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Abstract 

The integration of Geographic Information Systems (GIS) with remote sensing and artificial 

intelligence (AI) is transforming the landscape of spatial analysis. This review explores the 

evolution, capabilities, and adoption of prominent open source GIS platforms including QGIS, 

GRASS GIS, gvSIG, SAGA GIS, ILWIS, and Whitebox GAT. These tools have emerged as robust 

alternatives to proprietary software, offering flexibility, extensibility, and community-driven 

innovation. The paper examines their origins, key features, licensing models, and comparative 

strengths in handling raster-vector analysis, plugin support, and web-based mapping. It further 

highlights adoption trends in academia, government, and non-profit sectors, along with 

educational integration and migration patterns from commercial platforms. Current limitations 

such as steep learning curves and performance with large datasets are addressed. The review 

concludes by outlining future directions, including AI integration, real time analytics, cloud 

deployment, and enhanced interoperability. By synthesizing literature and case examples, this 
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paper underscores how open-source GIS, in combination with remote sensing and AI, is shaping a 

new era in spatial intelligence. 

 

Keywords: Geographical Information System (GIS), Remote Sensing, Artificial Intelligence, 

Open-Source GIS, Spatial Analysis. 

 

INTRODUCTION 

What is GIS? 

Geography has played a central role in human survival, development, and decision-making 

since prehistoric times. From ancient hunters predicting animal movement to modern urban 

planners designing smart cities, spatial understanding has always been a crucial tool. Today, the 

vast amount of geographic knowledge we rely on is collected, organized, and analyzed using 

Geographic Information Systems (GIS) [1]. A GIS is a computer-based system designed to collect, 

manage, store, analyze, and display spatial data data that is linked to specific locations on Earth. 

These systems allow users to not only identify where things are but also understand what they 

are, by analyzing the attributes and relationships of spatial features. For example, GIS can quantify 

the exact location of Mount Everest, the depth of the Titanic, or the migration patterns of 

endangered species, while simultaneously analyzing surrounding factors such as land use, 

pollution, or accessibility. GIS supports informed decision-making in countless areas, including 

disaster response, infrastructure planning, environmental protection, agriculture, and public 

health [2]. 

The development and application of GIS have been significantly enhanced by technological 

advances in satellite positioning systems (GNSS), high resolution remote sensing, and computing 

power. These innovations have made spatial analysis faster, more accurate, and more widely 

accessible [3]. 

 

What is Open-Source Software? 

Open-source software refers to computer programs whose source code is freely available, 

allowing anyone to inspect, modify, and enhance the software. It promotes transparency, 

collaboration, and community driven innovation. Unlike proprietary software, which is restricted 

by licensing fees and closed development, open-source tools empower users to adapt the 

software to their specific needs without financial or legal constraints [4]. 
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Why is Open-Source GIS Important? 

The rise of open-source GIS platforms represents a major step forward in democratizing 

access to spatial technologies. Tools such as QGIS, GRASS GIS, gvSIG, SAGA GIS, and Whitebox GAT 

offer powerful capabilities comparable to commercial software like ArcGIS, but at no cost. This 

accessibility has been especially critical for researchers, educators, small governments, NGOs, and 

developing countries, where funding for commercial licenses is limited [5].  Moreover, open 

source GIS fosters transparency and reproducibility in scientific research. Users can review and 

verify the methods used in spatial analysis, develop custom plugins, and contribute to global 

knowledge through active development communities. This collaborative environment encourages 

rapid innovation and widespread adoption across various fields [6]. Open-source GIS also plays a 

pivotal role in responding to environmental challenges, managing public services, and improving 

governance. From mapping flood prone areas to monitoring wildlife recovery, these tools have 

enabled timely and cost-effective decision making with real-world impact [7]. 

