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Abstract

The market offers a diverse array of GIS software, both paid and free. Consequently, it is crucial to identify the
most appropriate software for specific spatial analysis applications. This study aims to evaluate and compare
two GIS software platforms: ArcMap (ESRI) (commercial) and Quantum GIS (QGIS) (open-source), in
performing Cut & Fill analysis. The research addresses key issues such as processing efficiency, functional
capabilities, user-friendliness, and cost considerations for users of both software platforms. The study's
methodology involves data collection and performing Cut & Fill analysis on both platforms to assess processing
efficiency, functionality, user-friendliness, and cost. The findings indicate that ArcMap performs Cut & Fill
analysis more rapidly and provides specialized, user-friendly tools, despite its high cost. Conversely, QGIS,
while slower and more complex, is more cost-effective and flexible. User feedback highlights the ease of use
and accuracy of ArcMap, whereas QGIS is recognized for its affordability and customization capabilities. In
conclusion, this study identifies the strengths and weaknesses of both GIS software, providing valuable
information for users to select the appropriate software based on specific task requirements and available
resources.
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1.0 Introduction

Geographic Information Systems (GIS) are critical in modern spatial analysis, providing tools
to improve decision-making in a variety of industries, including urban planning, environmental
management, and infrastructure construction. The market's varied selection of GIS software,
which includes both commercial and open-source solutions, needs a thorough examination to
determine the best platform for certain applications.

Cut & Fill analysis is a method used to determine the amount of material that needs to be
excavated (cut) or added (fill) during construction or site modification processes. With
advancements in GIS technology, various software can perform this analysis (ESRI, 2025).
However, questions arise regarding the accuracy and capabilities between commercial software
like ArcMap and open-source software like QGIS.

This research will carefully analyze and compare two popular GIS software platforms:
ArcMap, a commercial product, and QGIS, an open-source alternative. The emphasis is on
their ability to do Cut & Fill analysis, which is a critical activity in topographic and building
projects. This study addresses critical topics such as processing performance, functional
capabilities, user friendliness, and economic concerns, offering a thorough evaluation for
potential users.

2.0 Literature review

The initial phase of this study will provide a comprehensive overview of the GIS software
currently available on the market, encompassing both commercial and free options.
Additionally, an examination of previous research on the application of GIS software for cut
and fill analysis will offer a clearer understanding of the study's focus.

2.1 Commercial and open-access GIS software

GIS have evolved significantly, offering powerful tools for spatial analysis and mapping.
GIS platforms are generally categorized into two types: commercial software and open-
source software. Each type has distinct features, advantages, and limitations tailored to
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different needs and budgets. The choice between open-source and commercial GIS software
is often driven by the specific requirements of the project, the resources available, and the
user's technical expertise. This decision is crucial as it impacts the efficiency, cost-
effectiveness, and overall success of the spatial analysis tasks (Badea & Badea, 2016).

According to extant literature and applications, there are various GIS software options,
as shown in Table 1. QGIS, GRASS GIS, GDAL, and other open access and commercial
GIS software are available on the market. Paid GIS software include Global Mapper,
Maplnfo Professional, ArcMap, and many others. Numerous studies have examined the
differences between commercial and open-source GIS platforms, focusing on aspects such
as functionality, user-friendliness, cost, and processing efficiency

