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Edge Crossing Characterization

These instructions enable you to determine how often an organism crosses an edge

and includes calculations on the edge shape and types of landcover surrounding the

edge crossing. This analysis can be applied to such ecology problems as bear

movement with respect to cutblocks and related dispersal applications. Using ArcGIS

9.x (ARCINFO 9.2) software, a custom ModelBuilder tool, and HawthsTools

(www.spatialecology.com) perform the following steps:

Create paths from locations (HawthsTools)

Add point location attributes to path segments

Intersect paths with edge layer to identify path crossing points

Generate random path segments from starting/end points related to original

crossing points (ModelBuilder tool)

Intersect random paths with edge layer to identify crossing points

e Optionally, merge path crossings with random crossings for all crossings

¢ Identify shape of edge by converting edge layer to vertices and apply
POINTSTATS() function with npoints statistic, or convert to lines and apply
LINESTATS() function with length statistic

e |dentify landcover proportions by applying the FOCALMEAN(CON()) function on
the landcover raster

e Intersect crossing points with the above raster layers

ORIGINAL DATA THEME

locations.shp a point shapefile of observation locations containing
an attribute for individual & season & year (this can
be concatenated from other fields)

edge.shp a polygon shapefile of habitat/nonhabitat (this
example uses cutblocks from forest harvesting)
landcover a raster grid of landcover classes

CREATED DATA THEMES

paths.shp a polyline shapefile of segments connecting the
point locations

paths_loc.shp the same polyline path segments with original point
location attributes incorporated in to the table

crossings.shp a point shapefile identifying where path segments

intersect with edges

edge_vertices.shp  a point shapefile representing the vertices along the
edge layer

vcount a raster grid representing the number of vertex
points within a ‘buffer’ radius

pclassl, pclass2, raster grids representing proportion of landcover

pclass3, etc. class within a ‘buffer’ radius
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Create path segments with original point location attributes

1. Start a new empty map document

2. Enable extensions and show toolbars for

Spatial Analyst and HawthsTools
3. ADD DATA: locations.shp

Create paths from locations:

4. Apply HAWTHSTOOLS >>> ANIMAL
MOVEMENTS >>> CONVERT
LOCATIONS TO PATHS tool to
locations.shp using a concatenated fi
(con) to identify groups of locations by

criteria (e.g. bear ID, season, and year)

and order/sort by LOC_ID

H ‘
5. Check beside ‘Make each segment a
H )
separate line’ and name the output
paths.shp
#* Spatial Join g@

Targek Features

| paths LJ El
Join Features

|I0cati0ns j EI
Qubput Feature Class
|C:'l,WorkSpace'l,_Research'l,TerryL'|,200804D2'|,paths_SpatiaIJOin.s}
Join Operation (optional)

| J0IN_OME_TO_ManY ~|

W Keep Al Target Features

Field Map of Join Features {optional)

+-1d {Long) ~ +
+-con {Text) |l

+- LOCID_ {Long)

+-UTM_east_& (Double) E
+1-UTM_narth_ (Double)

+|R_F {Text) = ﬂ

+1- LOCNUM {Long)

+- fixx_tywpe {Short) _J
+-dop {Float) | hd

+- BEAR. (Text)

+- Cnt_name (Double)

+-loc_month {Long)

+1-loc_day iLong)

+-loc_year {Long)

+]- season {Text) v

IMakch Option {optional)

| INTERSECTS |
Search Radius (optional)

| o Meters LJ

il 12
0k, Cancel | Environments. .. I Show Help > |

m Convert Locations To Paths

Input

Faint locations layer: ||°Cat|0n8

Path Options
" Create a zsingle output path [one ling)

o« Create multiple output paths [many lines) uzing the following field to
diztinguish between different paths:
=]

v Make each segment a separate line [default iz one line per path) §

| can

Ordering
eld

" The data are already sorted chronologically within each output path

* The data need to be sorted wzing thiz field:

|

Locio_

Output
Output shapefile:
|C:hiworkSpace’,_FiesearchhT emyL 4 200804024paths. shp 5]

‘wieb Help QK E«it
| |

Attribute segments — unique ID and length.
6. OPEN ATTRIBUTE TABLE for

paths.shp

Right-click on the Id field heading

and click FIELD CALCULATOR

8. Type the expression: [FID] + 1

9. Click OK

10.Use HawthsTools >>> Table Tools
>>> ADD LENGTH FIELD TO
TABLE (arcs)

7.