 

Purpose and Scope of This Review 

This review paper aims to provide a systematic overview of major open source GIS 

platforms, examining their core capabilities, identifying key limitations, and analyzing their 

adoption trends across academic, governmental, and private sectors. The paper seeks to: 

• Compare the main features of leading open source GIS software 

• Evaluate usability, performance, and community support 

• Identify challenges in training, scalability, and technical limitations 

• Highlight real-world applications through literature examples 

• Assess global adoption patterns and emerging trends 

Through this review, we aim to present a balanced and insightful assessment of open 

source GIS, offering valuable guidance for students, professionals, researchers, and organizations 

seeking to explore or enhance their use of these tools. 
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Overview of Popular Open Source GIS Platforms 

Open-source GIS platforms have emerged as powerful alternatives to commercial 

software, offering a range of spatial data handling, analysis, and visualization capabilities [7]. The 

following section provides a detailed overview of six widely used open-source GIS tools: QGIS, 

GRASS GIS, gvSIG, SAGA GIS, ILWIS, and Whitebox GAT. For each, we discuss the origin, 

developer, core features, and licensing model. 

 

QGIS 

QGIS, originally known as Quantum GIS, was initiated in 2002 by Gary Sherman as a 

personal project. It quickly gained traction within the open source community due to its modular 

architecture and user friendly interface. QGIS is developed and maintained by an international 

community of volunteers and organizations under the coordination of the QGIS Project Steering 

Committee [5]. It operates under the umbrella of the Open Source Geospatial Foundation 
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(OSGeo). QGIS supports a broad range of vector, raster, mesh, and point cloud formats. It 

integrates with external tools like GRASS GIS, SAGA GIS, and PostGIS, and is extensible through 

Python and C++ plugins. The software offers advanced cartographic output, spatial analysis, 

georeferencing tools, map layouts, and compatibility with various web services (WMS, WFS, WCS). 

Its active plugin ecosystem enables tailored functionalities for specific research or operational 

needs. QGIS is licensed under the GNU General Public License (GPL), which permits free use, 

modification, and redistribution [5, 8]. 

 

 
 

GRASS GIS 

The Geographic Resources Analysis Support System (GRASS GIS) was developed in 1982 by 

the U.S. Army Corps of Engineers as a land management tool. Over time, it evolved into one of the 

most comprehensive open source GIS platforms and was officially released under GPL in 1999 [9]. 

GRASS is maintained by the GRASS Development Team, a global group of contributors, and 

supported by OSGeo. Its development is academically driven, with strong collaboration from 

research institutions. GRASS GIS provides over 350 modules for raster and vector analysis, image 

processing, geostatistics, and 3D modeling. It is known for its command line efficiency, but also 

includes a graphical user interface. GRASS is particularly suited for complex spatial modeling, 

environmental simulation, and large-scale geospatial analysis. It can be used as a standalone 
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application or integrated into QGIS as a processing backend. The software is distributed under the 

GNU General Public License (GPL), promoting open access and collaborative development [10]. 

 

gvSIG 

gvSIG originated in 2004 as a project funded by the Generalitat Valenciana (the 

government of the Valencia region in Spain). Its objective was to provide a free, professional grade 

GIS system for managing spatial data in public administration. The software is developed and 

maintained by the gvSIG Association, a non-profit organization that promotes free software use 

in spatial sciences [11]. Development involves public institutions, universities, and private entities. 

gvSIG offers extensive vector and raster data handling, spatial analysis, topology tools, and 

geoprocessing capabilities. It supports Open Geospatial Consortium (OGC) standards and includes 

advanced layout tools, scripting interfaces, and a modular plugin system. gvSIG is also notable for 

its multilingual support and its adaptation for mobile and 3D environments. gvSIG is released 

under the GNU General Public License (GPL), enabling free use and distribution [5]. 