Table 1: Details of current GIS software

Software Type Description References
QGIS (Quantum GIS) Open- A popular open-source GIS software (Badea & Badea,
access known for its extensive functionality 2016; Chamat, 2018;
and active community support. Stone, 2018)
GeoServer Open- Primarily a server-based application (Ballatore et al.,
access designed for sharing, processing, and 2011; Geoserver
editing geospatial data. team, 2024)
GRASS GIS Open- A powerful tool for geospatial data (Badea & Badea,
(Geographic Resources access management and analysis. 2016; Hengl et al.,
Analysis Support 2009; Migliaccio et
System) al., 2010; Nasr,
2007)
GDAL (Geospatial Data Open- A library for reading, writing, and (Qin et al., 2014;
Abstraction Library) access manipulating geospatial data. Warmerdam, 2008)
SAGA GIS (System for Open- A GIS software with a focus on spatial (Hengl et al., 2009;
Automated access analysis and geoprocessing. Karmaker et al.,
Geoscientific Analyses) 2023)
Whitebox GAT Open- An open-source GIS software for (Cao & Ames, 2012;
(Geospatial Analysis access advanced geospatial analysis and data Lindsay, 2014)
Toolbox) visualization.
ArcMap (ESRI) Commerci A comprehensive and widely used (ESRI, 2024c; Nasr,
al commercial GIS software from ESRI - 2007; Stone, 2018;
suite with advanced mapping and spatial WHO/HQ/WHE/HI
analysis capabilities. M/MAP (GIS team),
2018)
Maplnfo Professional Commerci A desktop GIS software (Pitney Bowes) (Moller, 2024; Nasr,
al known for its ease of use and powerful 2007)
mapping tools.
Geomedia (Hexagon Commerci A GIS software offering advanced data (Intergraph, 2016)
Geospatial) al management, visualization, and analysis
tools.
Global Mapper (Blue Commerci A versatile GIS software known for its (GIS Geography,
Marble Geographics) al user-friendly interface and extensive 2023; Mills, 2023)

data format support.

Regarding functionality and workflow, commercial GIS platforms like ArcMap are
renowned for their extensive toolsets and specialized functions that facilitate complex
analyses. Conversely, open-source platforms like QGIS often require users to integrate
multiple functions to achieve similar outcomes, which can be less intuitive for beginners
(WHO/HQ/WHE/HIM/MAP (GIS team), 2018).

User experience is a crucial factor in the adoption of GIS software. Research indicates
that commercial platforms typically offer more refined interfaces and superior user support,
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making them more accessible for non-experts. In contrast, while open-source platforms are
highly customizable, they often present a steeper learning curve (Stone, 2018).

Cost is always a significant consideration in GIS application development. One of the
primary advantages of open-source GIS platforms is their cost-effectiveness. For instance,
QGIS is free to use, making it an appealing option for organizations with limited budgets.
On the other hand, commercial platforms like ArcMap can be costly, with licensing fees
that may be prohibitive for some users (Badea & Badea, 2016).

Apart from the factors discussed above, some other factors to consider when choosing
between commercial and open source GIS software are scalability, varying community
support and resources, customization and flexibility, training and learning curve, and data
security and privacy (ESRI, 2024b; Kibui, 2024). Integration with other tools and systems,
scalability is important to ensure that the software can handle increasing data and user
demands as the project grows. Integration with other tools and systems is also important to
maintain an efficient workflow (WHO/HQ/WHE/HIM/MAP (GIS team), 2018).
Community support and resources vary, with commercial software offering professional
support and open source software relying on community assistance.

Customization and flexibility are key advantages of open source software, allowing for
customized solutions, while commercial options may offer limited customization. Training
and learning curves should be evaluated, as commercial platforms often provide structured
training, while open source solutions may require more self-directed learning
(WHO/HQ/WHE/HIM/MAP (GIS team), 2018).

Finally, data security and privacy are important, especially when handling sensitive
information, with commercial software typically offering robust security measures and open
source solutions requiring additional configuration. Taking these factors into account helps
in making informed decisions that align with project needs, budgets, and technical
capabilities.

2.2 Previous studies on GIS software for cut and fill analysis

Cut and fill analysis is a critical component of many engineering projects, such as highway
building, land development, and mining. GIS software has substantially improved the
quality and efficiency of these investigations by utilizing DEMs and other spatial data. This
literature review examines prior research on the use of GIS software in cut and fill analysis.

Early research focused on building algorithms for automating cut and fill computations
with DEMs. Pan et al. (2005) suggested an automatic analysis approach based on
ARC/INFO GRID that used pre-cut-fill DEMs and road coverage data to model post-cut-
fill situations. This strategy attempted to lessen the labor-intensive character of previous
approaches while increasing precision.