Add point location ID to path
segments:
11.In ArcToolbox, open the ANALYSIS
TOOLS >>> OVERLAY >>>
SPATIAL JOIN tool
12. Specify the following parameters:

e Target Features: paths
e Join Features: locations
e Join Operation:
JOIN_ONE_TO_MANY
e All else defaults
13.Click OK
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14.1n ArcToolbox, open the ANALYSIS TOOLS >>> STATISTICS >>> SUMMARY

STATISTICS tool
15. Specify the following parameters:
e Input Table: paths_SpatialJoin

e OQutput Table: paths_SpatialJoin_Statistics.dbf

e Statistics Fields/Types:
LOCID _/FIRST and
LOCID /LAST

e Case field: Id

16.Click OK

17.In ArcToolbox, open the DATA
MANAGEMENT TOOLS >>>
JOINS >>> ADD JOIN tool

18. Specify the following parameters:

19.Layer Name: paths

20.Input Join Field: Id

21.Join Table:
paths_SpatialJoin_Statistics

22.Output Join Field: Id

23.Click OK

A Add Join

Laver Mame or Table Yiew
Jpaths

Input Join Field
E =

Join Table

J paths_Spatialloin_Statistics

Qukput Join Field

14 E

< [E3)

0K ‘ Cancel ‘ Environments...‘ Show Help > ‘

24.In ArcToolbox, open the DATA
MANAGEMENT TOOLS >>>
FEATURES >>> COPY
FEATURES tool

BEX

o =
Qukput Table

]ce'l,_Research'l,TerryL'|,20080402'|,paths_5patialJoin_Statistics.de

Z* Summary Statistics

Input Table

] paths_Spatialloin

Statistics Field{s)

=l
Field Statistic Type L ]
LI FIRST
LI LAST iJ
i
+
< >
Case field {optional)
E =
0k ] Cancel ] Environments...‘ Show Help »» ‘

Join by attributes and export data to new
shapefile.

MEX

3 &
e

# Copy Features

Input Features
] paths

Output Feature Class
] CiiwWorkSpacel_Research|TerryL\ 20080402 paths_loc.shp

Configuration Kevword {optional)

=l
Qutput Spatial Grid 1 {optional)
o
Output: Spatial Grid 2 {optional)
o
CQutput Spatial Grid 3 {optional)
o

(1] Cancel k Environments...i Show Help »» ‘

i Environment Settings

M Taolerance

I Mairtain fully qualified fisld names

AY Resalution

:_A. @ Help
Maintain fully qualified field names

Specify if the output tables field names will be
qualified with the name of the table. By default,

]Unknown

]

Cancel ‘ << Hide Help ‘

| when feature classes are joined the resulting
i output tables fields are in the format

HE3 tableMame fieldName. Setting this parameter

allows you to choose whether fields should

follow this format or just be fieldName

il

v/
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25. Specify the following parameters:

1. Input Features: paths

2. Output Feature Class: paths_loc.shp

3. Click the ENVIRONMENTS button

4. Expand the GENERAL settings and uncheck ‘Maintain fully qualified field

names’

26.Click OK twice
The output provides a copy of the path segments that has the first and last
identifying attribute (e.g. LOCID_) from the original point locations. This can be used
in future attribute joins.

