
GIS Data Models



GIS Data Modeling
• The process of designing and populating 

a GIS database using its building blocks

– What geographic features, surfaces, and 

networks are needed in a GIS database?

– What kinds of positional details and 

attributes are needed?

– What analyses can be performed?

– What kinds of modeling elements are 

available from the GIS system?

– What modeling elements should be used 

to represent the features, surfaces, and 
networks?


• Both the problem domain and the GIS 
modeling elements have to be well 
understood

model

blocks



GIS Database Templates (Domain Data Models)

• Different application domains have different features, 
surfaces, and relationships to be represented


• Data modeling can be a complex process

– Understanding the objects, surfaces, relationships, and analysis 

needed in the domains

– Select appropriate “building blocks” from a GIS


• Templates help data modeling

– Organizations in the same industry use similar database 

structures

– Templates serve as a starting point for creating GIS databases 

and save database design time and cost

– Serve as standards to facilitate data exchange and 

interoperability



Water Utility Data Model

Implements business rules:

6” main line can join another 6’’ main line with a 
certain type of fittings




Defining Relationships  
(not necessary spatial)

This edge

Connects to

this edge

Through this 

junction

Setting Edge-to-Edge connection rules



ESRI Domain Data Models  
(ArcGIS Solutions)









A GIS Database is a Realization (Instance) of the 
(Water Utility) Data Model



Representations Depend on Application Needs

There are usually 
several possible ways 
of representing the 
same geographic 
phenomena
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Multiple Representations of Discrete Features



Multiple Representations of Fields

Triangulated 
Irregular 
Networks



Vector-Raster Conversion

• Raster line length >= 
vector line length



Vector-Raster Conversion

• Appropriate cell size

• Missing points or polygons



Representations Are Approximations!

• How much detail (location & 
attribute) is necessary?


• Generalization?



Representations Are Approximations!

• What cell size?

• How to deal with 

mixed cells



Summary

• Vector and raster data models

– Building blocks used to represent geographic phenomena in 

GIS

– The representation power of a GIS


• Database templates for specific application 
domains

– data modeling (database design)

– Database blueprints


• GIS databases (models of reality)

– Digital representations of geographic entities and phenomena, 

where their locations, attributes, and relationships are stored

– A realization of a database template



GIS	Data	Structures



Topics

• Binary number

• Vector data structures

• Raster data structures



GIS Data Structures

• Ways data stored in computer (memory and hard disk)

– Involved more in computer science


• Data in GIS

– Vector data model (points, lines, and polygons)

– raster data model (rasters)

– Attributes, location, and relationships (spatial and non-spatial)


• The same data can be stored in different ways

• Why data structures matter


– Reduce data size

– Speed up access, update and analysis


• Results in different (usually proprietary) file formats

– Different GIS vendors

– Same vendor over time



The Binary Number System

• Everything is represented by 0 & 1

• Binary numbers use a base of 2


– Using bits are 0 or 1

– Each successive column of a number 

represents a power of 2

• Integers and real numbers can be 

represented by the binary system

– Not every real number can be precisely 

represented

• Coordinates and attributes are 

stored as binary numbers

• Data size


– 8-bit is called a byte

– KB (KiloByte) = 1024 bytes

– MB (MegaByte) = 1000 KB

– GB (GigaByte), TB (TeraByte), PB 

(PetaByet), EB (ExaByte)

How about string or text?

1*23 + 1*22 + 0*21 + 1 = 13

Decimal number system:

301 = 3*102+0*101+1



Text and ASCII Code



Vector Data Model and Data Structures



Spaghetti (Simple) Data Structures

• Point—a pair of x, y coordinate.


• Line—a string of x,y pairs.


• Polygon—closed loop of x, y 
coordinate pairs


• Straight forward storage


• Features are independent of each 
other




Issues With a Spaghetti Data Structure

• How many times are shared polygon boundaries stored?


• What are the adjacent counties?



