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Description and Installation

Install the Corridor Designer Extension by double-clicking on the file

“CorridorDesign.EXE” and following the instructions. The installation routine will register

the Linkages.dll with all the required ArcMap components.

The default install folder for the extension is named “Corridor Designer” and is located
. This folder will also include some additional files and this

inside the folder “Program Files”
manual.

This tool is installed as an Extension in ArcMap so you may need to turn on the extension in

ArcMap after you have installed it. If you do not see the toolbar after installing the

extension, then open ArcMap, click the “Tools” menu, choose the item “Extensions”

then make sure that the extension “Corridor Designer Tools” is checked.
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Diescription:

Corridor Designer Tool:  ©2006-2008

Manipulates the extensions

ArcGIS Tools and Information for Dezigning wWildlife Comidors
Visit us at http: /v, comdordesign. ong

You should see the following new toolbar in your map (it may also be embedded in your

Requires Spatial &nalyst [License iz available]
Licenszes checked out successfully...

Ahbout E stenzions |

Close

standard ArcMap toolbars, rather than as a standalone object):
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E
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If you do not see this toolbar, then open your “Customize” tool by either:
1) Double-clicking on a blank part of the ArcMap toolbar, or
2) Clicking the “Tools” menu, then “Customize”.

In the “Customize” dialog, click the “Toolbars” tab and check the box next to “Corridor
Designer Tools”:

Toolbars I Commands I Options I

Toolbars:

[+ P air b erL - Mew...
130 Analyst
[] Advanced Editing Benarne...
[ ] Anirnation

[] Annotation

[elete

Beset...

[] Cargill Cigitizing Tools
[ ] Conefar

[ ] Context Menus

B Corridor Designer Tools

1 Data Frame Toals
[ Dimersianing ﬂ

Fevboard... | Add from file...l Cloze I

You should now see the Corridor Designer toolbar.

Uninstalling Corridor Designer
1) Click the Start button.

2) Open your Control Panel.
3) Double-click “Add or Remove Programs”.
4) Scroll down to find and select “Corridor Designer Evaluation Tools”.

5) Click the “Remove” button and follow the directions.
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_lnix

Currently installed programs: Sork I:ﬂ;.-':l Mame

= Conefor 1D Within Distance Size 396KE il
R Corridor Designer Evaluation Tools

. here For suppork information,

LSlfieli0 el Changef/Remove

I_._:l Crystal Reports for ESRI Size 118ME
I_._:l Crystal Reports for ESRI Size 78.1MB
E Crystal Reports for ESRI Size A7IME
@) Dell AccessDirect Size 1.69MB
g Ducharme Tools Size 316KE
ﬁl Easy D Creakor 5 Basic Size 20.7MB
i’ EPSOM Printer Software
8 EF. Mapper imagery plugin for ArcView® 3.1 Onwards 2.6 Size 97aKE
ﬁ ERDAS YiewFinder 2.1 Size 39.9MB
Egil Course Data For Intro to Programming ArcObjects wikh Size 1.01ME
ﬁl Extending the ArcGIS Deskiop Applications Version 1.3 Size 0.97ME
Font Creator Program 3.1 Size &.06ME LI

Copying Corridor Designer Tools to Other Toolbars

Because of the way ArcGIS handles toolbars and command buttons, you may add any
Corridor Designer command buttons to any toolbar you wish. For example, if you would
like to keep the Open Table tool available even when the Corridor Designer toolbar is not
turned on, you may easily add that tool to any of the existing ArcGIS toolbars.

To do this, open your “Customize” tool by either:
1) Double-clicking on a blank part of the ArcMap toolbar, or
2) Clicking the “Tools” menu, then “Customize”.

In the “Customize” dialog, click the “Commands” tab and scroll down to select “Corridor
Designer Tools”:
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Toolbars  Commands I Options I

Show commandz containing: |

Categories: Commands:

ArcPad & | | About Caridar Designer -
Gl il ArcGIS Statistics

Alttribute tranzfer J o

CAD B Calculate Battleneck Statistics
Cargill Digitizing T oolz B Caloulate Patch Distance Statistic
Conefor Cormmands .

Coarridor Degigner Toolz g Clip _La}ler .

D ata Corteerters z Cormidaor Summarnize

D ata Framesz Create Mew Shapefile

D ata Yiew Contest Menu Delete CO Granhi -
Dataliraph j ﬁ elete raphics —

[escnption |

Savein: Itest_ﬁnk_ageg_m:.:j Kevboard... | Add from file... | Cloze |

Finally, simply drag any of the commands out of the Customize dialog up into any of the
existing ArcGIS toolbars.

NOTE: Please be aware that all Corridor Designer tools are enabled only if the extension
itself is turned on. This was done intentionally because most of the tools use Spatial Analyst
functions, and would crash if Spatial Analyst were not available. The Corridor Designer
Extension can only be turned on if Spatial Analyst is available.

If Corridor Designer Crashes

If the tool crashes, you should see a dialog that tells us what script crashed and where it
crashed. I would appreciate it if you could take screenshots of those dialogs and email them
to me at jeffj CD@jennessent.com.
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Primary Analysis Tools

Patch Analysis:

Corridor Designer Tools

After you have generated a corridor polygon that connects two habitat blocks, the next step
is to evaluate how well that corridor serves the species of interest. This Patch Analysis tool
is intended for cases where you feel that the habitat within the corridor may be of marginal
or poor quality, and therefore the species will have to move through some amount of
unsuitable habitat as it makes its way across.

Presumably you have some idea of a threshold distance that you feel a species could handle
as it traverses unsuitable habitat. This distance value may be based on your knowledge of
typical foraging movement patterns of that species, or possibly juvenile dispersal distances.

Your corridor polygon may or may not have patches of good habitat distributed throughout
its extent. If patches are available, and if those patches are of sufficient size and quality to
support the species at the level you feel is necessary, then these patches may serve as
stepping stones for the species as it moves through the corridor, and potentially reduce the
expanse of unsuitable habitat that a species must cross at any one time.

This Patch Analysis tool identifies the path through the corridor that minimizes the distance
between patches of high-quality habitat. If no patches are available, then it will simply
calculate the minimum distance necessary to move from one habitat block to the other, while
staying within the corridor.

