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Geographic Data Models
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Geographic Data Types

• Images

• Vector

• Raster 
(GRID/Surface)

• Attributes

• TIN

• Annotation

© Paul Bolstad, GIS Fundamentals
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Geographic Data Types

© Paul Bolstad, GIS Fundamentals
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DIGITAL SPATIAL DATA

• RASTER

• VECTOR

• Real World

Source: Defense Mapping School 

National Imagery and Mapping Agency
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Raster Data Sources

Satellite

Imagery

Air Photos

Scanned Maps
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Digital Orthophotograph

Image

Copyright 1993 Nassau County, NY

A scanned photograph that 

has been mathematically 

rectified to eliminate the 

effects of displacement so 

that its view always appears 

as though it is perpendicular 

to the ground.
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Raster Maps 

(images)

• A set of colored pixels 
representing chart 
information as a picture on 
computer screen

• Simply an array of pixels 
arranged in rows and 
columns

• Pixels are color coded, but 
do not represent features 
explicitly

• Rasters can have value 
attached

Source: Defense Mapping School 

National Imagery and Mapping Agency
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The Appeal 

of Raster 

• Looks like a paper map

• Cheap and easy to produce (scan 
existing paper chart)

• Runs easily on PC

• World-wide availability w/updates 
available

• Problems:
– Datum may or may not be WGS84
– Does not allow automated grounding 

avoidance or any other computer-
aided analysis

– Storage not as efficient

Source: Defense Mapping School 

National Imagery and Mapping Agency
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• An intelligent form of digital 
geographic data where real 
world objects are represented 
by points, lines and polygons.  
An objects representation is 
described by attributes and 
coordinates.

• Examples include: 

–Digitized Maps 

–GIS Data

Vector Data

Source: Defense Mapping School 

National Imagery and Mapping Agency
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Linking Attributes and 

Graphics

• In addition to Geography, GIS is 

also about Information.  A GIS 

marries the capabilities of 

computer mapping with database 

management systems.  So, a 

geospatial analyst can “click” on 

a geographic feature and find out 

information about it.  Or, they can 

query the database to find out 

information about all the 

geographic objects that meet a 

specific criteria.

• Information about a geographic 

object is called an attribute.
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Linking Attributes with 

Graphics

• In this example, the 

user has issued a 

query to select all the 

properties whose 

classification is single 

family residential (210), 

and colored the 

selection red.
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Vector Data is Layered

Spatial Data Analysis
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Geographic data are separated

into themes, tiled for speed of 

access and placed on CD-ROM Network Analysis
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Source: Defense Mapping School 

National Imagery and Mapping Agency
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Raster and Vector Data Models

Vector  Representation
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National Imagery and Mapping Agency
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A GIS in which graphic data is stored in 

the form of discrete points, lines, or areas.

Vector GIS
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© Paul Bolstad, GIS Fundamentals
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Structure of Vector Data

• There is a certain amount of relationship 
between vector data types.  Sort of an 
inheritance, as each data type is often 
dependent upon one another.  When 
representing geographic data in vector 
format, data is typically stored as:

• Points: points are zero dimensional 
objects, and represent geographic features 
such as wells, sample locations, or trees.

• Lines: lines represent one dimensional 
objects, or linear features, such as road and 
stream centerlines.  Lines are made up of a 
series of interconnected points.  A line 
typically starts and end with a special point 
called a node, and the points that make up 
the rest of a line are called vertices.  

• Polygons/Area: polygons represent two 
dimensional objects such as the boundaries 
of a field, or property, or the outline of a 
building or lake.  Polygons are made up of a 
series of connected lines where the starting 
point of a polygon is the same as the 
ending point.

Point

Line

Area
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Digital representation of physical or man made 
elements:

Graphic Features

• Vectors
– Points or Nodes

– Lines or Arcs

– Areas

• Raster Cells or Pixels
– Images

– Digital Orthophotography
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Trees
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Street Edge
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Areas
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Areas
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“Linked” Attribute Data
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Information about a graphic feature

Attribute Data

• Each piece of attribute information 
is related to a specific graphic 
element

• Traditional database type fields
– Numeric, text, dates, currency

• Images
• Photos
• Video
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Courtesy Village of Garden City

“Linked” Attributes



© Arthur J. Lembo, Jr.

