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Graduate Certificate in Spatial Epidemiology and GIS in Health Care

Principles of Geographic Information Systems

Principles of Geographic Information Systems (GIS)

Geographic Information Systems (GIS) are powerful tools that allow us to visualize, analyze, and interpret
spatial data. GIS integrates various types of data such as maps, satellite images, and demographic
information to provide insights into patterns, relationships, and trends in the geographical context.
Understanding the principles of GIS is essential for effectively using these systems in spatial epidemiology
and healthcare.

Key Terms

1. Spatial Data: Data that is related to a specific location or area on the Earth's surface. Spatial data can
include coordinates, addresses, and boundaries.

2. Geocoding: The process of converting addresses or place names into geographic coordinates to enable
mapping and spatial analysis.

3. Georeferencing: The process of aligning spatial data to a specific coordinate system to ensure accurate
spatial analysis and visualization.

4. Attribute Data: Non-spatial data that provides additional information about spatial features. Attribute
data can include population statistics, disease rates, or demographic characteristics.

5. Remote Sensing: The process of collecting data about the Earth's surface from a distance, typically using
satellites or aircraft. Remote sensing data can include images, spectral information, and radar data.

6. Cartography: The science and art of mapmaking. Cartography involves designing, creating, and
interpreting maps for effective communication and visualization of spatial information.

7. Geospatial Analysis: The process of examining spatial data to identify patterns, relationships, and trends.
Geospatial analysis can involve spatial statistics, spatial modeling, and spatial interpolation.

GIS Components

1. Hardware: The physical devices and equipment used to capture, store, and display spatial data. Hardware
components of a GIS system can include computers, GPS receivers, and printers.

2. Software: The programs and applications used to process, analyze, and visualize spatial data. GIS software
such as ArcGIS, QGIS, and Google Earth are widely used in spatial epidemiology and healthcare.

3. Data: The raw information used in GIS analysis. Data can be categorized into spatial data (e.g., maps,
satellite images) and attribute data (e.g., population statistics, disease rates).
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4. People: The individuals who use GIS technology to collect, analyze, and interpret spatial data. Trained GIS
professionals play a crucial role in spatial epidemiology and healthcare.

5. Methods: The techniques and procedures used to analyze spatial data. Methods can include spatial
statistics, spatial modeling, and spatial interpolation to identify patterns and relationships in spatial data.

GIS Data Types

1. Vector Data: Representations of geographic features using points, lines, and polygons. Vector data is used
to represent discrete features such as roads, buildings, and administrative boundaries.

2. Raster Data: Representations of geographic features as a grid of cells. Raster data is used to represent
continuous surfaces such as elevation, temperature, and land cover.

3. Geodatabase: A database that stores spatial data in a structured format for efficient storage, retrieval, and
analysis. Geodatabases can store both vector and raster data in a single repository.

4. Metadata: Information about the characteristics, quality, and source of spatial data. Metadata provides
essential details about the data to ensure proper interpretation and use.

5. Topological Data: Data that maintains the spatial relationships between geographic features. Topological
data is used to ensure connectivity, adjacency, and containment relationships in GIS analysis.

GIS Coordinate Systems

1. Geographic Coordinate System: A system that uses latitude and longitude to define locations on the
Earth's surface. Geographic coordinate systems are based on a spherical or ellipsoidal model of the Earth.

2. Projected Coordinate System: A system that represents locations on the Earth's surface using x, y
coordinates on a flat plane. Projected coordinate systems are used for mapping and spatial analysis.

3. Universal Transverse Mercator (UTM): A widely used projected coordinate system that divides the Earth
into 60 zones and uses a transverse Mercator projection for accurate mapping and analysis.

4. State Plane Coordinate System: A system used in the United States to provide accurate mapping and
surveying at the state or local level. State plane coordinate systems are based on specific projections for
each state.

5. Geographic Datum: A reference system used to define the origin, orientation, and scale of a coordinate
system. Common geographic datums include WGS84 and NAD83, which are used in GPS and mapping
applications.

GIS Data Collection

1. Field Data Collection: The process of collecting spatial data in the field using GPS, surveying equipment,
or mobile devices. Field data collection is essential for updating and verifying spatial information.
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2. Remote Sensing Data Collection: The process of collecting data about the Earth's surface from a distance
using satellite imagery, aerial photography, or LiDAR. Remote sensing data can provide valuable information
for GIS analysis.

3. Crowdsourced Data Collection: The practice of collecting spatial data from a large group of volunteers or
users. Crowdsourced data can include citizen science projects, social media data, or crowdmapping
initiatives.

4. Web Scraping: The process of extracting spatial data from websites, online databases, and social media
platforms. Web scraping can provide valuable information for GIS analysis and visualization.