 

SAGA GIS 

System for Automated Geoscientific Analyses (SAGA GIS) was developed in 2004 at the 

Department of Physical Geography at the University of Göttingen in Germany. It was initially 

designed to support terrain analysis and environmental modeling in geosciences. SAGA GIS is 

developed by the SAGA User Group Association and contributors from multiple academic and 

research institutions [12]. SAGA is well-known for its wide range of geoscientific and terrain 

analysis tools. It excels in digital elevation model (DEM) processing, hydrological modeling, and 

grid based spatial analysis. The modular framework allows developers to contribute 

independently developed tools. SAGA is frequently used alongside QGIS, R, and Python, enhancing 

its flexibility for advanced geospatial workflows. SAGA GIS is released under the GNU General 

Public License (GPL), though some components may be under the Lesser GPL (LGPL) for broader 

compatibility [13]. 

 

ILWIS 

The Integrated Land and Water Information System (ILWIS) was originally developed in 

1984 by the International Institute for Geo-Information Science and Earth Observation (ITC) in the 

Netherlands. It was first released for public use in 1988 and became open-source in 2007. ILWIS 

is now maintained by a community of developers under 52°North, in collaboration with ITC and 
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other academic partners [14]. ILWIS combines both raster and vector capabilities within a single 

platform and offers tools for remote sensing, spatial modeling, image classification, and land use 

analysis. It is commonly used in hydrology, agriculture, and land management projects. ILWIS has 

been evolving under the ILWIS 4 (Next Generation) initiative to support modern standards and 

cloud based deployment. ILWIS is distributed under the GNU General Public License (GPL), 

allowing free academic and commercial use [15]. 

 

Whitebox GAT 

Whitebox Geospatial Analysis Tools (Whitebox GAT) was launched in 2009 by Dr. John 

Lindsay at the University of Guelph, Canada. It succeeded the earlier Terrain Analysis System and 

was designed to support experimental and research oriented geospatial workflows. Whitebox GAT 

is maintained by the open source community, with initial and continuing contributions from 

academic researchers in Canada and elsewhere [16]. Whitebox GAT offers over 500 tools for raster 

analysis, hydrological modeling, terrain classification, and LiDAR data processing. It emphasizes 

transparency in geospatial analysis and rapid tool development. The platform supports scripting 

in Python and Java, and a newer version, WhiteboxTools, has been integrated with Python, R, and 

QGIS to extend its usability. The software is licensed under the GNU General Public License (GPL), 

fostering open collaboration and free distribution [17]. 

 

Platform Year 

of 

Origin 

Developer/In

stitution 

Key Features License 

QGIS 2002 QGIS 

Development 

Team 

(OSGeo-

supported) 

- Wide support for raster, vector, mesh, and 

point cloud data - Plugin architecture 

(Python/C++) - Integration with GRASS, 

SAGA, PostGIS - Advanced cartography & 

symbology - Web services (WMS, WFS, 

WCS) 

GPL 

GRASS GIS 1982 GRASS 

Development 

Team, OSGeo 

- Over 350 modules for raster/vector/3D 

analysis - Spatial modeling and image 

processing - Time-series analysis - 

Command-line and GUI support - Integrates 

with QGIS and R 

GPL 
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gvSIG 2004 gvSIG 

Association 

(Valencian 

Govt. 

Initiative) 

- Desktop GIS with multilingual support - 

Strong vector/raster processing - OGC 

standards compliance - Plugin-based 

architecture - 3D, mobile, and web mapping 

capabilities 

GPL 

SAGA GIS 2004 SAGA User 

Group 

(University of 

Göttingen) 

- Specialized in geoscientific terrain analysis 

- DEM and hydrology tools - Grid-based 

modeling - Modular tool framework - 

Python and R scripting support 

GPL / 

LGPL 

ILWIS 1988 ITC 

(University of 

Twente), 

52°North 

- Combines raster and vector analysis - 

Remote sensing and classification tools - 

Hydrological and land use modeling - Simple 

GUI and scripting options - ILWIS 4 supports 

cloud and modern web standards 

GPL 

Whitebox 

GAT 

2009 University of 

Guelph (John 

Lindsay), 

open-source 

contributors 

- 500+ tools for hydrology, LiDAR, and 

terrain analysis - Transparent processing 

environment - Python/Java scripting - 

Integration with WhiteboxTools in Python, 

R, and QGIS - Designed for experimental 

workflows 

GPL 

 

Capabilities and Strengths 

Open-source GIS platforms offer a range of functionalities that support various types of 

geospatial analysis, from basic mapping to advanced terrain modeling and remote sensing [18]. 

