Chapter 6: Geographical Information System
(GIS)

Introduction

A Geographical Information System (GIS) is a computer-based system used to
capture, store, manipulate, analyze, manage, and present spatial or geographic
data. It integrates hardware, software, and data for analyzing and visualizing
geographically referenced information. In civil engineering, GIS serves as a
powerful tool in planning, designing, managing, and monitoring infrastructure
projects. From urban planning to transportation networks and environmental
monitoring, GIS supports informed decision-making based on real-world spatial
data.

6.1 Definition and Components of GIS
6.1.1 Definition of GIS

A GIS is defined as an organized collection of computer hardware, software,
geographic data, and personnel designed to efficiently capture, store, update,
manipulate, analyze, and display all forms of geographically referenced informa-
tion.

6.1.2 Components of GIS
GIS is comprised of the following major components:

e Hardware: Computers, servers, GPS devices, scanners, plotters.

o Software: GIS-specific applications like ArcGIS, QGIS, ERDAS Imagine.

o Data: Spatial (maps, satellite images) and non-spatial (attributes) data.

o People: GIS analysts, database managers, software developers.

¢ Procedures: Protocols for data collection, analysis, storage, and dissemi-
nation.

6.2 Types of Data in GIS
6.2.1 Spatial Data
Spatial data refers to the location and shape of geographic features.

¢ Vector Data: Represents features as points, lines, and polygons (e.g.,
roads, boundaries).



« Raster Data: Represents data in grid format (e.g., satellite images,
elevation models).

6.2.2 Attribute Data

These are non-spatial data associated with spatial features. For example, a
road (spatial feature) may have attributes like name, width, material type, and
maintenance schedule.

6.3 Data Acquisition and Input
6.3.1 Data Sources

¢ Primary Data: Obtained through GPS surveys, remote sensing, total
stations.
e Secondary Data: Existing maps, statistical data, reports, satellite images.

6.3.2 Data Input Methods

¢« Manual Digitization: Converting paper maps into digital format by
tracing.

e Scanning: Rasterizing hardcopy maps using high-resolution scanners.

¢ Direct Data Capture: Using GPS devices and remote sensing technolo-
gies.

¢ Importing Existing Data: From databases, CAD files, or other GIS
platforms.

6.4 Data Models in GIS
6.4.1 Vector Data Model

e Uses points, lines, and polygons to represent discrete features.
o Each feature is associated with a table containing attribute data.
e Suitable for network analysis, land use, utilities mapping.

6.4.2 Raster Data Model

¢ Represents continuous data like elevation, temperature.
e Data is stored in a matrix of cells or pixels.
e Useful for environmental modeling and terrain analysis.




6.5 Data Storage and Database Management
6.5.1 Spatial Databases

e A spatial database manages both spatial and attribute data.
¢ Common databases include PostgreSQL/PostGIS, Oracle Spatial, and
ArcSDE.

6.5.2 Data Formats
e Vector: Shapefiles (.shp), GeoJSON, KML.
e Raster: TIFF, IMG, GRID, JPEG2000.

6.5.3 Data Compression and Indexing

o Efficient data storage involves compression techniques.
« Spatial indexing (e.g., R-trees, quad-trees) improves data retrieval.

6.6 Data Manipulation and Analysis
6.6.1 Spatial Analysis Techniques

o Buffering: Creating zones around features.

¢ Overlay Analysis: Combining two or more layers to derive new data.
e« Network Analysis: Analyzing routes, accessibility, service areas.

¢ Interpolation: Estimating unknown values from known data points.

6.6.2 Query and Selection

o Attribute queries (SQL-based) and spatial queries (e.g., "Select features
within 2 km of a river").

6.7 GIS Output and Visualization
6.7.1 Map Generation

e Thematic maps (e.g., land use, soil type, zoning maps).

e Cartographic elements: title, legend, scale, north arrow, grid.
6.7.2 3D Visualization

e Tools like ArcScene and QGIS support 3D terrain and infrastructure
modeling.
¢ Useful in urban planning, hydrology, and landscape analysis.



6.7.3 Report and Dashboard Creation

« Integrating GIS with BI tools (e.g., Power BI, Tableau) for interactive
reports.

6.8 Applications of GIS in Civil Engineering

6.8.1 Urban and Regional Planning
o Site selection for residential, commercial, and industrial zones.
e Zoning and land-use mapping.

6.8.2 Transportation Engineering

¢ Route optimization, traffic analysis, road condition mapping.

6.8.3 Water Resources Engineering

o Watershed delineation, floodplain mapping, irrigation planning.

6.8.4 Environmental Monitoring

o Deforestation tracking, pollution source identification, habitat mapping.

6.8.5 Infrastructure Asset Management

« Utility mapping (electricity, sewage, water supply).
e Monitoring construction progress using GIS and drones.

6.9 Integration with Other Technologies
6.9.1 GIS and Remote Sensing

« Remote sensing provides up-to-date raster data (e.g., land cover).

o Integration allows for dynamic monitoring and change detection.
6.9.2 GIS and GPS

¢ GPS provides accurate location coordinates.

o Real-time tracking and navigation systems (e.g., fleet management).
6.9.3 GIS and Building Information Modeling (BIM)

¢ Integration enables 3D visualization and spatial analysis of infrastructure.
e Useful for smart city planning and lifecycle management.




6.10 GIS Software and Platforms
6.10.1 Proprietary Software
e ArcGIS by Esri: Widely used, robust, and feature-rich.
¢ ERDAS Imagine: Primarily for image analysis.
6.10.2 Open-Source Software

¢ QGIS: Community-driven, extensible, and widely adopted.
« GRASS GIS: Advanced raster processing capabilities.
e gvSIG, ILWIS, MapWindow GIS: Specialized or lightweight tools.

