidity (Antonic et al., 2001). These hydrological
benefits include increased soil moisture to support vegetation requiring high moisture levels; lo-
calised water accumulation and storage to maintain water supplies; and improved drainage to
reduce flood risks. In ecology, dolines can contribute to ecological restoration through canopy
growth and organic carbon absorption (Valjavec et al., 2022), serving as essential refuges for
specific plant species (Batori et al., 2014) and as microhabitats for wildlife due to the abundant
vegetation growth (Con¢ et al., 2022). The study Dolines and Cats: Remote Detection of Karst
Depressions and Their Application to Study Wild Felid Ecology by Coné er al. (2022) reveals that
both lynx and wildcats are attracted to these karst features, with lynx utilising them for hunting.
In land use management planning, karst sinkholes are particularly vulnerable to anthropogenic
disturbances, such as agricultural expansion, urban development, and mining activities, which
often negatively impact their ecological and conservation value. These disturbances can disrupt
the unique microhabitats within dolines, resulting in reduced plant diversity and altered species
composition (Bitori ef al., 2020; Coné et al., 2022). Additionally, they contribute to diminishing
storage capacity, rapid water loss, and deterioration of water quality in hydrology (Haryono, Adji,
& Widyastuti, 2017). Therefore, implementing careful management and conservation strategies
is essential to mitigate human impacts on these sensitive ecosystems (Bétori et al., 2014).
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Identifying the spatial distribution of karst dolines is paramount for effective land-use manage-
ment and environmental conservation. A clear understanding of the geomorphological features
and spatial patterns of such depressions forms the foundation for developing strategies to preserve
ecological functions and mitigate human impact. Various research methods for mapping dolines
have been developed, ranging from traditional field surveys to advanced remote sensing tech-
niques. However, conventional methods—such as field mapping and relief digitisation—often
face limitations, including inaccuracies, time constraints, high costs and data subjectivity (Grlj,
2020). In contrast, advanced remote sensing techniques, from aerial images to Light Detection
and Ranging (LiDAR)-derived high-resolution digital elevation models (DEMs) and UAVs (un-
manned aerial vehicles), provide high-resolution data that enhance the accuracy and efficiency of
doline mapping. UAVs enable detailed spatial identification of dolines (Gonzalez-Diez et al.,
2021; Ferreira et al., 2023). However, they are less effective for large-scale mapping, while DEMs
offer broader coverage but lack the fine detail provided by UAVs. UAVs and DEMs also have
limitations in vegetated areas because mixed ground and vegetation elevations can reduce terrain
precision. LIDAR, however, is particularly effective in large landscapes such as karst regions, as
it can penetrate vegetation to capture underlying features, making it highly suitable for doline
identification (Coné et al., 2022).

Nevertheless, the high cost of LIDAR may impede its extensive utilisation. Therefore, this re-
search proposes a scalable and accessible solution for the early identification of dolines by lever-
aging the extensive availability of DEM resources. The morphometric approach employed in this
study integrates the Topographic Position Index (TPI) to ascertain relative position and the Topo-
graphic Wetness Index (TWI) to evaluate moisture accumulation, leveraging digital elevation
model (DEM) data. Additionally, identifying dolines based on their relative position and wetness
level can help assess their potential to contribute to groundwater recharge and mitigate drought
risk.

Dolines are closed basins with a round, oval or irregular shape several meters in size, up to ap-
proximately 1 km (Ford & Paul, 2007; Saputra, 2008; Suri & Susilo, 2020). The formation of
dolines is influenced by the physical characteristics of their location, such as topographic relief,
hydrology and morphometry. Doline karst has attributes in the form of morphological elevations
with contour patterns getting lower inward. Lowland terrain forms clusters, while undulating
plains are randomly scattered (Damayanti & Diah, 2018; Suri & Susilo, 2020). A thick layer of
coral reef limestone forms the topography in karst areas.

Such topography determines the presence or absence of active water movement through weath-
ered materials. Moreover, topography also affects the process of leaching and surface erosion,
which determine the removal rate of weathering products (Mulyanto & Surono, 2009). Topogra-
phy is calculated using the TPI method by observing differences in elevation and slope. GIS ap-
plications classify landforms as TPI, which is a calculation to measure the topographic position
of slopes, being the height difference between a point and the average height of the surrounding
area (Setiawan et al., 2018), with automation of landform classification (Weiss, 2001; Putro &
Fitri, 2017; Sutanta & Tiera 2019; Abdullah & Abdulrahman, 2019; Yusra, 2018; Suri & Susilo,
2020). The topographic classification is divided into two forms, namely slopes (ridges and val-
leys) and landforms (Weiss, 2001).

TPI, on the other hand, is a convolution technique that uses a high-pass filter with a variable kernel
(window perimeter) to improve the topographic position or elevation difference between a given
point and its surroundings (residuals) (Gallant & Wilson, 2000; Lindsay ef al., 2015; Weiss, 2001;
Gonzilez-Diez, et.al., 2021). Convolution is a mathematical technique that describes the overlap
between two functions by combining them. Digital signal processing and image processing are
two applications employed for convolution. Gazali et al., (2012) claim that one drawback of TPI
is its reliance on scale; as a result, the kernel size and resolution of the DEM will determine the
residual topography, or the positive or negative location of a point. The absence of guiding criteria
is another issue.

