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A set of methods whose results change when the 
locations of the objects being analyzed changes 

Longley et al. 2005: 

Spatial analysis is deriving information from data 
using distributions or patterns 

Spatial analysis: 



Spatial modeling 

•  A model is a representation of reality 
– Created as a simplified, manageable view of reality 
– Help understand, describe or predict how things work in 

the real world 



Spatial analysis examples 

●  Vector 
−  Interactive selections 
− Spatial joins 
 

●  Zonal statistics 
 
●  Raster 
− Distance and space allocation 
− Cost weighted distance  
− Raster Algebra and complex calculations 



Spatial joins 

•  Adds information from another shapefile based on 
spatial location 

•  Can calculate based on most of the selections 
(distance, intersections, etc) outlined in Module 3 



Add fields to the cities shapefile showing the nearest river and its distance. 

Spatial Join Example 

Lakes with their center in  
Georgia 



Spatial Join Example 

US_Cities Shapefile US_Rivers Shapefile 



US_Cities Shapefile US_Rivers Shapefile 

New Shapefile with nearest 
river and distance fields 

Spatial Join Example 



Zonal Statistics 

•  Summarizes the variation in a raster for given areas 
– These areas can from a polygon shapefile or classified 

raster image 

•  Output can be a raster image or a summary table 



Calculate the mean elevation for each quad in Michiana 

Zonal Statistics Example 

Quad Sheet extents 
over raster DEM 



Specify: 
 
  
Zonal data 
 
Field to use in reports 
 
Raster to summarize 
 
The measure to report 

Zonal Statistics Example 

Here, we use the 
mean 



The cell values of the new raster are the mean for that area 

Zonal Statistics Example 

New Raster Image 
colored by cell value 



Can also generate a summary table.  This can then be joined back to the 
shapefile. 

Zonal Statistics Example 



Euclidean Distance 

•  The straight-line distance between two points on a 
plane calculated using the Pythagorean theorem 

•  "As the crow flies"  
•  Creates a raster image where the only value for 

each cell is the distance from the feature being 
measured 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from cities 
named Columbia 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from cities 
named Columbia 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from the 
Mississippi River 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from the 
Mississippi River 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from 
Missouri 



Yields a raster with distance from the given feature as the only pixel value  

Euclidean Distance 

Distance from 
Missouri 



Cost Weighted Distance 

•  In reality, the Euclidean distance is often not an 
important component of how easy it is to travel 
– Thus, we can use another layer to “weight” how easy it 

is to travel 
•  Cost Raster: A raster dataset that indicates the cost 

of traveling through each cell in the raster 
– Can be used to create a cumulative cost of traveling 

from each cell in the raster to a certain destination 



Cost Weighted Distance 

•  For example, a route 
based on the 
Euclidean distance 
from one side of 
Crater Lake to the 
other would traverse 
the lake 

•  In reality, it would be 
much easier for 
someone to travel 
around the rim 

•  A longer distance, but 
a much easier route 



Cost Weighted Distance 

Say we wanted to walk between the Library and Morris Park Country Club 



Cost Weighted Distance 

A Euclidean distance calculation would give us a measure of how far away our 
destination is. 



Cost Weighted Distance 

But, if we look at a DEM, we can see that the travel in a straight line would 
traverse some difficult terrain 



Cost Weighted Distance 

A slope calculation for this DEM gives us some indication of how easy it would 
be to travel (higher slopes are harder to cross) 



Cost Weighted Distance 

Using this slope raster as the “weight” we can create an image that gives us a 
measure of how difficult it is to travel 

 -Note that this image shows “ease of travel” not real distance 



Cost Weighted Distance 

From this cost-weighted distance layer we can calculate the optimal route 



Spatial analysis examples 

•  Vector 
–  Interactive selections 
–  Spatial joins 

•  Zonal statistics 

•  Raster 
– Distance and space allocation 
– Cost weighted distance  
– Raster Algebra and complex calculations 