Create crossing points:

Z* Intersect Q@ 1 ADD DATA edgeShp
prm 4 Intersect paths with edge layer to
—— =l identify path crossing points
e b x| 2. In ArcToolbox, open ANALYSIS
1| TOOLS >>> OVERLAY >>>
INTERSECT
ki 3. Specify the following parameters:
- _ 4. Input Features: paths_loc, edge
e 5. Output Feature Class:
| CiiworkSpacel_ResearchiTerryL\ 20080402\ crossings_original, st E‘ Cross | n g S_O r| g | n al .S h p
Joindttributes (optional) 6. OUtpUt type POINT
B pe 7. Click OK
®¥ Tolerance {optional)
Lt e o lJ |Summarize

ummarize creates a new table containing one record for each unique value

POINT|
| of the selected field, along with statistic:s summarizing any of the other fields.

crossings_original.shp
may need to be converted
Multipart to Singlepart!

1. Select a field to summarize:
Id [~

. Chooge one or more summary statistics to be included in the
output table:

=l FIRST_LOCI ~
Generate random path Segments from A Minioum -
starting/end points related to original Dl v
crossing points ) St Deision
First identify the starting points. 5 LSTAGOD
8. SUMMARIZE crossings_original.shp by S i
Id field to identify paths that cross edges, s specty ;p:[{;;; -
using the surrlw I\r;:_alr_y statisticg [ eseaer eyl 00042 crssns_signel bl 5]
FIRST_LOCI/Minimum an
LENGTH/Minimum to output &
sum_crossings_original.dbf (Right-click bout Sunmaiing D _| ok | cencel |

on the Id field heading of the open attribute
table to click Summarize, or use the ArcToolbox tool SUMMARY STATISTICS)

ccn@ualberta.ca Page 4 of 8



UofA Biological Sciences — GIS 3 April 2008

9. JOIN BY ATTRIBUTES locations to sum_crossings_original.dbf using the
LOCID_ and Minimum_FIRST_LOCI fields (Right-click the locations name in the
table of contents to access Joins and Relates >>> Joins, or use the ArcToolbox
tool: ADD JOIN)

10.OPEN ATTRIBUTE TABLE for locations.shp and SELECT BY ATTRIBUTES
where "sum_crossings_original.Min_LENGTH" IS NOT NULL (Click the
Options button or via the SELECTION pull-down menu or ArcToolbox...)

Join Data
Join lets you append additional data to this layer's attribute table so you can, : 2
far example, symbolize the layer's features using this data. Select by Attributes
‘what do you want ba join to this laver? Enter a'WHERE clause to select records in the table window.
|J0in attributes from a table j Method : |E!§_@_t_§ 3 news selection j
"locationz.wgp_vel co'' | B
1. Chooze the field in this layer that the: join will be bazed on: "'zum_crossings_original. 010"
"zum_croszings_original.[d"
| Locio_ j "zum_crossings_original. Cnt_{d"
"zum_crossings_original Min_FIRST_"
"zum_crogsings_onginal Min_LEMGTH" bl
2. Chooze the table to join to this layer. or load the table from disk: Like
N o = D""
sum_crossings_original J v dnd

I¥ Show the attribute tables of layers in this list

ﬂ
A 0|

£ l=

3. Choosze the field in the table to baze the join on:

EEttL

Mirimum_FIRST_LOCI ~| et Urigue Values |GoTe: |
SELECT * FROM locations_sum_crossings_oniginal WHERE:
"zum_crogsings_onginal. Min_ LEMGTH" 1S MOT MULL
Advanced...
Clear Werify | Help | Load... | Save... |
Apply | Cloze |
About Joining D ata ak | Cancel |
11.EXPORT DATA to create new layer based on the selected features to output
starting_locations.shp (Right-click T
locations in the table of contents and click I -
®pork: elected features hd

Data >>> Export Data)
12. ADD FIELDS and CALCULATE as shown & Wislger's soucs cota
in the table: # (05 i e

Field Name | Type Equals = o
DISTANCE Double | [Min LENGTH]
BEARING Double | Pre-Logic VBA Script Code

Uze the same coordinate system as:

Output shapefile or feature class:

C:vwiorkSpace’_ResearchhTemyl 200804024 starting_locations. shp &

Dim Output As Double
Randomize
Output = Rnd * 360

()8 | Cancel |

BEARING = Output

These fields are needed for the MovePointsByField in the next step.

