UofA Biological Sciences — GIS 15 April 2005

Raster-Based Landscape Metrics and Simulations in ArcGIS

These instructions enable you to calculate metrics comparable to those in FragStats
3.3, but applied within the ArcGIS 9 environment. Using simulated layers, you may
batch process patch-, class-, and landscape-level metrics for use in landscape ecology
analyses. The first set of metrics is derived from a multiple class landscape; the second
set is from binary landscape simulations.

The example data are generated randomly. For real-world analyses, substitute your file
names and field headings. The Spatial Analyst extension for ArcGIS is required.

CREATED DATA

Extent 100 x 100 grid

Normal Random value grid based on a normal distribution
Classes Multi-class grid reclassified from random data
Patches Multi-class grid of patches (grouped grid values)
Metrics Table of patch-level metrics for multi-classes

P1, P2, P3 Specified proportion binary grids generated randomly
G1, G2, G3 Binary patch grids

T1, T2, T3 Tables of patch-level metrics for binary proportions
*.dbf Exported tables for use in other software

Simulate the landscapes:

The following explains how to randomly simulate landscapes based on multiple
categorical classes (i.e. land cover) and proportions of binary classes (i.e.

habitat/non-habitat): options 21|

1. Start a new map document in ArcMap Gerers | Extent| Coll Sis |

2. Choose TOOLS >>> EXTENSIONS and
make sure there is a check beside Working drectary: [ \WorkSpacehvaster_metic: - (3|
Spatial Analyst to enable it snlysis mask [Hore> = &
3. Choose VIEW >>> TOOLBARS and
make sure there is a check beside Analysis Coordinate Spstem
Spatlal Analyst SO yOU can view it ¢ Analysiz output will be saved in the same coordinate
suztem as the input [or hrst raster input If there are
4. Choose SPATIAL ANALYST >>> e oy P o st esternput
OPT|ONS and set the OptlonS as ' Analysiz output will be saved in the same coordinate
. system as the active data frame.
follows:
d General tab - Working direCtory: ¥ Display warring message if raster inputs have to be
. projected during analysiz operation.
C:\WorkSpace\raster_metrics (you L ' ‘

may need to create a new folder in
Windows Exploring beforehand)

Cahicel |
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e Extent tab — Analysis extent: ‘As Specified Below’

Top: 100
Left: 0 Right: 0
Bottom: 0
e Cell Size tab — Analysis cell size: ‘As Specified Below’
Cell size: 1
5. Click OK
options kS| options 2
General  Extent |Eel|5ize| Generall Extert Cell Size |
Analyzis extent: Analyzis cell size:
Top: 100 Cell size:
Murnber of rows: 100
o ’ Pt o Mumnber of columrs: 100
Bottam: I o
Snap extent to: |<None> j El
ak I Cahicel | ak I Cahicel |
T 6. Choose SPATIAL ANALYST
— ' >>> RASTER CALCULATOR
Layers: 7. Enter the following expression
) R | O I *"‘”dl in the calculator:
!

8. Click EVALUATE
This example demonstrates how easy
it is to create a grid of specified
dimensions where each cell value
Extent = 1 =l equals a single value. To randomly
generate values, and perform more
advanced map algebra in the Raster
Calculator, you will need to access

. some of Spatial Analyst’s functions.

Cancel | Ll 9. Choose HELP >>> ARCGIS
DESKTOP HELP
10.In the Contents tab, navigate to Extensions > Spatial Analyst > Map Algebra and

ArcObjects > Raster Creation tools
11.Review the information for the Normal and Rand functions — especially the

‘Usage tips’ and ‘Map Algebra syntax’

| 7 sf s -]
|4|5|5| >|>=|Dr| Extent = 1
[ R N

|| ]

About Building Expressions |
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2 ArcGIS Desktop Help