Chamat, (2018) research emphasizes the need of correct cut and fill calculations in
earthworks, which are required for projects such as road building and drainage. The study
focuses on the use of Quantum-GIS software to improve the route selection process for river
connection projects. The software helps to calculate cut and fill volumes, eliminating
manual work and saving time. The same approach can be used for road and drainage
projects, increasing efficiency and accuracy.

Additionally, Kim et al. (2014) studied the use of GIS software (ArcGIS) and object-
oriented 3D visualization modeling to optimize highway alignment construction. Highway
design is difficult and time-consuming, including cut and fill calculations, cost estimation,
and timetable planning. To automate this process and increase efficiency, the study
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developed an object-oriented data model that meets ISO 10303 requirements. Multiple
highway alignment possibilities were generated and compared using Building Information
Modeling (BIM) technology, which considered cut and fill amounts, prices, and schedule.
The prototype 3D model was tested on a highway project in Seoul, Korea, demonstrating its
capacity to investigate several design alternatives and compare prices and timelines early in
the design process. Overall, the research aims to improve highway design and construction
practices by leveraging advanced modeling techniques to streamline the planning process.

The evolution of GIS software for cut and fill analysis has significantly improved the
efficiency and accuracy of this important engineering task. From early algorithms using
DEMs to modern applications involving the use of competitive free software (QGIS) and
the combination of GIS and BIM for more efficient modeling of building structures, offering
more accurate and user-friendly solutions for cut and fill analysis.

3.0 Materials and Methods

To accomplish the research's objectives, the methodology encompasses several important
phases, as illustrated in Figure 1.

| Preliminary study |

h 4
| Data collection |

v

l—{ Software preparation Ii
h 4

‘ ArcMap analysis ‘ ‘ QGIS analysis ‘
R S I
Cut & fill analysis I

;

Outputs & procesing times

Verification

‘ Data comparison ‘

v

‘ Evaluation ‘

Y
‘ Conclusion & recommendations ‘

Figure 1: Research methodology
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3.1 Data collection

A Digital Elevation Model (DEM) is a 3D digital representation of the Earth's surface, which
depicts the elevation or height of each point on the terrain. It captures various topographic
features, including slope, aspect and other terrain attributes. In this study, a DEM with a
resolution of 10 x 10 pixels for the study area, namely Kg Bukit Batu, Kandang, Melaka for
the year 2014 was prepared. The dataset utilized comprises high-resolution DEM for the
construction site simulation area. The surface data encompasses both the pre-modification,
represented by the original DEM, and the post-modification, which refers to the DEM
following modifications.

3.2 Software preparation

The software preparation phase involves installing and setting up the latest versions of
ArcGIS and QGIS, ensuring both are configured with identical settings, including
coordinate systems and projection parameters. It also includes aligning analysis parameters
such as resolution and cell size, importing the same source data into both platforms, and
configuring the specific tools for cut & fill analysis. A preliminary validation check is
performed to ensure consistency and accuracy, allowing for a fair comparison of results
between the two software.

3.3 Cut and fill analysis

The cut & fill analysis was conducted using two chosen GIS software packages. This process
involved loading the DEM source data, setting up the analysis tools, and executing the
analysis to determine the volume of material to be excavated and filled. The results, which
included volume, affected area, and processing time, were meticulously recorded. Quality
assurance steps, such as thorough validation and detailed reporting, ensured the analysis's
accuracy and reliability. This methodical approach provided a thorough and precise
evaluation of terrain modifications.