NOTE: This tool accomplishes its purpose reasonably well, but it can take a very long time
to work depending on the shape of the corridor and the number of patches available. For
example, the analysis illustrated in the example below took 1 hour and 22 minutes to
complete. The problem is that the tool occasionally calls upon Spatial Analyst-based least-
cost-path functions which dramatically increase the processing time. We are looking into
alternatives to these Spatial Analyst functions, which we believe should speed up the
analysis, but we do not know when or if we will be able to successfully implement these
alternatives. In the meantime, if you wish to get a quick and rough estimate of the maximum
patch-to-patch distance necessary to get through the corridor without using this Patch

i
Analysis tool, you may use the standard ArcGIS Measure tool E] to simply draw a line over
what you visually determine to be the longest gap the species will have to cross.

USING THE PATCH ANALYSIS TOOL:

As an example, suppose that we have previously generated a corridor for Arizona ground
squirrels that connects the Santa Rita Mountains to the Tumacacori Mountains in southern
Arizona:
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For Arizona ground squirrels, we may feel that they will require a fairly long time to cross
this corridor. Therefore we may only want to consider patches that are large enough to

support the species for multiple generations.

If we generated these patches using the Corridor Designer “Create Patch Map” tool, then we
may have specified a size threshold which would support a sustainable population over

multiple generations. In this case we can easily

“Gridcode” attribute in the Patch polygon layer:

are identified with a Gridcode value = 3.
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Click the Patch Analysis button B o open the analysis parameter dialog:
¢# Describe Patch-to-Patch Distances: |

Selecting Patch Polygons

E’Wildland Block #1: |4] zantartamtns j Select I
Patch polygons may be available ina variety of

E"W'ildland Black #2: |5] turnacacaonmtng j Select | zizes, and smaller pstches may not be large enough
lo support the species at the lewvel vou feel iz

Species Comidor Polygon: | 2] azqreqrl 14r buffered d s = Select necessary for that species to be ahle to
m’ I Jazgrsar 141 - J _I zuccessiully traverse the corridar.

¥ Include Patch Falygans The CorridorDesigner tool "Create Patch Map
allorys wou to generste patch polygons based on
Patch Polpgon Layer: I'I] azgrsqil_sitewidepatches j " =r, -y —
= il
-

" Use All Patch Polygons

w= -~ Corridor -
%" lse Subset of Patch Polygons, where: L—l.- 3 j

i - +

Patch Attibute Field: |GRIDCODE ~| n\';ﬁ?_:;ﬁf
Attribute Walue [>= =] |3 el F -
. Sl Patches
Open tanual | Cancel | ok | <« Hide Help | —— T Y

Select the polygons that correspond to your corridor and habitat blocks. You may only
select a single polygon for each object, although that polygon may be a multi-part polygon.
If you have a polygon layer containing only a single feature, then you may simply select that
layer from the list in the dropdown box. If you wish to select a single polygon from an
existing layer, or if you wish to select or draw a graphic polygon, then click the second item
in the drop-down list “Select by clicking on map”:

NOTE: This tool will not let you use several separate polygons as a single “wildland block”
or “corridor” object. If you wish to use several polygons for this purpose, you will need to
combine them into a single entity first. We have a separate stand-alone tool available which
will do this function, available for free download at
http://www.jennessent.com/arcgis/shapes_graphics.htm (see especially the discussion of the
“Combine Features” tool).
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http://www.jennessent.com/arcgis/shapes_graphics.htm

MANUAL: Corridor Designer Evaluation Tools 12

¢# Describe Patch-to-Patch Distances: |
) Identifying Corridor and Wildland Blocks -
m"w'lldland Block #1: 5] tumacacaonmtng j ﬁl
wildland Black #1 Source... Thiz function will evaluate a corridor connecting two
D Wildland Block #2; §4 ct by clicking on map - i Select | hahitat blocks. Therefare yau must identity the
1] azarzqr_sitewidepatches polygon ohjects that represent the corridor and
Species Comidor Pof 2] test_two_patches Select | | |2ach habitat block. You may select these polygons
D 3] azgrsqu_'l dr_buffered_d_south _I by either selecting the appropriate palvgon layver in
4] santantarmtrs the drop-down box, or by clicking on the actual
¥ Include Patch Palyg 5] tumacacoriming pokygon tself in your magp. _|
L Patch Polpgon Layer: I'I] azgrsqil_sitewidepatches j [_ W’ildl_?nd Bl_?_ck ¥1 ;
" Use All Patch Polygons ke s '_ ‘? 3 ‘}"_'_.'
%" lse Subset of Patch Polygons, where: : B i “{ :‘? :
| OTTIAOr SOLYEON i <
Patch Attibute Field: |GRIDCODE | o 5 ?% A5
: | ¢ ye—
Attibute Y alue |>= j |3 3 7 r’..‘“—"':jf R |
Lol F &
Open M anual | Carcel | 4 | << Hide Help | Wildland Block #2

This will enable the “Select” button just to the right of the drop-down list. Click the “Select”
button to open the “Selecting or Drawing Polygons” function (see Selecting or Drawing
Polygons [p. 47] for details on this on using this tool).

After identifying your corridor and habitat blocks, specify whether you are using patch
polygons in this analysis. In the example above, we are using patches from the polygon

layer “azgrsqrl_sitewidepatches”, and we are only considering those patches with a
GRIDCODE value > 3.

Click ‘OK’ and wait for a potentially very long time for it to finish. Upon completion, the
tool will add graphic connector lines and graphic patch polygons indicating the route through
the corridor that minimizes the patch-to-patch distances:

o

Population-Level Patches = Santa Rita

Patches along Best Route

[]_ Mountains

Y

Tumacacori
Mountains

e
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These are only graphics on the screen and can be easily deleted using the “Delete Corridor
Designer Graphics” tool (see p. 44). You may also convert them to permanent polyline and
polygon shapefiles using the “Create New Shapefile” tool (see p. 45).

The tool will also generate a table of all the connector lengths, listed in decreasing order, and
add it as a standalone table to your map document. Remember that all standalone tables are
available by clicking the “Source” tab at the bottom of the Table of Contents window:

1ol
OlD | Unique_ID Seg_Length
3 a 1 8973877198
1 2 2658 006772
2 3 2401 874265
3 4 4539532379
4 5 150
5 G 94 56333

Recnrd:ﬂjl—lﬂﬂ wnw:j

Finally, the tool will generate a report detailing the analysis and results:
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_ioix

Report of Patch Analysis: -

Habitat Block #1 = zantaritamtns
Habitat Block #2 = tumacacorimtns
Corridor Polygon = azgrsogrl_14r_buffered_d_south
Patch Layer = azgragrl_siteswidepatches
* Patch Query String: GRIDCODE == 3

& segments required to move from one habitat block to the other.
Segmernt lenoths listed in decreasing ordetr:

1189738771979

2] 2655 0067720

3] 2401 8742651

4] 4539823785

5] 1500000000

5] 94 8653295

Table of Segment Lengths saved to:
DoarcGlz_stufficonsuttation'az_linkages\datasegment _lengths_9 dbf

Hote: You can uze the "Create Mew Shapefile" function to convert vour graphic
patch palygons and segment polylines to new palyline and polygon shapefiles.
Polygons and polylines produced by thiz analysis will be named "Route_Graphics" in
the newy shapefile attribute tables.

