UofA Biological Sciences — GIS 7 April 2005

How to Calculate Vector-Based Landscape Metrics in ArcGIS

These instructions enable you to calculate metrics comparable to those in FragStats
3.3, but applied to vector shapefiles within the ArcGIS 9 environment. Using a class
layer that has previously been intersected with landscape sites of interest, you may
batch process patch-, class-, and landscape-level metrics for use in landscape ecology
analyses. The first set of metrics is area-based and easily performed with the ArcView
level of licensing for ArcGIS; to calculate edge-based metrics you will need the Arcinfo
level of licensing for ArcGIS software.

The example data used is from Alberta Vegetation Index (AVI). Substitute your file
names and field headings, and note that you may also simplify the instructions to apply
to a single landscape.

ORIGINAL DATA

Landclass.shp A polygon shapefile of land classes (CLASS) and
unique landscape IDs (SITE)

CREATED DATA

Landclass_Dissolve.shp A polygon shapefile created by dissolving
the SITE_Class field — the attribute table
will contain patch-level metrics

Landclass_Polyline.shp A polyline shapefile created by converting
the polygons to lines — the attribute table
will contain patch-level metrics

Class_Name.dbf DBase table of unique class values with full
descriptive names
Total_site_area.dbf DBase table of summed area within each

site landscape
Class_area_summary.dbf DBase tables of class-level metrics
Class_edge_summary.dbf
Site_area_summary.dbf DBase tables of landscape-level metrics
Site_edge_summary.dbf
Site_variety_summary.dbf

Add a dissolve field and create patches by site and class:

The classes may have been generalized from other attributes and you may wish to
retain information on different sites for analysis without needing to create separate
layers for each site. Therefore, to ensure that there are no boundaries between
adjacent similar types — this will cause erroneous results such as higher number of
patches — use the dissolve operation on a new concatenated field: SITE_CLASS.
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1. In ArcMap, add the Landclass.shp layer, and right click on the name to OPEN

ATTRIBUTE TABLE

2. Choose OPTIONS >>> ADD FIELD

3. Name the new field SITE_CLASS (Text, 30)

4. Right click on the new heading and choose
CALCULATE VALUES

5. Enter the following expression: [SITE] & " -

" & [ClassName] and click OK

In ArcToolbox, locate the DISSOLVE tool

No

— uncheck Multipart — and name the output
Landclass_Dissolve.shp

cossolve
e

Input Features
Ia Landclass j qu
Cutput Feature Class
IE:\WorkSpace\Landclass_Dissolve.shp
Dissolve Field{s) (optional}
Ox [
O
OsrEA
O PERIMETER
O cLass_ MM
OcLass
O Clazsh ame
SITE_CLASS
«| | B
SeleotAll | Unselect 4l | sddFietd |
Statistics Field{s) (optional)
Field | Statistic Type | .|.|
Xl
i
3
[T Multipart (optional)
0k | Cancel | Environments. .. | << Hide Help |

Dissolve Landclass.shp by the SITE_CLASS field

7 April 2005
Add Field cd |
Mame: |SITE_CLASS
Tvpe: IText j
— Field Properties
[Length € ]
ak. I Cancel
i ] 4
Help ILI
Dissolve

Aggregates features based on
specified attributes.

INFUT

\ 4

OUTPUT

1

o

Calculate area-based patch-level metrics:

1. In the attribute table of Landclass_Dissolve.shp, add the following new fields:

e AREA (Double, 12, 4)
e PERIMETER (Double, 12, 4)

2. Calculate expressions from the table or copied and pasted from the Help Button:
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Check ‘Advanced’ in Type into Pre-Logic VBA Type into
the Field Calculator Script Code box: second box:
AREA Dim Output as double Output

Dim pArea as IArea

Set pArea = [shape]

Output = pArea.Area
PERIMETER (LENGTH) Dim Output as double Output

Dim pCurve as ICurve
Set pCurve = [shape]
Output = pCurve.Length

3. Remember to SAVE each expression

Field Calculator 2=l

Fields:

ARES
ClassM ame
FID  Shing
PERIMETER

Shape " Date
SITE

SITE_CLASS

Functions:

Type:
& Mumber

I Advanced

;I Load... |

Pre-Logic WBA Script Code

Diim Output az double
Diirn pairea az larea
Set phArea = [zhape]

Output = pirea.trea

You now have the area and perimeter of
each patch. To help you identify which
site and class the patches belong to,
perform a table join to calculate new
fields that split apart the SITE_CLASS.
4. In the attribute table of
Landclass_Dissolve.shp, add the
following new fields:
e SITE (Short, 2)
e ClassName (Text, 30)

x

= Hel | Juain letz you append additional data to this layer's attribute table o you can,
oeElp for example, symbolize the laper's features using thiz data.
LI What do you want ta join to this layer?
rHEA = Ll IJoin attributes from a table j
Output Cancel |
Data lnaded. 1. Chooze the field in thiz laver that the join will be bazed an:
5. In the table of contents, right click on JsiTE_CLass [
Landclass_Dissolve.shp and choose
JOINS AND RELATES >SS JOIN 2. Choose the table ta join to this laper, or load the table from disk:
6. Join by SITE_CLASS field to [Lardces = =
LandCIaSS Sh_p [ Show the attribute tables of layers in this list
7. Click YES to automatically create and
|ndeX for the JOln fleld 3. Chooze the field in the table to baze the join on:
. SITE_CLASS =
8. Calculate Landclass_Dissolve.SITE - -
equal to Landclass.SITE
9. Calculate dorced. |
Landclass_Dissolve.ClassName equal
to Landclass.ClassName
10.Remove the table join by right clicking
on Landclass_Dissolve.shp and choose
JOINS AND RELATES >>> JOINS >>> About Joining D ata | Cancel
REMOVE ALL JOINS
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Optionally, perform a Select By Attributes to isolate each set of patches by SITE and

view the patch-level metrics.

11.In the attribute table, choose OPTIONS >>> SELECT BY ATTRIBUTES and
enter an expression to view one of the sites; e.g. "SITE" = 1

12.Click APPLY

13.Repeat for each SITE value

14.Close all tables and choose SELECTION >>> CLEAR SELECTED FEATURES
when finished

Summarize class-level metrics:

The following instructs on how to obtain aggregate statistics for each class within
each landscape site. This is easily done with summary statistics for the attribute
table.

1. Right click on Landclass_Dissolve.shp and choose OPEN ATTRIBUTE TABLE
2. Make sure there are no selected records (choose OPTIONS >>> CLEAR

SELECTION) L=
3. nght click on FID Shape SITE_CLASS'_ Anea ~rMETER SITE | Clas=Hame f’
the 0 [Polygon 1 - Aspen = sort Ascending 1101 1551 1 [&=pen
1 [Polygon 1- Aspen £ Sort Descending 1942 4281 1 |&spen
SITE_C LASS 2 |Palygon 1 - Aszpen SuMmMmarize. .. 406 5521 1 |&spen
H 3 |Palygon 1 - Azpen E47 7931 1 |&spen
headlng and 4 |Palygan 1 - Bzpen S Calc_L"a_te Yalues.. 509 4635 1 |2spen
choose 5 [Polygon 1 - Aspen SR 5919123 1 |aspen
SU M MARIZE B |Palygon 1 - Azpen Freeze/Unfreeze Colunn 1418 5706 1 |&spen
7 |Pal 1.4 955 7077 1 &
4 SeleCt a” - nwgDT . SpeT Delete Field EYPETTE= . Spe? Ll
' stat|st|cs for Recond: ilill D_>I1| Show:W Selectedl Records [0 outof 370 5elected.) Optionz v|