This section outlines the core strengths of leading open-source GIS tools across six main 

capabilities: raster and vector analysis, plugin extensibility, data visualization and cartography, 

web mapping, scripting integration, and user support infrastructure. 

 

Raster and Vector Analysis 

Raster and vector processing form the foundation of any GIS system. Raster data, often 

derived from remote sensing, is essential for terrain modeling, land cover classification, and 

environmental monitoring, while vector data enables mapping of roads, boundaries, and 

infrastructure [19]. 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


 

346 

IJEVSS, Volume 04 Issue 04, 2025 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

• QGIS supports both raster and vector formats through integration with the GDAL/OGR 

libraries. It allows for spatial joins, overlays, buffer operations, and advanced raster 

calculator functions. Its compatibility with GRASS and SAGA expands its analytical 

capabilities significantly [10]. 

• GRASS GIS is renowned for its raster-based analysis modules. It offers strong support for 

image classification, hydrological modeling, surface interpolation, and map algebra. GRASS 

also includes comprehensive vector tools for topology, network analysis, and spatial 

querying [20]. 

• gvSIG provides reliable support for raster and vector operations, including basic editing, 

topological correction, and layer symbology. It is well-suited for municipal and regional 

planning tasks [17]. 

• SAGA GIS is particularly strong in raster terrain and geoscientific analysis. Its modules for 

hydrology, geomorphometry, and surface analysis are highly optimized for large datasets. 

• ILWIS supports raster and vector data natively and offers interactive image classification, 

cross-section analysis, and basic modeling tools in an integrated environment [21, 22]. 

 

Plugin Support and Extensibility 

Extensibility through plugins is a defining characteristic of modern GIS software. It enables 

users to tailor tools to their needs without modifying the core software [23]. 

• QGIS features a rich plugin repository with thousands of community-developed and official 

plugins. These cover domains like geostatistics, remote sensing, time-series analysis, web 

mapping, and hydrology. The PyQGIS API allows users to create custom tools in Python [5, 

24]. 

• GRASS GIS does not rely on a plugin marketplace but allows integration of new modules 

via scripting. Modules are tightly bound to its command-line interface. 

• gvSIG offers plugin extensibility, though it is less comprehensive compared to QGIS. Its 

Java-based architecture allows development of domain-specific extensions [5]. 

• SAGA GIS supports tool module development but lacks a centralized plugin repository. Its 

architecture enables researchers to contribute specialized tools. 

• ILWIS includes scripting functionality but plugin development is more limited. However, 

the newer ILWIS 4 architecture is being refactored for improved modularity and 

extensibility [25]. 
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Data Visualization and Cartography 

Map creation and data visualization are essential for communicating geospatial 

information effectively. 

• QGIS provides extensive cartographic tools including advanced labeling, symbology styles, 

layer blending, and customizable print composer layouts. Users can generate publication-

ready maps and thematic charts. 

• GRASS GIS includes tools for rendering raster and vector maps and supports 3D 

visualizations through NVIZ. Its outputs can be exported for use in other mapping 

environments [26]. 

• gvSIG offers map layout tools and supports multiple view management, which is 

particularly useful in multi-scale projects. Thematic mapping and symbology features are 

available, although less refined than QGIS. 

• SAGA GIS includes basic map visualization features primarily oriented toward analysis 

rather than presentation. Its strength lies more in scientific outputs than in aesthetic 

design. 

• ILWIS provides user-friendly layout design, legend creation, and thematic layer display. 

While suitable for internal reporting, its output options are limited for professional 

cartography [27]. 

 

Web Mapping Capabilities 

Web GIS is crucial for sharing spatial data interactively with broader audiences and 

stakeholders. 

• QGIS supports web mapping through tools like QGIS Server, QGIS2Web, and integration 

with external services like GeoServer and MapServer. These features allow publishing of 

interactive maps via web platforms or cloud environments. 

