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Revisiting data creation
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Final Project Poster Examples











Spatial Analyst
Introduction to Raster 
Processing



Raster Data
What do the pixel values represent??



Raster Data
What do the pixel values represent?

The answer is 42



Raster Data

Red: 47
Green: 75
Blue: 14

What do the color channels represent?
Remember the RGB model?



Raster Data • We can think of 
rasters as image 
files.

• They can store 1 
or more layers:
• Grayscale
• RGB color

Red: 47
Green: 75
Blue: 14

What do the color channels represent?
Remember the RGB model?



True and False-Color Imagery



Raster Data

Surface of values 
composed of square 
pixels (or cells) each 
with a specific value



A raster layer is 
composed of pixels

• Surface of values composed of 
[usually] square pixels each 
with a specific value

• Pixels have a specific 
length/width size (ex. 10 m).

• Pixels may only hold one 
value.

• Compare to vector attributes

310
 m

10 m



Pixel Size 
= Spatial 
Resolution



Rasters Make 
Math Easy

• Vector math can be 
computationally 
intensive.

• How do we calculate 
areas with vector data?

• How do we calculate 
vector overlap?



Rasters Make 
Math Easy

• If our cells are 10m by 10m, 
what is the area of a cell?

• What is the combined area 
of each color cell?

• Raster math usually 
reduces to simple 
operations of cell values.



Two Components of Scale:
Grain + Extent



Raster vs. Vector I: pixel size is important

vs. vs.



Scale: Grain and Extent
All of these rasters have the same extent



Grain (or resolution): Pixel (cell) size
Extent: Area covered by raster



The Scale’s the 
Thing for

Questions, 
Answers, 

Representation

• “As resolution increases, objects tend to 
differentiate from classes. For example, 
objects might be represented by 
buildings, which taken collectively, might 
be classified as a commercial district. At 
even higher resolution, objects dissolve 
into materials with different spectral 
properties. Although this scale may 
appear more "realistic" to the human 
brain, the resolution may be too high to 
obtain meaningful objective 
interpretation through image processing.
– https://weather.msfc.nasa.gov/land/ncrst/

multiclas.html

https://weather.msfc.nasa.gov/land/ncrst/multiclas.html
https://weather.msfc.nasa.gov/land/ncrst/multiclas.html


Vector vs. 
Raster:
Rasterizing a 
Vector



Vector vs. 
Raster

Source: Paul Bolstad. 2012. GIS Fundamentals – A first text on Geographic Information Systems.  4th ed.









Where do 
rasters 
come 
from?

Raster files are 
abstractions of 
landscape features.

How do we decide 
what a pixel should 
contain? 



Making 
Raster 

Decisions

What’s in a cell?
• Quantities?
• Categories?
• Remote-sensed imagery?
• Landcover type?



Making 
Raster 

Decisions

Our goal determines the file 
format/contents.



Changing Grain



Rules for 
changing 

grain

• Where does the cell value apply within 
the cell? 
– (Mixed Pixel Problem)
– Centroid method: Assigns each cell 

the value of the feature at the 
center of the cell;

– Winner takes all: Whichever feature 
has the highest percentage of 
coverage in the cell ‘wins’;

– Dominant: Whatever that most 
important ‘type’ of feature wins, 
when present.



For 'Winner 
Takes All' 
coverage, what 
colour should 
cell 1 be?



For 'Winner 
Takes All' 
coverage, what 
colour should 
cell 2 be?



For 'Blue 
Dominates' 
coverage, what 
colour should 
cell 3 be?



For 'Blue 
Dominates' 
coverage, what 
colour should 
cell 4 be?



The blue dominate rule 
seems weird.

When would you 
actually use it?



Choice of Vector vs. Raster

http://map.sdsu.edu/geog104/lecture/unit-2.htm



Why Don’t We 
Use 1 m (or 
finer) 
Resolution for 
Every Raster 
Dataset?



Advantages of 
Raster Data

• Represents a data surface - every 
location within the raster extents 
has a value.

• Sometimes smaller file size than 
shapefiles containing the same 
amount of data.

• Looks good on a map…
 if you’re not close to the raster 

resolution.



[Possible]
Disadvantages 
of Raster Data

What shape is a pixel?
• Why is this important when converting between 

coordinate systems?

Transformations are destructive (irreversible)



Disadvantages 
of Raster Data

• Changing coordinate system alters 
the data



Disadvantages 
of Raster Data • Zooming can accentuate pixelation



Disadvantages 
of Raster Data

• Decreasing or increasing cell size 
requires interpolation



Disadvantages 
of Raster Data

• Increasing cell size (aggregating) is 
lossy.