Topography is an important factor controlling the spatial distribution of hydrological conditions
(Sorensen et al., 2006). Such conditions will affect the response to rainfall. Rain falling in karst
areas will mostly percolate into the ground through cavities, so the river system that develops is
an underground one (Sulastoro, 2013). The TWI method describes hydrology based on wetness
levels (Pourali ef al., 2014; Nucifera & Sutanto, 2017). It measures the tendency of water accu-
mulation in an area by considering the topography of the upper and lower slopes. TWI calculation
is based on the DEM or DTM data of an area (Budiharso & Andre, 2023). DEM is a remote
sensing product that has many functions, so it has been widely used in studies, including TPI
mapping (Weiss, 2001; Putro & Fitri, 2017; Sutanta & Tiera, 2019; Abdullah & Abdulrahman,
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2019; Yusra, 2019; Suri & Susilo, 2020) and TWI mapping (Budiyanto, 2016; Nucifera & Su-
tanto, 2017; Budiharso & Andre, 2023). The TWI method quantitatively assesses the effect of
local topography on rainwater runoff, which in turn provides a land wetness value that assumes
more dolines emerge as ponds (Nucifera & Sutanto, 2017).

The characteristics of doline distribution can also be established based on morphometric aspects.
Morphometry is the measurement and mathematical analysis of the configuration of the earth's
surface, and the shape and dimensions of the landscape (Herrmann & Bucksch, 2014). The mor-
phometry of dolines serves to determine the stage of their formation, uvala, and continues to the
next stage to form a polje (Saputra, 2008: Damayanti & Diah, 2018; Diah et al., 2021).

This research is an initial study to identify the distribution of dolines in Purwosari Subdistrict,
Gunungkidul Regency, based on topographic, hydrological and morphometric characteristics. The
research area is in the Gunungsewu Karst Area, which is mostly karst hills and valleys in dolines.
Purwosari sub-district often experiences drought, but during the rainy season, the dolines fre-
quently turn into lakes. This research aims to inventory the distribution of dolines using the TPI
and TWI methods, and based on their size and shape to determine their type. The variables deter-
mining doline identification in this study differ those in the work of Damayanti and Diah (2018),
who used terrain shape, vegetation density, and surface temperature variables, with spatial analy-
sis. This research also involves differences and similarities in variables and TWI methods and
their analysis to the studies of Setiawan et al. (2018), Budiyanto (2016), and Putro and Fitria
(2017), including elevation, plan curvature, profile curvature, and TWI. This research utilises
DEM for the TPI method, contrary to Saputra (2008), who used the Rupa Bumi Indonesia map.

2. Research Methods
2.1 Study Area and Research Concept

This study covers the karst area of Purwosari District, Gunungkidul Regency, with geology, to-
pography and hydrology being the characteristics used to determine the area. Geology is deter-
mined from the structure and type of rock; topography from the elevation and slope; and hydrol-
ogy from the flow pattern. The morphology focused on in this study is exokarst, or doline. Dolines
are identified from topographic and hydrological conditions, which are then observed from the
distribution pattern derived from the geology, topography and hydrology characteristics. In addi-
tion, the study considers the distribution of doline types, namely watery and dry dolines. The
morphometric focus in the study is the size and shape of the doline. Size is interpreted as the
perimeter, area and volume, while the shape of the doline is interpreted as being round, oval or
irregular. Figure 1 shows a flow diagram of the research concept.

Karst in Purwosari District,
Gunungkidul Regency
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Distribution Pattern and Morphometry of Dolines in Purwosari sub-district,
Gunung Kidul Regency

Figure 1. Research Concept Flowchart.
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Purwosari sub-district is located in the southern part of Gunungkidul Regency. It has an area of
67.6333 km? and comprises five villages: Girijati Village, Giriasih Village, Giritirto Village, Gi-
ricahyo Village and Giripurwo Village. The largest village in this sub-district is Giripurwo Vil-
lage, with an area of 28.2644 km?, or around 41% of the total area. The administrative boundary
of Purwosari Sub-district is bordered to the north by Imogiri Sub-district, to the south by the
Indian Ocean, to the west by Pundong and Kretek Sub-districts and to the east by Panggang Sub-
district (Figure 2).
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Figure 2. Research Area.

The identification of Dolina was made using digital elevation model data, referred to as DEMNAS
(Digital Elevation Model Nasional). The data were retrieved from the Geospatial Information
Agency (Badan Geospasial Indonesia) website on May 17, 2022, with a high spatial resolution of
8.1 meters. The dataset is the result of a data integration process from multiple sources, including
IFSAR (5-meter resolution), Terra SAR-X (5-meter resolution), and ALOS PALSAR (11.25-me-
ter resolution). The integration process led to the creation of a more contemporary and precise
elevation model, which has been standardised in Indonesia. The use of this model facilitates spa-
tial analysis, particularly in the context of complex karst regions.

The distribution and morphology of dolines were classified based on terrain shape and hydrolo-
gical index, using elevation/height and slope variables and the TPI method. TPI measures the
difference in elevation at the centre point (z0) and the average elevation (z), with a certain radius,
as formulated in Equation 1, with a scale factor of 100 (Weiss 2001):

tpi < scale factor > = int ((dem — forcalmean(dem, annulus, irad, orad)) + .5) (1)

where scale factor = area radius in map units; irad = inner radius of the annulus in cells; orad =
inner radius of the annulus in cells; and int = Raster mathematic integer. If TPI value > O = Ridge
Area; TPI = 0 = Flat area; TPI < 0 = Valley Area.