3.3.1 ArcMap

The initial step involves preparing DEM data that accurately represents the surface of the
study before modification and one after modification. These two sets of DEM data are
then input into ArcMap software (Figure 2).
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Figure 2: DEM in ArcMap

Cut and Fill analysis is conducted using ArcToolbox to process the data and produce a
new raster that delineates the cut and fill area (Figure 3).
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Figure 3: Cut & Fill function in ArcMap

The output raster will display areas where material has been removed (cut) and added
(filled)(Figure 4). Typically, the cropped area is shown in blue and fills the other inner
area in red. To see detailed statistics, including the volume of material cut and filled,
Open the output raster attribute table.
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Figure 4: Results of the Cut and Fill analysis in ArcMap

3.3.2 QGIS

Conducting Cut and Fill analysis with QGIS software also necessitates the same DEM
dataset. The original topography is modeled into a pre-modification surface
(tin_before kontur) based on an existing contour plan. Conversely, the roadway design
is modeled into a post-modification surface (tin_after jalan) according to its specified
width and height characteristics (Figure 5).
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Figure 5: Cut & Fill function in QGIS

To calculate the difference between DEM, Cut & Fill is calculated using the formula
tin_after kontur - tin_before jalan. Therefore, if the Digital Number (DN) is (+) it means
that it needs to be filled (Fill) and if the value is (-) it needs to be cut. To implement it,
the Raster Calculator function has been used (Figure 6).
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Figure 6: Raster Calculator dialog box

The calculation results will then be converted to vector form (shapefile format) using the
Polygonize (Raster to Vector) tool (Figure 7). The results of the analysis will be displayed

as in Figure 8.
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Figure 7: Polygonize function in QGIS
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Figure 8: Spatial data and attribute data for Cut and Fill analysis

First, calculate the area before determining the volume, as the volume is derived using
the following formula:

VOLUME (vol)=AREAXHEIGHT (DN)

Area calculations are performed using the field calculator function (Figure 9).

formula(1)
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The result of the calculation will be displayed in the form of an attribute table (Figure 10).
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i
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Figure 10: The calculation results are presented in tabular form

Subsequently, the data is divided into two new layers: layer cut (red) and layer fill (blue). This
operation facilitates the calculation of the total cut and fill volumes (Figure 11).
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Figure 11: Display of Cut and Fill analysis results in QGIS software

Finally, the total volume of both data layers was calculated using Microsoft Excel software
(Figure 12).
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Figure 12: Total volume calculation in MS Excel

3.4 Data comparison and evaluation

The analytical results of the two applications will be compared based on four primary
criteria: processing efficiency, functional capabilities, user friendliness, and cost. Processing
efficiency is determined by comparing the time it takes to perform the analysis on each
platform. Functional capabilities are evaluated based on the instruments provided and their
usefulness in executing the necessary analysis. User-friendliness is measured by workflow
complexity and interface intuitiveness. Finally, economic factors are examined by
contrasting the license fees for ArcMap with the free, open-source nature of QGIS. These
findings are then synthesized to show the benefits and shortcomings of each platform,
allowing consumers to make informed judgments.

The conclusion will provide a detailed summary of the study's findings in terms of the
benefits and limitations of each software examined for a specific function, namely cut and
fill analysis. Following that, recommendations for choosing the most suitable software will
be made, as well as future research for improvement.
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4.0 Discussion of analysis and findings

The results of Cut & Fill analysis using ArcMap and QGIS can be evaluated based on several
key factors: processing volume and time, ease of use of the analysis tool, and cost of use
(licensed versus free options) along with resource demands - Central Processing Unit (CPU)
and Random-Access Memory (RAM).

4.1 Volume & processing time results (m?)

ArcMap, particularly with the Spatial Analyst extension, provides highly accurate volume
calculations. The Cut & Fill tool in ArcMap allows for precise determination of volume
changes between two surfaces, ensuring reliable results for both cut and fill operations.
Compared to QGIS that also offers accurate volume calculations through its Raster
Calculator and Zonal Statistics tools. The accuracy is comparable to ArcMap, especially
when using high-resolution DEMs. Tables 2, 3 and 4 present the results of the conducted
analysis. Based on these comparative tables, slight differences were observed in terms of
surface profile, location, volume of soil, and the area requiring filling and cutting.

