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Geographical Informati on Systems (GIS) have emerged as transformati ve 
tools in spati al data analysis, enabling effi  cient decision-making across 
diverse sectors such as urban planning, environmental management, 
transportati on, agriculture, and disaster response. This review explores 
the evoluti on of GIS, highlighti ng key technological advancements such 
as cloud computi ng, real-ti me data integrati on, big data analyti cs, 3D 
modeling, and mobile GIS applicati ons. It also examines the broad 
spectrum of GIS applicati ons, from city planning and environmental 
conservati on to public health and logisti cs. Despite its potenti al, GIS 
faces challenges related to data accuracy, integrati on, and privacy 
concerns. Looking forward, the future of GIS appears promising, driven 
by innovati ons in arti fi cial intelligence, 5G networks, and citi zen science, 
which will enhance real-ti me analysis, predicti ve modeling, and data 
accessibility. This review provides a comprehensive overview of the 
current state of GIS technology, its practi cal uses, and the evolving 
trends that will shape its role in spati al decision-making. 
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Integrati on, Cloud-based GIS, Machine Learning in GIS, 3D Visualizati on 
and Augmented Reality

Introduction
Geographical Informati on Systems (GIS) have become 
integral to a wide range of industries, off ering tools to 
analyze, interpret, and visualize spati al data in ways that 
were previously unimaginable. Originati ng in the 1960s as a 
tool for mapping and basic spati al analysis, GIS has evolved 
into a sophisti cated technology that underpins modern 
decision-making in both the public and private sectors. 
By integrati ng geographical data with various types of 
informati on—such as socio-economic, environmental, and 
infrastructural data—GIS provides a powerful framework for 
understanding complex spati al patt erns and relati onships.

The growth of GIS has been accelerated by advancements 
in digital mapping technologies, satellite imagery, remote 

sensing, and the proliferati on of mobile devices. The ability 
to create and analyze detailed maps has revoluti onized 
how governments, businesses, and researchers approach 
problem-solving, from disaster management and urban 
planning to environmental monitoring and natural resource 
management. Furthermore, GIS has democrati zed spati al 
analysis by making it more accessible to a broad range of 
professionals and even the general public through user-
friendly interfaces and cloud-based platf orms.

One of the key advantages of GIS is its ability to visualize 
data in a spati al context, helping users identi fy trends 
and patt erns that might not be immediately obvious from 
tabular or text-based data alone. This spati al perspecti ve 
enhances decision-making, enabling stakeholders to bett er 
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understand the implications of their actions in relation to 
geography and the environment. Moreover, the integration 
of real-time data streams, such as traffic patterns, weather 
conditions, and sensor-based environmental monitoring, 
has made GIS even more dynamic, allowing for timely 
interventions and informed responses.1,2

As GIS technology continues to evolve, its scope of 
applications is broadening. From its traditional use in urban 
planning and natural resource management to cutting-edge 
applications in health geography, climate change modeling, 
and smart city initiatives, GIS is becoming indispensable 
in addressing the complex challenges of the 21st century. 
This review seeks to provide an in-depth examination of 
the current state of GIS, its core components, the latest 
advancements in the field, and the challenges that remain. 
It also explores the future directions of GIS, focusing on 
emerging trends such as artificial intelligence (AI), machine 
learning, and crowdsourced data that promise to further 
expand the potential of GIS in spatial decision-making.3

What is GIS?
A Geographical Information System (GIS) is a computer-
based tool used to collect, store, analyze, manage, and 
visualize spatial or geographic data. It enables users to 
capture various types of information, both geographical 
and non-geographical, and to organize, analyze, and display 
that data in a way that highlights spatial relationships, 
patterns, and trends. GIS is designed to handle both vector 
data (which represents features using points, lines, and 
polygons) and raster data (which represents information 
as grids or pixels, such as satellite imagery).

At its core, GIS integrates several elements to form a system 
that supports spatial analysis and decision-making. These 
elements include:

• Data: Geographic data about locations, features, and 
attributes (e.g., roads, rivers, vegetation, population 
statistics).

• Software: Specialized programs that provide the tools 
to analyze spatial data (e.g., ArcGIS, QGIS, MapInfo).

• Hardware: The physical devices used to collect and 
process GIS data, including computers, servers, GPS 
devices, and remote sensing equipment.

• People: Users who interact with the GIS, ranging from 
data analysts to decision-makers who utilize spatial 
information to solve problems or plan activities.