• Remember our rasterizing rules?



Grain is important

What impact would these different considerations of elevation have on a 
model being run at these different extents?

https://www.youtube.com/watch?v=vTgP3o4-UCM 

https://www.youtube.com/watch?v=vTgP3o4-UCM


Types of Raster Data

Continuous
• Represents a surface or data that is 

constant
Floating point or Integer
Examples: 
Topography, 
Satellite Imagery, 
Proximity



Types of 
Raster Data

Discrete
 Could be binary (1,0)
 Could be limited number of 

unique values
 Examples: 
 Land cover classification, 
 Suitability,
 Presence/absence



Reclassifying 
continuous to 
discrete results 
in loss of 
information.

It is non-
reversible



Working With Rasters



Identify cell 
values



Querying a Cell Value:
By Cell Index

What is the value 
of the cell at (1, 2)?



Querying a Cell Value:
By Coordinate

What is the value of 
the cell at (253.112, 
67.435)?



Distances: Vector and Raster



Vector Analysis: Buffers



Raster 
Analysis: 
computing 
distance



Distances and Buffers

Vector Data
• Polygons are spatially discrete objects.

– There can be empty space between 
polygons.

• Buffering
– The boundary of the region within a 

specified distance.
– Divides the surface into areas that 

are inside/outside the critical 
distance.

• This is like a mask

Raster Data
• Rasters cover an entire surface

– Cells completely tile the surface.
• Distance

– Calculates a value of the (usually) 
Euclidean distance from the feature 
to the center of each cell.

• Mask
– Cells have value TRUE if they are 

within the critical distance



Topographic 
(Surface) 
Analysis

Hillshade
• Creates a shaded relief 

map from a DEM
Slope
• Creates a slope map 

(degree or percent) 
from a DEM

Aspect
• Creates a slope 

direction (0-360˚) from 
a DEM

• Can also be in radians



Hillshade + DEM



Boolean Algebra and Raster 
Calculations



http://www.cs.science.cmu.ac.th/person/chumphol/204231/Basic%20Identities%20of%20Boolean
%20Algebra.jpg



Boolean Algebra: Set Theory Perspective

x y x y x

x⋀y x⋁y ¬x

x AND y x OR y NOT x



Boolean AND vs. Raster Calculator Multiply
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Boolean OR vs. Raster Calculator Add
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Watch out for Missing Data
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ArcGIS’s Raster Calculator



Raster 
Calculator

Raster grid algebra 
(e.g., create a new grid 
of elevation greater 
than 600 m)

Combine suitability 
layers using ‘AND’ or 
‘OR’ statements



Spatial Data Operators, Set Theory, Boolean 
Algebra

Vector Operator Set Theory Boolean ArcMap English

Union A∪B OR
A|B

Dissolve Elements that are in 
at least one of A or B

Intersection A∩B AND
A&B

Clip Elements are on 
both A and B

Symmetric 
Difference

A∪B - A∩B Exclusive OR, 
XOR
A|B – A&B

Erase Elements are in A or 
B, but not both



Vector 
Analysis: 
Intersect or 
Clip
Keep, or discard, 
overlapping regions.



Raster 
Analysis: 
‘AND’ 
statements
Multiply two raster layers 
(usually one is binary) to 
achieve a raster 
“intersect” or “erase”



Vector Analysis: Union



Raster Analysis: Or

The | symbol 
(‘OR’) achieves a 
raster ‘union’.  All 
non-zero values 
get an output 
value of 1 = true





Arc’s Raster Reclass



Raster Reclass 
Tool

Creates categories:
• Numerical ranges 
to category.
• Combine several 
categories into 1



Reclassification 
Methods

Creates breaks.  You 
need to consider:
• Number of classes
• Break Values
• Quantiles



Elevation to 
altitude 
categories



Dead Birds Reimagined
A.K.A. the dead bird lab…



Dead Bird 
Analysis with 
Vector

Vector operations 
(geoprocessing):
• Buffer
• Clip
• Erase



Dead Bird Analysis with Raster: 
Euclidean Distance Raster



Dead Bird Analysis with Raster:
Reclassify Tool

1 = “yes”

0 = “no”



Dead Bird Analysis with Raster: 
Reclassify Tool

1 = “yes” 0 = “no”

1 = “yes”

0 = “no”



Dead Bird Analysis with Raster

1 = “yes” 0 = “no”



Dead Bird Analysis 
with Raster: binary 
rasters are 
awesome!

• Raster ‘AND’ 
identifies all 
pixels with a 
value of 
• 1 = “true”



Dead Bird Analysis with Raster: 
Different Grains
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