Table 2.0: Comparison of the Proposed Road Route Profile Using Commercial GIS
Software (ArcMap) and open source GIS Software (QGIS)
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Table 3: Comparison of Locations Requiring Filling and Cutting

Software Output

Commercial GIS

Fill
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Cut
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Software Output

L

Open Source GIS

Fill
Unchanged
Cut

Table 4: Comparison of Volume and Area Requiring Filling and Cutting

Category Item Commercial GIS Open source GIS Difference
software software
Fill 216,625 m? 217,100 m? 475 m?
Volume
Cut 363,809 m? 362,300 m? 1,509 m?
Fill 15,400 m? 15,200 m? 200 m?
Area Cut 14,700 m? 14,300 m? 400 m?
Unchanged 100 m? 600 m? 500 m?

Table 4 presents a detailed comparison of commercial and open source GIS software in
terms of volume and area calculations for filling and cutting. The commercial software
estimated 216,625 m? of fill volume, while the open access software calculated 217,100 m?.
The difference was only 475 m?, demonstrating equal accuracy with a slight overestimation
by the open access software.

In terms of cut volume, the commercial software calculated 363,809 m* compared to
362,300 m? by the open source software, with a difference of 1,509 m?3, again suggesting
consistent results with a slight overestimation by the commercial software. When analyzing
the fill area, the commercial software estimated 15,400 m? and the open access software
15,200 m?, a minimal difference of 200 m?, showing close alignment in their estimations.

Similarly, for the cut area, the commercial program estimated a cut area of 14,700 m?,
while the open access software predicted 14,300 m?, with a discrepancy of 400 m?, showing
comparable accuracy. However, there was a significant discrepancy in the unchanged area,
with the commercial software estimating 100 m? and the open source software 600 m?, a
difference of 500 m?. This suggests that the open access software may be more conservative
in identifying unchanged areas or using different thresholds. Overall, both software types
indicate good accuracy and consistency in volume and area calculations, with slight
variances presumably due to different algorithms or data processing methods. The
significant disparity in unaltered area requires further investigation.

A comparison of the processing times for cut & fill analyses recorded (multiple sets) for
this study area shows that ArcMap averaged 5 minutes while QGIS averaged 7 minutes per
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analysis session. ArcMap typically excels in processing speed for cut & fill analyses,
especially for large datasets. Proprietary algorithms and tightly integrated tools are designed
to handle complex geospatial calculations efficiently, provided the system meets the
hardware requirements of the software (ESRI community, 2024). However, reliance on
licensed extensions such as Spatial Analyst or 3D Analyst can increase initial setup time
and cost.

QGIS offers competitive performance in processing time but may experience slower
calculation speeds for very large datasets or when using complex workflows. As an open
source platform, QGIS relies on user-configured settings and community-developed
plugins, which can affect performance consistency. However, advances in the QGIS
processing framework have significantly improved its speed and efficiency, especially when
leveraging high-performance hardware (Chamat, 2018).

4.2 Ease of use of analysis tools

Comparing ArcMap and QGIS for cut-and-fill analysis highlights distinct strengths and
workflows in each software. ArcMap employs tools like Cut Fill and Interactive Cut and
Fill, which require two overlapping raster surfaces to compute volume changes (ESRI
community, 2024). These tools are seamlessly integrated into ArcGIS Pro and ArcMap,
offering a specialized viewer that differentiates cut areas (blue) from fill areas (red). While
ArcMap’s workflow is efficient, it necessitates a dedicated license such as Spatial Analyst
or 3D Analyst and uses bilinear resampling for precision.

On the other hand, QGIS provides a more adaptable approach with its Raster Surface
Volume Tool, which utilizes a Digital Elevation Model (DEM) for volume calculations. The
process in QGIS typically involves clipping the DEM, reprojecting data, generating
contours, and employing volume tools. As an open-source platform, QGIS is highly
customizable, enabling users to tailor the interface to their needs. Additionally, it supports
numerous plugins that enhance functionality, such as polygon tools and zonal statistics for
validating volume calculations (Duarte et al., 2021). This flexibility allows QGIS to handle
diverse data sources, including LiDAR and point clouds.

