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Abstract

The Gunungsewu Karst Region represents one of Indonesia's most extensive and intricate karst landscapes,
characterized by profound geological, ecological, and socio-cultural significance. The complex geomorphological
attributes—defined by prominent dolines, cave systems, and subterranean drainage networks—necessitate
sophisticated mapping techniques capable of multi-source spatial data integration. This study evaluates the
efficacy of Quantum Geographic Information System (QGIS) as a robust, open-source alternative to commercial
software for mapping the Gunungsewu karst terrain. The methodology encompasses field-based data
acquisition using Global Navigation Satellite Systems (GNSS) and theodolites, followed by coordinate processing
and spatial visualization within the QGIS environment through thematic layering, contour analysis, and karst
feature extraction. Our findings demonstrate that QGIS effectively synthesizes topographic and geospatial
datasets to produce high-resolution morphological maps. The platform exhibits superior capabilities in
processing raster-vector synergies and multi-format spatial compatibility. The implementation of this QGIS-
based workflow significantly enhances mapping efficiency and the accuracy of karst feature representation,
thereby providing a critical framework for the conservation and sustainable management of the Gunungsewu
Karst Region.

Keywords: QGIS; Gunungsewu Karst; Spatial Mapping; Geoinformatics; Conservation Management.

1. Introduction

Karst regions represent unique and geologically sensitive landscapes, characterized by
high porosity, the prevalence of sinkholes (dolines), intricate cave networks, and complex
subterranean drainage systems. These distinct geomorphological features necessitate
specialized mapping approaches to delineate structural configurations, groundwater
dynamics, and associated environmental risks. The Gunungsewu Karst, spanning the southern
reaches of Central Java and the Special Region of Yogyakarta, is one of Indonesia's most
representative tropical karst environments, possessing significant scientific, ecological, and
cultural value (Mussoddaq & Pili, 2025).

Accurate topographic mapping in karst terrains serves as the foundational framework
for environmental conservation, groundwater resource management, spatial planning, and
the mitigation of geological hazards, such as land subsidence and surface collapse. Premised
on the hypothesis that the distribution of archaeological cave sites correlates with specific
landscape attributes, this study develops a predictive model for identifying such sites within
the Gunungsewu region. By leveraging Remote Sensing and Geographic Information Systems
(GIS), this methodology aims to track archaeological occurrences with high precision. Within
this context, Quantum GIS (QGIS)—an open-source GIS platform—offers an effective and
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versatile solution for spatial analysis and digital mapping based on georeferenced data (Ristic¢
et al., 2020; Chiozza, 2017).

QGIS facilitates the seamless integration of heterogeneous spatial datasets, including
Global Navigation Satellite System (GNSS) surveys, satellite imagery, LiDAR data, and field-
derived contour measurements. Through advanced topographic analytical tools—such as
Digital Elevation Models (DEM), hillshading, and slope analysis—QGIS supports the
generation of high-precision topographic maps of karst environments (Senduk, 2021; Fahrizal
et al., 2022). Furthermore, its capacity for simultaneous raster-vector management, thematic
layering, and three-dimensional visualization is critical for the rigorous interpretation of karst
morphology (Putri et al., 2021; Lee et al., 2024).

In contrast to conventional CAD-based software such as AutoCAD, QGIS provides
superior spatial analytical depth and data interoperability. The platform can process raw field
data and transform it into thematic layers encompassing elevation contours, subterranean
river networks, and the distribution of dolines and ponors (Zhang et al., 2024; Caesario et al.,
2024). Consequently, QGIS serves not merely as a visualization tool but as a sophisticated
analytical instrument for elucidating the relationships between diverse geomorphological
elements.

In the practical mapping of the Gunungsewu Karst, the QGIS-based workflow involves:
1) The systematic acquisition of spatial data (GNSS, total station, and digital cave surveys); 2)
Data conversion and cleaning into standardized geodatabase formats; 3) The generation of
topographic layers and digital elevation models; 4) Spatial analysis and 3D model
visualization; and 5) Final cartographic synthesis in accordance with national standards.
Through this integrated approach, QGIS plays a pivotal role in producing precise, informative
topographic data that underpins the sustainable management and conservation of the
Gunungsewu Karst Region.