Analysiz Began: Tuesday, October 23, 2007 gt 7:20:43 P
Analysis Complete: Tyesday, Oclobper 23, 2007 gt 84244 P |
Time Elapsed: Time Eigpsed: 1 howr, 22 minktes, 1 second. . LI

Erint LCopy ta Clipboard Exit

&4

Note that in this example, Arizona ground squirrels will have to cross a gap of almost 9km in
order to make it from one habitat block to the other.

TECHNICAL DETAILS: For those interested in the methods used by this function, the basic
algorithm works as follows:

1) Step 1: General Error-Checking: Just makes sure that corridor and habitat block
polygons are valid polygons, and that the corridor actually connects them. This step
also confirms that the two habitat blocks are not already connected (or are possibly
referring to the same polygon), in which case no corridor would be needed.

2) Prepare the Corridor, Habitat Block and Patch Polygons: This includes extracting
only the outermost ring of the habitat block polygons so that any internal holes are
ignored. The tool only intends to connect the outermost edges of the habitat block
polygons and therefore internal holes are irrelevant to the analysis. This step also
involves clipping the habitat polygons to the general extent of the corridor polygon
and checking to see if any sub-polygons of possibly multi-part habitat polygons can
be excluded from the analysis. Finally, all patch polygons are clipped to the corridor
polygon. All polygons are set to the projection of the corridor polygon.

3) Generate a Raster Analysis Environment: This function will likely require some
Spatial Analyst processes, and therefore generates a raster analysis environment
based on the extent of the corridor polygon +5% on all sides. The cell size is

Last modified 2-Jan-08
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calculated as the longer of the height vs. width of the analysis extent, divided by
600.

4) Generate Distance Matrix of all patches and habitat polygons. This reflects the
distance between polygons when constrained to the interior of the corridor polygon,
and therefore the connection segments may bend around corners. If patches cannot
be connected (such as if they lie within different corridor strands), then no distance
is calculated.

NOTE: This step is exactly why this function takes so long. It is not difficult to
calculate the absolute Euclidian distances between polygons but it takes a long time
to calculate the distance around corners. This step first generates a connection line
that connects the closest points on each polygon, and then checks whether that
connection line extends outside the corridor boundary. If so, then the tool resorts to
Spatial Analyst least-cost-path functions to recreate that connection line.

5) Identify Path that Minimizes Patch-to-Patch Distances: This step utilizes a concept
called a Minimum Spanning Tree (MST), which is a method of connecting all nodes
in a graph while using the shortest overall accumulated connection segments. The
patches and habitat blocks are treated as nodes, and the method is modified a bit
because the goal is not to connect all patches but rather to connect the origin habitat
block with the destination habitat block. Therefore the origin habitat block can only
have outgoing connections and the destination habitat block can only have incoming
connections, and the analysis is complete when the habitat blocks are connected, not
when all polygons are connected in a complete MST.

This function implements a variation on Kruskall’s Algorithm to generate the
modified MST. Please refer to p. 174-177 of O’Rourke' for additional information
on MSTs and Kruskall’s Algorithm. In simple terms, this algorithm does the
following:

a. Sorts all possible polygon-to-polygon connection segments by length.

b. Starting with the shortest segment, progressively builds an MST graph by
adding each successively longer segment to the graph.

c. After adding each segment, the function checks for two conditions:

i. If the two polygons directly connected by the new segment have already
been connected by some series of shorter segments, then this new segment is
rejected. This is referred to as testing for acyclicity.

ii. If this new segment forms the last link in a continuous connection path
between the two habitat blocks, then the goal has been achieved and the
algorithm is suspended.

6) At this point we have an abbreviated MST that connects the habitat blocks, plus
probably has a few extraneous branches that are irrelevant to the analysis. Therefore
the final step is to prune the extraneous branches, leaving only the single route.

! O’Rourke, J. 2000. Computation Geometry in C, 2™ Ed. Cambridge University Press, Cambridge, United Kingdom. 376
pp-
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Bottleneck Analysis:

Corridor Designer Tools

For species that are sensitive to development or edge effects, or who require some level of
isolation from disturbance, corridors may not be usable if they are too narrow. A narrow
spot in the corridor is considered a bottleneck and severe bottlenecks may render the corridor
useless for some species. Possibly a bottleneck may be overcome if it is not too long and not
too narrow, and therefore the task is to identify both the presence and the length of potential
bottlenecks.

Potential Borttlenecks

—

This tool analyzes a corridor for potential bottlenecks by identifying a route that connects
both habitat blocks and which extends through the center of the widest possible sections of
the corridor polygon. It then calculates the width of the corridor (defined as twice the
distance to the closest point on the corridor boundary) at regular intervals along that route
and generates a graph illustrating the width along the entire route. This tool also allows you
to set a threshold corridor width and identify all portions of the corridor that fall below that
threshold.
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You can easily examine different threshold widths and expand the corridor at narrow spots if
necessary. This tool will likely take about a minute per analysis so you can try different
alternative scenarios without too much pain.

NOTE: This tool works much better if the corridor is projected into a foot- or meter-based
coordinate system. The tool will still work with geographic data, but the threshold distances
will be much harder to interpret.

USING THE BOTTLENECK TOOL:

As with the Patch Analysis example, we will assume that we have previously generated a
corridor for Arizona ground squirrels that connects the Santa Rita Mountains to the
Tumacacori Mountains in southern Arizona (see illustration above).

Click the B button to open the “Describe Bottlenecks” dialog:

Last modified 2-Jan-08
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¢« Describe Bottlenecks:

[ widand Block #1: [widand Block #1 Sowce.. | | Select |
[ widland Block #2: [widland Block #2 Saurce... =] Gkt |
D Species Carridor PU'.'r'SIU"TISpecies Corridor Source. . j Select |

Width (m)

Distance (km)

Bottleneck Analysis «|!