ArcMap offers a user-friendly interface with clearly documented tools and workflows,
making it easy to navigate and perform tasks (WHO/HQ/WHE/HIM/MAP (GIS team),
2018). Its interactive cut-and-fill analysis feature in ArcGIS Pro is particularly intuitive,
enabling users to dynamically visualize and refine their analysis. Meanwhile, QGIS stands
out for its flexibility and simplicity, especially appealing to those experienced with open-
source GIS platforms. Tasks like loading a DEM, conducting raster calculations, and
producing zonal statistics are simple and efficient in QGIS, ensuring accessibility for users
of varying skill levels (Badea & Badea, 2016).

In summary, ArcMap delivers precise, visualization-focused tools for cut-and-fill
analysis but requires specific licenses and matching raster surfaces. Conversely, QGIS
offers a versatile, user-friendly alternative with broad data compatibility and customizable
plugins. The choice between the two depends on the project’s requirements and available
resources

4.3 Cost of use and resource requirements

ArcMap and ArcGIS Pro operate under a paid licensing model, which can be expensive.
However, this license provides access to advanced capabilities, professional technical
support, and regular software updates (Migliaccio et al., 2010). In contrast, QGIS is free and
completely open source, appealing to users on a budget. Despite being free, QGIS delivers
powerful functionality and benefits from an active and supportive community (Stone, 2018).
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Both tools are effective for cut-and-fill analysis, each offering unique advantages. Choosing
between them depends on factors such as budget, system specifications, and required
features.

ArcMap cost varies based on the chosen licensing model. To perform Cut & Fill analysis,
users need tools like the Cut & Fill tool and the Spatial Analyst or 3D Analyst extensions,
which incur additional costs. A standard ArcMap license typically ranges from $1,500 to
$3,000, depending on whether it is a single-use or concurrent-use license. This license
provides access to basic mapping and analysis functionalities. For advanced analysis such
as Cut & Fill, users must purchase the Spatial Analyst or 3D Analyst extensions, each
costing an additional $1,500 to $3,000. These extensions offer tools specific to raster
analysis, including Cut & Fill functionality (ESRI, 2024a).

Additionally, ESRI offers an annual maintenance and support plan, usually costing
around 20% of the initial license price per year. This plan includes software updates, bug
fixes, and access to technical support. Overall, the total cost to perform Cut & Fill analysis
in ArcMap can range from $3,000 to $6,000 or more, depending on the specific licenses and
extensions required (ESRI, 2024a).

In terms of resource requirements, ArcMap and ArcGIS Pro are resource-intensive,
requiring significant CPU and RAM power, especially when dealing with large data sets or
running complex analyses. High-performance hardware is often required to achieve peak
performance. QGIS, on the other hand, is often lighter, which reduces the demand on system
resources. It handles large data sets efficiently, making it an ideal solution for users with
limited hardware resources.

5.0 Conclusion and future research

This study evaluates and compares two GIS software platforms, ArcMap (commercial) and
QGIS (open-source), for their performance in conducting Cut & Fill analysis. The research
focuses on processing efficiency, functional capabilities, user-friendliness, and cost
considerations. Through data collection and analysis, the study finds that ArcMap offers faster
processing, specialized tools, and a user-friendly interface, though at a high financial cost.
QGIS, while slower and more complex, is highly cost-effective, customizable, and flexible.

The results suggest that differences in outcomes may stem from variations in the algorithmic
processes used by each software, particularly in contour-to-grid interpolation. User feedback
highlights ArcMap's ease of use and accuracy, whereas QGIS is praised for its affordability
and adaptability.

The study concludes by emphasizing the strengths and limitations of both platforms,
offering insights for users to choose the appropriate software based on their needs and
resources. It also suggests future research to validate the accuracy of Cut & Fill analysis
through field comparisons, providing a more comprehensive understanding of the software's
effectiveness.
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