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GIS Overview
● Geographic Information Systems (or Science)

○ Systems that store, process, analyze, and visualize geographic data
○ Data (database), Hardware, Software (ESRI, QGIS, Google Earth/Maps) 
○ Data that pairs location with information
○ Adds the "where" component to a huge variety of datasets
○ Requires defined coordinate system and/or data projection



GIS Overview
● Two primary data types used to represent the world: 

Vector

Raster

https://firenorth.org.au/nafi3/views/help/Maps_and_Fire_help4.htm

https://firenorth.org.au/nafi3/views/help/Maps_and_Fire_help4.htm


GIS Overview
● Two primary data types used to represent the word: 

○ Vector

○ Raster

http://gsp.humboldt.edu/olm/Lessons/GIS/08%20Rasters/RasterToVector.html

Marc Spiller paper

http://gsp.humboldt.edu/olm/Lessons/GIS/08%20Rasters/RasterToVector.html
https://www.researchgate.net/figure/Example-of-vector-data-vs-raster-data-source-http-2bpblogspotcom_fig3_263776192


GIS Overview - Vector
● Data representing points, lines, and polygons
● Precise coordinates are explicitly stored (geometry)
● Additional information is stored in an attribute table
● Think of a spreadsheet (attribute table), with a special 

column that stores the "geometry"
● Examples: Address points, road centerlines, parcels
● Data formats

○ shapefile (.shp plus .shx, .dbf, .prj)
○ geodatabase (.gdb)
○ geopackage (.gpkg)
○ GeoJSON (.geojson)
○ KML (.kml/.kmz)
○ and more
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GIS Overview - Raster
● Data that is stored on a regular grid
● Could be discrete or continuous data
● Examples: aerial imagery, elevation data, 

average temperature, land cover
● Data formats

○ GeoTIFF (.tif plus .tfw)
○ Image files (.img)
○ JPEG (.jpg)
○ geodatabase (.gdb)
○ geopackage (.gpkg)
○ netCDF (.nc)
○ many more

gis.utah.govUSGS Elevation, USGS Land Cover, NOAA Climate, ESA Sentinel-2 

http://gis.utah.gov
https://pubs.usgs.gov/dds/dds-81/Intro/TopographicData/DEM/DEM.html
https://www.usgs.gov/media/images/nlcd-2016-land-cover
https://www.climate.gov/news-features/featured-images/new-maps-annual-average-temperature-and-precipitation-us-climate
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/product-types/level-2a


UGRC
Utah Geospatial Resource Center

● State of Utah's GIS office
● Established in 1989 via Utah Code 63F-1-506
● Department of Government Operations (DGO)

○ Division of Technology Services (DTS)
● State Geographic Information Datasource (SGID)
● Discover - Imagery & Basemap services
● TURN GPS Reference Network
● GIS & Web development
● Funded through combination of state funds and 

project work "Encourage and facilitate the effective use of 
geospatial information and technology for Utah"

New name, same 
great taste!

https://storymaps.arcgis.com/stories/8be2e6de2abf442eb72f5faa8a32dd2b


Data Consolidation Efforts
● Aggregate data from counties 

into statewide datasource (SGID)
○ Frequency based on population
○ Roads, Address Points, Parcels

● Road centerline editing database 
pushed to production database 
monthly 

● Data provided or maintained by 
other state agencies

● Other statewide data compiled 
and updated as needed

Roads

Boundaries
More...

Parcels 

Address Points



State Geographic Information Datasource (SGID)
opendata.gis.utah.gov ALL the data…(300+)

● Zip Codes
● Land Ownership
● Lakes
● Census
● Tax Areas
● Oil and Gas
● Geologic Faults
● Health Districts
● Building Footprints
● Address Quadrants
● Political Districts
● Golf Courses
● Trails
● Libraries

● Schools
● Transit
● Broadband
● Watersheds
● Great Salt Lake
● Flood Plains
● Court Districts
● and more!!!

gis.utah.gov/data

https://opendata.gis.utah.gov/
https://gis.utah.gov/data/


UGRC - Discover Server
● gis.utah.gov/discover
● Free imagery and basemap services (WMTS and WMS) for anyone

○ 1) Sign up using the web form
○ 2) Get unique connection URL (quad-word, not a username/password)
○ 3) Add services in your software (GIS, CAD, web applications)

● Imagery
○ Licensed [L] - government (city, county, state, school, tribal), government contractor, student

■ Additional imagery/higher resolution imagery is available
○ Unlicensed - general access for anyone
○ Layers

■ 1990s B/W, NAIP (2006, 2009, 2011, 2014, 2016, 2018, 2021), Google [L], Hexagon (15cm [L])
● Basemaps