Salisbury University

A GIS in which graphic data is stored 

in the form of grid cells or pixels.

Raster GIS
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© ESRI, Modeling Our World

An ESRI View
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Images
– Grayscale Images - These are coded using one number per 

pixel representing one of 256 different gray tones ranging from 
black to white.

– Palette Images - These are images coded using one number per 
pixel, where the number specifies which color in a palette of up to 
256 different colors should be displayed for that pixel. The colors 
in the palette can be True Color RGB colors. Palette images 
save space at the cost of a reduced total number of colors 
available for use in the image.

– RGB Images - These images use three numbers for each pixel, 
allowing possible use of millions of colors within the image at the 
cost of requiring three times as much space as grayscale or 
palette images. They are often called True Color RGB images in 
Microsoft applications.

– RGBa Images - These images are RGB images with a fourth 
number added for each pixel that specifies the transparency of 
that pixel in the range 0 to 255. RGBa images are used when 
combining multiple images in maps for elaborate graphics 
composition or creation of special visual effects in maps.

– Compressed Images - Compressed images use sophisticated 
wavelet compression technology to not only compress the 
amount of data an image requires but also to reconstitute the 
image on the fly on demand. At any given zoom level the desired 
view of the image is reconstituted from the compressed data 
store. Compressed images in general may be viewed but not 
altered or otherwise manipulated.
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Images
• Image libraries An image library component is a type of 

linked image component that shows what appears to be 
a single image that is created by automatically forming a 
mosaic from one or more images saved in image files 
within a folder on disk. The individual images that 
comprise the image library are called image tiles. 

• Types of libraries
– ECWP image servers - Servers providing compressed 

image data streams using ECW format.

– Google servers - Google servers providing images 
rendering maps or satellite images.

– Manifold IMS Web Sites - Manifold IMS can be configured, 
in addition to standard IMS usage or to OGC WMS image 
serving, to serve images as an image server.

– OGC WMS servers - Servers providing data streams of 
image data using OGC WMS format.

• https://basemap.nationalmap.gov/arcgis/services/USGSTopo/MapServer/W
msServer? 

• http://geodata.md.gov/imap/services/Demographics/MD_CensusData/MapS
erver/WmsServer? 

– Oracle servers - Oracle DBMS servers providing Oracle 
Spatial or Locator facilities within standard Oracle 
databases to store images.

– Tables and Queries - Linked images may be created 
dynamically from tables or queries.

https://basemap.nationalmap.gov/arcgis/services/USGSTopo/MapServer/WmsServer
http://geodata.md.gov/imap/services/Demographics/MD_CensusData/MapServer/WmsServer
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Image Pyramids

• Most technologies for displaying very 
large images will include the use of 
intermediate level images or pyramids 
to allow much faster display of images, 
including zooming in or out and 
panning the image. 

• If we compute intermediate levels of 
zoom and save extra images that 
takes time. If we compute and store 
very many intermediate levels of zoom 
that will also increase the storage size 
required for images 

• The need for extra storage space also 
is not usually a burden, since most 
people would happily see an image 
increase in storage space by, say, 
50% if thereafter display was virtually 
instantaneous instead of taking 
minutes for each change in zoom
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Visualization

http://www.manifold.net/products/images/montarasurf.jpg
http://www.manifold.net/products/images/montarasurf.jpg
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Raster Data
• Geographic Data Sets

– Land Use/Land Cover

– Vegetation Index

– Soil Stability

• Digital Photography
– Building Photos

– Accident Scenes

– Crop Damage

– Full Motion Video

• Digital Orthophotography
– Rectified Aerial Photos
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Raster Analysis

• Spatial Transformations

• Spatial Coincidence

• Proximity

• Surface Analysis

• Dispersion

• Least Cost Path
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Raster Data Structure

• Matrix of Equal-Area Cells
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Issue of Resolution

WHEAT

HAY

APPLESWHEAT

HAY

APPLES
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Raster Vs. Vector

• Must Consider

– Discreteness of the entity being depicted

– Intended application (efficiencies)

– Source data

– Storage considerations
• Resolution

• Color
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Raster vs. 