The dolina samples in this study were determined using a purposive sampling method, their loca-
tion being based on a 250 x 250-meter grid. The application of a grid is very suitable for organising
spatial data that varies and is continuous in space, such as altitude slope, into specific units so that
the grid size can be determined by the user based on the purpose, scale or format of its use (ESRI,
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2001). Based on the area of Purwosari Subdistrict, the number of grids generated was 1177.
Furthermore, the cross-sectional formula determined the sample size (Lemeshow & David, 1997),
using Equation 2.

_Za2p (1 —p)N

2N -1 +Za2p(1-p) ()

where: n = minimum sample size; Za = standard confidence (o = 10%, then Z = 1.64); p = pro-
portion of the sample studied in the population; N = total population; and d = tolerance of error
(5%). The cross-sectional formula calculation resulted in a total of dolina samples of at least 55.

For the spatial distribution of dolines, the pattern of dolina distribution was determined using
nearest neighbour analysis. This distribution pattern will produce three designs. The way is gene-
rated based on the nearest neighbour index value. The clustered pattern, or clustered nearest neigh-
bour index value, reaches 0; random or random with a value of 1; and uniform or uniform with a
nearest neighbour value of 2.15.

Processing terrain shape data using DEMNAS converted into terrain analysis, dolina morpho-
metry, and landform classification. Classification was based on nine classes, by considering the
low radius scale TPI type and large radius scale TPI, and by calculating the difference between
elevation at the centre point and standard deviation (Table 1). The slope was calculated by taking
into account the classification of the centre slope/flat area, which is higher than the surrounding
(TPI/DEV20), and taking into account the hill that is lower than the surrounding (TPI/DEV<0),
as shown in Table 2.

Table 1. Terrain Shape Classification (Weiss, 2001).

Class Terrain shape classification Slope Narrow Radius Size Broad Radius Size

1 Canyon Zo< -SD Zy<-SD

2 Shallow valley Zo<-SD -SD<Zo<0
3 Drainage plateau Zo< -SD 0<Zo<0

4 U-shaped valley Zo< -SD Zo> SD

5 Plain <5° SD<Zy<SD Zo<—SD

6 Open slope SD<Zo<SD 0<Zo<SD

7 Upper slope >5° SD<Zo<SD —SD<Zp<0
8 Hills SD<Zy<SD Zo>SD

9 Hilltop Zo> SD Zo<—SD

Table 2. Classification of TPI values (Weiss, 2001).

Classification Topographic Position
=<1 Valley Area
=0 Flat Area

=>1 Ridge Area

In addition to TPI, the wettability index (TWI) was also calculated using DEM data. The TWI
method is used to assess the potential for inundation basins in the presence of flow patterns, di-
rection and accumulation. In the TWI data processing using ArcGIS 10.8 software DEM data
were input and the projection changed to UTM. A map was then created of the flow direction flow
accumulation; slope data created; the slope calculated in degrees; the gradient calculated in angles,
with the formula slope degree multiplied by 1.570796/90 in the raster calculator; and then the
equation calculated using Equation (3). Based on cited in Miardini and Grace (2019), the main
procedure used for TWI calculation is as:

W =1n [o/(tan B)] 3

W= wettability index; o = specific catchment area (Flow Accumulation); § = slope (radian).

The TWI index value calculation results can determine areas prone to inundation. Watery dolina
is determined if the wetness index classification of TWI value is low, medium, fairly high or high,
while dry dolina refer to TWI value classifications of very low (Table 3). The TWI index proces-
sing resulted in values ranging from 0-19. Furthermore, based on the TPI and TWI classifications,
a matrix of aqueous dolina and dry dolina was produced (Table 4).

Table 3. TWI Value Classification.

TWI Classification Class
<6.5 VeryLow
6.6-8.5 Low
8.6—-11.1 Medium
11.2-14.5 Fairly High
>14.5 High
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Table 4. Dolina types based on TPI and TWI.

TPI Value TWI Value Type of Dolina
>1 <6.5 Dry
0 <6.5 Dry
0 6.6 8.5 Watery
<1 8.6—-11.1 Watery

11.2-14.5 Watery
>14.5 Watery

The dolina morphometry referred to in this study is size and shape. The size of the dolina (cir-
cumference, area and volume) was generated based on digital calculations using Arcmap and
Arcscene software (specify version data software). The shape of the dolina was developed by
considering its length and width using a cartesian diagram. A round-shaped dolina has a ratio of
approximately 1:1; an oval-shaped one of roughly 2:1; while an irregular shaped dolina has a ratio
of 1:1to 2:1.

3. Results and Discussion
3.1. Dolina Distribution Pattern

The distribution of dolina in Purwosari District of Gunungkidul Regency shows a clustering pat-
tern. The index value of the nearest neighbour analysis of dolina distribution is 0.858488, with a
z-score value of -1.77. This value means that less than 10% of the dolina distribution is randomly
patterned. Figure 3 shows that dolina distribution patterns tend to cluster, but there are also dolina
with random distribution patterns. The grouped dolina distribution has an average distance of 500
meters.
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Figure 3. Pattern of Dolina Distribution in Purwosari Sub-district, Gunungkidul Regency.