6.11 Challenges and Future of GIS
6.11.1 Challenges

e High cost of proprietary software and data acquisition.
e Need for trained personnel and standardization.
o Data interoperability and accuracy issues.

6.11.2 Future Trends

o Integration with Al and machine learning for predictive modeling.
e Cloud-based GIS platforms (e.g., ArcGIS Ouline).

¢ Real-time GIS and IoT integration.

Mobile GIS for field data collection and decision-making.

6.12 GIS Standards and Interoperability
6.12.1 Importance of GIS Standards

Standards in GIS ensure that geographic data and tools can be shared, integrated,
and used effectively across various platforms, organizations, and disciplines. They
promote consistency, accuracy, and reliability of spatial data.

6.12.2 Key Organizations Defining GIS Standards

¢ Open Geospatial Consortium (OGC): Develops open standards for
geospatial and location-based services (e.g., WMS, WFS, GML).

o ISO/TC 211: Technical committee under the International Organization
for Standardization responsible for geographic information/geomatics.

o BIS (Bureau of Indian Standards): In India, it provides national
standards related to geospatial practices.



6.12.3 Common GIS Standards

WMS (Web Map Service): For serving georeferenced map images.
WEFS (Web Feature Service): For exchanging vector features.
GeoTIFF: Raster file format with embedded spatial metadata.
Shapefile (.shp): Widely used vector data format developed by Esri.

6.12.4 Interoperability Issues

Differences in data formats and projections.
Proprietary software limitations.
Varying metadata quality and schemas.

6.13 GIS Project Workflow in Civil Engineering

Understanding how GIS is used in a complete civil engineering project helps
illustrate its real-world value. A typical project workflow includes:

6.13.1 Project Planning

Defining goals, scale, spatial extent, and required datasets.
Identifying stakeholders and required infrastructure.

6.13.2 Data Collection and Preprocessing

Satellite imagery, field GPS surveys, drone mapping.
Digitization and georeferencing existing maps.

6.13.3 Spatial Analysis and Modeling

Buffering for zone identification (e.g., noise impact, road setback).
Overlaying demographic, environmental, and infrastructure data.
Terrain and hydrological modeling using DEMs (Digital Elevation Models).

6.13.4 Decision Support

Visualization of planning alternatives.
Scenario generation (e.g., flood simulation, route alternatives).
Environmental impact assessments (EIA).

6.13.5 Implementation and Monitoring

Construction progress tracking using mobile GIS and UAVs.
Updating asset data and real-time monitoring dashboards.




6.14 GIS and Disaster Management
GIS plays a crucial role in all four phases of disaster management: mitigation,
preparedness, response, and recovery.
6.14.1 Hazard Mapping
e Mapping flood zones, landslide-prone areas, earthquake fault lines.
o Helps in zoning regulations and safe urban development.
6.14.2 Emergency Response
e Real-time tracking of rescue teams.
¢ Optimized evacuation routing using network analysis.
6.14.3 Post-Disaster Assessment
« Satellite-based damage analysis (buildings, roads, vegetation).
¢ Planning rehabilitation and resource allocation.
6.14.4 Integration with Early Warning Systems

o Real-time sensor data feeds into GIS for flood, storm, or earthquake alerts.
o Visualization of risk exposure areas.

6.15 Mobile GIS and Crowdsourced Mapping
6.15.1 Mobile GIS

o Involves using smartphones, tablets, or handheld GPS devices to collect,
update, and access GIS data on-site.

o Useful for infrastructure inspection, environmental surveys, land parcel
mapping, etc.

o Apps: Collector for ArcGIS, QField (for QGIS), Mappt.

6.15.2 Crowdsourcing in GIS

o Platforms like OpenStreetMap (OSM) allow volunteers to map and
edit geographic data collaboratively.

e Valuable in updating road networks, buildings, and disaster-hit areas.

e Example: Mapping COVID-19 resources or post-earthquake damage in
real time.




6.16 Ethical and Legal Aspects in GIS
6.16.1 Data Privacy and Security

o Spatial data may contain sensitive information (e.g., individual properties,
strategic sites).
o Need for data access control, encryption, and secure sharing protocols.

6.16.2 Intellectual Property Rights

¢ Who owns GIS data: government, private agencies, or the public?
o Proper licensing (e.g., Creative Commons, Open Database License) must
be followed for data use and redistribution.

6.16.3 Ethical Mapping

e Avoiding bias in map creation (e.g., politically sensitive boundaries).
e Transparent metadata documentation and clear data sources.

6.17 Emerging Trends in GIS for Civil Engineering
6.17.1 Smart Cities and GIS

¢ GIS is foundational for smart city projects.
o Integration with IoT sensors, surveillance, public utilities, and transporta-
tion systems.

6.17.2 GIS and Artificial Intelligence (GeoAlI)

e AT and ML are now being used for automated feature extraction (e.g.,
building footprints), land-use classification, and predictive modeling (e.g.,
traffic congestion).

6.17.3 Cloud GIS

o Platforms like ArcGIS Online and Google Earth Engine allow web-based
access to spatial data and processing tools.
e Promotes collaboration and real-time analytics.

6.17.4 Drone-based GIS

e UAVs provide high-resolution imagery and 3D models quickly and cost-
effectively.

e Applications: highway construction monitoring, bridge inspection, volu-
metric analysis of stockpiles.
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