Some species may not be able to move through a corridor if that corridor
becomes too narrowe. Bottlenecks in & corridor, even if they do not
completely prevent movement, may still inhibit the species enough that the
gene flowe through the corridor is insufficient to achieve the linkage
betvween habitat blocks that you are after,

Presumably you have some general sense of a threshold level of carridor
constriction that vour species can handle. Thiz may be bazed on
ohserved movement or dizpersal behavior of that species, or from

Open banual Cancel | ]

Select the polygons that correspond to your corridor and habitat blocks. You may only
select a single polygon for each object, although that polygon may be a multi-part polygon.
If you have a polygon layer containing only a single feature, then you may simply select that
layer from the list in the dropdown box. If you wish to select a single polygon from an
existing layer, or if you wish to select or draw a graphic polygon, then click the second item
in the drop-down list “Select by clicking on map™:

NOTE: As with the Patch tool, this tool will not let you use several separate polygons as a
single “wildland block™ or “corridor” object. If you wish to use several polygons for this
purpose, you will need to combine them into a single entity first. We have a separate stand-
alone tool available which will do this function, available for free download at
http://www.jennessent.com/arcgis/shapes_graphics.htm (see especially the discussion of the
“Combine Features” tool).

i+ Describe Bottlenecks:

M'W'ildland Block #1: I B] santaritamtns - Select

E"W'ildland Block #2: (1] azgrearl_14r_buffered d_south Select I

2] population_patches

M Species Comidor Po 3] acourate_polygons elent |

4] azareqr_T4r_buffered d_south

Width (m)

E Distance (km)

becomes too narrow. Bottlenecks in & corridor, even if they do
completely prevent movement, may still inhibit the species enough that the
gene flowe through the corridor iz insufficient to achieve the linkage
betyween habitat blocks that you are after,

Presumably you have some general sense of a threshold level of carridor
constriction that vour species can handle. Thiz may be bazed on
ohserved movement or dizpersal behavior of that species, or from

Open banual | Cancel | ] < Hide Help |

D] azareqr_sitewidepatches | LIHE
B] zantantamtng = ~11 gk &
7] tumacaconmtng & 3
Some species may not be able to move through a corridor if that corridor j o
not I |

This will enable the “Select” button just to the right of the drop-down list. Click the “Select”
button to open the “Selecting or Drawing Polygons” function (see Selecting or Drawing
Polygons [p. 47] for details on this on using this tool).
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After selecting your corridor and habitat block polygons, click ‘OK’ and wait for a minute or
so. Upon completion, the tool will open up the “Bottleneck Results” dialog:

BOTTLENECK RESULTS DIALOG:

19

x
10004
o A0
o
I SN
. E 0 va,_z—\\_\ . v
= 1V WA W
)
E R
g G T T T T T T
a 4 A 12 16 20 24
Distance (km)
Threshold Statistics: Threshnld:|4ﬂﬂ meters

|[Bottleneck Width Statistics:
1] Minitnum = 264 26 meters
2] Maximum = 546,15 meters
3] Range = 531.59 meters

4] Mean = 505812 meters

5] Median = 490.75 meters

G] St. Dew. = 136.4349 meters

Length = 24 51250 meters

Create Paoint Shapefile

Above Threshold Statistics:

- Total Length = 24 512,580 meters
- Total = Threshold = 15,927 .25

- Propartion = 77 .21%

- Mumber of Segmertz =9

Segment Lengths:
1] 6,907 .54
21 B737.38

Create Segment Shapefile

217 R4S A4

| |[Below Threshold Statistics:

- Total Length = 24 512,580 meters
- Total == Threshald = 5 585,55

- Propartion = 22.79%

- Mumber of Segmertz =9

Segment Lengths:
1] 1,169.57

2] 111957
=1 4 N97 98

=l

Create T ables | Add Graph to La_l,lu:uutl Cloze | << Minimize |

=l

Note that the graph is linked to the map, so that the areas below the threshold are marked in
red on both the graph and the map. The text boxes at the bottom of the dialog report detailed
statistics on the amounts of the centerline route that lie above and below the threshold,
including segment lengths sorted in decreasing order. For example, the illustration above
shows the statistics for a threshold value of 400m. In this case, 23% of the corridor is
narrower than 400m, and at least 3 stretches of below-threshold corridor sections are over
1km long. The narrowest point of the corridor is 264m and the average width along the best
route is 508m. If this species is highly sensitive to bottlenecks, and if 400m is an absolute
minimal requirement, then this corridor may not serve the species well.

ADJUSTING THE THRESHOLD: You may adjust the threshold 3 ways:

1) Type in an exact threshold value in the text box.

2) Click on the graph at the point you would like to reset the threshold.

3) Move the slider control in the upper left corner up and down.

SAVING THE CORRIDOR ROUTE: If you wish to save the centerline route for any reason, you

have several options to do so:

1) Point Shapefile: The “Create Point Shapefile” function will generate approximately
1000 evenly-spaced points along the centerline route, with attribute values for
Unique ID, X-coordinate, Y-coordinate and Corridor Width at that point. Upon
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your map.

v+ Operation Successful:

each location.

\bottleneck_points B 5k

Shapefile saved to: Dlarc =I5 stofficonsuitationaz_linkagesdataz

Print |

20
completion, the function will open a report window and add the new shapefile to
=101 %]
The shapefile bottleneck_poimts_6 has been generated and added to your view .
Individual points include X-coordinates, Y-coordinates and Corridor Width values at
B Attributes of bottleneck_points_6& - |I:I|£|
FID | Shape | Unique_ID X Coord | ¥_Coord | Width ﬂ
r 0§ Poirit 1 494226 3489359 | 641 783
1 |Poirit 2 494250 3489359 | 641 783
2 |Poirit 3 494275 3489359 | 641 783
3 |Poirit 4 494299 3489359 | 641 783
4 |Poirit 5 494324 3489359 | B4 783

T i

Show: W Selected |

=
:Isj

2) Segment Shapefile: The “Create Segment Shapefile” function will divide the route
up into “Above Threshold” and “Below Threshold” segments and export them to a
polyline shapefile. Segments will include attribute values indicating whether they
are above or below the threshold, as well as the lengths of those segments.

i« Operation Successful:

=10l x|

\bottleneck_seqments 7. sho

The shapefile bottleneck_segmenmts_T has been generated and added to your
viewy, Individual segments are attributed according to whether they are above ar
helowy the threshold value of 400 meters.