File Edit Yiew Go

e = S O
Hide Back Forward  Print Options

Contents | |ndex I ﬁealchl Fa\-'or_itesl

= m E stensions ;I
@ 20 Analyst
@ ArcPress
@ ArcSoan
@ Geostatiztical Analyst
@ I aples
@ Publisher
= @ Spatial Analyst
@ Getting started with 5patial Analyst
@ Understanding raster data
@ Solving spatial problems
@ Perfarming analysis in 5patial Analyst
@ The Raster Calculator
@ Sample applications addressed by Spatial Analyst
@ Geoprocessing Functional R eference
= Qﬂ] Map Algebra and ArcObjects Functional R eference
@ Color Model tools
@ Conditional taols
@ Corwerzion tools
@ Drensity tool:
@ Distance toolz
@ Extraction tools
@ Generalization tools
@ Geometric Transformation tacls
@ Groundwater tools
% Hydrology tools
@ Interpolation tools
@ Local tools
@ Hath tools
@ Multivariate tools
@ Neighborhood tools
5 (0 G
E] & cverview of the Faster Creation toolz
@ M akeCanstant
@ M aket omnal
@ M akeR andom
@ Marmal =

@ Rand

@ Feclass tooks
@ Surface tools

@ Zonal tacs ;I

17.Click OK

18.1n the table of contents, rename
the layer to simply “Classes”

19

LY x

o £F Layers

= M| ClassesEaEE |
(B

oz
[ ]
4
= Morrnal
Walue
High | 4.295348

reation tools

Low : -3.707931
= Extent
=1

Dizplay I Sourcel Selection

Note that there are comparable tools built upon

the map algebra functions and are accessible
via tool interfaces in ArcToolbox. Using the
ArcToolbox tools and ModelBuilder will also
batch the same simulations instructed here
using the raster Calculator via the Spatial
Analyst toolbar in ArcMap.

Multi-class landscape:

12.Decide on how you wish to randomly
generate your landscapes — the
examples here use the Normal()
function
13.Choose SPATIAL ANALYST >>>
RASTER CALCULATOR
14.Enter the following expression in the
calculator:
Normal = Normal ()
15.Click EVALUATE
16.Choose SPATIAL ANALYST >>>
RECLASSIFY
e Select Normal as the input raster
e Click on the CLASSIFY button
e Choose an appropriate classification
method and number of classes; e.g.
Equal Interval — 4 classes
e Specify an output raster name; e.g.
Classes

[ Change missing values to NoData

Output raster: IEIasses{

21x
Input razter: INormaI j qul
Feclass field: I Maluer ﬂ
— Set values to reclagsify
0ld values | MHew values | Clazszify. . |
-3.707931 - 1. 706211 ‘I :
1. 706211 - 0.295509 2 Wrigue |
0.295509 - 2297228 3
2297228 - 4.2985948 4 Add Entry |
Ml ata ‘MoData
Delete Entriesl
Load... | Save... | Frecizian... |
=

[ o |

Cancel |
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Proportional binary grids:

20.Decide on how you wish to randomly generate your landscapes and what
threshold value you wish to use to divide the landscape into binary values — the
examples here use the Rand() function with a proportional value of around 50%:

21.Choose SPATIAL ANALYST >>> RASTER CALCULATOR

22.Enter the following expression in the calculator:

Pl = Con(Rand() < .5, 0, 1)
P2 = Con(Rand() < .5, 0, 1)
P3 = Con(Rand() < .5, 0, 1)
23.Click EVALUATE
Lavers:
e o U O O I
| e s 5| | | o]
| 1| 2] 3| < %
. o | | o] )| el
P1= confrand() < 5, 0, 1) 2
P2 =confrand(] < .50, 1)
P3=confrand(] < .50, 1)
=
About Building E xpressions | lml Cancel | > |

Check ArcGIS Desktop Help for more details on the CON() function — it is similar to

if... then... else logic.