• Methods: Analytical techniques that allow users to 
process and interpret spatial data, including mapping, 
modeling, and statistical analysis.

Key Functions of GIS:
• Mapping and Visualization: GIS enables users to create 

detailed maps that display spatial relationships. These 

maps can represent physical features (e.g., mountains, 
rivers) or abstract data (e.g., economic statistics, 
population density).

• Spatial Analysis: GIS can analyze spatial patterns 
to identify trends, make predictions, or assess 
relationships between different geographic features. 
For example, it can analyze traffic flow, urban growth, 
or the spread of diseases.

• Data Integration: GIS allows for the integration of 
different types of data—such as satellite imagery, 
survey data, and demographic statistics—into a single 
platform for comprehensive analysis.

• Geospatial Modeling: GIS tools are used to create 
models that simulate real-world processes or predict 
future scenarios. These models are useful in areas such 
as environmental planning, disaster management, and 
urban development.4,5

Types of GIS Data
• Vector Data: This type of data uses points, lines, and 

polygons to represent real-world features like cities, 
roads, rivers, and boundaries. Vector data is precise and 
suitable for mapping features with clear boundaries.

• Points: Represent discrete locations (e.g., a city, a well).
• Lines: Represent linear features (e.g., roads, rivers).
• Polygons: Represent areas with defined boundaries 

(e.g., parks, lakes, political districts).
• Raster Data: This type of data uses a grid of cells or 

pixels to represent spatial information. Each cell holds 
a value that corresponds to some property of the area 
it represents, such as land cover, temperature, or 
elevation. Satellite imagery, aerial photographs, and 
digital elevation models (DEMs) are common forms 
of raster data.

Applications of GIS: GIS technology has a vast range 
of applications across various fields, including: 

• Urban Planning: Creating maps for zoning, land use, 
and infrastructure planning.

• Environmental Monitoring: Assessing and managing 
natural resources, tracking biodiversity, and monitoring 
environmental changes (e.g., deforestation, pollution).

• Agriculture: Supporting precision farming, monitoring 
crop health, and optimizing irrigation systems.

• Disaster Management: Mapping and analyzing hazards 
(e.g., floods, wildfires), planning evacuation routes, 
and coordinating emergency responses.

• Public Health: Tracking disease outbreaks, mapping 
health facilities, and analyzing environmental factors 
affecting public health.

• Transportation and Logistics: Optimizing route 
planning, traffic management, and supply chain 
logistics.6,7                                                                                                                                                                                                                                                                
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Advancements in GIS Technology 
Geographical Information Systems (GIS) have experienced 
significant technological advancements over the past 
few decades, transitioning from basic mapping and data 
analysis tools to comprehensive, multi-faceted platforms 
that support sophisticated spatial decision-making. Several 
emerging technologies, such as cloud computing, real-
time data integration, machine learning, 3D visualization, 
and mobile GIS, have expanded the capabilities of GIS 
and opened new avenues for its application. This section 
explores some of the most notable advancements in GIS 
technology.

Cloud-based GIS
One of the most transformative shifts in GIS technology is 
the move to cloud-based systems. Traditional GIS platforms 
often required substantial on-premises infrastructure, 
including powerful servers and storage systems, which were 
not only costly but also difficult to scale. Cloud GIS solves 
these issues by providing scalable, on-demand access to 
GIS tools and data via the internet.

Key Benefits

• Cost Efficiency: Cloud computing eliminates the need 
for expensive hardware and maintenance, reducing 
upfront capital expenditures.

• Real-time Data Sharing: Cloud platforms allow multiple 
users to access and collaborate on spatial data in real 
time, making GIS more accessible and collaborative.

• Scalability: Users can scale their storage and processing 
power up or down based on project needs, making it 
more flexible and adaptive.

• Examples: ArcGIS Online (by ESRI), Google Earth Engine, 
and QGIS Cloud are popular cloud-based GIS platforms.8

Real-time GIS and Internet of Things (IoT) 
Integration
The integration of GIS with real-time data from the Internet 
of Things (IoT) has radically enhanced GIS applications. 
IoT devices, which include sensors, GPS trackers, and 
mobile devices, can now feed real-time geographic data 
into GIS systems. This integration enables GIS to respond 
dynamically to changing conditions, offering enhanced 
situational awareness and decision-making.

Applications

• Urban Management: Real-time traffic monitoring, 
air quality analysis, and smart city infrastructure 
management are now possible with IoT-enabled GIS.