Shapefile saved to: Dlare IS stofconsuitationaz_linkagesdataz

=101 x|

et o [T

FID Shape Unique_ID Hame Length
[ O Palyline 1 [&bove Threshaold (=400 1EE4 558957
1 |Palyline 2 |Belowy Threshold (==4007 11683739441
2 |Palyline 3 |Above Threshaold (=400 47 944301
— 3 |Palyline 4 |Belowy Threshold (==4007 B1.20937
4 |Palyline 5 |Above Threshaold (=400 4013393
5 [Prlvline F |Arlmwe Thre=kinled r==40m A7 TraRsY

Sho: IW Selected |

Records {0 j

-

=

3) Segment Shapefile: You may also use the Corridor Designer “Create New
Shapefile” function (see p. 45) to convert the graphic segments to a polyline

shapefile.

GENERATING DBASE TABLES: The “Create Tables” button will generate 2 tables and add
them as standalone tables to your map document. Remember that all standalone tables are
available by clicking the “Source” tab at the bottom of the Map Table of Contents. The two

tables are:
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1) Table of Segment Lengths: Contains the threshold value, total length of the
centerline route, and lengths of all segments above and below the threshold sorted in
decreasing order. The dBASE table will be named “bottleneck segments_#.dbf”,
where “#” is the lowest possible integer value that guarantees a unique filename.

2) Table of Bottleneck Stats: Contains general descriptive statistics on the corridor
width along the entire centerline route, as well as proportions and lengths of the
centerline route above and below the current threshold value. This table will be
named “bottleneck stats #.dbf”’, where “#” is the lowest possible integer value that
guarantees a unique filename.

¢+ Operation Successful: =10 x|

The followwing tables have been created and added as Standalone Tables to your Map
documernt. All standalone tables are available by clicking the "Source' tab at the bottom
of the Map Table of Contents.

1] Table of Segment Lengths:

Saved to Dhare GIS stufficonsaitationhaz_linkage swiata Athreshold lengths 9.Jb6F
2] Table of Bottleneck Statistics:

Saved to Dare GIZstufficonsoitationar_linkageswdataboltieneck_stats 9.496F

Prirt Copy ta Clipboard Exit
i
B Attributes of bottleneck_stats_9 1Ol x| EA Attributes of threshold_lengths "9 _ Ol x|
0ID | Unique_ID Statistic Value 0ID | Unigue_ID Hame Length

3 i] 13 [Minimurm yyicth 264 264 » o 1| Total Length 245128

1 14 [Masimum Witk 46151 1 2| Threshold “alues 555

2 15 [Range of Width Yalues 581 BAT 2 3 |sbove Threshald #1 3016.212455

3 16 |Mean Yidth 506124965 3 4 |Above Threshold #2 2037 050493

4 17 |Median Width 490 775 4 5 | Above Threshold #3 1436797267

5 18 | Standard Deviation of Width 136 434921 S 6 | Above Threshold #4 1252.835043

[ 18 |Centerling Langth 24512 8 E 7| Above Threshold #5 533.686689

T 20 [Width Threshold Walue 55 T G |Belowy Threshaold #1 §295.269076

8 21 [Length Below Threshold 16236.118054 8 3 |Below Threshold #2 3064.576347

9 22 |Proportion Below Threshald 0662353 9 10 |Below Threshold #3 2283753713

10 23 |Length Above Threshold B2TE 651046 10 11 |Below Threshold #4 1999.342005

1 24 |Propartion Above Threshald 0337647 1 12 |Below Threshold #5 290176913
Record: ﬂﬂl 1 jﬂ Showv: I &l Selected | acordsj el ﬂjl 1 jﬂ Shaw W electelﬂ

ADD GRAPH TO LAYOUT: This function converts the graph in the “Bottleneck Results”
dialog to a Windows Enhanced Metafile (*.emf) format and automatically adds it to your
Map Layout. It then produces a report notifying you of where the file is, in case you also
want to add the graph to other documents.

NOTE: One nice thing about the *.emf format is that Microsoft has attempted to make it
some sort of standard, so there are at least a few other programs that recognize it. Not
surprisingly, Microsoft Word documents handle *.emf images just fine and therefore they
can easily be inserted in reports. For example, the author simply dragged-and-dropped the
image file “bottleneck stats 9.emf” below into this manual:
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NOTE: Even though the graph appears in your layout, this graphic is not automatically
saved into the Map document. ArcMap only stores a reference to the graphic file on the hard
drive, not the graphic itself. If you delete the *.emf file from the hard drive, then the graphic
will be missing from your layout the next time you open your Map document. If you wish to
save the actual graphic in the map document file itself, then right-click on the graphic, select
'"Properties', select the 'Picture' tab, and check the box for 'Save Picture as Part of Document'.
If you do this, then your Map document will increase in size by a few KB, and you can
delete the *.emf file from the hard drive.

MINIMIZING THE DIALOG: If the Bottleneck Results dialog takes up too much screen space
for you to see your map properly, you can temporarily shrink it by clicking the “Minimize”
button. To reset it to full size, simply click the “Maximize” button.

TECHNICAL DETAILS: For those interested in the methods used by this function, the basic
algorithm works as follows:

1) Step 1: General Error-Checking: Just makes sure that corridor and habitat block
polygons are valid polygons, and that the corridor actually connects them. This step
also confirms that the two habitat blocks are not already connected (or are possibly
referring to the same polygon), in which case no corridor would be needed.

2) Prepare the Corridor and Habitat Block Polygons: This includes extracting only the
outermost ring of the habitat block polygons so that any internal holes are ignored.
The tool only intends to connect the outermost edges of the habitat block polygons
and therefore internal holes are irrelevant to the analysis. This step also involves
clipping the habitat polygons to the general extent of the corridor polygon and
checking to see if any sub-polygons of possibly multi-part habitat polygons can be
excluded from the analysis. All polygons are set to the projection of the corridor

polygon.

3) Generate a Raster Analysis Environment: This function depends on least-cost-path
analysis and therefore uses Spatial Analyst processes. The function generates a
raster analysis environment based on the extent of the corridor polygon +10% on all
sides. The cell size is calculated as the longer of the height vs. width of the analysis
extent, divided by 1000.

4) Generate a Distance from Edge Grid: The “Distance from Edge” grid reflects the
internal Euclidian distances from the edge of the corridor polygon. All regions
outside the corridor polygon have a “Distance from Edge” value of 0.