AREA and all statistics for PERIMETER

5. Specify the output table; e.g. summarize 21X
Class_area_summary.dbf ST selvec e o oty atScs AT Sy f th Cthen s
6. Click OK and then YES to add the table
to the map document 1. Select a field to summarize:
SITE_CLASS =l
7' ln the SOURCE tab Of the table Of 2. Chooze one or more summary statistics to be included in the
contents, right click on Couputtsble
= ARE& -
Class_area_summary and choose P
OPEN b airnurn
. ] Awerage
8. Break apart the SITE and CLASS into S
H v Standard Dieviation
separate columns by following steps 4 o g D
through 10 in the previous section on Clasfane
. [+
page 3 (NOTE: substitute PERIMETER =
Class_area _summary for ‘attribute table e
— — . » 3. Specify output table:
Of LandCIaSS_DISSOI\/e ) IE: “Work S pacetClazz_area_summary. dbf
e Calculate
CIaSS_area_SummarySITE eq ual ™| Summarize on the selected records anly
tO Landclass.SITE About Surmmarizing D ata | ok I Cancel
e Calculate

Class_area_summary.ClassName equal to Landclass.ClassName
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Summarize landscape-level metrics:

The following instructs on how to obtain aggregate statistics for each landscape site.
This is easily done with summary statistics for the attribute table.
1. Right click on Landclass_Dissolve.shp and choose OPEN ATTRIBUTE TABLE
2. Make sure there are no selected records (choose OPTIONS >>> CLEAR
SELECTION)
Right click on the SITE heading and choose SUMMARIZE
Select all statistics for AREA and all statistics for PERIMETER
Specify the output table; e.g. Site_area_summary.dbf
Click OK and then YES to add the table to the map document
In the SOURCE tab of the table of contents, right click on Site_area_summary
and choose OPEN
Break apart the SITE and CLASS into separate columns by following steps 4
through 10 in the previous section on page 3 (NOTE: substitute
Site_area_summary for ‘attribute table of Landclass_Dissolve’)

e Calculate Site_area_summary.SITE equal to Landclass.SITE

e Calculate Site_area_summary.ClassName equal to

Landclass.ClassName

Do one more table summarization to obtain the number of classes for each site (a
variety-type statistic).
9. Open the attribute table for Class_area_summary.dbf
10.Right click on the SITE heading and choose SUMMARIZE
11.Select SUM — Sum_AREA as the only summary statistic
12.Specify and output table name; e.g. Site_variety.dbf
13.Click OK and open the table
The Count_SITE field indicates the total number of unique classes for each
landscape site and the Sum_Sum_AREA indicates the total area for each landscape
site.

NOoOOkWw

©

Convert to polylines and calculate EDGE-based metrics:

The following requires access to functionality only available in ArcGIS’ Arcinfo license:
1. Close all tables
2. Choose SELECTION >>> CLEAR SELECTED FEATURES
3. In ArcToolbox, locate the POLYGON TO LINE tool

E=
ﬂ Healp l_l‘
Input Features
IG Landclass_Dizzolve j g POlngﬁ
ToLine
Cutput Feature Class
IE:\WolkSpace\Lanchass_PonIine.shp ﬂ Generates a
e line
feature class
fram the
=l input
polygon
QK I Cancel Environments. .. <« Hide Help | feature class
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Drag and drop Landclass_Dissolve as the input
Specify the directory and output name; e.g. Landclass_Polyline.shp
Click OK
Turn off all layers except for the new Landclass_Polyline
. Open its attribute table
You now need to join the attributes from the original polygon layer to make this one
more useful. Add some new fields to copy those attributes into.
9. Choose OPTION >>> ADD FIELD and add the following fields:
e LClassName (Text, 30)
RClassName (Text, 30)
SITE (Short, 2)
SITE_L_R (Text, 50)
NAT_EDGE (Text, 3)
LENGTH (Double, 12, 4)
e SITE_AREA (Double, 12, 4)
10.In the table of contents, right click on Landclass_Polyline and choose JOINS
AND RELATES >>> JOIN
11.Join Landclass_Polyline LEFT_FID to Landclass_Dissolve FID
12.Calculate Landclass_Polyline.LClassName equal to
Landclass_Dissolve.ClassName
The warning indicates that it cannot copy the null values.
13.Remove the join
14.Click the OPTIONS button >>> SELECT BY ATTRIBUTES: "LEFT_FID" = -1
15. CLOSE the selection dialog
16.Calculate LClassName equal to "Outside"
17.Click OPTIONS >>> CLEAR SELECTED FEATURES
18.Join Landclass_Polyline RIGHT _FID to Landclass_Dissolve FID
19. Calculate Landclass_Polyline.RClassName equal to
Landclass_Dissolve.ClassName
20.Calculate Landclass_Polyline.SITE equal to Landclass_Dissolve.SITE
21.Remove the join
22.Calculate SITE_L_R equalto [SITE] & " - " & [LClassName] & " " &
[RClassName]
The “secret” for the following step is to select the human-related built-up classes to
then code as being not natural edge — useful if you’re interested in discerning
landscape metrics for natural and non-natural edge. The following list summarizes
the possible built-up classes in the example AVI data:

i

e Gravel Pits e Ribbon Development
e Highways e [ndustrial

e Outside o Wellsites

e Pipelines

Examine your data and list your non-natural edge classes and substitute in the
subsequent step. The IN keyword is used to select values in a list.

ccn@ualberta.ca Page 6 of 8



UofA Biological

Sciences — GIS

1 April 2005

23.Access the SELECT BY ATTRIBUTES dialog and perform the following two

stepsi
[ ]

n the exact order presented:
CREATE a new selection:
"LClassName" IN ( 'Gravel
Pits' , 'Highways' ,
'Outside' , 'Pipelines' ,
'Ribbon Development'
'Industrial’ ,
'Wellsites' )

Click APPLY and then CLEAR
ADD to current selection:
"RClassName" IN ( 'Gravel
Pits' , 'Highways' ,
'Outside' , 'Pipelines' ,
'Ribbon Development'
'Industrial’
'"Wellsites' )

Click APPLY

14

14

4

24. CLOSE the selection dialog

25.Calculate NAT_EDGE equal to "no™"

26.Choose OPTIONS >>> SWITCH
SELECTION

27.Calculate NAT_EDGE equal to "yes"

28.Choose OPTIONS >>> CLEAR SELECTED FEATURES

29.Calculate LENGTH using expressions copied and pasted from the Help Button
(or load from saved expression used on page 3)

30.Join Landclass_Polyline SITE to Site_variety SITE

31.Calculate Landclass_Polyline.SITE_AREA equal to
Site_variety.Sum_Sum AREA

32.Remove the join

To calculate class-level edge metrics, summarize Landclass_Polyline by SITE_L R:

Select by Attributes

Enter a 'WHERE clauze to zelect records in the table window.

Method :

Fieldz: Unique % alues
“FID
"LEFT_FID"
"RIGHT_FID"
""LClagsM ame"
"RClassM ame"
"SITE"
"SITE_L_R"
"MAT_EDGE"
"LEMGTH"

"SITE_AF!E!-\"_ILI P
I I 3

SELECT * FROM Landeclazs_Palpline wHERE:

HE

Ei=2EE
= |:

GoTa I
Get Unigue Walues |

“LClagsM ame" IM [ 'Gravel Pitz', ‘Highweaps', ‘Outzide’ . 'Pipelines’,
‘Ribbon Development’ , Industial | "Wellsites' )

Clgar Werify | Help | Load... | Save... |

Apply I Cloze |

33.Right click on the SITE_L_R heading and choose SUMMARIZE

34.Select all statistics for LENGTH and Min_SITE_AREA (this last one means you
won'’t have to do a table join later to get the landscape site areas for edge
densities)

35. Specify the output table name; e.g. Class_edge_summary.dbf

36.Click OK and open the table to examine it

37.Decide on the units for your edge density (length per area) metric:

Density Units  Add Field Calculate Values...

meters per DENSITYm Sum_LENGTH / Min_SITE_AREA
square meter (Double, 12, 10)

kilometers per DENSITYk ([Sum_LENGTH] / 1000) /

square Kilometer

(Double, 12, 4)