Vector Model

Land

Shoreline

Water

Vector Shoreline

Land

Shoreline

Water

Vector Shoreline

Source: Defense Mapping School 

National Imagery and Mapping Agency

People often ask: “what is the best 

format to represent geographic objects 

in a GIS, raster of vector?”  The 

answer is actually neither and both!  

That is, neither data model is better in 

every circumstance, and both data 

models fulfill very specific roles in 

GIS.

In this example, the vector data source 

representing the shoreline appears to 

have greater detail, and possibly 

greater accuracy.  Vector data can 

often store the information in a more 

compact format than raster data, and 

also work well with linear objects 

such as stream networks.

However, raster data models are much 

better at representing information that 

is continuous in nature, such as 

temperature where the value of 

temperature may be different between 

neighbors.
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Vector – Advantages and 

Disadvantages

• Advantages
– Good representation of reality

– Compact data structure

– Topology can be described in a network

– Accurate graphics

• Disadvantages
– Complex data structures

– Simulation may be difficult

– Some spatial analysis is difficult or impossible to 
perform
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Raster – Advantages and 

Disadvantages
• Advantages

– Simple data structure

– Easy overlay

– Various kinds of spatial analysis

– Uniform size and shape

– Cheaper technology

• Disadvantages

– Large amount of data

– Less “pretty”

– Projection transformation is difficult

– Different scales between layers can be a nightmare

– May lose information due to generalization
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Raster 
Functions

© Paul Bolstad, GIS Fundamentals
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Triangulated Irregular Network

• A triangulated irregular network (TIN) is a data 
model that is used to represent three dimensional 
objects.  In this case, x,y, and z values represent 
points.  Using methods of computational geometry, 
the points are connected into what is called a 
triangulation, forming a network of triangles.  The 
lines of the triangles are called edges, and the 
interior area is called a face, or facet.  

• While the TIN model is somewhat more complex 
than the simple point, line, and polygon vector 
model, or the raster model, it is actually quite 
useful for representing elevations.  For example a 
raster grid would require grid cells to cover the 
entire surface of a geographic area.  Also, if we 
wanted to show great detail we would have to 
have small grid cells.  Now, if the land area is 
relatively flat, we would still need the small grid 
cells.  However, with a TIN we would not have to 
include so many points on the flat areas, but could 
add more points on the steep areas where we 
want to show greater detail.

• The illustration shows how we can create a TIN of 
the terrain around Ithaca, NY.  

– First, a series of elevation points are created

– Second, a TIN face is created with the elevation 
data

– Third, the faces are shaded in to give the 
impression of a 3D surface
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TIN Data Structures

• The tin data structure is 
based on two basic 
elements:  
– points with x,y,z values, 

and a series of edges 
joining these points to form 
triangles.  

– This triangular mosaic 
forms a continuous faceted 
surface, much like a jewel.  

– TIN’s triangulation method 
satisfies the Delaunay 
criterion
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Components of a TIN

• Nodes

• Edges

• Triangles

• Hull

• Topology
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© ESRI, Modeling Our World
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Text or labels plotted on a map which 

describe or identify a feature or add 

other information to the map.

Annotation / Labels
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Annotation

• Text

– Information placed on 

a map to provide 

additional information 

about a graphic 

feature.

• Symbols

– The means by which 

graphic features are 

displayed in a GIS.
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Courtesy Village of Garden City

Annotation, Symbology, and Text
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Issues of Scale in Feature 

Representation

• Depending upon the presentation scale, a 

feature may take on different forms

– Buildings

• Engineering drawing – building outline

• USGS Quad Sheet – point location

– City

• USGS Quad Sheet – Polygon of city boundary

• Rand McNally Map – Point representing city location
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Issue of Discreteness

• Some feature types (especially in 

environmental science) do not have 

discrete boundaries

– Soil zone

– Plant community

– Wetland
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Classifying Features

• Classification is a means of grouping 
entities into categories or sets with unifying 
attributes

• Classification Requirements
– Relevant (does it make sense?)

