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Quantification of 
Landscape Pattern

MODULE: 10 QUANTIFICATION OF LANDSCAPE PATTERN
UNIT: 02 LANDSCAPE ECOLOGY

Objectives

 At the end of this series of lecture, you should be able to:
1. Define terms.

2. Describe the types of data that are appropriate for quantification.

3. Discuss the concerns associated with landscape quantification.

4. Explain and discuss the different metrics used in landscape ecology.

Importance of Quantification

 Basic questions needing quantification of spatial pattern
 Describing how landscapes change with time

 Compare different portions of the landscape 

 Compare the results of different management strategies

 Explain the movement of organisms, redistribution of nutrients, and the 
spread of natural disturbance. 
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Importance of Quantification

 Basic problem associated with quantification of spatial pattern
 We can quantify more about spatial pattern than we understand in 

terms of its ecological importance. 

Data Requirements

 Basic types of data 
 Aerial photographs
 Digital remote sensing
 Published data and censuses
 Field mapped data

 Data handling
 Classification of data
 GIS storage for ease of manipulation and display

 Raster vs. Vector
 Grain and extent for each type of GIS

 Issues of Accuracy

Concerns

 Clear a priori statement of objectives of the analysis
 Multiple comparisons and psuedoreplication



3

Concerns

 Classification scheme is critical
 Level of distinction between classes

 Homogeneity assumed within classes

 Interpretation of classes

 Define the scale (grain and extent) – General rule: grain size should 
be two to five times smaller than the spatial features being 
analyzed; extent should be two to five times larger than the largest 
patch. 

Concerns

 Identifying a patch
 A contiguous group of cells of the same mapped category

 Four cell neighborhood vs. eight cell neighborhood

 Heavily influenced by grain

 Patch classification can be species specific

Concerns

 30 Different landscape metrics, metrics are correlated
 Independent measures: 

 Number of classes on the map

 Texture of the landscape pattern was coarse or fine

 Degree to which the patches are compacted or dissected

 Patches linear or planar

 Patch perimeters complicated or simple in shape

 What constitutes a significant change. 
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Metrics

 Three broad categories of landscape level metrics:  Composition, 
spatial configuration, and fractals. 

Composition

 Composition
 Not spatially explicit 

 Measure what amounts or proportions are present without regard to 
location/configuration

 The proportion of the landscape occupied by a particular habitat limits 
the range of patch number and size.  

Composition

 Metrics
 Proportion occupied (pi)

 Expected value: 1/s  s=number of habitat types

 Deviations from expected values a useful indicator of landscape 
heterogeneity. 

 Influence on patch size and length of edges
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Composition

 Metrics
 Relative Richness

 Number of cover types present 

 Smax is selected subjectively:  researchers understanding of the system,  using 
comparable landscapes or historical values for the region

 Useful for before and after comparisons or regeneration

Composition

 Metrics
 Diversity and Dominance

 Related and redundant

 Richness and evenness

 Both vary from zero to one but inversely express the same relationships.  

 May return very similar numerical values for landscapes that are qualitatively 
different.  

Composition

 Metrics
 Connectivity (gamma index) 

 A series of nodes and linkages present the landscape

 v is the number of nodes and L is the number of linkages

 Varies from zero to one,  High values indicate high connectivity, and low values 
equal low connectivity. 
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Spatial Configuration

 Metrics that describe how the position of the elements in the 
landscape are related to one another. 

Spatial Configuration 

 Metrics
 Contagion – Probability of adjacency

 The probability that a grid cell of cover type i is adjacent to cover type j. 
 Sensitive to fine-scale distribution of cover types

 ni,j = the number of instances when cover type i is adjacent to cover type j.

 ni = the number of instances of cover type i

 Single one directional pass – can be used to detect anisotropy
 Average values can be determined with multiple passes.  
 qi,i values are a good measure of clumping. 

Spatial Configuration

 Metric
 Contagion  -- Contagion metric

 Distinguishes between landscapes that are clumped and dissected

 Pij= the probability that two randomly chosen adjacent pixels belong to 
cover types i and j respectively.  Pij = PiPj/i

 s= number of cover types in the landscape

 Ranges from 0 to 1.  High values indicate clumping in cover types and low 
values indicate dispersed cover types. 
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Spatial Configuration

 Metrics
 Patch-based metrics -- basics

 Patches are identified used either the four-cell rule or the eight cell rule

 Patch area and perimeter

 Perimeter/Area  
 High values indicate elongated or complex shapes

 Low values indicate compact shapes and relatively smooth boundaries

 Sensitive to patch size

Spatial Configuration

 Patch-based metrics
 Connectivity

 Measure of connectivity for individual cover types

 Relative size of largest habitat patch of an individual type

 LCi = Area of largest patch of cover type i

 pi = proportion of landscape in cover type i

 m is the number of rows  and n is the number of columns

Spatial Configuration

 Patch-based metrics
 Connectivity

 When all of the habitat is one cover type it connectivity is absolute and the 
metric is  1 and when the landscape is in small patches and has poor 
connectivity the metric approaches 0. 
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Spatial Configuration

 Patch-based metrics
 Proximity 

 Computed for each patch on a landscape to determine the relative isolation of 
the patches. 

 PXi = proximity index for focal patch I and within a specified search distance (set by 
investigator)

 sk = area of patch k in the search buffer

 nk = nearest neighbor distance between a grid cell of the focal patch and the nearest 
neighbor grid cell of patch k

 Low values indicate patches are relatively isolated, high values indicate patches 
are relatively connected. 

Spatial Configuration

 Patch-based metrics
 Area-weighted average patch size

 The frequency distribution of patch size is frequently skewed with a few large 
patches and many smaller patches. 

 The arithmetic mean then does not represent a truly random expectation 
from such an environment. 

 sk = the size of the kth patch 

Fractals

 The amount of resolvable detail is a function of scale. 
 Increasing the resolution does not necessarily result in an increase in precision 

because increasing the resolution reveals variation that was unnoticed 
before.

 Coastlines

 Look the same whatever the level of resolution used to observe the object.  –
Self similarity
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