5. Historical Data Collection: The process of collecting spatial data from historical maps, archives, and
documents. Historical data can provide insights into past trends, patterns, and changes in the geographical
context.

GIS Data Management

1. Data Acquisition: The process of obtaining spatial data from various sources such as government
agencies, research institutions, or commercial providers. Data acquisition involves collecting, organizing,
and storing spatial data for analysis.

2. Data Cleaning: The process of identifying and correcting errors, inconsistencies, and missing values in
spatial data. Data cleaning is essential for ensuring the accuracy and reliability of GIS analysis.

3. Data Integration: The process of combining multiple sources of spatial data into a single dataset for
analysis. Data integration involves aligning coordinate systems, resolving conflicts, and creating a unified
database.

4. Data Transformation: The process of converting spatial data from one format, projection, or coordinate
system to another. Data transformation is necessary for integrating data from different sources and
ensuring compatibility in GIS analysis.

5. Data Visualization: The process of creating maps, charts, and graphs to communicate spatial information
effectively. Data visualization helps in interpreting patterns, trends, and relationships in spatial data.

GIS Analysis Techniques

1. Spatial Query: A query that retrieves spatial data based on location, proximity, or spatial relationships.
Spatial queries are used to select, filter, and analyze spatial features in GIS.

2. Buffer Analysis: A spatial analysis technique that creates a buffer zone around a specific geographic
feature. Buffer analysis is used to analyze proximity, accessibility, and spatial relationships in GIS.

3. Spatial Join: A process that combines spatial and attribute data based on their spatial relationships.
Spatial join is used to link information from different datasets for analysis and visualization.

4. Spatial Interpolation: A technique that estimates values at unsampled locations based on the values of
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surrounding locations. Spatial interpolation is used to create continuous surfaces such as temperature maps
or pollution levels.

5. Network Analysis: A spatial analysis technique that models connectivity and accessibility in a network of
roads, pipelines, or utility lines. Network analysis is used to optimize routes, plan infrastructure, and analyze
transportation systems.

GIS Applications in Health Care

1. Disease Mapping: The process of visualizing and analyzing the spatial distribution of diseases and health
outcomes. Disease mapping in GIS can help identify high-risk areas, clusters, and environmental factors
influencing disease spread.

2. Spatial Epidemiology: The study of the geographical distribution and determinants of health outcomes.
Spatial epidemiology uses GIS to analyze disease patterns, risk factors, and health disparities in different
populations.

3. Health Services Planning: The use of GIS to analyze healthcare facility locations, patient demographics,
and service accessibility. Health services planning in GIS helps optimize resource allocation, improve
healthcare delivery, and address healthcare disparities.

4. Environmental Health Mapping: The use of GIS to analyze environmental factors such as air quality, water
pollution, and land use patterns that impact public health. Environmental health mapping helps identify
potential health risks and inform public health interventions.

5. Emergency Response Mapping: The use of GIS to support emergency response efforts during natural
disasters, disease outbreaks, or public health emergencies. Emergency response mapping helps coordinate
resources, assess impacts, and make informed decisions in crisis situations.

Challenges in GIS in Health Care

1. Data Quality: Ensuring the accuracy, completeness, and reliability of spatial data used in health care
applications. Data quality challenges can arise from errors, outdated information, or inconsistencies in
spatial datasets.

2. Privacy and Security: Protecting sensitive health information and ensuring data security in GIS
applications. Privacy concerns can arise from the use of patient data, location-based services, and health
records in spatial analysis.

3. Data Integration: Integrating diverse sources of spatial data from healthcare providers, public health
agencies, and research institutions. Data integration challenges can include data formats, interoperability,
and data sharing agreements.

4. Accessibility and Equity: Ensuring that GIS technologies and spatial analysis tools are accessible to all
communities and populations. Addressing issues of digital divide, technological literacy, and disparities in
GIS usage is essential for equitable health care outcomes.
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5. Interdisciplinary Collaboration: Fostering collaboration between GIS professionals, epidemiologists, health
care providers, and policymakers. Interdisciplinary challenges can include communication barriers,
disciplinary silos, and different perspectives on data interpretation and decision-making.

Conclusion

Understanding the principles of Geographic Information Systems (GIS) is essential for leveraging spatial
data in health care applications such as spatial epidemiology, disease mapping, and environmental health
analysis. By mastering key terms, GIS components, data types, coordinate systems, data collection methods,
data management practices, analysis techniques, and applications in health care, professionals can
effectively use GIS to improve health outcomes, optimize resource allocation, and address public health
challenges. Despite challenges such as data quality, privacy concerns, data integration issues, accessibility
barriers, and interdisciplinary collaboration, the potential of GIS in health care remains significant for
informing evidence-based decisions, enhancing public health interventions, and promoting health equity in
diverse populations.
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