Issues with a Spaghetti Data Structure

• Shared boundaries are stored twice


• Polygon adjacency not stored explicitly

– Has to be computed from coordinates whenever needed

– Calculation repeated if the relationship is frequently queried



Topology (not Topography)

• Topology are the spatial relationships among geographic features


• Can be derived from coordinates


• But independent of coordinate systems and transformation (such 
as rotation and stretching)



Topological Data Structures
• A topological data structure stores


– Coordinates

– Attributes

– Spatial relationships 


• Different geometric types have different topology

– Lines (connectivity)

– Polygons (Polygon-Line composition and adjacency)


• Different GIS systems may store different kinds of topology 

• Topology for polygons as an example



Polygon-Arc (Line) Topology
• Store lines first

• Represent polygons using lines


– Defines what lines (arcs)  make a polygon

– Avoid storing shared lines twice



Left-Right (Adjacency) Topology

• Store the adjacency between polygons

• Useful in adjacency analysis



Find Adjacent Polygon with Topological 
Information

Find polygons which are 
adjacent to polygon “C” 
(lines 2, 4, 9, 6)



Topological Data Structures
• Advantages


– Consistent data—building topology helps find errors 

– Reduce disk space--shared boundaries are stored only 

once

– Speed up certain analyses--adjacency analysis


• Disadvantages

– Have to maintain the topology whenever data is updated

– May need more disk space (line layers)


• Space vs. time

– Save time at the expense of space

– Save space at the expense of time



Spatial Indexing

• Data used to speed up data access

– Table of contents (chapters and their start pages) and 

Index at the end of a book (find terms quickly)

–  Avoid sequential access of the data 


• Spatial indices are used to speed up the access 
to geographical features by their locations


• Minimum bounding rectangles for lines and 
polygons


• More from GEOG528 (Spatial Database)



Vector Data Models From ESRI
• ESRI provides several slightly different vector data models to 

represent discrete objects 

– The geometric elements (building blocks) in those vector data models are 

slightly different 

• Data structures are also evolving 


– More efficient ways are invented

– Development of database management


• Data models + data structures create new ways of storing geographic 
data à new file formats


– Coverages, shapefiles,  geodatabases


– Conversions can be made between different vector datasets

– Coveragesà shapefilesàGeodatabases



Shapefile Example



Shapefile Extensions

• Required files:

1. .shp—the file that stores feature geometry.

2. .shx—the file that stores the index of feature geometry.

3. .dbf--the dBASE file that stores the attribute information of 

features.


• Optional files:

1. .prj—file containing coordinate system information.

2. .sbn and .sbx--additional spatial index of features. 


3. .ain and .aih--the files that store the attribute index. 



Shapefiles

• A shapefile is a set of files under a folder


• All the files of a shapefile have the same major name 
but with different extensions


• Spatial data (location) and attributes are stored in the 
separate files


• No topological data is stored


• A shapefile has only one geometric type (i.e., point, line 
or polygon).


• Geo-relational database



Geodatabases  
(Object-Oriented Databases)

• A Geodatabase stores a set of tables

• Coordinates, attributes, and topology are all stored in 

tables (thanks for the database technology!)

• Vector data in a Geodatabase are organized as feature 

classes and feature datasets

– A feature class corresponds to a GIS layer and has the same 

geometric type (point, line or polygon) 

– A feature dataset have many related feature classes for an 

application. 

– All feature classes in a feature dataset have the same 

coordinate system

• Difference from shapefiles


– Relationships among features within a feature class - 
topology


– Relationship among feature classes (between layers) 

• Main pipe, lateral line, tee — business rules


– Attribute domains (constrains on what the values the 
attributes can have)



• Run length coding

• Reduce the size of raster

• Compression ratio depending on the redundancy along 

the rows

• Guaranteed compression?


• Quad-tree

• 2D run length coding

Raster Data Structures



Raster Attribute Table 
(Figure 2-35 in textbook is not a good explanation)

• Zone raster

– Raster with many cells having the same value

– Cells with the same value form a zone

– Each unique cell value forms a zone


• Typically has an attribute table

– Histogram of the values

– May save storage space by storing zone IDs instead of zone value at 

each cell

Zone ID Count Value

0 50 200

1 50 325.6



Raster Pyramids

• Raster with multi-resolution (cell size) 
rasters


• Fast display and analysis

– Progressive transmission over the Internet


• Several ways to create pyramids



Handling Very Large Rasters

• Disk-based analysis--one of the advantages ArcGIS has 
over MATLAB


• Parallelizing analysis--Cloud-based geospatial analysis 
systems (Google Earth Engine)

Tiles and Blocks 
used in ArcGIS



Vector-Raster Comparison