• Environmental Monitoring: Sensors deployed in 
forests, rivers, or oceans can send real-time data 
about water quality, pollution levels, or temperature 
fluctuations, which GIS can visualize and analyze.

• Disaster Response: GIS, when coupled with real-time 
data from weather stations, GPS devices, and drones, 
can help first responders make rapid decisions during 
emergencies (e.g., wildfires, floods, or earthquakes).

Big Data and Machine Learning
With the advent of big data, GIS technology has become 
capable of processing and analyzing massive volumes of 
spatial data. GIS platforms now integrate machine learning 
algorithms to process this big data and extract valuable 
insights from it. Machine learning models can identify 
patterns, make predictions, and automate certain aspects 
of spatial analysis that would have been difficult for humans 
to achieve manually.

Key Advancements

• Predictive Analytics: Machine learning algorithms can 
be used in GIS to predict future spatial trends such as 
population growth, land use change, or the spread 
of diseases.

• Pattern Recognition: By analyzing vast amounts of 
spatial data, machine learning can detect hidden 
patterns, anomalies, or trends, such as changes in 
urban sprawl or environmental degradation.

• Example: Google Earth Engine leverages machine 
learning and big data to analyze satellite imagery for 
applications such as deforestation tracking and climate 
change monitoring.9

3D GIS and Visualization
The development of 3D GIS has made it possible to represent 
geographic data in three dimensions, providing richer and 
more immersive visualizations. 3D modeling allows for a 
deeper understanding of the relationships between spatial 
features, making it especially useful in fields like urban 
planning, environmental studies, and disaster management.

Key Benefits

• Enhanced Decision Making: 3D GIS allows planners 
and stakeholders to visualize how new infrastructure 
projects (e.g., buildings, roads, or utilities) will impact 
the surrounding environment.

• Virtual Simulations: 3D models help simulate complex 
systems, such as water flow in flood zones, the spread 
of fires, or the effects of climate change on coastlines.

• Integration with VR/AR: Virtual Reality (VR) and 
Augmented Reality (AR) technologies are now 
integrated with GIS, offering interactive, immersive 
experiences for users. This is particularly useful for site 
planning, architectural design, and training scenarios.

• Example: Cities like New York and London have 
developed detailed 3D GIS models that simulate the 
urban environment, aiding in everything from zoning 
to emergency response planning.10
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Mobile GIS and Field Data Collection
Mobile GIS, driven by the widespread use of smartphones 
and tablets, has transformed the way field data is collected 
and analyzed. Mobile devices equipped with GPS and 
other sensors allow users to access and contribute to 
GIS databases in real time, regardless of their location. 
This advancement is particularly useful in fields such 
as environmental monitoring, agriculture, and asset 
management.

Applications

• Field Data Collection: Field workers can collect 
geospatial data using mobile apps, which are 
automatically geotagged and uploaded to GIS 
databases. This enhances data accuracy and real-
time data sharing.

• Asset Management: Mobile GIS applications are 
increasingly used by utility companies, municipalities, 
and organizations to manage assets like pipelines, 
roads, and public facilities.

• Citizen Science: Mobile GIS allows the public to 
contribute data to GIS platforms, such as reporting 
infrastructure problems (e.g., potholes, fallen trees) 
or monitoring wildlife and natural resources.11

Artificial Intelligence (AI) Integration
The integration of AI into GIS is a growing trend that has 
the potential to revolutionize spatial data analysis. AI-
powered GIS systems can autonomously interpret and 
analyze geographic data, enabling smarter decision-
making processes. This integration is particularly useful 
for automating tasks, improving the accuracy of predictions, 
and enhancing spatial pattern recognition.

Key Applications:

• Object Recognition: AI can process satellite images 
or aerial photos to automatically identify features like 
buildings, roads, forests, or bodies of water, making 
GIS data collection faster and more efficient.

• Automated Spatial Analysis: AI can improve spatial 
analysis processes such as land use classification, 
flood prediction, or environmental risk assessment 
by continuously learning from new data and refining 
algorithms over time.

• Example: AI models can predict areas at risk of flooding 
by analyzing historical data, terrain models, and climate 
projections, improving preparedness and response.

Geospatial Data as a Service (GDaaS)
The growing availability of geospatial data from satellites, 
drones, and various sensors has led to the rise of Geospatial 
Data as a Service (GDaaS). This model allows organizations 
and individuals to access high-quality geospatial data without 
the need to invest in infrastructure or data collection systems.