The dolina distribution pattern tends to cluster in the north (Figure 3). The distribution is influen-
ced by geological characteristics, namely the presence of geological structures of karst areas in
the study location, in the form of faults and fractures, which facilitate the formation of dolines.
Water entering through the fractures will quickly dissolve the limestone, so the contour pattern
becomes increasingly lower to form a dolina basin. The hydrological characteristics of the doline
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are in the form of multibasinal flow patterns, including river flow that disappears below the earth's
surface. No surface flow was found in the northern part of the Purwosari sub-district.

3.2. Distribution of dolina based on TPI Value

In general, the topography of Purwosari Sub-district comprises karst hills. Based on the topogra-
phic index data processing, three TPI classes were obtained. Figure 4 shows the distribution of
dolina with a negative TPI of a minimum value of -105.5 (white dolina); a TPI of zero (grey
dolina) indicates plain areas; and a positive TPI (black dolina) indicates hills with a maximum
value of 51.5. Figure 4 and Table 4 show that the research area is generally in a negative topogra-
phic condition, in the form of a valley or basin. The indication of dolina in the study area is do-
minated by the negative TPI classification, with a total number of dolina of 29 pieces (67%).
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Figure 4. Distribution of dolina by TPI value.

The zero TPI classification with five dolines (11%) and the remaining positive TPI with nine
(20%) mean that the dolines are distributed in lower areas, such as valleys and hollows. A negative
TPI allows the dolines to form faster in lower regions, facilitating the dissolution process. Dolina
is most widely scattered on landforms in the form of plains, with 12 examples (27.91%). Further-
more, there are ten dolina (25.58%) in the river canyon area, with the lowest number of two
(4.65%) in the plateau drainage area,. This distribution of dolina is due to the distribution of sur-
face water rarely found in karst areas. Many surface rivers in karst areas are cut off and lost.

The TPI technique has been extensively employed for altimetry (Doneus, 2013; Hiller & Smith,
2008; Kennelly, 2008; Kincey et al., 2014). However, TPI exhibits deficiencies when employed
to filter geomorphic features of a specific size (Lindsay et al., 2015; Sofia, 2020). Lindsay et al.
(2015) integrated TPI filters across different image bands to visualise scale characteristics in hete-
rogeneous reliefs and to address this limitation. Nevertheless, the scale dependence of TPI com-
plicates its practical application (Sofia, 2020). The primary finding of the study conducted indi-
cates that the TPI method is capable of cartometrically mapping and monitoring objects without
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the necessity for on-site field surveys, making it highly pertinent for regions characterised by

limited accessibility or intricate topography.

Table 5. Distribution of dolina by terrain and type.

Type of Dolina
Terrain Shape Total Percentage (%)

Watery Dry
Canyon 11 11 25.58
Shallow valley 9.3
Drainage plateau 4.65
U-shaped valley 11.63
Plain 12 12 2791
Open slope 11.63
Upper slope 4.65
Hills 4,65
Hilltop 0
Total 43 100

3.3. Dolina distribution based on TWI values

Figure 5 and Table 5 show the distribution of dolina based on the TWI value. Dolina in the study
area predominantly have low TWI values (orange), totalling 23 (53.48%). Furthermore, the num-
ber of dolina with a very low TWI value (red) was nine (20.9%). No dolina with high TWI values
were found in the study area, given the dry hydrological conditions of karst on the surface due to
the large number of rivers below the surface. The higher TWI value indicates that the site has high
wetness, usually located in channels or rivers with a particular slope, flow direction and flow

pattern.
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Figure 5. Distribution of dolina by TWI value.
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Table 6. Distribution of TWI-classified dolines by terrain shape.

TWI Percentage
Terrain Shape Total
Very Low Low Moderate Fairly High High (%)

Canyon 5 6 11 25.58
Shallow valley 4 4 9.3
Drainage plateau 1 1 2 4.65
U-shaped valley 4 1 5 11.63
Plain 9 1 2 12 27.91
Open slope 5 5 11.63
Upper slope 2 4.65
Hills 2 4.65
Hilltop 0
Total 9 23 8 3 43 100

3.4. Dolina Distribution by Type

The results of dolina identification based on TPI and TWI values that match the sample points
show a total of 37 examples (86%). Due to land cover factors, the remaining six dolina samples
do not match the location (Figure 6). The combined classification of TPI and TWI values resulted
in the distribution of dolina dominated by watery ones, with 34 instances (79.06%), with nine
examples (20.93%) of dry dolina. The field survey results show that the classification accuracy of
TPI and TWI values was 65.11%. The percentage value is sufficiently accurate to determine the
watery and dry dolina types. Based on the shape of the terrain, the type of watery dolina is domi-
nated by the classification of plains, where the total distribution of dolina is 12 (27.91%). In ad-
dition, the open slope classification dominates the dry dolina type, with a full allotment of five

dolina (11.63%).
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Figure 6. Distribution of dolina by type.
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Almost all of the dolines identified as water dolines using TPI and TWI were found in fields such
as ponds or lakes. The surrounding community uses these lakes as a source of irrigation for dry
land agriculture and for bathing livestock such as cattle and buffalo; for example, in Telaga Ploso
and Telaga Palgading (Figure 7a). Lake Palgading is located in Giripurwo village and has a ne-
gative TPI value, but a relatively high TWI value. According to research by Budiharso and Andre
(2023), who used the TWI value to indicate areas prone to flooding, a high value indicates that
the area has high soil moisture and the potential for greater surface water flow when it rains. Lake
Palgading is located in an upland river basin. The surrounding community uses the lake for mixed
farming because it is far from settlements. The lake is 195 meters above sea level, with a perimeter
of 248.58 m and a surface area of 8141.36 m?.

tions.