– Comprehensive (does it include all the data?)

– Repeatable (can we recreate it?)

– Achievable, given technology (can we develop 
it?)

– Discrete (can we separate the classes?)
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Measurement Levels

• Once again, in GIS we are interested in geography as information.  
Therefore, when we describe the attributes of geography, we need to 
have an understanding of how this information is measured or 
categorized.  All of the data that is used in GIS can be categorized as:

– Nominal

– Ordinal

– Interval

– Ratio

• Although this can be a rather “dry” topic, it is important for us to 
understand the differences in these measurement levels.  Just as we 
need to understand the importance of datums and projections, so as to 
not risk making significant GIS blunders, understanding the 
appropriateness of the four measurement levels is equally important.  
Without a proper understanding of the measurement levels, it is easy 
to misapply the data to specific GIS processes.
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Measurement Levels
• Nominal Data:  The first measurement 

level to consider is nominal data.  Nominal 
data is a simply a label or name used to 
describe a feature.  With nominal data 
there is no assumption of ordering.  The 
data is described as qualitative and 
categorical, and would include 
descriptions such as national origin, hair 
color, birthplace, or school district. 

• Suppose we have a map of two zones: 
zone 1, and zone 2.  When using nominal 
data, we must understand:

– Zone “1” is not necessarily less than Zone 
“2”, even though the number “1” is less than 
the number “2”.

– Combining Zone “1” and Zone “2” does not 
equal Zone “3”, even though 1 + 2 equals 3.

• A GIS does not care if you add these data 
together, or make Zone 1 less than Zone 
2.  But, if we have two soils: Mardin and 
Valios, should we assume that Valois is 
better than Mardin because its higher in 
the alphabet?  No.  But, computers are 
often blind to logic.  Therefore, you the 
geospatial analyst , must make the proper 
assumptions. 
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Measurement Levels
• Ordinal Data:  While nominal data does not 

imply any specific order or rank, ordinal data is 
meaningful in terms of rank order in each 
category relative to other items in the category.  
For example, we can rank social class such as 
working, middle, and upper.  Upper class is 
assumed to to rank higher than middle or 
working.  For geographic data, we can return to 
our previous example of soils.  Soils can be 
considered poorly drained, moderately drained, 
and highly drained.  

• Once again, we should understand for ordinal 
data:

– The degree of difference is not known.  For 
example, upper class is not two better than 
working class.  Also, even though highly drained
soil may be more desirable than poorly drained
soil, it is not twice as better drained.  

• But again, GIS software doesn’t care what you 
do with the data.  Therefore, you must be the 
police your own use of the data.
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Measurement Levels

• Interval and Ratio:  While ordinal data did give 

us some useful methods to rank data we saw 

that it was limited in its ability to provide us with 

any real differences between the objects under 

study.  Interval data is useful for both ordering 

and illustrating differences between categories.  

However, interval data does not have an 

absolute zero starting point, while ratio data 

does.  For example, when measuring 

temperature, the Kelvin scale has an absolute 

zero value, while Celsius assigns zero to the 

freezing point of water.  So, while it is true that 

the difference in temperature between 20 and 

40 degrees Celsius is 20 degrees, it is not true 

to say that 40 degrees Celsius is twice as hot as 

20 degrees.  

• Ratio data actually does measure magnitude.  

So, attributes such as distance, area, weight, or 

value can be measured and ranked.  Therefore, 

you can say that 10 km is twice as far as 5 km.
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Environmental Attributes Map Layer

Parcels

Hazard Areas

Existing Land Use

Contours

FEMA Floodplain

Soils

Vegetation

Water

Study Areas

Data Layers

© ESRI
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Themes

• Examples of Common Themes:
– Roads

– Parks

– Buildings

– Soils

– Habitat Zone
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Data Formats

• ARC/INFO Coverage

• ArcView Shape

• Geodatabase Layer

• AutoCAD DWG/DXF

• MapINFO

• Other