Benefits

Accessibility: GDaaS democratizes access to spatial 
data, enabling even small businesses, NGOs, and local 
governments to leverage GIS capabilities.
Cost-Effective: Users can subscribe to data and analysis 
services on-demand, paying only for what they need rather 
than maintaining large datasets themselves.
Examples: Platforms like Google Earth Engine and Mapbox 
provide geospatial data and advanced analysis tools as a 
service.12

Applications of GIS
Geographical Information Systems (GIS) have become 
indispensable tools for a wide array of industries, providing 
valuable insights into spatial patterns, relationships, and 
trends. The ability to visualize, analyze, and interpret 
geographic data enables better decision-making, more 
efficient resource management, and improved planning 
across numerous sectors. Below are some of the key 
applications of GIS in various fields:

Urban Planning and Development
Urban planning is one of the most common and impactful 
applications of GIS. It plays a crucial role in shaping 
cities by helping planners analyze and manage land use, 
infrastructure, and transportation systems. GIS allows for 
the creation of detailed maps that depict zoning laws, 
population distribution, traffic patterns, and environmental 
factors, all of which are crucial for sustainable urban 
development.

Applications

• Zoning and Land Use: GIS helps in designing urban 
layouts by analyzing spatial data on residential, 
commercial, industrial, and recreational zones. It 
allows planners to ensure that land use is optimized 
and meets community needs.

• Infrastructure Planning: GIS aids in planning 
roads, utilities, water systems, and power grids by 
visualizing the spatial relationships between different 
infrastructure components.

• Transportation Networks: GIS can be used to analyze 
transportation routes, traffic congestion, and public 
transit systems, optimizing the movement of people 
and goods in urban areas.

• Sustainable Urban Growth: GIS helps in modeling 
and predicting urban sprawl, guiding decisions on 
sustainable land development to mitigate negative 
environmental impacts.

Environmental Management and Conservation

GIS is an essential tool in environmental management, 
helping to monitor and protect natural resources, conserve 
biodiversity, and track environmental changes. Its ability to 
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integrate and analyze data from various sources (such as 
satellite imagery, field surveys, and environmental sensors) 
allows for informed decision-making in environmental 
protection.

Applications

• Natural Resource Management: GIS is used to monitor 
forests, water resources, and mineral deposits, 
facilitating sustainable extraction and conservation 
practices.

• Wildlife Habitat Mapping: By analyzing spatial data, 
GIS helps conservationists identify critical wildlife 
habitats, track animal migration patterns, and plan 
conservation efforts.

• Climate Change Monitoring: GIS is used to track 
changes in weather patterns, sea level rise, and 
temperature shifts, helping to assess the impact of 
climate change on ecosystems and communities.

• Disaster Risk Management: GIS helps in assessing 
environmental hazards such as floods, landslides, 
and wildfires by modeling risk zones and developing 
mitigation strategies.13

Disaster Management and Emergency Response
In disaster management, GIS is crucial for planning, 
response, and recovery efforts. It provides real-time data 
that helps first responders make informed decisions during 
emergencies and manage the logistics of disaster relief 
effectively. GIS applications are used to assess damage, 
identify vulnerable populations, and design evacuation 
plans.

Applications

• Risk Assessment: GIS can map and analyze risk areas for 
natural disasters like earthquakes, floods, hurricanes, 
and wildfires, helping governments and organizations 
plan accordingly.

• Emergency Response Coordination: During a disaster, 
GIS helps coordinate rescue operations by providing 
accurate, up-to-date maps of affected areas, including 
access routes, hospitals, shelters, and emergency 
supplies.

• Evacuation Planning: GIS helps design evacuation 
routes and shelters, ensuring that the movement of 
people is optimized and that vulnerable populations 
are protected.

• Post-Disaster Damage Assessment: After a disaster, 
GIS can be used to quickly assess the damage, helping 
emergency services prioritize resources and plan 
recovery operations.

Agriculture and Precision Farming

GIS plays a significant role in modern agriculture, where it is 
used to optimize crop yields, manage irrigation, monitor soil 
health, and reduce the environmental impact of farming. 

By integrating GIS with other technologies, such as remote 
sensing and Internet of Things (IoT) devices, farmers can 
make data-driven decisions that improve efficiency and 
sustainability.

Applications

• Precision Agriculture: GIS is used to map and analyze 
soil types, moisture levels, and nutrient content, 
enabling farmers to apply fertilizers and pesticides 
more precisely, reducing costs and environmental 
impact.