Water dolines, also called lakes, indicate the integrity of the doline's base, which can retain water
and facilitate the dissolution of limestone through hydration. Conversely, dolines classified as dry
ones are commonly referred to as closed basins or, in fields, as ponds that have begun to recede.
The formation of closed basins is attributed to vertical circulation, which establishes a conduit for
water to penetrate through rock fissures, resulting in subsidence and the development of subter-
ranean rivers. The receding of a lake is influenced by the dry season or the erosion of the water-
tight layer of the doline. This progression leads to water entry into cracks, drying out the lake bed.
The transformation of a dry doline into an exokarst, manifesting as a polje, is exemplified by
Telaga Dukuh, where the vast majority of the surface is dedicated to agricultural use. One notable
example of a dry doline is the N25 grid basin in Giritirto Village, Purwosari District, as observed
during the field survey. The N25 basin is classified as having a positive TPI and a very low TWI
value, with an open slope terrain classification. The collapse of the basin has led to the prolife-
ration of weeds and bamboo trees in the surrounding area. The basin's altitude is 232 meters above
sea level, with a perimeter of 41.42 meters and an area of 104.24 square meters, as shown in
Figure 7b. The doline in Purwosari District has been identified as having significant groundwater
storage potential; therefore, mitigating drought risk in the area is imperative.

The Gunung Sewu karst area also has a high diversity of flora and fauna, with different species
of plants and animals dependent on the karst environment. The ecosystem around the doline sup-
ports various types of vegetation that play a role in maintaining soil stability and slowing down
the erosion process. Endemic species, such as rare plants and typical karst fauna, are essential for
maintaining the ecological balance. Therefore, the conservation of the karst land in this area is
vital for preserving the continuity of flora, fauna and natural processes, including the sustainabi-
lity of the distribution of the doline itself.

3.5. Dolina morphometry

Dolinas in the Purwosari sub-district have different shapes and sizes in terms of perimeter, area
and volume. The dolina in Purwosari subdistrict has a U-shaped valley with an average perimeter
of 310 m. With the largest average size (5525.97 m?) and the most significant volume (47779.12
m?), it is located in a U-shaped valley terrain form (Table 6). There are few dolina in shallow
valley terrain, but since the landscape remains a basin, such a shape can also accelerate dissolution
and increase the size of the valley. In general, the size of the dolina is associated with the terrain
form: the lower and deeper the basin, the larger the dolina size. The size of the dolina also depends
on its type. A watery dolina will affect its volume due to rainfall, which will accelerate the disso-
lution process and thus increase the volume of the dolina. Dry dolinas have a size that tends to be
small because they correspond to the classification of sloping terrain. The incoming water will go
to the lower area and disappear below the surface.
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Morphometry is the measurement and mathematical analysis of the configuration of the earth's
surface and the shape and dimensions of the landscape (Herrmann & Bucksch (2014). The shape
of the dolina is produced by observing its length and width using a cartesian diagram. A round
dolina has a ratio of approximately 1:1; an oval dolina one of roughly 2:1; while an irregularly
shaped dolina has a ratio of 1:1 to 2:1. The circumference of the dolina in meters is calculated
using the measure in the ArcMap application. The dolina area is based on geometry calculated in
ArcMap in units of m?, while the volume is computed using Arcscene software, and its surface
volume tool in units of m.

According to the results of previous research (Damayanti & Diah, 2018), there are three types of
dolina shapes in Purwosari Subdistrict: round, oval and irregular. 16 (37.21%) dolina in Purwosari
Subdistrict are round; 18 (41.86%) oval; and nine (20.93%) irregular. Dolina in the Purwosari
Subdistrict are predominantly scattered in the plain area, with 12 such examples (27.91%). They
are also scattered in the canyon terrain, with 11 (25.58%) cases of thgese. Oval dolina dominate
the study area. They have an excellent ratio of length to width. In its development, this type of
dolina will change into an irregular shape due to active karstification or dissolution. A round
dolina has the potential for subsidence to form a cave hole if it continues to be karstified. Irregular
dolines will develop into uvula-shaped exokarsts or join several dolines. Due to the dissolution
process, the shape of the dolina is likely to change more rapidly when its conditions are watery.
Meanwhile, doline shapes with dry doline characteristics will tend to remain fixed. An illustration
of the dolina form is shown in Figure 8.

Table 7. Average dolina size by terrain shape.

Average Type of

Terrain Shape  Perimeter  Area Total Percentage
5 Volume (m?) dolina (%)
(m) (m?)

