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DUKE UNIVERSITY

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

Pronghorn Pronghorn
distribution - habitat
model map
Continuous: Binary:

Separates pixels
into suitable and
non-suitable classes

Pronghorn habitat
suitability (0.0-1.0)

—

Pronghorn
habitat-patch
map

Nominal:

Clusters of connected
habitat cells are grouped
and given a unique ID




Patch attribution/prioritization

o T

Patch ID 102010
\ “‘" Area 450 HA
FEE A Cost $250k
A Core-area ratio 0.82
L P Threatidx. 0.24

Biodiversity idx. 0.03
Betweenness idx. 0.478

Ecosys. svc. idx. 0,850
TOTAL SCORE (0.227)
el

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:

v’ patch area,

v’ perimeter,

v’ shape index, &
v 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

FRAGSTATS "PARA" v. ArcGIS Shape Index

FRAGSTATS 'PARA" v. ArcGIS Shape Index
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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

Forest palygon SOMALTHICKENESS on forest zone

= Centroid
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Shape Index

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

. Ppatch
shape index = ==

min S

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

D..., for a square of area A =4 (\/A), SO

P = 4*s
A=s%s=1A

ppatch

4 (VA)

shape index =

P =4(VA)



Shape Index

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

=4 (N25) /20
=1.00

Perimeter
4 * \(Area)

As values get larger, the
shape is more complex
(less compact)...

Area =25
Perimeter = 60

Shape index
=60/ 4 (V25)
=3



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.

e |dentify cells within 200 m of the edge.

e Exclude these areas from the forest patches. Core

T

=

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

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



Spatial distribution

—I-&&@ Spatial Statistics Tools

Y 5 e e | , Average Nearest

2 HighfLow Clustering (Getis-Ord General G

2 Mulki-Distance Spatial Cluster dnakysis (Ripleys K Funckion) °
Spatial Aubocorrelation (Marans I) e Ig O r

= % Mapping Clusters

2 Cluster and Outlier Analysis (anselin Local Marans 1)

B Hot Spot Analysis (Getis-Ord Gi*) NNRatio: Values < 1 indicate the

= % Measuring Geagraphic Distributions

2 Certrsl Feature forest patches are clustered; values

2 Directional Distribution {Standard Deviational Elipse)

& Unear Directionsl Mean > lindiciates patches are dispersed.

53 Mean Center

2 standard Distance

- % Modeling Spatial Relationships
2 Generate Nebwork Spatial Weights
2 Generate Spatial Weights Matrix

}3‘ Geographically Weighted Regression
g Ordinary Least Squares
- }
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Geometry (4] Point ':‘;;L'h‘;'
NNZScores: Indicates the statistical
. . . e . oL . significance of the result. At a
R D R A O significance level of 0.05, a z score
S s o . t . . . would have to be greater than 1.96 or
Dispersed < > Custered I(?ss .than (—1.96) to be statistically
significant.




FRAGSTATS

Home About People Publications Presentations Research Teaching Opportunities
rragsTaTs  FRAGSTATS: Spatial Pattern Analysis Program oINS
™ for Categorical M
or categorica aps
FRAGSTATS g p NALCC
Documentation
Home Page FRAGSTATS
FRAGSTATS .
Downloads What is FRAGSTATS? CAPS
FRAGSTATS FRAGSTATS is a computer software program designed to compute a wide variety of landscape metrics HABIT
FAQ for categorical map patterns. The original software (version 2) was released in the public domain during @
1995 in association with the publication of a USDA Forest Service General Technical Report (McGarigal
FRAGSTATS  and Marks 1005). RMLands
Links
Since then, hundreds of professionals have enjoyed the use of FRAGSTATS. Due to its popularity, the Vernal pﬂOlS
FRAGSTATS program was completely revamped in 2002 (version 3.3). Recently, the program was upgraded to
Workshops accommodate ArcGIS10.x. The program is currently undergoing a major revamping, which will result in .
the release of version 4.0 early in 2012 Version 4.0 has a completely redisigned architecture and is Fire

designed to support the addition of cell-level metrics and surface pattern metrics, among other things.
Version 4.0 has essentially the same functionality as version 3 x, but with a new user interface that reflects Shortcourses
the redesign of the model architecture, and iz simply a stop-gap release for individoals that work with

ArcGIS10 x. We expect to release additional versions (e.g.. 4.1 and so on) shortly thereafter that
incarnnrate tenr feahiires

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



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

FRAGSTATS

B4 urnarmect

File Analysis [Help

——————— —_———
- e D
Mew Open

@ About Data type selection Input a dataset of type ESRI grid [ built-in algorithm ]
Input layers
putay \ibrary Data kype Dataset name: | MV761\Exercized Prep\Data‘Ex4 resdteElai D
Batch management built-n algorithm Raw ASCII grid
built-in algorithm Raw 8-bit integer grid R
Romcount )¢ | 1638 | Backgroundvaue : 999
Layers built-in algorithm Raw 16-bit integer gri ow count () m ackground value

built-in algorithm Raw 32-bit integer gri Cokmmemt (] = | 1751 Cell size : | 90.000

built-n algorithm ESRI arid

14| ]

Input layers | Analysis parameters

Comman tables

Class descriptors Browse

Edge depth | || Browse |

Meighbor rule

T qcelrule @ 8 cell rule

Automatically save results  “ragstats\HabPatch Browse

lUze fived depth 200,00

(@) Multidevel structure [Tabular output]

Patch metrics
Class metrics
Landscape metrics

Generate patch ID file




FRAGSTATS

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

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

Class Metrics

e None-—-why??

Landsca pe Metrics (no distribution statistics):

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




FRAGSTATS

Save and Run scenario...
=__Can-takeseveralminutesto-caleulate

Patch metrics results:

1. Rename “ .patch” to “ .CSV
2. Opencsv file in Excel (or Notepad ++)
3. Find & Replace “cls_” with empty string

124

4. Openin 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...