• Crop Health Monitoring: Remote sensing data, when 
integrated with GIS, allows farmers to monitor crop 
health, identify pest infestations or disease outbreaks, 
and take timely corrective actions.

• Irrigation Management: GIS helps optimize irrigation 
systems by mapping water availability, soil moisture 
levels, and crop water needs, ensuring efficient use 
of water resources.

• Land Use Planning: GIS helps in determining the best 
land use practices for different crops and helps farmers 
assess the economic viability of different agricultural 
practices.

Transportation and Logistics
GIS plays a vital role in the transportation and logistics 
sectors by optimizing routes, improving efficiency, and 
reducing operational costs. By analyzing spatial data related 
to roads, traffic patterns, and transportation networks, 
businesses and governments can improve transportation 
infrastructure and service delivery.

Applications

• Route Planning: GIS is used to optimize delivery 
routes for goods and services, ensuring timely and 
cost-efficient transportation. For example, delivery 
companies use GIS to reduce fuel consumption and 
travel time by identifying the most efficient routes.

• Traffic Management: GIS helps in managing traffic 
flow, identifying congestion points, and planning road 
networks to alleviate traffic bottlenecks.

• Public Transportation: GIS is used to plan and optimize 
bus routes, train schedules, and subway systems, 
improving accessibility and reducing wait times for 
passengers.

• Logistics and Supply Chain: GIS helps businesses track 
goods in transit, analyze supply chain networks, and 
ensure efficient warehouse management.

Public Health
GIS has become an invaluable tool in public health for 
tracking diseases, monitoring health services, and analyzing 
environmental health risks. It allows health officials and 
researchers to map the spread of diseases, identify patterns, 
and allocate resources where they are needed most.
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Applications

• Disease Surveillance: GIS is used to track the spread 
of infectious diseases such as COVID-19, malaria, and 
cholera by mapping case locations and identifying 
trends in disease transmission.

• Epidemiological Studies: GIS helps in analyzing the 
relationship between environmental factors (e.g., 
pollution, climate) and public health outcomes, 
providing insights into disease prevention.

• Health Infrastructure Planning: GIS is used to map 
health facilities, hospitals, and clinics, ensuring that 
services are accessible to populations in need and 
helping in the planning of new healthcare facilities.

• Environmental Health Risks: GIS is used to map areas 
affected by pollution, hazardous waste, or unsafe 
water sources, aiding in the identification of public 
health risks and guiding mitigation efforts.

Real Estate and Property Management
GIS is increasingly used in real estate for property valuation, 
market analysis, and site selection. It helps investors, 
developers, and property managers assess the value of land 
and buildings, identify potential investment opportunities, 
and understand the dynamics of real estate markets.

Applications

• Market Analysis: GIS helps real estate professionals 
analyze market trends by integrating data on property 
sales, demographics, and economic factors.

• Site Selection: GIS is used to identify optimal locations 
for new developments, based on factors such as 
accessibility, proximity to infrastructure, and market 
demand.

• Property Valuation: GIS tools help appraisers assess 
property values by analyzing location-based factors like 
zoning laws, neighborhood amenities, and historical 
property prices.

• Urban Redevelopment: GIS assists in planning urban 
renewal projects by analyzing patterns of land use, 
historical trends, and community needs.

Military and Defense
GIS is critical in military and defense operations, where 
it is used for strategic planning, battlefield management, 
and logistics. The ability to analyze terrain, track enemy 
movements, and plan operations in real time gives armed 
forces a strategic advantage.

Applications

• Strategic Planning: GIS helps in creating maps of 
terrain, infrastructure, and resources, aiding in mission 
planning and troop movement.

• Geospatial Intelligence (GEOINT): GIS integrates 
satellite imagery, drone data, and reconnaissance 

reports to provide detailed intelligence for military 
decision-making.

• Combat Operations: GIS is used to simulate battlefield 
scenarios, predict enemy movements, and plan tactical 
operations.

• Logistics and Supply Chains: GIS helps manage military 
supply chains by tracking the movement of equipment, 
personnel, and supplies.

Challenges and Limitations of GIS

Despite its numerous advantages, GIS still faces several 
challenges:

• Data Quality and Accuracy: The quality and resolution 
of GIS data can vary significantly. Inaccurate, outdated, 
or incomplete data can lead to incorrect conclusions 
and poor decision-making.

• Data Integration: Integrating data from different 
sources, formats, and scales can be difficult. Ensuring 
compatibility and maintaining data consistency across 
platforms is a significant challenge.