24.Open the attribute tables for the proportional binary grids — note that
approximately 50% of the cells have a value of 1

25.Simulate a single landscape grid or more if desired and follow the instructions
below appropriate to your grid type

Metrics for multi-class landscapes:

Identify patches:

1. Read the ArcGIS Desktop Help topic on RegionGroup

2. Decide on how you wish to evaluate the connectivity between cells: four nearest
neighbors (direct) or eight nearest neighbors (diagonal) — the default is FOUR
and is used here

3. Choose SPATIAL ANALYST >>> RASTER CALCULATOR

4. Enter the following expression in the calculator:

Patches = RegionGroup ([Classes])
5. Click EVALUATE
6. Open the attribute table and view its contents
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The VALUE field identifies =10l x]
each unique patch or ObjectiD | Value Count Link ﬂ
connected region, the 1” 12 13 i
COUNT field tells how 3 3 1 3
many cells belong to that 3 4 12 2
patch, and the LINK field . : : :
indicates what the original & 7 2 3
class values are in the 7 8 23 2
input Classes grid. The ° = 1 ;
example here shows that 10 1 1 2 -
;hfo;gll)g; gé?s,lsfesglgggjshas Record: EILII I _Plil Show: Wﬂl Fecords [0 out of 2071 Selected.]

according to the four-
neighbor rule of connectivity.

Patch-level metrics:

The ZonalGeometry function efficiently calculates useful base metrics for each
patch. View the ArcGIS Desktop Help topic for details (especially “How Zonal
Geometry works”). Note that you may use individual zonal functions to obtain
calculations just for area, perimeter, thickness, or centroids.
7. Choose SPATIAL ANALYST >>> RASTER CALCULATOR
8. Enter the following expression:

Metrics = ZonalGeometry ([Patches], ALL)
9. Click EVALUATE
The table should open automatically. If it gets ‘lost’ then simply add and open it.
10.Click the ADD DATA button and navigate to select Metrics (has a table icon)
11.In the source tab, right click on Metrics and open the table to view its contents

JRI=TEY
Rowid VALUE AREA PERIMETER | THICKHESS | XCEHTROID | YCENTROID | MAJORAZXIS| MINORAZIS | ORIENTATION ﬂ

] 1 1 12 24 ooy 3 BBEET 935 3.28077 116074 156 482

2 2 2 ] 05 -] 995 112835 056419 ]

3 3 1 4 05 105 995 056419 056413 aa

4 4 12 26 05 109167 935 313032 1.22023 156,891

B 5 4 10 05 135 94 182576 0Ba73IT H TS

] -] 7 12 o.rar 15,7857 935 1.55135 143627 90

T 7 2 ] 05 18 995 112835 056419 ]

5] 3 29 a0 ooy 2129 aF 1207 3.454739 267184 473415

9 9 1 4 05 205 995 056419 056419 90

10 10 1 4 05 255 995 056419 056413 aa

1 11 1 4 05 265 995 056419 056419 90
12 17 15 an ns PRT A7 1RRT 2 ARNT 1 R1281 5579172 ﬂ

Recaord: ﬂlll 1 _Plﬂl Show: W Selected | Records [0 out of 2071 Selected ] Optiohs = |

The VALUE field is identical to that of the RegionGroup resulting grid named
Patches, and all other fields store the specified geometry measure: the AREA and
PERIMETER fields can be incorporated into additional metrics (see FragStats
documentation for formulae). NOTE: If you wish to access this INFO table
outside ArcMap, click OPTIONS and export it to dBase or text for external use!
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Class-level metrics:
The class values need to be x|

Summarize creates a new table containing one record for each unigue value

associated with the ZonalGeometry

output table prior to summarizing for

class-level metrics.

12.1n the table of contents, right click
on the Metrics table

13.Choose JOINS AND RELATES
>>> JOINS

14.Join by the VALUE field to the
Patches attribute table

15.Re-open the Metrics table

16. Scroll to the right to locate the

LINK field — this is the attribute that

contains the original class values
17.Right click on LINK and choose
SUMMARIZE
2%

Join letz you append additional data to this layer's attibute table so you can,
far example, symbolize the layer's features using thiz data.

Wihiat do you want tojain bo this laper?