13.Run the custom model tool MOVEPOINTSBYFIELD on starting_locations.shp to
output random_end.shp
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14. MERGE starting_locations.shp and random_end.shp to output
random_locations.shp

L 15.Use HAWTHSTOOLS >>> ANIMAL
>>>

Fields: Type: Functions: MOVEMENTS CONVERT .

o ~EP LOCATIONS TO PATHS tool with

LOCID, 1 = Anl ] 1 . .

UTM_2ast_8 C o |020) random_locations.shp — multiple

LT h - P

RE Cpae () paths by con and order by LOC_ID

upe Log ]

= Sin( ]

SE?AF! Sarf 1 -] o~ MovePoints Tool g@

Cnt_narme

:Eg_gn:ynth a j j ﬂ Input Locations

- . _ _ g locati =
|start|ng locations _J =

Pre-Logic VEA Script Code v Advanced J J J _l

Dirm Output A3 Doubl Mew =

Roncomze Load.. v

Output = Rnd * 360 Save..

— Mew ¥
Help |\"2
Dukpuk Paints

BEARING = | CiiWarkSpace)_Research TerryL| 200804024 andom_ends.shp

Output

A Ejniel ak. Cancel Environmerts... Show Help »>
Data saved.

16.Check beside ‘Make each segment a separate line’ and name the output
random_paths.shp

crossings_
random.shp
may need to
be converted
to Singlepart!

Intersect random paths with edge layer to identify crossing points

17.INTERSECT random_paths.shp and edge.shp to POINTS output
crossings_random.shp

Optionally, merge path crossings with random crossings

18.ADD FIELDS to each of crossings_original.shp and crossings_random.shp:
e Name: SOURCE
e Type: Text

19. CALCULATE as the layer name; e.g. “original” or “random”

20.MERGE crossings_original.shp and crossings_random.shp to output
crossings.shp

Create edge and landscape characterization layers:

Identify shape of edge

Two options for quantifying edge shape are detailed below. The first converts the

edge polygons to vertices (points) and then the number of vertices can be counted

within a ‘buffer’. The second converts the edge polygons to polylines that can have

their length summed within a ‘buffer’ to provide linear density.

1. In ArcToolbox, open DATA MANAGEMENT TOOLS >>> FEATURES >>>
FEATURE VERTICES TO POINTS

2. Specify the following parameters:
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e Input Features: edge
e Output Feature Class:
edge_vertices.shp

e Point Type: ALL
3. Click OK
Set Spatial Analyst Options and then
access the Raster Calculator to apply
the PointStats() function with the
NPOINTS statistics on the edge
vertices using a consistent (e.g. 25 m)

#* Feature Vertices To Points E]@
Input Features
|edge j ﬂ
CQutput Feature Class
| CiiWwarkSpace)_Research!TerryL\20080402)edge_vertices. shp
Paint Tvpe (optional)
[m =

Cancel Environments... | | Show Help »>

oK

radius to simulate ‘buffers’ around each crossing point.
4. Click SPATIAL ANALYST >>> OPTIONS

e Set the Working Directory

e Setthe EXTENT to ‘Same as Layer landcover’
e Setthe CELL SIZE to ‘Same as Layer landcover’

5. Click OK
#* Feature To Line g@
Input Features
| = @
Zedge ﬂ
X
Oukput Feature Class
| CiiworkSpacel_ResearchiTerryL\20080402\edge_line.shp El
#Y Tolerance (optional)
| |Meters LJ
IV Preserve attributes
QK | Cancel | Environments. .. ‘ Show Help > |

12.Click SPATIAL ANALYST >>> RASTER

CALCULATOR
13. Enter the following expression:

edgeden = LineStats(edge_line.shp, none,

25, LENGTH, 25)
14.Click EVALUATE

Make sure the SPATIAL ANALYST >>>

OPTIONS are still ‘'Same as Layer
landcover’ (above) for the next steps.

