
Neighbourhood Operations – Specific Theory 
 
Neighbourhood operations are a method of analysing data in a GIS environment. They 
are especially important when a situation requires the analysis of relationships between 
locations, rather than interpret the characteristics at individual locations. 
 
 

The Scanning Cell and Scanning Neighbourhood 
 
Neighbourhood operations are commonly called ‘Focal Functions’ since each operation 
performed generates a value for the ‘focus’ of a neighbourhood. The neighbourhood 
focus is generally called the scanning cell  and its neighbours – that is the cells 
surrounding it – are known as the scanning neighbourhood. The scanning 
neighbourhood can take on various sizes and shapes, which are defined by selecting the 
appropriate options in the GIS package. The most common neighbourhood shapes are: 
 

SQUARE 
 

CIRCLE DONUT WEDGE 

 
Note: in the above examples the scanning cell is shaded grey, and cells in the scanning 
Neighbourhood are shaded pink. Also note that the scanning neighbourhood for each of 
these neighbourhood shapes includes the scanning cell, with the exception of a donut-
shaped neighbourhood.  
 
You may notice that at this scale there appears to be no difference between the circular 
and square scanning neighbourhoods. In Lesson 2 - Simple Interactive Examples, the 
difference between these scanning neighbourhood shapes is more evident. The GIS user 
can define any size for the neighbourhood, according to the problem at hand.  
 
 

How Neighbourhood Operations Work 
 
Neighbourhood operations work by moving across a raster grid map, one cell at a time. 
As each cell is visited, it becomes the scanning cell and a new value is computed for that 
cell as a function of its scanning neighbourhood. All computed values are then placed 
into the corresponding cells of the output map/theme.  
 
 
Statistical Neighbourhood Analyses 
 
Various statistics can be used to characterise the neighbourhood of a scanning cell. Note 
though, that as there are four general types of numerical data that can be present in an 
input map, the statistics which are used in the neighbourhood operations will depend on 
which data type is being studied: 



 
Ratio 
Interval 
Ordinal 
Nominal 
(see definitions at end of document) 
 
Note that if a function can be applied to data of any given type of the above, it can also 
be applied to the proceeding type.  
 
This module details nine statistical operations, namely Sum, Average, Maximum, 
Minimum, Median, Majority, Minority, Diversity and Range. An example scanning cell 
and its neighbourhood are shown below. Each statistical operation is then described 
along with its result for the example. 
 

 
 
SUM (= 110) 
 
This operation adds the values of the scanning cell and its neighbours (ie. the cells in its 
scanning neighbourhood), and stores this sum in the output theme. The input map data 
can be ratio or interval. 
 
An example of the use of SUM is to measure the density of features on a map, such as 
the generation of a residential density map encoded for the number of dwelling units per 
100 hectares.  
 
 

AVERAGE (= 12.22) 
 
This statistic calculates the mean value of the data present in the scanning 
neighbourhood. The input map data must be ratio or interval. 
 
AVERAGE is often used to “smooth” values in a map and as such is equivalent to a low 
pass filter in remote sensing. An example is the smoothing of terrain prior to analysis so 
as to remove small errors/noise in the data. 
 
 
MAXIMUM (= 30) 
 
The MAXIMUM operation returns the value of the cell in the scanning neighbourhood 
which has the highest value. The input map data can be ratio, interval or ordinal. 
 



An example of the use of this statistic is to value each cell according to the most valuable 
resource in the local area. 
 
MINIMUM (= 0) 
 
This operation returns the value of the cell in the scanning neighbourhood with the 
lowest value. As with MAXIMUM, the input map data can be ratio, interval or ordinal. 
 
MIMINUM is often used to locate “pits” in an elevation map, with an example being its 
use in detecting “spurious pits” (single-cell depressions in elevation data) prior to runoff 
simulations. 
 
 
MEDIAN (= 10) 
 
 

This operation returns the median (middle) value of the scanning neighbourhood values. 
The input map data may be ratio, interval or ordinal. 
 
The MEDIAN operation is used under similar circumstances to AVERAGE, ie. for 
smoothing values in a map. 
 
 
MAJORITY (= 10)  
 
This operation returns the value which occurs most frequently in the scanning 
neighbourhood. The input map data may be ratio, interval, ordinal or nominal. 
 