Raster Algebra and complex 
calculations 

•  The process of combining multiple layers to model 
some characteristic 
– Layers can be weighted according to their importance 

•  Often, each layer is processed independently to 
reflect its importance for the final model  
– This process is called reclassifying 

•  The final model is usually created by mathematically 
combining these layers 



Reclassifying 

•  Systematically assigning 
new values to a raster 
image 
–  Based on ranges of old 

values 
•  Can be used to 

–  Adjust  different layers to 
the same scale 

–  Rank different values based 
on their importance in the 
final model 



Types of reclassifications 

Two main types: 
•  Ranked (1 – 5, 1 – 10, 1-3, etc.):  

•  Reducing all of the variability into a series of ranked classes 
•  You decide what should be ranked high or low 
•  Several very different types of data are then scaled the same and 

can be combined into a model 
•  Binary (0 or 1) 

•  Weighting a character as either possible (1) or not possible (0) 
•  If we then multiply this variable by the rest of the components of 

the model, it will remove any areas that are not possible 
•  Example: No matter how highly ranked the area, we cannot build 

a new coffee shop in the middle of a lake 
•  So we would want areas of water to always be coded as low 



Example 

•  We want to find possible locations for solar panels 
on Notre Dame Campus 



A model of good locations for solar 
panels 

•  We can manipulate data that we have seen to create the components of 
this model 

•  Each component should be binary: 
•  Either we are far enough from roads or not 

Final	model	 Submodel	 Needed		
opera1ons	

Original	data		
layers	

Good	aspect	

Good	
slope	

Good	
distance	

Southern	
aspect	

Slope		
>	3	

Eleva6on	
(DEM)	

Distance		
>	1.5	km	

Eleva6on	
(DEM)	

Roads	
(shp)	

Poten6al	
Solar	Sites	



Original Data Layer: Elevation 

The	DEM,	showing	eleva6on,	is	our	first	data	layer	to	process	



Processed Data Layer: Slope 

From	the	DEM	we	are	able	to	calculate	a	raster	image	of	the	Slope	
We	can	then	reclassify	this	into	the	image	we	need	



Submodel: Good Slope 

Using	the	opera6on	of	slopes	greater	than	3,	we	then	reclassify	
the	image	into	good	(>3,	value	1)	and	bad	(<3,	value	0)	
Here	the	green	areas	are	good	slopes	



Processed Data Layer: Aspect 

From	the	DEM	we	can	also	calculate	a	raster	image	of	the	Aspect	
We	can	then	reclassify	this	into	the	image	we	need	



Submodel: Good Aspect 

Aspects	greater	than	3:	Reclassify	the	image	into	good	(south	facing,	
value	1)	and	bad	(not	south	facing,	value	0)	
Here	the	pink	areas	are	good	aspects	



Original Data Layer: Roads 

The	vector	shapefile	showing	roads	serves	as	a	base	data	layer	
to	calculate	distances	from	the	roads	



Processed Data Layer: Distance to 
roads 

A	Euclidean	distance	calcula6on	on	the	roads	gives	us	the	distance	to	
the	closest	from	any	part	of	the	image	



Submodel: Good distance to 
roads 

Using	the	opera6on	of	distances	greater	than	1.5	km,	we	then	
reclassify	the	image	into	good	(>1.5,	value	1)	and	bad	(<1.5,	value	0)	



Final calculation 

*	 *	 =	

+	 +	 =	

We	now	combine	the	tree	layers	into	the	final	model	of	Poten6al	Solar	Sites	
	We	choose	if	we	want	to	mul6ply	the	characters	to	get	binary	final	image	
	Or	add	them	to	get	a	ranked	final	image	



Final Model: Binary 

Each	pixel	is	coded	as	Unsuitable	(0,	tan)	or	Suitable	(1,	blue)	



Final Model: Ranked 

Each	pixel	is	coded	as	0	–	3	based	on	the	number	of	criteria	it	met.		
Anything	with	3	is	highly	suitable	for	a	solar	panel	