Canyon 2823 53143 21297,6 Watery 11,0 25,6
Shallow valley 189,2 2234,1 19437,2  Watery 4,0 9,3
EZ?nage pla- 1832 44457 314004 Watery 2,0 47
U-shaped valley 310,1 5526,0 47779,1 Watery 5,0 11,6
Plain 181,9 2398,6 9325,0 Watery 12,0 27,9
Open slope 204,1 3850,7 72367,5 Dry 5,0 11,6
Upper slope 101,3 642,7 942,0 Dry 2,0 4,7
Hills 50,7 321,4 471,0 Dry 2,0 4,7
Hilltop - - - 0,0 0,0

3456 6-5-4-32 3456 6 -5 -4 - 345 6

w
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Figure 8. Dolina shape.

This research has made an important contribution to developing the fields of geography, geomor-
phology and hydrology, especially in the context of karst research in Indonesia. The methodolo-
gical approach used in the study can be adopted in further studies on karst areas in Indonesia and
others worldwide. By combining perimeter, area and dolina volume analysis, we can develop a
more comprehensive understanding of the heterogeneous nature of the study area. These three
measures complement each other and provide a richer perspective on the area's topographic va-
riations and geomorphic processes.

The study is, however, subject to certain limitations, including the morphometric measurement.
The morphometric analysis of dolines in the study was limited to the parameters above (perimeter,
area, volume and shape), while other factors, such as weathering rates or more complex long-term
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geomorphological activities, were not thoroughly examined. Further research is necessary to
quantify the changes in doline morphology over time. A more sophisticated hydrological model
needs to be developed that relies on TWI and considers seasonal rainfall, surface water flow pat-
terns, and interactions with underground river systems. The resulting doline typology should be
discussed in terms of its proximity to hydrogeological features and its impact on underground
vulnerability, as is the case in Ferreira et al. (2023).

4. Conclusion

The pattern of dolina distribution in the study area forms is clustered. Geological structures in the
form of faults and fractures influence this characteristic. The topographic position of the dolina is
dominated by low topography or basins, as the lowest area will facilitate the dissolution process
to form a basin. The wetness index of dolina is dominated by a low classification. Karst hydrolo-
gical conditions generally have a multi-basinal drainage pattern, or drainage that disappears into
the subsurface. There are two types of dolina with TPI and TWI value categories in the study area:
pond-shaped aqueous dolina, and basin-shaped dry ones. The findings reveal that dolines in the
Purwosari Subdistrict have significant underground water storage potential, making them crucial
for mitigating regional drought risks.

The size of the dolina in the study area is influenced by the U-shaped shape of the valley terrain,
with forms forms divided into round, oval and irregular types. The oval dolina is the dominating
type in the study area. This dolina shape will later develop into an irregular one due to karstifica-
tion or dissolution. As dolines can evolve, dynamic mapping that monitors their shape changes as
karstification occurs will provide deeper insights into the evolution of karst landscapes.

References

Abdullah, N & Abdulrahman, A.IL. (2019). Landform Classification Automated Techniques In Geographical Information
System. University Of Duhok. Geography Department University of Duhok

Antoni¢, O., Hati¢, D., & Pernar, R. (2001). DEM-based depth in sink as an environmental estimator. Ecological Model-
ling, 138, 247-254. doi: 10.1016/S0304-3800(00)00405-1

Aprilia, B. C. (2019). Penggunaan Metode APLIS (Altitude, Slope, Lithology, Infiltration and Soils) Dalam Sistem Infor-
masi Geografis Sebagai Upaya Melindungi Sumber Daya Air Tanah Bentang Alam Karst. Retrieved From
Researchgate.Net

Bauer, C. (2015). Analysis of dolines using multiple methods applied to airborne laser scanning data. Geomorphology,
250, 78-88. doi: 10.1016/J.GEOMORPH.2015.08.015

Batori, Z., Vojtko, A., Keppel, G., Télgyesi, C., Carni, A., Zorn, M., Farkas, T., Erdés, L., Kiss, P. J., Médra, G., & Breg
Valjavec, M. (2020). Anthropogenic disturbances alter the conservation value of karst dolines. Biodiversity and
Conservation, 29(2), 503-525. doi: 10.1007/s10531-019-01896-4

Budiharso, A. S. & Andre, J. M. (2023). Kajian Topographic Wetness Index (Twi) Untuk Mengetahui Potensi Bahaya
Banjir Di Kota Manado. Journal Geological Processes, Risks, And Integrated Spatial Modeling, 01 (01).

Budiyanto, E. (2016). Keterkaitan kondisi fitur permukaan karst yang diperoleh dari data citra penginderaan jauh dengan
kualitas air Bawah Tanah di Gunungsewu Bagian Barat. Jurnal Geografi, 14(2), 112-123.