([Min_ SITE A] / 1000000)
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38.To calculate landscape-level edge metrics, summarize Landclass_Polyline by
SITE

39.Right click on the SITE heading and choose SUMMARIZE

40. Select all statistics for LENGTH and Min_SITE_AREA (this last one means you
won’t have to do a table join later to get the landscape site areas for edge
densities)

41.Specify the output table name; e.g. Site_edge_summary.dbf

42.Click OK and open the table to examine it

43.Repeat steps 37 above for the landscape-level edge density

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.innovativeqgis.com/products/fragstatsarc/manual/index.html

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

e Keep in mind the various differences between vector-based and raster-based
calculations.; because FragStats 3.3 is raster-based values obtained through
FragStats 3.3 may differ from what you calculate.

e Hopefully the above instructions have provided you with the skills to add the base
attributes of area, perimeter, and length 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

B8 Attributes of Site_edge_metrics (=] 3]
oID | SITE | Countf Minimum_LEH imum_LEH | Average_LEH | Sum_LENGTH| StdDeu_LEM |Variance_LEN| Minimurn_SITE_AREA | DEHSITYK
0 S 013 51424305 126146 615924624 5154967 2657365837 Tod7TET4.8513 | 10397024
1 2| 292 03109 25653913 2201474| 642830317| 3351363 | 1129875861 55208185104 | 11624800
2 3| zm 42563 14235173 2024926  d6e98553)  Z69BTE6| 72634475 6439514.525 | 5746537
3 4| 1m0 47733 11682489 2604267| 3332045687  258.4978| 6560211168 S643129.4067 | 6004548
4 5[ 148 2 2661 2909 ET4 2944011 435713673  464E098| 216048473 850320675 | 6306672
Record: 14 4 0 »[»] Show:| Al Selected | Records (0 outof 6 Selected) Optiors =
[ EF Layers = -
B B Landdass_Polyline
ClassMame ‘
[ aspen \
B Birch
[ EBlack Spruce
[ Bryophyte
[ Closed Shrub
M Flooded Beaver Ponds
[ Gravel Pits A
S The open tables show
Ml Highwiays
Y example output from the
I Lakes H H .
o | table summarizations; the
T N . . .
=i blue highlighted lines
[ wellsites
Ewiespce o indicate non-natural edges.
Display -Source Selecl\onl
B Attributes of Class_area_summary -10] x|
SITE_CLASS | Cnt_| Min_AREA | Max_AREA | Ave_AREA | Sum_AREA| SO_AREA| War_AREA|Min_PERIM|Max_PERIM Ave_PERIM| Sum_PERIME SD_PERIM| Var_PERIM| SITE =
32 - Jack Fine 6| 1345875 | 508033603 | 26779 3155 | 172675892 | 23654 43 | 55953245 | 257 7506 | 26695425 | 1004 5461 6027 2764 | 948.9591 900542 296 2
2 - Tamarack 3| 2538659 (139321170 | 52310689 | 156832067 | 7583697 | 57512475 | 735867 | 282310895 | 1234 3921 7031762 | 1423633 |2027300.45 21
2. White Spruce| 10 25113 | 106111043 |33755.6593 | 337550.593 | 47204 .67 | 22356595 7.275| d0z1.7502| 11113427 111134272 [1420.2424 | 2039676.32 z
3~ Aspen 26| 119.8496 | 103617 867 | 21693 0473 | 613005323 | 26084 57 | 78674314 |  755358| 27962254 | 7071712 198007844 | 5385868 407793 060 3
3. Black Spruce| | 1550.4853 | 700067202 [668608.975 | 7108571 50 | 2460708, | 60099052 | 2259308 |39198.2155 | 5291 3088 42331 1901 (13303 256 |1 76076639, 3=
[l | »
Recard: 14] 4 | 1 v|21] Show:| Al Selected | Records (0 out of 45 Selected ) Optiare =
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