5) Identify Central Cells of Corridor: This is done by treating the “Distance from
Edge” grid as a pseudo-elevation dataset, where the highest “elevation” values
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naturally occur in the center of the polygon (i.e. with the highest “distance from
edge” values). We then perform a streamflow accumulation analysis on the
“elevation” dataset and identify all those grid cells with zero accumulated
streamflow. These represent the pseudo-ridgelines, or central cells, in the “Distance
from Edge” grid.

6) Generate Cost Grid through Corridor: The cost grid has relatively low costs within
the central cells, and extremely high costs elsewhere within the corridor. Areas
outside the corridor are completely restricted from the analysis.

7) Generate Cost Distance and Direction Grids: This is done twice, using each of the
two habitat blocks as an origin source.

8) Generate a Set of Potential Centerline Routes: Typically a large number of
potential centerline routes will be generated. A least-cost-path polyline is generated
at every point where one of the habitat polygon boundaries intersects a central cell
(from step 5 above). There can be many such cells, especially if the corridor is
multi-stranded or has holes. If a habitat polygon does not intersect any centerline
cells (a rare but theoretically possible case), then a least-cost-path polyline is
generated for all cells along the intersection of the habitat boundary line and the
corridor polygon.

9) Calculate Statistics on All Competing Routes: For each of the routes generated in
step 8 above, we identify:

a. The narrowest point encountered along the route (measured at cell-sized [see
step 3] intervals along the route using the “Distance from Edge” grid [see step

4)).

b. The total accumulated cost of traveling the route (calculated at the endpoint of
the route, using the “Cost Distance” grid generated in step 7 above).

c. The total length of the route.
10)  Choose Best Route: This is an iterative process:

d. First the route(s) with the widest narrow point is selected. Only the routes that
go through the widest parts of the corridor will be considered. If multiple routes
have the same widest narrow point, then:

e. From this subset, select the route(s) with the lowest accumulated travel cost. If
there are still multiple routes, then:

f.  From this new subset, select the shortest routes. If there are still multiple routes,
then:

g. At this point they are probably multiple versions of the same route, which might
happen if the same route was generated going to and from each habitat block. In
this case there is no real difference among the remaining routes, so simply take
the first in the list.

11) Complete the Analysis: The corridor width values (calculated in step 9.a.) of the
final selected route are then sent to the Bottleneck Results dialog, which then
generates all statistics and graphs.
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Calculating General Summary Statistics Within Corridor Polygons:

Corridor Designer Tools

The Corridor Designer Evaluation tools provide a function to calculate general summary
statistics on numeric and categorical data from both vector and raster datasets. The types of
statistics offered vary depending on the data type and are summarized below. In all cases,
statistics are provided in both a dBASE table and a textual report:

FEATURE DATA (Points, Polylines or Polygons) AND STANDALONE TABLES:

Point Layers, Multipoint Layers and o Polygon Themes:

Standalone Tables:
=  Numeric fields: Available stats are:

=  Numeric fields: Available stats are: e Minimum
e Minimum e Maximum
e Maximum e Mean
e Mean e Mean_WBA (weighted by area of polygon)
e Sum e Sum
e Standard Deviation e Standard Deviation
e Variance e Standard Deviation_WBA  (weighted by area of
o Histogram polygon)
e Variance
e Variance_ WBA (weighted by area of polygon)
= Text Fields ¢ Histogram
e Count (of each unique value) o Text Fields
e Proportion (of each unique value) e Count (of each unique value)
e Proportion (of each unique value)
e Area (of each unique value)

=  Date Fields

e Earliest Date A
o Latest Date = Date Fields

e Earliest Date
o Latest Date

Polyline Themes:

= Numeric fields: Available stats are:
Minimum

Maximum

Mean

Mean_WBL (weighted by length of line)
Sum

Standard Deviation

Standard Deviation_ WBL (weighted by length
of line)

Variance

e Variance_WBL (weighted by length of line)
e Histogram

= Text Fields

e Count (of each unique value)
e Proportion (of each unique value)
e Length (of each unique value)

= Date Fields

e Earliest Date
e Latest Date
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RASTER DATA:
o  Grids with Tables (integer and small floating o  Grids without tables (generally large
point grids): floating point grids):
" Nu“;pe_ric fields: Available stats are: = No table or fields available, so standard
. inimum .. .
o Maximum statistics include:
e Mean e Minimum
e Median e Maximum
e Mode e Mean
e Sum e Standard Deviation
e Standard Deviation e Histogram
e Histogram
e Count (of each unique number)
e Proportion (of each unique number)
e Area (of each unique number)
= Text Fields
e Count (of each unique value)
e Proportion (of each unique value)
e Area (of each unique value)

=  Date Fields
e Earliest Date
e Latest Date

Open the general summary statistics tool by clicking the & button:

& Summary Statistics:

Calculate statiztics for one or more figlds from any feature
datazet, raster dataset or standalone table:

Statistics will be saved az dBASE tables in folder specified
below.

1. Select a data layer or table:

I'l]points_u:lip_ﬂl [Point D atazet] j
2. Chooze one or mare statistics to calculate from the following data fields:
- # UNIQUE_IDZ ]
-# DISTAMCE
- # WIDTH
— T
4 Marimum
| Mean
| Sum
- | Standard Deviation
iof] Variance
“ | Histogram
- L Date_val
=T date_test

-+ Court

3. Specify folder for output tables:
ID:\arcGIS_stuff'\cu:nnsuItation\az_linkages\data'\ = |

¥ Calculate Statistics on Selected Recards Dnly (0 of 588 selectad)

iﬁl Cose | Hep | 0K |,¢
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The Summary Statistics dialog allows you to calculate a variety of statistics on multiple fields
from one of the data layers or tables in your map document. IMPORTANT: This function will not
automatically clip your dataset to your corridor polygon. This tool will calculate statistics based
on the entire dataset, or optionally on the selected features in a vector dataset, so in most cases
you will need to clip your dataset prior to running this tool. Please refer to “Using the Clip Tool”
(see p. 40) for more information on how to clip datasets.

All feature layers and grids are listed in the drop-down box at the top of the dialog. When you
select one of these layers, the large box in the center of the dialog will fill with the available
attribute fields and statistics. Attribute field names are prefaced with a symbol indicating whether
the field is of type Number ( # ), Date( € ) or Text (T).

If you choose a feature layer (i.e. one composed of points, lines or polygons), and if any of those
features are selected, then you have the option to calculate statistics on only the selected set of
features by clicking the checkbox near the bottom of the dialog. The checkbox is disabled if no

features are selected. You may switch the selection at any time by clicking the ﬁl button, and

you may easily open and view the table for the current selected dataset by clicking the
button.