• GRASS GIS, SAGA, gvSIG, and ILWIS do not natively support robust web mapping. While 

GRASS and SAGA can export data for use in web services, they are typically backend tools 

rather than front-end mapping solutions. 

• Some efforts exist to extend web capabilities in gvSIG and ILWIS, but these are generally 

under active development and not yet mature for enterprise-scale deployment [5]. 
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Python and R Integration 

Scripting languages like Python and R are widely used in geospatial data analysis for 

automation, data processing, and machine learning. 

• QGIS has full support for Python via the PyQGIS API, allowing automation of map 

production, custom GUI development, and spatial data handling. R can be used within 

QGIS through dedicated plugins such as Processing R Provider. 

• GRASS GIS provides a Python scripting shell and full access to GRASS modules via PyGRASS 

and GRASS-R interfaces. This enables efficient automation and integration with scientific 

workflows. 

• SAGA GIS supports scripting through bindings in R (via RSAGA package) and Python, though 

the integration is less seamless than in QGIS [28, 29]. 

• gvSIG offers a scripting console but has limited third-party integration. Development is 

ongoing to improve compatibility with Python. 

• ILWIS supports scripting in Python and Groovy in its newer versions, but broader 

integration with analytical libraries is still emerging [5]. 

 

Community Support and Documentation 

A strong user and developer community ensures software evolution, bug fixing, and 

availability of learning resources. 

• QGIS has one of the most active open source GIS communities. It hosts regular user 

conferences, publishes detailed user manuals, and provides an extensive library of 

tutorials. 

• GRASS GIS also enjoys strong academic backing. Its documentation is structured and 

detailed, catering to both beginners and expert users. 

• gvSIG is actively supported by the gvSIG Association, with documentation in multiple 

languages and regional training programs. 

• SAGA GIS has a dedicated research user base and a modest but responsive forum 

presence. Documentation is functional, though not as rich as QGIS or GRASS. 

• ILWIS benefits from support by ITC and 52°North. While documentation for older versions 

is comprehensive, newer resources are still catching up with recent software updates [5, 

30]. 
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Feature QGIS GRASS GIS gvSIG SAGA GIS ILWIS 

Raster Data 

Support 

               

Vector Data 

Editing 

              

Plugin 

Marketplace 

     Limited     

3D Visualization 

Tools 

            

Web Mapping 

Capabilities 

           

Python Integration       Limited    Limited 

R Integration              

Cartographic 

Output Tools 

Advanced Moderate Moderate Basic Moderate 

Community 

Support Level 

Strong Strong Moderate Moderate Moderate 

Documentation 

Quality 

Extensive Comprehensive Sufficient Moderate Improving 

 

Limitations and Challenges 

While open-source GIS platforms have gained substantial popularity due to their flexibility, 

cost effectiveness, and extensibility, they are not without limitations. Understanding these 

challenges is essential for selecting the right tools, especially in large scale, high stakes projects. 

This section outlines some of the main drawbacks commonly associated with open-source GIS 

tools in comparison to commercial alternatives. 

 

Steep Learning Curve for New Users 

One of the primary obstacles for adopting open-source GIS tools is the steep learning 

curve, particularly for users with little prior GIS experience. While platforms like QGIS have made 

strides in improving user interfaces and tutorials, tools like GRASS GIS and SAGA GIS still require 

significant time to understand module based workflows and command-line operations. For 
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professionals used to commercial platforms with point and click environments, this presents a 

barrier to efficient use [31]. 

 

Graphical User Interface (GUI) Limitations 

Although QGIS and gvSIG offer relatively polished user interfaces, several open-source GIS 

tools such as GRASS GIS and ILWIS still lack the intuitive GUI design found in commercial systems 

like ArcGIS Pro. Interface elements may be outdated or fragmented, and accessing certain 

functionalities often requires switching between multiple windows or executing command line 

instructions. These factors can hinder productivity and reduce appeal for non technical users [32]. 

