
  

What is GIS?

• “GIS” stands for “Geographic Information 
Systems”, although the term “Geographic 
Information Science” is gaining popularity.

• A GIS is a software platform for storing, 
organizing, viewing, querying, and 
transforming spatial data models.

• Two most prevalent software platforms are 
the expensive commercially licensed ESRI 
ArcGIS©®TM and the free and open-source 
GRASS GIS platform. (Guess which one I use?)



  

What is a GIS?

• GIS data is displayed and manipulated as 
map Layers.

• Layers can be thought of like 
transparencies on an overhead projector.

• They can be stacked for display, or can be 
used as variables in mathematic equations

• Data layers in a GIS are stored in either 
Vector or in Raster formats.



  

Vector Data
• Discreet geometrical objects which are either points, lines, or 

polygons (areas)
• Composed of a list of Vertices (X/Y pairs) 
• Points have one vertex
• Lines are composed of two or more vertices are joined 

according to geometrical functions (straight lines, arcs)
• Polygons are closed geometric shapes composed of perimeter 

lines enclosing an internal area, potentially associated with a 
centroid (in GRASS, but not other GIS’s)



  

Graphic Display of Vector Object 

Vector “line”

4753456 623412
4753436 623424
4753462 623478
4753432 623482
4753405 623429
4753401 623508
4753462 623555
4753398 623634

Table of XY coordinates
 of line vertices
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Vector Data
• Discreet geometrical objects which are either points, lines, or 

polygons (areas)
• Composed of a list of Vertices (X/Y pairs) 
• Points have one vertex
• Lines are composed of two or more vertices are joined 

according to geometrical functions (straight lines, arcs)
• Polygons are closed geometric shapes composed of perimeter 

lines enclosing an internal area, potentially associated with a 
centroid (in GRASS, but not other GIS’s)

• Each vector object can have one or more associated Attributes
• Attributes are stored in a database, facilitating multidimensional 

data connections
• Easy database editing with your favorite spreadsheet software 



  

Multiple dimensions 
of data can be 
associated with 
each vector object



  

Vector Data
• Discreet geometrical objects which are either points, lines, or 

polygons (areas)
• Composed of a list of Vertices (X/Y pairs) 
• Points have one vertex
• Lines are composed of two or more vertices are joined 

according to geometrical functions (straight lines, arcs)
• Polygons are closed geometric shapes composed of perimeter 

lines enclosing an internal area, potentially associated with a 
centroid (in GRASS, but not other GIS’s)

• Each vector object can have one or more associated Attributes
• Attributes are stored in a database, facilitating multidimensional 

data connections
• Easy database editing with your favorite spreadsheet software 
• Data can be displayed thematically for easy visual analysis



  

Thematic Vector Points and Areas



  

Raster Data
• Continuous data (a matrix of values)

• Each layer has a maximum of 3.5 dimensions of data                  
         --  X, Y, Z, and Label

• Multiple layers can be stacked to represent many dimensions of 
data



  

Graphic Display of Raster Matrix

Raster “line” Matrix of numbers
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Raster Colored by Raster Value



  

Raster Data
• Continuous data (a matrix of values)

• Each layer has a maximum of 3.5 dimensions of data                  
         --  X, Y, Z, and Label

• Multiple layers can be stacked to represent many dimensions of 
data

• Display of data can be adjusted by ranges for analysis 



  

Display by Range



  

Raster Data
• Continuous data (a matrix of values)
• Each layer has a maximum of 3.5 dimensions of data                  

         --  X, Y, Z, and Label

• Multiple layers can be stacked to represent many dimensions of 
data

• Display of data can be adjusted by ranges for analysis 

• Complex statistics and matrix math (map algebra) can be 
calculated at each pixel or between pixels of single or multiple 
layers.



  

Map Algebra



  

Raster Data
• Continuous data (a matrix of values)
• Each layer has a maximum of 3.5 dimensions of data                  

         --  X, Y, Z, and Label

• Multiple layers can be stacked to represent many dimensions of 
data

• Display of data can be adjusted by ranges for analysis 
• Complex statistics and matrix math (map algebra) can be 

calculated at each pixel or between pixels of single or multiple 
layers.

• This allows for complex data transformation and simulation of 
phenomena that cannot be practically measured/observed in 
real life

• Can be used to model complex 3-D surfaces.



  

Various 3-D displays of a Raster DEM

Original Raster File



  

Raster Data
• Continuous data (a matrix of values)
• Each layer has a maximum of 3.5 dimensions of data                  

         --  X, Y, Z, and Label

• Multiple layers can be stacked to represent many dimensions of 
data

• Display of data can be adjusted by ranges for analysis 
• Complex statistics and matrix math (map algebra) can be 

calculated at each pixel or between pixels of single or multiple 
layers.

• This allows for complex data transformation and simulation of 
phenomena that cannot be practically measured/observed in 
real life

• Can be used to model complex 3-D surfaces.
• Raster surfaces can be interpolated from discreet data (ie. 

vector points)



  

So Which Type of Data Do I Use?

• Vectors are better for associating many data types 
with one spatial object (ie. archaeological site 
locations, farm fields, sampling locations etc.) in one 
file

• Vectors can only be used to represent discreet 
phenomena, but can be used to represent truly scale-
less complex geometry

• Easy to create informative thematic maps (nice for 
publication figures!)

• Great for cartography and making printed maps



  

Discreet Data
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Vector format preserves shape, but no map algebra



  

So Which Type of Data Do I Use?

• Raster's are better at representing massive amounts 
of spatially continuous data

• They are also better for doing mathematical 
operations on that data

• They can only represent one dimension per layer, and 
are subject to resolution constraints

• Rasters can be used for modeling (eg. of surfaces, 
complex systems, cellular automata, etc.)



  

Raster Elevation Data 
(Digital Terrain Model)

Vector Elevation Data 
(Contour Map)

Raster has no gaps in data, but has a specific scale

Continuous Data



  

Data Transformation

• You are not “stuck” with one or the other, 
you can transform between the two data 
types

• Direct transformation 



  

Data Transformation:
Direct
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Data Transformation

• You are not “stuck” with one or the other, 
you can transform between the two data 
types

• Direct transformation 

• Simplification from raster to vector



  

Data Transformation: 
Simplification

Input: Raster DEM   Output: Vector Contour Map



  

Data Transformation

• You are not “stuck” with one or the other, 
you can transform between the two data 
types

• Direct transformation 

• Simplification from raster to vector

• Interpolation from vector to raster



  

Input: Discreet Data

Artifact Point Densities

Output: Continuous Data

Density Probability Surface

Data Transformation: 
Interpolation
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