NOTE: In many cases, the calculated statistics are weighted by the size of the feature. For
example, if you wish to calculate the mean flow rate of two river segments, where the 1% segment
is 500m long and has a flow rate of 100, and the 2™ segment is 1000m long and has a flow rate of
10, then the weighted mean flow rate will be calculated as:

Mean Flow Rate — (Seg. 1 Length)(Seg. 1 Flow Rate) + (Seg. 2 Length)(Seg. 2 Flow Rate)
(Seg. 1 Length) + (Seg. 2 Length)
(500)(100)+(1000)(10)
500+1000

=40
In general, weighted statistics are calculated as follows:

Where:
X, = the value
W, = the weight (i.e. count, area or length)
Then:

Weighted Mean = = =X

Weighted Variance = -

Weighted Standard Deviation =
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AN EXAMPLE WITH POLYLINE DATA:

Suppose we were interested in the total lengths of different types of roads that existed within our
primary corridor polygon and an alternative corridor polygon.

b e

Iternate Co}ridor Pol

i

We must first use the Clip Tool (see p. 40) to clip our road network to both the primary and
alternative corridor polygons.
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Alternate Corridor Polygon £

Next, open the summary statistics tool and select the road layer that has been clipped to your
primary corridor polygon, as well as the field(s) you wish to analyze and the statistics you wish to
generate. In this example, roads are classified in the field “Class_rte”:
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L& Summary Statistics:

Calculate statistics for one or more fields from any feature
datazet, raster dataset or standalone table:

Statizhicz will be dizplayed in a Report window, and zaved in
dBASE tables in folder specified below.

2
e

1. Select a data laver or table:

2. Choose one or mare statiztics bo calculate from the following data fields;
----- T FRETYPE &

..... T MAME

|2] comdor_roads_utm [Polyline D ataset)

..... T TYFE
----- T SUFFIX
: CLASS_RTE

------- + Propartion
R - ﬂ Length
----- T R&MP_CLASS
----- # FROM_ELEY
----- # TO_ELEV
----- T HwY_TvPE

-
& |

¥ Calculate Statistics on Selected Becords Dnly (0 af 133 selected)

3. Specify folder for output tables:

ID:HarcGIS_stuff\cunsultatiunHaz_linkages"-.dataE"-.

B

Cloze | Help |

29

Click ‘OK’ and this function will identify all unique “CLASS RTE” values in the clipped road
layer, and tell us the total number, proportion and length of roads in each “CLASS_RTE” class.
These statistics are provided in both a table in your Map document and in a text report:

B Attributes of CLASS_RTE_stats 3

=101 x|

(o] [1] Unigque_ID Value | Count Proportion Length
2 u] 1[0 4 0.031697 1233796
1 23 G 0.043569 | 1707 064491
2 3|4 114 0.536523 | 32561.10372
3 4[5 5 0056074 | 2182661279
4 56 3 0.02867 | 1115943929
5 E|9 1 0.003166 123244642
Record: ﬂjl 1 jﬂ Show: W Selected | Records (0 out of 6 Selected)

Options - |
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=10 x|

Statistics Report on Feature Class "corridor_roads_utm®

Shape Type: Polyline
Records Analyzed: 1335 out of 133

Field Hame: CLASS RTE [Alias = CLASE RTE]
Field Type: String

Statistics by Unique Value:

--- Category Statistics ——--—-—-——-————-

=2 B Unigue values from 133 total values examined.

1] %alue =10
a] Court =4
h] Propoartion = 0031897357
o] Length = 1233.80

2] Walue =3
gl Court =6
h] Propoartion = 0043863836
c] Length = 1707 56

3] Walue =4
gl Court =114
h] Propoartion = 0836523439
] Length = 325681 10

4] Walue =5
al Court =5
h] Propartion = 0056074491
c] Length = 2182 66

o] Walue =6
al Court =3
h] Propoartion = 0028669553
o] Lenogth = 1115.94

E] Walue =9
a] Count =1
h] Propoartion = 0.0031 66263
o] Length = 123.24

fralysis Began: Aéday, Ochober 26, 2007 ab 40:37:57 A
fralysis Complete:  Aiday, Oobober 26, 2007 at $0:34:57 AN
Time Elapsed: Te Sapred: § seconds...

% Dgta saved to DoarcGlS_stufficonsultation'az_linkages'data2WCLASES RTE stats_9.dbf

Eririt Copy to Clipboard Exxit
For reference, the “CLASS RTE” values are defined as follows:
L o-RTE Definition

0 Limited Access (Freeway)

3 Major Road

4 Local Road

5 Minor Road

6 Other Road

9 Pedestrian Way
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Therefore, our primary corridor contains 1,234m of freeway, 1,708m of major roads, 32,561m of

local roads, 2,183m of minor roads,

1,116m of “other” roads, and 123m of pedestrian trails.

NOTE: All dBASE statistics tables are opened and saved in your Map document. If you close a
table, you can easily find and reopen it by clicking the “Source” tab at the bottom left corner of
your Map document. All standalone tables are listed in the “Source” tab. Also, the text report
includes the hard drive location of the dBASE table.

For comparison purposes, we now calculate the statistics on the alternative corridor. The steps
are identical, except that we now choose the road layer that has been clipped to the alternative

polygon:

Calculate statiztics for one or more fields from any featune

dataset, raster datazet or standalone table:

Statistics will be displayed in a Beport window, and s:
dBASE tables in folder specified belaw.

X

e

=101

1. Select a data layer or table:

Statistics Report on Feature Class "Alternate_roads_utm'

|2] cormdor_roads_utm [Polyline Datazet)

2. Chooge one or more statiztics bo calculate from t

FRETYPE
MAME

TYPE
SUFFI<
CLASS_RTE
-of] Count
-of] Proportion
-of] Length
RaMP_CLASS
FROM_ELEW
TO_ELEY
Hw_TvPE

T
-T
I
T

#
T

3. Specify folder for autput tables:

ID:'\achIS_stuff\consultation\az_linkages\data

¥ | Calzulate Statistics on Selected Becards Ol

Shape Type: Polyline
Records Analyzed: 33 out of 83

Field Hame: CLASS_RTE [Alias = CLASS_RTE]
Field Type: String
Statistics by Unique Value:
--- Category Statistics
*## Dgta saved to DoarcGlS_stuffconsultationaz_linkagesdata2WCLASS RTE _stats_8.dbf
** 4 Unigue values from 53 total values examined.
1] value =10
&) Count = 2
b] Proportion = 0.04:5593455
c] Length = 204952
2] value =4
a] Count = 71
b] Proportion = 0.8194 29964
c] Length = 36295.01
3] Walue =6
a] Count = 4
b] Proportion = 0.063324755
c] Length = 3073.91
4 Yalue =9
a] Count =6
b] Proportion = 0.065349760
c] Length = 2941 .03

Bralysis Began: Aiday, Ootober 28, 2007 at 1002444 AM
Aralysiz Complete:  Aeday, October 26, 2007 at 10:24:44 AN
Tirme Elapsed: Tiwe Hapsed: 0 secomds...