 

Performance with Large Datasets 

Open-source GIS platforms sometimes struggle to handle extremely large or complex 

spatial datasets, particularly when compared to enterprise grade systems. Operations involving 

high resolution raster data, multi-layer vector datasets, or extensive 3D scenes may cause delays 

or crashes. The performance bottleneck is often due to limited memory management 

optimization and dependency on third-party libraries, which may not be tailored for big data 

processing [33]. 

 

Limited Professional Support and Maintenance 

Unlike commercial platforms that offer dedicated customer support, technical hotlines, 

and formal service level agreements (SLAs), open source GIS solutions rely largely on community 

forums, mailing lists, and volunteer documentation. While many communities are active and 

helpful, the absence of guaranteed support can be a concern in mission critical applications or 

government projects where response time and accountability are crucial [34]. 

 

Plugin Stability and Compatibility Issues 

While plugin systems in open-source platforms (especially QGIS) offer impressive 

flexibility, they can also lead to stability issues. Plugins are often developed independently, and 

may not be regularly updated to match new software versions. This can result in broken 

functionality, conflicts, or unexpected behavior during analysis. In contrast, commercial software 

undergoes strict QA testing before releasing new tools or updates [24]. 
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Table 3: Summary of Limitations in Open-Source GIS Platforms 

Challenge Description 

Steep Learning 

Curve 

Requires significant time investment to understand tools and workflows, 

particularly in GRASS, SAGA, and command-line environments. 

Limited GUI 

Friendliness 

Interfaces may lack modern design and intuitive layout, reducing ease of 

use compared to commercial platforms like ArcGIS or MapInfo. 

Performance with 

Large Data 

Raster heavy or high volume vector tasks can cause lag or crashes due to 

less optimized data handling and processing pipelines. 

Lack of Formal 

Support 

No official customer support; relies on community forums and 

documentation, which may vary in quality and availability. 

Plugin Instability Plugins may be outdated, conflict with core updates, or be poorly 

documented resulting in inconsistent performance or broken features. 

 

Adoption and Usage Trends 

Over the past decade, open-source GIS platforms have witnessed a significant rise in 

adoption across academic, governmental, and non profit sectors. Their cost effectiveness, 

community-driven development, and flexibility have made them viable alternatives to proprietary 

software like ArcGIS [35]. This section explores how these tools are being increasingly integrated 

into research, education, and operational workflows around the world. 

 

Adoption in Universities, NGOs, and Research Institutions 

Universities and research centers worldwide have embraced open source GIS tools, 

particularly QGIS and GRASS GIS, due to their accessibility and extensive analytical capabilities. 

These platforms enable students and researchers to conduct complex spatial analyses without the 

financial burden of licensing fees. Numerous postgraduate GIS and environmental science 

programs now include open source software as a core part of their curriculum. Additionally, NGOs 

and development agencies use QGIS for land use planning, water resource management, and 

disaster risk analysis, particularly in low resource settings where budget constraints limit access 

to commercial tools [2]. 

 

Published Research Using Open-Source GIS 

The number of peer reviewed publications utilizing QGIS, GRASS GIS, and SAGA GIS has 

grown steadily. Researchers use these tools for a wide range of applications, including land cover 
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classification, urban expansion monitoring, hydrological modeling, and biodiversity mapping. For 

instance: 

• QGIS has been widely used in habitat suitability modeling, groundwater potential analysis, 

and socio-environmental vulnerability mapping. 

• GRASS GIS has been employed in time series analysis of satellite data, erosion modeling, 

and vegetation change detection. 

• SAGA GIS features prominently in studies related to terrain analysis, catchment hydrology, 

and geomorphometric mapping. This trend indicates growing academic trust in the 

analytical reliability and reproducibility of open-source GIS tools [36]. 