6. Click SPATIAL ANALYST >>>
RASTER CALCULATOR

7. Enter the following expression:

vertcount =
PointStats(edge_vertices.shp, none, 25,
npoints, circle, 25)

8. Click EVALUATE

9. In ArcToolbox, open DATA
MANAGEMENT TOOLS >>>
FEATURES >>> FEATURE TO
LINE

10. Specify the following parameters:
e Input Features: edge
e Output Feature Class:

edge_line.shp
11.Click OK

i Raster Calculator

8%
Layers:

o | 2] o] o] ] o] ma
| e e
| T2 e ]
o o T D]

vertcourt = PointStats(edge_vertices shp, none, 25, npointz, circle, 25)
edgeden = LineStats(edge_line shp, none, 25 LEMGTH, 251

About Building E=preszsions | Evaluate | Cancel | >
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Identify landcover types

See http://www.biology.ualberta.ca/facilities/gis/uploads/instructions/AVRSFLayers.pdf for related
informational instructions. Apply multiple FocalMean(Con()) functions on the
landcover raster using a consistent (e.g. 25 m) radius to simulate ‘buffers’ around
each crossing point. The output rasters represent proportion of each class.
15.Click SPATIAL ANALYST >>> RASTER CALCULATOR and enter the following
expressions:
water = FOCALMEAN(CON(landcover == 20, 1, 0), circle, 1, DATA)
shrub = FOCALMEAN(CON(landcover == 51, 1, 0), circle, 1, DATA)
herb = FOCALMEAN(CON(landcover == 100, 1, 0), circle, 1, DATA)
confor = FOCALMEAN(CON(landcover == 211, 1, 0), circle, 1, DATA)
decid = FOCALMEAN(CON(landcover == 221, 1, 0), circle, 1, DATA)
i Raster Calculator 1
Layers:
[ I e [ o=
| ] e o]
[ I e [ el
I N I
water = FOCALMEANCONlandeover == 20,1, 0), circle, 1, DATA)
shirub = FOCALMEAN(CON(landcover == 51,1, 0), circle, 1, DATA)
et = FOCALMEAMCOR(landcover == 100, 1, 0), circle, 1, DATA)

confor = FOCALMEAN{COM landoover == 211, 1,07, circle, 1, DATA)
decid = FOCALMEAN{COM andcover == 221, 1, 09, circle, 1, DATA)

QboutBuiIdingExplessions| Evaluate | Cancel | >

16.Click EVALUATE

Note: Substitute your actual landcover values in the above, and using as many
landcover classes as your analysis requires. Again, see the related documentation
on http://www.biology.ualberta.ca/facilities/gis/?Page=485 >>> Instruction sets for
ArcGIS™ 9.x: Layer Variables for RSF-
type Modelling Applications .XLS. Bl intersect Point Tool

Input
Paint: file ta intersect: |crossings ﬂ

Intersect crossing points with
characterization layers:

Select lavers to/';b;riect with:
1. Use HawthsTools >>> Analysis Tools > F ——_
>>> Point Intersect Tool specifying the \v

Layers

| decid
v| edgeden

following parameters: crossings.shp vlherb
. . . . may need to jandcover
e Point file to intersect: crossings be converted v vertcaunt

| water

i 1
to Singlepart! S

e Layers to intersect with: all results
from pointstats(), linestats(), and/o
focalmean(con())

Iv Suppress warnings {report ak end)

2' CIICk OK . [ Ignote all spatial reference (projection) differences
3. O PEN ATTR I BUTE TAB LE for CrOSSl ngS [ Force low memary (RAM) processing
and click OPTIONS >>> EXPORT to a web Help oK Exit

*.dbf or other format for your statistics [
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