○ Available for everyone
○ Layers

■ Lite, Terrain, Topo, Hybrid/Overlay, Address Points, Hillshade

https://gis.utah.gov/discover/
https://gis.utah.gov/discover/#sign-up


UGRC - Discover Imagery

1990s B/W 2015 NAIP Hexagon

NAIP NRG Hexagon



UGRC - Discover Basemaps

Hybrid Address Hillshade

Lite Terrain Topo



UGRC - Raster Data Downloads
● raster.utah.gov
● Many datasets available

○ Aerial imagery
○ Digital Elevation Models 

(DEMs) and Surface Models 
(DSMs)

○ Contours
○ USGS Topo Maps

https://raster.utah.gov/


UGRC - Web API and Geocoding
● api.mapserv.utah.gov API = Application Programming Interface

● Search statewide data layers via the API
○ Perform queries and only gather the data you need

● Geocoding
○ Turn addresses into coordinates that can be used for mapping
○ Single or batch geocoding on large datasets

● API client - https://github.com/agrc/api-client/releases
○ Lightweight software that allows ANYONE to geocode
○ No GIS software required, no licensing
○ No programming skills required
○ Cross-platform, automatic updates
○ Drag and drop

API Client 
Blog Post

API 
Response 
Example

https://api.mapserv.utah.gov/
https://github.com/agrc/api-client/releases
https://gis.utah.gov/introducing-the-official-ugrc-api-client/
https://gis.utah.gov/introducing-the-official-ugrc-api-client/


UGRC - Web API and Geocoding



UGRC - PLSS Fabric and Data
● plss.utah.gov
● Public Lands Survey System (PLSS) and Fabric

○ Corner monuments, Townships, Sections, quarters, etc.
● It's all tied together…

○ Plats, parcels, boundaries, land ownership data
● UGRC works with BLM and SITLA
● Monument Replacement and Restoration Committee

https://plss.utah.gov/


The Utah Reference Network (TURN GPS)
● gis.utah.gov/gps turngps.utah.gov Sensor and Status Map
● High-precision GPS network of permanently located GPS receivers

○ real-time corrections
○ data for post-processing

● Sensors send data to the system, it analyzes, adjusts, and corrects data to 
provide the most accurate location possible

● Centimeter to sub-centimeter precision
● Ideal for:

○ Surveying
○ Construction & Engineering
○ Field data collection
○ GPS-controlled machinery (agriculture, ski groomers, etc.)
○ Self-driving cars, drone delivery, etc.

● $600/year subscription per user
● Cloud migration - IPs will change in the near future

https://gis.utah.gov/gps/
http://turngps.utah.gov/
http://turngps.utah.gov/Map/SensorMap.aspx


● City operations: asset management, inspections, permitting, work orders
○ Software packages integrate with GIS and manage spatial data

Common GIS Tasks and Applications

SLC Pavement Condition

SLC Snow Removal

https://maps.slcgov.com/mws/pavementcondition-lg.htm
https://slcgov.maps.arcgis.com/apps/PublicInformation/index.html?appid=1e37d0731cf346608fd5e0db7d7b3553


● Site selection/suitability analysis, environmental impacts, habitats
Common GIS Tasks and Applications

ESRI Habitat Example

Indianapolis Site Selection 

https://pro.arcgis.com/en/pro-app/latest/help/analysis/spatial-analyst/suitability-modeler/the-general-suitability-modeling-workflow.htm
https://www.gislounge.com/overview-weighted-site-selection-suitability-analysis/


● Proximity tools: point-in-polygon analysis, thiessen polygons, buffers
Common GIS Tasks and Applications

Utah 
Legislative 
Districts

Buffer 
Examples

Thiessen Polygons

https://le.utah.gov/GIS/findDistrict.jsp
https://le.utah.gov/GIS/findDistrict.jsp
https://le.utah.gov/GIS/findDistrict.jsp
https://vector.geospatial.science/textbook/section-three-proximity-analysis
https://vector.geospatial.science/textbook/section-three-proximity-analysis


● Road network analysis: routing, drive-time analysis, service areas
Common GIS Tasks and Applications

Google Maps

Routing

Service 
Areas

Travel Times from 
Utah Fire Stations

https://www.google.com/maps/dir/Bountiful,+UT/Warnock+Engineering+Building,+72+Central+Campus+Dr,+Salt+Lake+City,+UT+84112/@40.8015924,-111.8378855,12z/data=!4m13!4m12!1m5!1m1!1s0x875257b087b1235f:0x4f1f8431cf23913!2m2!1d-111.880771!2d40.8893895!1m5!1m1!1s0x87525f91e2e11b31:0x66eb3e5e585fbdd4!2m2!1d-111.8449043!2d40.7677628
https://utah.maps.arcgis.com/apps/instant/sidebar/index.html?appid=91db1689b0444f7eaa028934e91899f2
https://utah.maps.arcgis.com/apps/instant/sidebar/index.html?appid=91db1689b0444f7eaa028934e91899f2