• Cost and Complexity: Advanced GIS tools can be 
expensive, both in terms of software and infrastructure. 
Additionally, the complexity of GIS software requires 
specialized training and expertise.

• Privacy Concerns: The increasing use of GPS-enabled 
devices and geolocation data raises concerns about 
privacy and data security. Safeguarding sensitive 
location-based information is crucial.

Future Prospects of GIS

• Artificial Intelligence (AI) and Deep Learning: AI, 
particularly deep learning, has the potential to 
revolutionize GIS by automating spatial analysis tasks 
and improving the accuracy of predictions. AI can analyze 
large datasets, identify patterns, and generate insights 
that would be difficult for humans to discern.

• 5G Networks and Enhanced Real-time GIS: The rollout 
of 5G networks will further enhance the capabilities of 
real-time GIS, enabling faster data transmission, lower 
latency, and more responsive GIS applications.

• Geospatial Data as a Service (GDaaS): As GIS data 
becomes more widely available, there is a growing 
trend toward providing geospatial data and analysis as 
a service. This will allow businesses, governments, and 
researchers to access high-quality spatial data without 
the need for extensive infrastructure.

• Citizen Science and Crowdsourced GIS: The involvement 
of citizens in data collection and analysis is becoming 
more prominent. Crowdsourcing GIS data through 
mobile apps and social media platforms can significantly 
improve the accuracy and scope of geographic data.

Conclusion
Geographical Information Systems have evolved from a 
niche technology to a mainstream tool with vast applications 
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across multiple sectors. The continued advancements in 
cloud computing, big data, AI, and mobile technology 
promise to make GIS even more powerful, accessible, and 
indispensable. As the demand for spatial data grows, GIS 
will continue to play a pivotal role in shaping sustainable 
and informed decisions for the future. However, addressing 
challenges related to data quality, privacy, and accessibility 
will be critical to fully realizing the potential of GIS in the 
years to come.

References
1. Duckham M, Goodchild MF, Worboys M. Foundations 

of geographic information science. CRC Press; 2003 
Jan 30.

2. Goodchild MF, Longley PA, Maguire DJ, Rhind DW. 
Geographic information systems and science. Wiley 
& Sons, West Sussex, UK. 2005;17:517.

3. Merschdorf H, Blaschke T. Revisiting the role of place 
in geographic information science. ISPRS International 
Journal of Geo-Information. 2018 Sep 5;7(9):364.

4. Karahalios H. The severity of shipboard communication 
failures in maritime emergencies: A risk management 
approach. International journal of disaster risk 
reduction. 2018 Jun 1;28:1-9.

5. Anselin L, Syabri I, Kho Y. GeoDa: an introduction to 
spatial data analysis. InHandbook of applied spatial 
analysis: Software tools, methods and applications 
2009 Nov 27 (pp. 73-89). Berlin, Heidelberg: Springer 
Berlin Heidelberg.

6. Batty M, Xie Y, Sun Z. Modeling urban dynamics through 
GIS-based cellular automata. Computers, environment 
and urban systems. 1999 May 1;23(3):205-33.

7. Chiesura A. The role of urban parks for the sustainable 
city. Landscape and Urban planning. 2004.

8. Singh A. Remote sensing and GIS applications for 
municipal waste management. Journal of environmental 
management. 2019 Aug 1;243:22-9.

9. Davenhall WF, Kinabrew C. GIS in health and human 
services. Springer handbook of geographic information. 
2012:557-78.

10. Storck P, Bowling L, Wetherbee P, Lettenmaier D. 
Application of a GIS-based distributed hydrology model 
for prediction of forest harvest effects on peak stream 
flow in the Pacific Northwest. Hydrological Processes. 
1998 May;12(6):889-904.

11. Lyseen AK, Nøhr C, Sørensen EM, Gudes O, Geraghty 
EM, Shaw NT, Bivona-Tellez C, IMIA Health GIS Working 
Group. A review and framework for categorizing 
current research and development in health related 
geographical information systems (GIS) studies. 
Yearbook of medical informatics. 2014;23(01):110-24.

12. Banerjee S, Chakraborty C, Das D. An approach towards 
GIS application in smart city urban planning. InInternet 

of Things and Secure Smart Environments 2020 Nov 4 
(pp. 71-110). Chapman and Hall/CRC.

13. Bielecka E. GIS spatial analysis modeling for land use 
change. A bibliometric analysis of the intellectual base 
and trends. Geosciences. 2020 Oct 25;10(11):421.