Carni, A., Cong, S., & Breg Valjavec, M. (2022). Landform-vegetation units in karstic depressions (dolines) evaluated by
indicator plant species and Ellenberg indicator values. Ecological Indicators, 135, 108572. doi: 10.1016/J.ECO-
LIND.2022.108572

Cong, ., Oliveira, T., Portas, R., Cerne, R., Valjavec, M. B., & Krofel, M. (2022). Dolines and Cats: Remote Detection
of Karst Depressions and Their Application to Study Wild Felid Ecology. Remote Sensing, 14(3). doi:
10.3390/rs14030656

Damayanti, A & Diah, F.N.S (2018) Karakteristik Dan Pola Persebaran Dolines Di Kecamatan Ponjong Dan Semanu,
Kabupaten Gunungkidul, Jurnal Geografi Lingkungan Tropik (Journal Of Geography Of Tropical Environ-
ments), 2(2), 1-5. doi: 10.7454/Jglitrop.V2i2.50

Diah, H., Adji, T. N., & Haryono, E. (2021). Perbedaan tingkat perkembangan karst daerah peralihan antara Basin
Wonosari dan Karst Gunung Sewu. Media Komunikasi Geografi, 22(1), 51-61. doi: 10.23887/mkg.v22i1.30885

Doneus, M., (2013). Openness as visualization technique for interpretative mapping of airborne lidar derived digital terrain
models. Remote Sensing, 5, 6427-6442. doi: 10.3390/rs5126427

ESRI. (2001). ArcGIS Spatial Analyst: Advanced GIS Spatial Analysis Using Raster and Vector Data. ESRL. New York

Ferreira, C. F., Hussain, Y., Uagoda, R., Silva, T. C., & Cicerelli, R. E. (2023). UAV-based doline mapping in Brazilian
karst: A cave heritage protection reconnaissance. Open Geosciences, 15(1). doi: 10.1515/geo-2022-0535

Ford, D. & Paul, D. W. (2007). Karst hydrogeology and geomorphology. John Wiley and Sons.

Furtado, C. P. Q., Borges, S. V. F., Bezerra, F. H. R., de Castro, D. L., Maia, R. P., Teixeira, W. L. E., Souza, A. M.,
Auler, A. S., & Lima-Filho, F. P. (2022). The fracture-controlled carbonate Brejoes Karst System mapped with
UAV, LiDAR, and electroresistivity in the Irecé Basin - Brazil. Journal of South American Earth Sciences, 119,
103986. doi: 10.1016/J.JSAMES.2022.103986

Gallant, J. C., Wilson, J. P., (2000). Primary topographic attributes, in: Terrain Analysis: Principles and Applications.
John Wiley & Sons, 51-85.

Gazali, W., Haryono S., Jenny, O. (2012) Penerapan Metode Konvolusi Dalam Pengolahan Citra Digital. Jurnal Mat Stat,
2(2), 103-113.

Gonzilez-Diez, A.J. A. Barreda-Argiieso, L. Rodriguez-Rodriguez, J. Ferndndez-Lozano. (2021). The use of filters based
on the Fast Fourier Transform applied to DEMs for the objective mapping of karstic features, Geomorphology,
385, 107724. doi: 10.1016/j.geomorph.2021.107724

Grlj, A. (2020). Omejevanje kraskih kotanj z analizo polrezov. Dela, 53, 5-22.

Haryono, E., & Tjahyo, N. A. (2004). Geomorfologi Dan Hidrologi Karst. Kelompok Studi Karst Fakultas Geografi,
Universitas Gadjah Mada.

Damayanti, et al.

Page 100


https://doi.org/10.1016/S0304-3800(00)00405-1
https://doi.org/10.1016/J.GEOMORPH.2015.08.015
https://doi.org/10.1007/s10531-019-01896-4
https://doi.org/10.1016/J.ECOLIND.2022.108572
https://doi.org/10.1016/J.ECOLIND.2022.108572
https://doi.org/10.3390/rs14030656
https://doi.org/10.3390/rs14030656
https://doi.org/10.23887/mkg.v22i1.30885
https://doi.org/10.1515/geo-2022-0535
https://doi.org/10.1016/J.JSAMES.2022.103986
https://doi.org/10.1016/j.geomorph.2021.107724

Forum Geografi, 39(1), 2025; DOI: 10.23917/forgeo.v39i1.4462

Haryono, E., Adji, T. N., & Widyastuti, M. (2017). Environmental Problems Of Telaga (Doline Pond) In Gunungsewu
Karst, Java Indonesia. Retrieved From https://doi.org/10.31227/osf.io/8us3w

Herrmann, H., & Bucksch, H. (2014). Dictionary Geotechnical Engineering/Wéorterbuch GeoTechnik (2nd ed.). Retrieved
From https://doi.org/10.1007/978-3642-41714-6

Hiller, J. K., Smith, M. (2008). Residual relief separation: digital elevation model enhancement for geomorphological
mapping. Earth Surf. Process. Landforms 33,2266-2276. doi: 10.1002/esp.1659.

Kennelly, P. J. (2008). Terrain maps displaying hill-shading with curvature. Geomorphology, 102, 567-577. doi:
10.1016/j.geomorph.2008.05.046.

Kincey, M., Batty, L., Chapman, H., Gearey, B., Ainsworth, S., Challis, K. (2014). Assessing thechanging condition of
industrial archaeological remains on Alston Moor, UK, usingmultisensor remote sensing. J. Archaeol. Sci., 45,
36-51. doi: 10.1016/.jas.2014.02.008.

Lemeshow, S. & David W. H. Jr. (1997). Besar Sampel dalam Penelitian Kesehatan (terjemahan). Gadjahmada Univer-
sity Press, Yogyakarta

Lindsay, J. B., Cockburn, J. M. H., Russell, H. A. J. (2015). An integral image approach toperforming multi-scale topo-
graphic position analysis. Geomorphology, 245, 51-61. doi : 10.1016/j.geomorph.2015.05.025.