 

Integration into GIS Education 

Many higher education institutions are shifting from proprietary software to open-source 

GIS as part of a broader move toward open educational resources (OER). QGIS, in particular, is 

now taught in introductory and advanced GIS courses due to its user friendly interface, robust 

documentation, and active global community. Students are trained not only in spatial analysis but 

also in plugin development and automation using Python. The ability to use real world tools 

without restrictive licenses enhances learning outcomes and promotes skill portability [37]. 

 

Migration from ArcGIS to QGIS 

There is a notable shift in both public and private sectors from licensed systems like ArcGIS 

to open-source alternatives such as QGIS. This migration is driven by several factors: 

• Cost savings associated with license free software. 

• Increasing compatibility of QGIS with widely used data formats and services (e.g., GeoTIFF, 

Shapefile, WMS). 

• Active development community that frequently releases updates and security patches. 

• Improved usability, with QGIS offering similar workflows to ArcGIS in data editing, spatial 

queries, and map creation. Several European municipalities and international 

organizations have officially transitioned to QGIS as their primary GIS platform, showcasing 

its maturity and institutional trustworthiness [38]. 
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Table 4: Summary of Adoption and Usage Patterns 

Sector Open-Source GIS Usage 

Universities Used extensively in teaching and research. QGIS and GRASS are common in 

coursework and postgraduate studies. 

Research 

Journals 

Increasing citations of studies using QGIS, GRASS, and SAGA. Used in climate 

studies, ecology, geology, and remote sensing. 

NGOs Applied in community mapping, disaster response, environmental 

monitoring, and participatory planning in low-resource contexts. 

Government Adopted by municipalities and departments for land records, urban planning, 

and public service mapping especially in Europe and Latin America. 

Education Integrated into GIS curricula worldwide; enables hands on training without 

licensing restrictions. Supports open science and reproducible research 

practices. 

Migration 

Trend 

Growing replacement of ArcGIS with QGIS in government and academia due 

to cost, customization, and transparency advantages. 

 

Future Directions and Trends 

As spatial data becomes more complex and central to decision-making across sectors, the 

role of open-source GIS platforms is expected to evolve significantly. Emerging technologies such 

as artificial intelligence (AI), cloud computing, and real time data streams are reshaping how 

geospatial information is processed and utilized [39]. This section outlines the anticipated trends 

and opportunities that will influence the future landscape of open source GIS development and 

usage. 

 

Integration with Artificial Intelligence and Machine Learning 

The combination of open-source GIS with AI and machine learning (ML) is an emerging 

frontier in spatial analysis. Platforms like QGIS and GRASS GIS are increasingly being integrated 

with Python libraries such as TensorFlow, Scikit-learn, and PyTorch to perform predictive 

modeling, pattern recognition, and image classification tasks. For example, machine learning 

algorithms can be used within QGIS for land cover classification, crop disease detection from 

satellite imagery, and urban expansion prediction. The continued integration of AI capabilities will 

expand the analytical power of GIS, making it more adaptive to big data and real time applications, 

particularly in environmental monitoring and smart city planning [40, 41]. 
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Cloud-Based and Web GIS Deployment 

Cloud computing is redefining how GIS platforms are accessed and deployed. Open-source 

solutions are beginning to offer cloud-based versions or integrations, allowing users to manage 

geospatial workflows without relying on local infrastructure. Initiatives like QGIS Cloud and the 

use of Docker containers for GRASS GIS highlight the move toward web enabled spatial analysis. 

This trend enables collaboration across teams and geographies, increases scalability, and 

facilitates integration with other web based systems such as decision support dashboards and 

mobile data collection tools [42]. 

 

Real Time and Sensor  Based GIS Applications 

The growing use of Internet of Things (IoT) devices and remote sensors is generating 

massive streams of spatial temporal data. Open source GIS platforms are beginning to adapt by 

supporting the ingestion and processing of real-time data. For instance, QGIS plugins and 

PostgreSQL/PostGIS backends allow dynamic updating of maps based on sensor feeds for 

applications like traffic monitoring, flood forecasting, and air quality tracking. This real-time 

capability will be a significant area of development, particularly for disaster response systems and 

environmental surveillance networks [43]. 

