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Definition of GIS: 
“A computer system capable of assembling, 
storing, manipulating, and displaying 
geographically referenced information” 

Definition of GIS Data Model:
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Definition of GIS Data Model:
“ A description of data content, format, 

and relationships, that reflects actual geographic
features and conditions, and provides an 
efficient structure for storing GIS data and 
using GIS applications”
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MAIN CATGORIES OF GIS APPLICATIONS 

Geographic Data Update/Map Production

Data Query and Map Visualization
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Spatial Analysis

Geographic Index to Detailed Records



GIS Applications—Map Design and Generation



GIS Applications—Query and Visualization



GIS Applications—Spatial Analysis

Distance Between Points Distance along Network

Calculation/Measurement

Area Perimeter Volume

Network Analysis: System trace identifying water ma in 
segments affected by a break or valve closing



GIS Applications—External Document Access



• Map layers 
• Associated attribute data
• Spatial data format

Basic GIS Database Concepts
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Vector vs Raster GIS Data Format
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RasterVector



GIS Vector Feature Types 

Line: e.g., water main, water 
service line,  lateral, natural

Point: e.g., manhole, water valve,  
pump station

Network: e.g., water distribution network 
defined by main segments , valves, service 
taps, fittings

Area (polygon): e.g., pressure 
zones, maintenance districts
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Water Features

Hydrant, Hydrant
Branch and Valve

Water MainReducer

Water Connection
(Corp)

Curb Stop

Water Service Pipe

Plug

Water Valve

Branch and Valve

Customer Point

• Water Anode
• Water Bend
• Water Casement
• Water Connection
• Water Coupler
• Water Main
• Water Main Valve

• Water Main Fitting
• Water Hydrant
• Water Hydrant Lead
• Water Hydrant Fitting
• Water Hydrant Valve
• Water Service Line
• Water Meter

• Water Pit
• Water Plug
• Water Service Fitting
• Water Pump Station
• Water Storage Tank



Sewer Features

S ew er
M anho leR educer

S ew er M a in  (S an ita ry)

S ew er W ye

S ew er S erv ice  P ipe

S ew er Junction

• Sewer Main
• Sewer CIPP Liner
• Sewer Manhole
• Sewer Main Casing
• Grinder Pump

S ew er S erv ice  P ipe

• Sewer Cleanout
• Sewer Connection
• Sewer Coupler
• Sewer Laterals

• Sewer Plug
• Sewer Reducer
• Sewer Tee Fitting
• Sewer Wye Fitting



Example of Vector Data Overlaid on Raster Image
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Tabular Attribute Data Linked to GIS Features

25, 27 Water Main, 8" Ductile Iron Pipe, 1967

28 Water Valve, Type 2, 1973

25 27

28
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22 23 24 25 26 27 28

41 42 43 44 36

42 John Jackson, 101 High Street, 1.6 Acres, $82,90 0

28 Water Valve, Type 2, 1973



Linked Tabular and Spatial Data
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GIS Management and Access to 
Map and non-Map Spatial Data
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Aspects of GIS Data Models

Geometry and Topology
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Major Database Design and Modeling Stages

abcd

ahdgbcd

abcd
abcd ID Geometry ID

Table: abcdfedTable: abcdcs

Table: abcd

ID
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Base Map vs Thematic Data

Base Map Layers : Provide geographic reference and commonly 
needed map features for overlay other map data. 
- Survey Control and Coordinate Grid
- Street/Road Centerlines
- Orthoimage
- Planimetric/Topographic
- Parcels
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Thematic Map Layers : Contain map features associated 
with a particular set of users, program area, or ap plication.  
- Utility Features
- Terrain
- Jurisdictional/Administrative Boundaries
- Land Cover



Types of Base Maps

Planimetric

Orthoimage
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Parcel
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Detailed Entity Relationship Model
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Detailed Entity Relationship Model



GIS Database Content Table
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Physical Database Design

• Database element names

• Data types: (e.g., text, integer, decimal, date, BL OB)

• Data field lengths: (e.g., valid list of entries or  number 
range)

• Database keys: (e.g., data elements that are unique  
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• Database keys: (e.g., data elements that are unique  
identifiers for the GIS feature—asset number )

• Data element domains: (e.g., valid list of entries or 
number range)

• Null and default values: (e.g., null value acceptab le?, 
automatic population of common value)





Types of GIS Database Rules
• Attribute Data Domains : Validation for acceptable attribute 

value entry (e.g., specific set of pipe material ty pes)

• Connectivity : Limits that govern the physical connectivity of 
map features (e.g., sewer main segments must termin ate at 
manholes or caps)

• Logical Relationships : Defined dependencies based on GIS 
feature types of values (e.g., “any water main abov e x-includes 
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feature types of values (e.g., “any water main abov e x-includes 
in diameter must have material type of “PVC”)

• Topologic Relationships : Spatial relationships among 
different map features (e.g., boundaries of water d istrict must 
correspond to jurisdictional boundaries)

• Map Display Thresholds : Controls displayed features and 
symbology based defined views (e.g., display change s based on 
scale)



ArcSDE Geodatabase Architecture
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Geospatial Metadata

“Data about Data”

Provides useful information about the content, 
quality, format, an accessibility of a geospatial 
database to support: a) easy access, b) proper 
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database to support: a) easy access, b) proper 
use, and c) effective maintenance.



GIS Metadata Components



Core GIS vs. External Data for Sewer System

Core GIS Data for Sewer Network (attributes for map features)

• Asset ID (unique key) 
• Asset Type
• Material
• Size
• Invert Elevation/Pipe Slope
• Install Date
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• Install Date

External Data for Integration with GIS
• Condition/Maintenance History 
• Hydraulic Modeling
• Customer Data
• Utility Inventory Data (e.g., hydrant test data, TV  surveys)
• SCADA system



GIS and External System Integration 
Approaches

Loosely-
Coupled

Integration

External System Core GIS

Tightly-
Coupled

Integration



GIS and External System
“Loosely coupled” integration :
� external system would be maintained and operated independently with 

process set up for periodic transfer of data to and from the core GIS 

� support s applications that do not require real-time or near real-time 
integration. 

� periodic transfer could be a regularly scheduled batch transfer or 
automated replication

Examples: a) Data export/import to and from external hydraulic model, b) import of Examples: a) Data export/import to and from external hydraulic model, b) import of 
water consumption data (from customer database) to GIS to support demand 
planning.

“Tightly coupled” integration : could mean one of the following: 
� the external system is fully incorporated within the core GIS, or 
� systems remain independent, but an interactive process is set up to 

support applications (data update, viewing, query, analysis) on a real-
time transaction basis. 

Examples: a)  Asset management  system integrated directly with GIS, b) CAD-GIS 
integration