2. Methods

The methodology employs an integrated field survey approach coupled with
Geographic Information System (GIS)-based spatial processing to generate an accurate
topographic reconstruction of the Gunungsewu karst region. The research was executed
through a systematic workflow, transitioning from primary data acquisition to digital
modeling using AutoCAD Civil 3D and Quantum GIS (QGIS) as the primary analytical platforms.
a. Instrumentation and Data Acquisition

Prior to field operations, a comprehensive suite of surveying instruments was
deployed, including theodolites for horizontal and vertical angular measurements, leveling
rods for differential leveling, benchmarks, and high-precision GPS units for coordinate
referencing. These primary datasets were supplemented by secondary sources, including
base maps, multispectral satellite imagery, and National Elevation Data (DEMNAS) to
establish an initial geodetic framework.

b. Site Selection and Sampling Strategy

Representative study areas within the Gunungsewu karst were identified based on
morphological variability and altitudinal gradients. Measuring stations were strategically
distributed across three distinct zones: coastal lowlands (low elevation), transitional
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footslopes (intermediate elevation), and karst summits (high elevation). This stratified
sampling design ensures a holistic representation of vertical landform variations and the
spatial relationships between geomorphological zones.

c. Terrestrial Survey Operations

Field measurements were conducted using terrestrial surveying techniques, observing
horizontal and vertical angles alongside slope distances between the instrument stations and
target points. To ensure data integrity and minimize systematic errors, observations were
performed in multiple iterations. Field notes recorded not only numerical data but also
localized geomorphological characteristics and terrain conditions.

d. Data Processing and Geodetic Conversion

Raw survey data were transformed into Cartesian coordinates (SX, Y, ZS) using
trigonometric algorithms. These coordinates were subsequently projected into the WGS 84
datum to ensure full compatibility with global geospatial standards. This phase resulted in a
structured spatial database ready for integration into digital topographic models.

e. Digital Topographic Modeling

The processed coordinates were ingested into AutoCAD Civil 3D to construct a
Triangulated Irregular Network (TIN) surface and generate high-fidelity three-dimensional
contour maps. By connecting coordinate points according to actual field elevations, a
continuous visualization of the karst landscape—from coastal plains to rugged hills—was
achieved.

f. GIS Integration and Spatial Analysis

The CAD-derived contour models were exported into vector formats (.shp or .dxf) and
integrated into the QGIS environment. This stage involved thematic layering, elevation
classification, and slope analysis. Furthermore, Digital Elevation Models (DEMs) were
generated to refine topographic interpretations. QGIS was specifically utilized for hydrological
modeling, including flow direction analysis and the delineation of subterranean drainage
patterns, recharge zones, and discharge points within the karst system.

g. Cartographic Synthesis and Interpretation

The final topographic outputs were synthesized using QGIS layout tools, incorporating
standard cartographic elements (scale, legends, coordinate grids, and orientations) in
compliance with national standards. The resulting digital maps delineate the connectivity
between topographic zones from the coast to the interior highlands, serving as a fundamental
dataset for advanced geomorphological studies, groundwater management, and geohazard
mitigation.

This integrated workflow successfully yielded topographic maps that articulate both
vertical elevation variance and inter-zonal geomorphological relationships. The synergy
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between AutoCAD Civil 3D and QGIS facilitates high-precision data processing,
comprehensive spatial analysis, and robust 3D morphological visualization. These results are
critical for supporting geological research, environmental conservation strategies, and
sustainable spatial planning tailored to the unique characteristics of the Gunungsewu Karst
Region.

3. Results
a. Analysis of Field Measurements

Field surveys across the Gunungsewu Karst were categorized into three altitudinal
zones: low-elevation (<150 m a.s.l.), intermediate (150-250 m a.s.l.), and high-elevation (>250
m a.s.l.). Utilizing GNSS RTK and total station units, measuring stations and sampling targets
were systematically established. Data acquisition encompassed Cartesian coordinates (X, Y,
Z) and secondary attributes, including land cover types (paddy fields, orchards, secondary
forests), slope gradients (%), and surface lithological characteristics (limestone outcrops,
dolines, and depressions).

The results revealed elevations ranging from 80 to310 m a.s.l., with slope gradients
varying from 8% (plains) to 42% (steep limestone escarpments). Distinct karst features—
specifically closed dolines, depressions, and spring channels—predominated in the
intermediate and high zones. These findings align with tropical karst characteristics defined
by undulating relief and complex subterranean drainage. Recent studies underscore that karst
landforms are heavily dictated by morphology and lithological structures sensitive to
dissolution (Damayanti et al., 2025) and surface collapse risks (Zamroni et al., 2023). These
measurements provide the critical geometric foundation for high-fidelity modeling, where
precision is paramount due to the landscape's hypersensitivity to surface and subsurface
hydrological fluctuations.

b. Geometric Reconstruction via AutoCAD Civil 3D

Following data acquisition, coordinates were ingested into Civil 3D to construct a
Triangulated Irregular Network (TIN). The workflow involved importing CSV datasets, defining
breaklines for sharp geological features, and surface refinement to generate $25 m contour
intervals. The resulting model exhibited dense contour patterns in high-elevation karst hills (>
250 m) and closed-basin morphologies in lower zones (100-150 m).