 

Enhanced Interoperability and Open Standards 

Adherence to open standards such as those set by the Open Geospatial Consortium (OGC) 

will continue to be a priority in future GIS development. Open source platforms are already at the 

forefront of supporting standards like WMS, WFS, and GeoPackage, which ensure seamless data 

exchange across systems. As spatial analysis becomes more interdisciplinary, enhancing 

interoperability between GIS platforms and external tools (e.g., statistical packages, simulation 

software, and CAD systems) will be vital for integrated analysis and reporting [44]. 

 

User Centric Design and Usability Improvements 

To attract a wider range of users, open-source GIS tools are gradually shifting toward more 

intuitive, user friendly interfaces. The development of drag and drop tools, guided workflows, and 

context-aware help systems will likely reduce the learning curve and make these platforms more 

accessible to non-specialists, including policy makers and local administrators. This shift in design 

philosophy reflects a broader movement toward democratizing spatial technologies and 

empowering more users to engage with geospatial data [45]. 
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Strengthening Community and International Collaboration 

The success of open-source GIS relies heavily on strong community engagement. The 

future will see increased international collaboration through coding sprints, developer 

conferences, open data projects, and training programs. These efforts will not only ensure 

continuous improvement of the software but also expand the reach of GIS education and practice 

in developing regions. Collaboration between academia, government, and industry will be 

essential to sustain innovation and ensure that tools remain aligned with real world needs [46, 

47]. 

 

Table 5: Emerging Trends in Open-Source GIS Development 

Trend Description and Future Potential 

AI & Machine 

Learning Integration 

Enables advanced classification, modeling, and automation in GIS 

workflows using Python libraries and deep learning techniques. 

Cloud-Based GIS Facilitates remote access, scalability, and team collaboration through 

tools like QGIS Cloud and Dockerized GRASS GIS. 

Real-Time GIS Supports sensor based mapping and analysis of live spatial data (e.g., 

weather, traffic, pollution) through streaming and dynamic updating. 

Open Standards 

Compliance 

Promotes data interoperability and system integration using formats 

like WMS, WFS, and GeoJSON, enabling seamless cross-platform 

workflows. 

Improved User 

Interfaces 

Simplifies operation through GUI enhancements, tooltips, and visual 

customization, making GIS accessible to broader, non-technical 

audiences. 

Global Community 

Expansion 

Strengthens sustainability and innovation through volunteer 

contributions, multilingual documentation, and increased adoption in 

developing countries. 

 

CONCLUSION 

The integration of Geographic Information Systems (GIS) with remote sensing and artificial 

intelligence has revolutionized the landscape of spatial analysis. Open source GIS platforms such 

as QGIS, GRASS GIS, gvSIG, SAGA GIS, ILWIS, and Whitebox GAT have emerged as robust 

alternatives to proprietary software, offering extensive capabilities for data management, 

analysis, and visualization. Their adaptability, active communities, and support for modern 
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computational tools have made them increasingly relevant in research, education, and policy 

making. This review highlights the functional strengths of these platforms including their ability to 

handle raster and vector data, plugin extensibility, support for scripting, and cartographic 

capabilities while also acknowledging their current limitations such as steep learning curves, GUI 

constraints, and plugin stability. Despite these challenges, the global adoption of open source GIS 

continues to grow across universities, NGOs, and government institutions, with many shifting from 

commercial systems to open alternatives. Looking ahead, the future of open source GIS lies in 

deeper integration with artificial intelligence, real time data processing, cloud deployment, and 

enhanced interoperability with other scientific tools. The evolution of user friendly interfaces and 

collaborative development will further democratize access to spatial technologies, empowering 

users across disciplines and regions to engage meaningfully with geospatial data. In sum, open 

source GIS is not only a technological tool but also a driver of inclusive innovation. As spatial data 

continues to shape how societies plan, manage, and respond to change, these platforms will play 

an increasingly critical role in delivering accessible, intelligent, and scalable spatial solutions for 

the challenges of the modern world. 
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