IJDin attributes from a table

=

1. Chooze the field in thiz layer that the join will be based on:

fvaLUE

|

2. Choose the table bo join to this layer. or load the: table from disk:

I Patches j EI

v Shaw the attibute tables of layers in this list

3. Chooze the field in the table to baze the join on;

Advanced... |

of the selected field, along with statistics summanzing any of the ather figlds,

1. Select afield to summarnize:
Link

[~
2. Choosze one or more summary statistics to be included in the
output table:

3. Specify output table:

Count a
= metricsaRES

MimiraLm

I awirnurn

Average

Sum

Standard Deviation

Varance
metrics:Mal R&XIS
metrics MIMORAR]S LI
I mmmbaim I TRIT A TR

IC:\W’orkSpace\raster_metrics\Class_Metrics.dbf

™ Summarize o the selected records only

About Summarizing Data |

o]

Cancel |

About Jaining D ata | (] I

18.Choose the desired output summary
statistics; e.g. check Minimum,
Maximum, Average, etc. for
Metrics:AREA and
Metrics:PERIMETER
19. Specify an output table name; e.g.
Class_metrics.dbf
20.Click OK
21.0pen the Class_Metrics.dbf table to
view the class-level statistics
The LINK field identified the original
landscape class, the COUNT _LINK indicates
the number of patches per class, and the

Cancel |

following fields tell the specified class-level metric.

B Attributes of Class_Metrics 10l =|
L1 Link [Count Link {Minimum_AREA| Maximum_AREA | Average_ AREA | Sum_AREA | StdDev_AREA | Variance_AREA| Minimum_PERIMETER | Maximum_PERIMETER|
o 1 411 1 4 10876 447 0.3156 0.0996 4 10
1 2 392 1092 145612 2708 §1.4024 GE26.3492 4 1665
2 3 1183 1 o4 3ATET 378 4276 15.2843 4 95
3 4 g3 1 2 1.0235 a7 01525 00232 4 =1
4] | i
Record: EILII 0 r[m] Show:l Al Selected | Records [0 out of 4 Selected ] Options v|
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Landscape-level metrics:

The method shown here for how to calculate metrics for the entire landscape
involves summarizing the patch metrics table. To be able to add new fields for
further calculations, first you must export the table.

22.0pen the Metrics table

23.Choose OPTIONS >>> EXPORT

24.Specify the output table as Patch_Metrics.dbf and click OK

25.0pen the new table

15 April 2005

26.Choose OPTIONS >>> ADD FIELD
27.Type SITE as the name, select Short Integer as the type, and click OK
28.Right click on SITE and choose CALCULATE VALUES

29.Type 1 and click OK

30.Right click on the SITE heading and choose SUMMARIZE
31.Choose the desired output summary statistics; e.g. check Minimum, Maximum,
Average, etc. for Metrics:AREA and Metrics:PERIMETER
32.Specify an output table name; e.g. Landscape_metrics.dbf and click OK
33.Open the Landscape_Metrics.dbf table to view the landscape-level statistics

B Attributes of Landscape_Metrics - | Ellil
0ID | SITE | Count_SITE| Minimum_AREA _AREA | Average AREA| Sum_AREA |StdDev_ AREA|variance AREA|Minimum_PERIMETER _PERIMETER
ol 1] 2071 | 1] 1092 | 48286 | 10000 | 35,6466 | 1264 9754 | 4 1663
a | i
Recard: ﬂi" D_ilﬂl Show:l &ll - Selected | Fecords [0 out of 1 Selected ] Options v|

The Count_SITE field indicates the total number of patches for the landscape, the
Minimum_AREA and Maximum_Area respectively show the smallest and largest

5 patch
sizes,
- Density and so
-8 Distanice on. You
& Extraction
EI& Generalization may add
g Bggregate 3
----- #* Boundary Clean hew fle/ds
----- #* Expand to
. sarity Fill
T ety ke calculate
----- ;" Region Group
..... A shrink the
&}‘ Thin average
- Groundwater .
& Hydrology Perimeter
E]--& Interpolation /Area
E]--& Local .
51 8 Map Algetra ratio and
-5 Math
[]--& Mulkivariate Othef'
[]--& Neighborhood metl’ICS
E]--& Owetlay .
E]--& Raster Creation aCCOfdlng
E]--& Reclass tO
E]--& Surface
=& znd o FragStats
g Tabulate Area
----- A Zonal Fil formulae
----- A Zonal Geometry |
1 _>|_I
Favorites Ilnde:-c I Searchl
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Metrics for specified proportion binary landscapes:

Identify patches:

1. Decide on how you wish to evaluate the connectivity between cells: the default of
FOUR is used here

2. Choose SPATIAL ANALYST >>> RASTER CALCULATOR

3. Enter the following expressions:

Gl = RegionGroup([P1l])
G2 = RegionGroup([P2])
G3 = RegionGroup ([P3])

4. Click EVALUATE

Patch-level metrics:

5. Choose SPATIAL ANALYST >>> RASTER CALCULATOR
6. Enter the following expressions:

Tl = ZonalGeometry([Gl], ALL)
T2 = ZonalGeometry([G2], ALL)
T3 = ZonalGeometry([G3], ALL)

7. Click EVALUATE

Class-level metrics:

8. For each table, join by the VALUE field to the corresponding group attribute
table; i.e. join T1 to G1

9. In the joined attribute table, right click on the LINK field and choose SUMMARIZE

10.Choose the desired output summary statistics; e.g. check Minimum, Maximum,
Average, etc. for T1:AREA, T1:PERIMETER, and T1:THICKNESS

11. Specify an output table name; e.g. Class_T1.dbf

12.Click OK

13.Repeat steps 8 through 12 for T2 to G2 and T3 to G3 and obtain the
Class_T2.dbf and Class_T3.dbf tables

14.0Open the tables to view the contents

Refer to the ArcGIS Desktop Help topics and information provided in the above

multi-class landscape section on class-level metrics.

Landscape-level metrics:

15.Export each table from, the class-level instructions; e.g. Patch_T1.dbf

16.Add a SITE field and calculate as the group number e.g. 1

17.Summarize each table on the SITE field, choosing the desired summary statistics
and specifying an appropriate output table name; e.g. Landscape_T1.dbf

18.View the table and add any new fields and calculations for additional metrics
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B Attributes of t1 =10l
t1:Rowid |t1:WALUE| t1:AREA |t1:PERIM|t1:THICK|t1:XCENTR|t1:YCENTR| t1:MA JOR | t1:MINOR|t1:0RIENTfObject] Walue | Count| Link ﬂ
1 1 5 12 05 23 99.3| 236541 | 0672843 | 169.099 i} 1 3 1]
2 2 2 -] 05 45 99| 112855 056419 2 2 1
3 3 1 4 05 6.5 995 0.56419| 056449 T1 3 1 1
4 4 2 -] 05 g 995 1.12835%| 056449 4 2 1]
5 5 18 28 1.707 13 Q5.2778| 274222 20894 | 162685 4 5 18 1
-] -] 2 -] 05 16.5 99| 112855 056419 a0 3 -] 2 1]
7 7 2 & 05 175 99| 112835 056419 90 B 7 2 1 j
Record: il;" 0 || Show: W Selected | Records (0 out of 1386 Selected.) Optians '|

More metrics:

e Consult the FragStats documentation, scientific literature, and other landscape

ecology resources to help you calculate additional metrics of use:

McGarigal, K., and B. J. Marks. 1995. FRAGSTATS: spatial pattern analysis program for
quantifying landscape structure. USDA For. Serv. Gen. Tech. Rep. PNW-351.

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

http://www.innovativegis.com/products/fragstatsarc/manual/index.html

http://flash.lakeheadu.ca/~rrempel/patch

e Try checking your metrics obtained in ArcGIS with those obtained in FragStats
3.3 to see how they correspond.

e Hopefully the above instructions have provided you with the skills to add the base
attributes of area, perimeter to your patches; it's now simply a matter of
determining the join tables, copy values, and calculate the formulae comprised of
the base attributes to obtain more complex patch-, class, and landscape- level
metrics.
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