3D visualizations elucidated the transition from steep limestone slopes to sinkhole
depressions, likely linked to karst dissolution and subsurface drainage. The primary advantage
of Civil 3D in this framework is its geometric precision in surface modeling. However,
capturing micro-karst features (e.g., small dolines and limestone fissures) necessitated
significant manual intervention through breakline adjustment and mesh sharpening. As noted
by Damayanti et al. (2025), karst mapping demands high resolution to avoid overlooking
critical morphological features.

c. Integrated Geospatial Analysis in QGIS
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The refined surfaces were exported to QGIS to undergo transition into raster-based
Digital Elevation Models (DEM) and vector-thematic layers. Advanced spatial analyses—
including hillshading, slope classification, and multi-layer overlays—were performed. The
integrated maps revealed that areas <150 m are primarily utilized for agriculture and are
significantly influenced by karst depressions, whereas zones > 250 m are characterized by
limestone outcrops and secondary forests.

Slope analysis indicates that gradients >30% are highly susceptible to rapid surface
runoff and erosion, findings critical for landslide and subsidence mitigation (Bachri et al.,
2020). This integration facilitates a holistic understanding: the topographic data acts as a
proxy for identifying risk zones and subterranean drainage patterns. Furthermore, the 3D
visualizations provided by QGIS enhance accessibility for non-technical stakeholders,
fostering community-based management.

4, Discussion

The synergy between AutoCAD Civil 3D and QGIS provides a robust workflow for karst
topography. While Civil 3D excels in technical geometric accuracy, QGIS offers superior spatial
analytical depth.

Key advantages include:

1. Geometric Fidelity, TIN modeling captures karst ridges and dolines that are often
smoothed over in simple raster methods.

2. Informed Decision-Making, overlays of lithology, land use, and slope enable the
creation of high-precision risk maps for conservation and spatial planning.

3. Stakeholder Engagement, 3D GIS visualizations facilitate participatory mapping,
bridging the gap between scientific data and local community understanding (Zamroni
et al., 2023).

Challenges and Technical Constraints:

1. Resolution Sensitivity, micro-geomorphology requires dense sampling and specific
breaklines to prevent data loss.

2. Interoperability, maintaining data integrity during CAD-to-GIS transformation is vital
(Boria et al., 2020).

3. Policy Application, topographic products must be translated into actionable zoning
policies (e.g., agricultural restrictions or safe tourism routes) to mitigate sinkhole and
contamination risks.

For future karst mapping endeavors, we recommend the following protocol:

1. Field Strategy, employ bracketing surveys for critical zones like doline basins and
slopes > 30%.

2. Surface Definition, use explicit breaklines in Civil 3D to delineate geological boundaries
(limestone/alluvium).

3. Data Standards utilize DXF/SHP formats anchored to the WGS84 UTM coordinate
system.
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4. Spatial Auditing, conduct slope and hillshade analysis in QGIS to identify potential
land-use conflicts.

Figure 1. Topographic Mapping via Theodolite Surveys within a QGIS Framework

Table 1. Results of Theodolite-Based Topographic Surveys
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This study demonstrates that the integration of AutoCAD Civil 3D and QGIS provides a
comprehensive framework for modeling the complex Gunungsewu Karst. The methodology
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bridges the gap between precise field measurement and advanced spatial analysis, resulting
in highly applicable topographic models. Despite challenges regarding scale and
interoperability, this dual-platform approach offers significant potential for the regenerative
and sustainable management of sensitive karst ecosystems.

5. Conclusion

This study demonstrates that the strategic integration of AutoCAD Civil 3D and
Quantum GIS (QGIS) effectively facilitates a high-precision, comprehensive topographic
reconstruction of the Gunungsewu karst landscape. Primary datasets acquired via GNSS,
theodolite, and total station surveys were successfully synthesized within Civil 3D to generate
robust Triangulated Irregular Network (TIN) surfaces. The subsequent interoperability with
QGIS enabled advanced geospatial analytics, including the generation of Digital Elevation
Models (DEMs), slope and hillshade analyses, and the multi-criteria overlay of lithological and
land-cover datasets.

The resulting topographic models delineate more than mere altitudinal gradients from
coastal zones to karst uplands; they accurately represent critical geomorphological features,
such as closed dolines, depressions, and subterranean drainage architectures. These findings
are instrumental in underpinning the sustainable management of the Gunungsewu Karst,
particularly regarding environmental conservation, geohazard mitigation, spatial planning,
and the optimization of local economic sectors such as agrotourism and sustainable
agriculture.

Despite inherent technical challenges—namely the requirement for high-resolution
data acquisition and the complexities of cross-platform format conversion—the integrated
CAD—-GIS framework provides a highly representative methodology. Consequently, this
synergistic approach is recommended as a standard modeling protocol for karst
environments and other regions characterized by complex geomorphological configurations.
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