Miardini, Arina., & Grace S. S. (2019). Penentuan Prioritas Penanganan Banjir Genangan Berdasarkan Tingkat
Kerawanan Menggunakan Topographic Wetness Index Studi Kasus Di Das Solo. Jurnal Ilmu Lingkungan
17(1),113. doi: 10.14710/il.17.1.113-119.

Mulyanto, D., & Surono. (2009). Pengaruh Topografi dan Kesarangan Batuan Karbonat terhadap Warna Tanah pada jalur
Baronp-Wonosari, Kabupaten Gunungkidul, DIY. Yogyakarta. Forum Geografi, 23(2), 181 - 195.
doi: 10.23917/forgeo.v23i2.5010

Nucifera, F., & Sutanto, T. P. (2017). Deteksi Kerawanan Banjir Genangan Menggunakan Topographic Wetness Index
(TWI). Media Komunikasi Geografi 18(2), 107. doi: 10.23887/mkg.v18i2.12088.

Pourali, S. H., Arrowsmith, C., Chrisman, N., Matkan, A. A., & Mitchell, D. (2014). Topography Wetness Index Appli-
cation in Flood-Risk-Based Land Use Planning. Applied Spatial Analysis and Policy, 9(1), 39—
54. doi:10.1007/s12061-014-9130-2

Pueyo-Anchuela, 0., Casas-Sainz, A. M., Soriano, M. A., & Pocovi-Juan, A. (2010). A geophysical survey routine for the
detection of doline areas in the surroundings of Zaragoza (NE Spain). Engineering Geology, 114(3—4), 382-396.
doi: 10.1016/J. ENGGEO.2010.05.015

Putro, S. T., & Fitria, N. (2017). Klasifikasi bentuklahan secara otomatis menggunakan Topographic Position Index.
Jurnal — Geografi: Media Informasi Pengembangan dan Profesi Kegeografian, 14(2), 75-83.
doi: https://doi.org/10.15294/jg.v14i2.11523

Saputra, B. D. (2008). Morfometri Dolines Di Wilayah Karst Gombong Selatan. Skripsi Departemen Geografi, Universitas
Indonesia

Setiawan, A., Mahfud, A., Rachmad, H., & Apong, S. (2018). Hubungan Karakteristik Topografi dengan Sifat-Sifat Fisika
Tanah. Bandung. Soilrens, 16(1). doi: 10.24198/soilrens.v16i1.18310

Sofia, G., 2020. Combining geomorphometry, feature extraction techniques and Earthsurface processes research: the way
forward. Geomorphology, 355. doi: 10.1016/j.geomorph.2020.107055.

Sorensen, R., Zinko., & Seibert, J. (2006). On the Calculation of the Topographic Wetness Index: Evaluation of Different
Methods Based on Field Observations. Hydrology and Earth System Sciences 10(1), 101-12. doi: 10.5194/hess-
10-101-2006.

Stefanovski, S., Kokalj, Z., & Stepisnik, U. (2024). Sky-view factor enhanced doline delineation: A comparative metho-
dological review based on case studies in Slovenia. Geomorphology, 465, 109389. doi: 10.1016/J.GEO-
MORPH.2024.109389

Sulastoro. (2013). Karakteristik sumberdaya air di daerah karst (Studi Kasus Daerah Pracimantoro). Journal of Rural and
Development, IV(1), 61-67.

Suri, M., & Susilo, B. K. (2020). Identifikasi dolines karst Formasi Kalipucang melalui Analisis DEM, Daerah Ayah,
Kabupaten Kebumen, Provinsi Jawa Tengah. Prosiding Applicable Innovation of Engineering and Science
Research (AVoER), 218-224.

Sutanta, H., & Tiera. (2019). Calculation of the Number of Peaks in the Gunung Sewu Area Using DEMNAS, Focal
Maximum Function and Slope Position Classification Method. IOP Conference Series: Earth and Environmental
Science 389(1). doi: 10.1088/1755-1315/389/1/012052

Valjavec, M. B., Carni, A., Zlindra, D., Zorn, M., & Marinsek, A. (2022). Soil organic carbon stock capacity in karst
dolines under different land uses. Catena, 218, 106548. doi: 10.1016/j.catena.2022.106548

Weiss, A. (2001). Topographic Position and Landforms Analysis. Poster Presentation, ESRI User Conference, San Diego,
CA 64,227-45.

Yusra, A. (2018). The analysis of the geomorphometric and landforms of Sarhan Basin, In Jordan. Human and Social
Sciences, 1,453. doi: 10.35516/0103-045-985-027.

Damayanti, et al.

Page 101


https://doi.org/10.31227/osf.io/8us3w
https://doi.org/10.1007/978-3642-41714-6
https://doi.org/10.1016/j.geomorph.2008.05.046
https://doi.org/10.1016/j.geomorph.2008.05.046
https://doi.org/10.23917/forgeo.v23i2.5010
https://doi.org/10.15294/jg.v14i2.11523
https://doi.org/10.24198/soilrens.v16i1.18310
https://doi.org/10.1016/J.GEOMORPH.2024.109389
https://doi.org/10.1016/J.GEOMORPH.2024.109389
https://doi.org/10.1016/j.catena.2022.106548

