
ENVIRON 761:
Landscape Analysis – Part 1:
Fragmentation & Landscape Geometry

Instructor: John Fay



Overview

 From habitat to habitat patches (Demo)

 Patch geometry

 FRAGSTATS (Demo)

 ArcMap (Demo)

 Area, perimeter, thickness, shape index, core area

 Average nearest neighbors



Habitat and Habitat Patch maps
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Patch attribution/prioritization

Patch ID   102010
Area 450 HA
Cost  $250k

Core-area ratio 0.82
Threat idx. 0.24

Biodiversity idx. 0.03
Betweenness idx. 0.478

Ecosys. svc. idx. 0.850
TOTAL  SCORE 0.227

Quantitative score used to rank against other patches



Patch Geometry Metrics

 Properties of the size and shape of a habitat patch 
that may affect its conservation value…
 Area

 Perimeter

 Thickness

 Shape complexity

 Percent of area that’s core (core-area ratio)

 Dispersion vs. clumpiness of patches*

* Property of a landscape, not a single patch…



Assignment: Compute metrics

 A table of the summary statistics (min, max, mean, std. deviation) of:

patch area, 

perimeter, 

shape index, &

edge-area ratios

…for the set of pronghorn habitat patches within the study area. 

Also include columns for the same or similar measures (if they exist) from 
the FRAGSTATS outputs. 

 An X-Y scatterplot of FRAGSTATS computed perimeter –area ratio (PARA) 
against Shape Index, calculated in ArcGIS. 



Assignment: Compute metrics

 Shape index vs. Perimeter-Area ratio



Constructing Habitat/Habitat Patches

 Species Distribution Model  Habitat

 Which threshold to use?

 Habitat  Habitat Patches

 ‘RegionGroup’ tool…

 Removing tiny patches

 May be “noise”

 Might not be large enough to be useful



Zonal Geometry (ArcGIS)

 Area

 Perimeter

 Thickness

 Centroid

 Elliptical characteristics



Shape Index

𝑝𝑚𝑖𝑛 for a square of area A = 4 (√𝐴), so

Shape index compares a patch’s perimeter to the perimeter of a 
square with area the same as that patch’s.

𝑠ℎ𝑎𝑝𝑒 𝑖𝑛𝑑𝑒𝑥 =
𝑝𝑝𝑎𝑡𝑐ℎ
𝑝𝑚𝑖𝑛

The smallest perimeter occurs when the shape 
is at its most compact, i.e. a square.

𝑠ℎ𝑎𝑝𝑒 𝑖𝑛𝑑𝑒𝑥 =
𝑝𝑝𝑎𝑡𝑐ℎ
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Shape Index

Area = 25
Length of on side = 5
Perimeter = 4*5  = 20

Area = 25
Perimeter  = 60

Shape index 
= 4 (25) / 20
= 1.00

Shape index 
= 60 / 4 (25) 
= 3

Perimeter
4 * (Area).

As values get larger, the 
shape is more complex 

(less compact)…

5

5

5

5



Core-Area Ratio

If pronghorn tend to avoid habitat that is within 200 m of an edge, 
how much of a habitat patch’s area is actually available to them. 

• Identify cells within 200 m of the edge.
• Exclude these areas from the forest patches.

Habitat patch Distance from edge Cells > 200m from 
edge = Core

Core

* Use a mask to set non-patch areas to No Data in result…



Spatial distribution

Average Nearest 
Neighbor

NNZScores: Indicates the statistical 
significance of the result. At a 
significance level of 0.05, a z score 
would have to be greater than 1.96 or 
less than (–1.96) to be statistically 
significant. 

NNRatio: Values < 1 indicate the 
forest patches are clustered; values 
> 1indiciates patches are dispersed.



FRAGSTATS

http://www.umass.edu/landeco/research/fragstats/fragstats.html

http://www.umass.edu/landeco/research/fragstats/fragstats.html


FRAGSTATS



FRAGSTATS

Patch Metrics (no class level or landscape level deviations):

• Area - Edge: Patch Area, Patch Perimeter 
• Shape: Perimeter-Area Ratio, Shape Index
• Core Area: Core Area, Number of Core Areas, Core Area Index.

Class Metrics
• None – why??

Landscape Metrics (no distribution statistics):

• Area - Edge: Total Area, Largest Patch Index, Total Edge, Edge Density
• Core Area: Total Core Area, Number of Disjunct Core Areas



FRAGSTATS

Save and Run scenario…
 Can take several minutes to calculate

Patch metrics results:
1. Rename “____.patch” to “_____.csv”

2. Open csv file in Excel (or Notepad ++)

3. Find & Replace “cls_” with empty string

4. Open in ArcMap, Copy Rows to new table

5. Use ‘TYPE’ attribute to link with habitat patch features



Landscape Prioritization

 Patch geometry gives us one approach to 
prioritizing some habitat patches over others for 
conservation. 

 Other prioritization schemes include:

 Level of threat/likelihood of persistence

 Biodiversity co-benefits

 Patch connectivity

 Ecosystem services co-benefits  

These are what we’ll be looking 
at in the coming weeks…