An example of the use of MAJORITY is to replace missing values in a map, such as 
assigning the most common land use in a neighbourhood to ‘data-less’ slivers or points 
on a digitised map. 
 
 
MINORITY (= 30) 

 
The MINORITY operation returns the value which occurs least frequently in the 
scanning neighbourhood. The input map data may again be ratio, interval, ordinal or 
nominal. 
 
This operation is rarely used. 
 
 
DIVERSITY (= 5) 
 
Sometimes called VARIETY, this operation returns the number of different values in a 
scanning neighbourhood. The input map data can be ratio, interval, ordinal or nominal. 
 
DIVERSITY often used to find the edges of polygons whereby the result of such an 
operation returns values of: 1 for the interiors of polygons, 2 along the boundaries of 
two adjacent polygons and 3 or 4 where three or four polygons join (respectively). An 
example of this is in ecological studies of vegetation communities.  



 
 
RANGE (= 30) 
 
This operation returns the difference between the maximum and minimum values of the 
scanning neighbourhood. The input map may be ratio, interval or ordinal. 
 
RANGE is often used to value each cell according to the range of values of a specific 
characteristic that surround it. Examples of this are finding the range of surrounding 
terrain heights or land values. 
 
 
Some Examples… 
 
Listed below are three ‘real’ examples which illustrate the use of different neighbourhood 
shapes, sizes and operations. 
 

??A circular neighbourhood of radius 2 km can be used to show how many coastal 
cells are within 2 km of each location on a map. 

 
??When removing spurious depressions in a DTM prior to use for hydrological 

analysis, a MINIMUM operation, based on a 3?3 square, would be used first to 
identify low cells (when MINIMUM value equals scanning cell value). For these cells, 
the current cell value would then be replaced with the AVERAGE of the values in a 
donut-shaped neighbourhood with a 1-cell centre (ie. leaves out the elevation of the 
cell itself). 

 
??A person may want to live in a location that does not have hills to the east in order 

to enjoy the morning sun. In this case, the analysis would be focused on applying 
MAXIMUM to a DTM using a wedge-shaped neighbourhood ranging from 45? to 
135?. When the original DTM is subtracted from the result, it is known whether or 
not there is higher ground to the east of each cell. 

 
From these examples, you can see that neighbourhood operations often involve 
several steps and thus can be difficult to grasp. The following lesson (Simple 
interactive Examples) gives you the opportunity to view some basic examples of the 
more common statistical operations.  
 
 

 
 
 



Types of Numerical Data 
 

Ratio Data 
 
Measurements that represent quantities in terms of equal intervals and an absolute zero point 
of origin. Expressed using numbers that can be transformed or combined with any 
mathematical function to generate meaningful results. Examples include measurements of 
characteristics such as age, frequency, physical distances and monetary value.  
 
Ratio input map data can be used for the following statistical operations: Sum, Average, 
Maximum, Minimum, Median, Majority, Minority, Diversity (Variety) and Range. 
 
 
Interval Data 
 
Measurements that represent quantities in terms of equal intervals or degrees of difference, 
but whose zero point (or point of beginning) is arbitrarily established. Used to quantify 
differences but not proportions and characterise relative positions in space, time or 
magnitude. Examples include latitudes, longitudes, compass directions, times of day and 
normalised scores.  
 
Interval input map data can be used for the following statistical operations: Sum, Average, 
Maximum, Minimum, Median, Majority, Minority, Diversity (Variety) and Range.  
 
 
Ordinal Data 
 
Measurements that quantify differences by order (ie. in terms of values such as ‘more’ or 
‘less’, ‘larger’ or ‘smaller’), not magnitude – that is, the size of the intervals is not specified. 
Often used where quantitative differences are apparent but hard to measure (ie. when values 
represent a ranked order). Examples include the distinction between poor, moderate, and good 
quality agricultural land (gives no indication of exactly how much better/worse each is than 
the others).  
 
Ordinal input map data can be used for the following statistical operations: Maximum, 
Minimum, Median, Majority, Minority, Diversity (Variety) and Range. 
 
 
Nominal Data 
 
Values that represent qualities rather than quantities and do so without any reference to a 
linear scale (ie. ‘measurement’ in terms of names or designations of discrete units or 
categories). Examples include telephone numbers, post codes, or types.  
 
Nominal input map data can be used for the following statistical operations: Majority, 
Minority, and Diversity (Variety).  
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