● Point data analysis: density and hotspots, clustering
Common GIS Tasks and Applications

ESRI Clusters

Magna Earthquake

https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-statistics/densitybasedclustering.htm#GUID-977C39CD-5E74-4664-89FF-869607ACC652
https://quake.utah.edu/wp-content/uploads/Magna1yr-scaled.jpg


● Geographic statistics and demographics
Common GIS Tasks and Applications

@NWSTornado TwitterNASA Population Estimate

2.58 M people

Census Data

https://twitter.com/NWStornado/status/1521255057152389120
https://sedac.ciesin.columbia.edu/mapping/popest/pes-v3/
https://mtgis-portal.geo.census.gov/arcgis/apps/MapSeries/index.html?appid=2566121a73de463995ed2b2fd7ff6eb7


● Planning: data and analysis (transportation, economy, city planning)
● UDOT West Davis Corridor project

Common GIS Tasks and Applications

Centerville Zoning

WFRC

https://gatewaymapping.maps.arcgis.com/apps/webappviewer/index.html?id=aabf15b4314d4efa9969df9f9541ee47
https://cc.maps.arcgis.com/apps/webappviewer/index.html?id=429c8bab61404800a2c0118a21437d18
https://wfrc.org/ato-map/


● 3D: viewshed analysis, elevation profiles, volume calculations
○ Cut - volume above surface feature
○ Fill - volume below surface feature

● Shadow and solar analysis

Common GIS Tasks and Applications

ESRI viewshed
ESRI volume calculationViewshed analysis

Elevation profiles

Volumes

https://www.esri.com/about/newsroom/arcnews/a-big-release-with-far-reaching-effects/
https://pro.arcgis.com/en/pro-app/2.8/help/data/imagery/measure-feature-volume-based-on-an-elevation-surface-raster.htm


● GIS and Building Information Modeling (BIM) integration
○ Detailed views and attribute information

Common GIS Tasks and Applications

Trimble SiteVision, construction

https://sitevision.trimble.com/residential-development/
https://sitevision.trimble.com/building-construction/


● Augmented Reality (AR) applications
Common GIS Tasks and Applications

● View underground 
utility infrastructure

● View proposed 
infrastructure

Trimble SiteVision

https://sitevision.trimble.com/utilities/


Common GIS Tasks and Applications
● Elevation: data models and analysis

Elevation

Slope

Aspect

Hillshade

Contours

Red Butte 
Reservoir



● 911 & Next-Generation call-routing
Common GIS Tasks and Applications

A B

C

○ Caller A → Davis County 
Sheriff's Office

○ Caller B → Clearfield City 
Police Department

○ Caller C → Layton City Police 
Department

● Dispatch software can also 
recommend which fire and 
medical units should 
respond to the location



● Election Management: Redistricting, drawing precincts, voters and ballots
● Solar potential analysis
● Flood and inundation modeling
● Drone data capture, imagery, and 3D models

Applications of GIS never end …

Google Project Sunroof

https://sunroof.withgoogle.com/building/37.10347990360408/-113.53760812068757/#?f=buy


Python and Automation
● Popular, readable, versatile, easy-to-use programming language
● Open source and has a very large community of users and developers
● Tons of packages for a wide variety of uses
● Ubiquitous in GIS, data science, and scientific/academic communities

○ Able to chain tasks together to automate and repeat complex processes
○ Analysis and visualization

gis.utah.gov

StackOverflow 
developer survey:

Most Popular 
Technologies

http://gis.utah.gov
https://insights.stackoverflow.com/survey/2021


Python and Automation in GIS
● Geospatial packages

○ ESRI: ArcPy, ArcGIS API for Python
○ Open Source: GDAL, PyQGIS, Geopandas, Rasterio, Shapely, Fiona, geemap, 

■ too many to list … 
● Automate several processes in GIS

○ Perform analysis
○ Create data
○ Edit and update existing data
○ Generate a series of maps

● Specific examples
○ Get all addresses within a 500 ft buffer of a location
○ Real-world example for UGRC: Build 911 law boundaries

■ Combine county, municipal, and special jurisdiction boundaries into a statewide layer
■ Recreate data at the "push of a button" to capture recent municipal annexations
■ Script builds data in less than 2 minutes
■ Don't need to manually edit data or track recent annexations

gis.utah.gov

http://gis.utah.gov


Utah 911 Law Boundaries

gis.utah.gov

Sheriff 
Only
Sheriff

+
Police
All

http://gis.utah.gov


Final words
● GIS and GIS data can be very useful

○ Storing and managing data with "where" component
○ Answering questions
○ Solving problems
○ Visualizing data

● UGRC has a ton of GIS resources available for 
ANYONE to use

● Python can help automate tasks and improve 
workflows
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Erik Neemann
email: eneemann@utah.gov

twitter: @Erik_UGRC

Questions?
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