Frrint | LCopy to Clipboard |
i
E3 Attributes of CLASS_RTE_stats_d4 -10] x|
0ID | Unique_ID Value | Count | Proportion Length
3 0 110 2 0.045595 2049 51967
1 24 T 0.81943 | 36585.01311
2 3|6 4 0068525 | 30739057582
) 4|9 -1 0.06535( 2941 .032735

et 1 [ o[

Shaow: W Selected |

Records (0 out of 4 Selected)

Options - |

A table helps compare the amount of road by type in each polygon:

Road Class

Primary Corridor (m)

Alternative Corridor (m)

Limited Access (Freeway)

1,234

2,050
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Major Road 1,708 0
Local Road 32,561 36,598
Minor Road 2,183 0
Other Road 1,116 3,074
Pedestrian Way 123 2,941

32

NOTE: Because all tables are saved in dBASE format, they can also be opened up separately in
Excel for more advanced graphing functions.

NOTE: Road lengths (and polygon areas) are calculated according to the actual sizes of the
feature. Therefore, if your features are in latitude/longitude coordinates, then your size values
will be reported in “degrees” rather than any useful measure. Therefore you are recommended to
apply this tool on projected data if you wish to calculate accurate size values.

AN EXAMPLE WITH GRID DATA:

The general statistics tool works equally well with vector and raster data. For example, if we
wanted to calculate general statistics and a histogram of elevation values within our primary
corridor polygon, we would first clip the elevation grid to the primary corridor polygon using the
Clip Tool, and then apply the general summary statistics tool directly to the clipped elevation
grid:

~ Calculate statistics for one or more fields from any feature
dataset, raster dataset or standalone table:

Statistics will be dizplayed in a Report window, and saved in
dBASE tables in folder specified below,

1. Select a data layer ar table:
|12] elevation_clip [Raster Datazet) j

2. Choose one or more statistics to calculate fiom the following data fields:
= # VALUE

3. Specity folder far output tables:
ID arcG15_stuffconsultation'az_linkageshdataZy = |

¥ Statistics wil be calzulated for entie grid

Cloze |
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General statistics (mean, minimum, etc.) are generated in a separate table from histogram data, so
this example will produce two separate tables.

B Attributes of YALUE_stats_7 1ol x|
0ID Unique_ID | Minimum | Maximum Mean Median Mode_Strng St_Dev
r 0 1 936 1968 | 142680567 1428 |1 mode found [2,917 cases] Value = 1007 237379914

Recard: ﬂjl 1 jﬂ Shaow: W Selected | Records (0 out of 1 Selected) Cptions v|
B Attributes of YALUE_histogram_7 - |I:I|£|

OID | Bin_ID Bin_Start Bin_End Bin_Count
» 1] 1 96 1104 4264
1 2 1104 1212 J9693
2 3 1212 1320 23007
3 4 1320 1425 117054
4 = 1425 1536 91087
= = 1536 1644 2345
= 7 1644 1752 297
7 g 1752 1860 43730
g 9 1560 1965 12240

Record: ﬂjl 1 ﬂﬂ Show: W Selected |j

All statistics will be provided in a single text report:
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o

Statistics Report on Grid "elevation_clip"

Hon-Hull Grid Cell Count: 579,169 grid cells

Field Hame: “VALUE [Alias = WALUE]
Field Type: Mumber
Data saved to D)arcGl=_stufficonsultation'az_linkages\data2W ALUE_stats 14 dbf
Selected Statistics:
a] Minimum: 996
b] Maximum: 1962
c] Mean: 1426 50566354766
d] Median: 1423
e] Mode: 1 mode found [2 917 cases]: Walue = 1007
f] Standard Deviation: 237 37991 38359386
g] Histogram:
--- [Hiztogram data table saved to DOarcGlS _stuffconsultation'az _linkages\data2™W ALUE_histogram_11 .dbf]
--- VAL UE Histogram ----------
Bin1] Range =996.001t0 1104 .00 Bin Size = 84 264 cases...
Bin 2] Range =1104 00t01212.00 Bin Size = 35,693 cazes..
Bin 3] Range =1212.00t01320.00 Bin Size = 53,007 cases..
Bin 4] Range =132000101423.00 Bin Size =117 059 cases..
Bin 5] Range =1428.00t01536.00  Bin Size =91 067 cazes...
Bin 6] Range =1536.00t01644.00 Bin Size = 52,345 cazes..
Bin ¥] Range =1644 00to1752.00 Bin Size = 59,701 cases..
Bin 8] Range =1752.001t01860.00 Bin Size = 43 790 cases..
Bin 9] Range =1860.00t01368.00 Bin Size =12,240 cazes..
1] T ————————"
2] i
3] (R
4] A ————i————mnn——
3] A —————————————————
6] e
7] (S
8] i
9] (i

Pralysis Began:  Aéday, Cotober 26, 2007 ab 10:20:34 A
Bralysis Complete:  Aiday, Oetober 26, 2007 at 10:20:238 AnS
Time Elapsed: We Sapsed: d secomds...

Erink LCopy ta Clipboard
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Calculating Habitat Suitability Statistics

Corridor Designer Tools ]

peEE|owsomm = a

The Corridor Designer Evaluation tools include a variation of the general statistics tool designed
specifically to analyze habitat suitability grids produced by the Corridor Designer tools. This
habitat suitability statistics tool generates statistics on floating point grids and generates a
histogram showing the distribution of habitat suitability values ranging between 0 and 100.
General statistics include the mean, minimum, maximum, standard deviation and histogram of
data.

As with the general summary statistics tool, this tool will not automatically clip your habitat
suitability grid to a particular polygon or area of interest. It analyzes the entire grid, and therefore
you must clip your habitat suitability grid to your corridor polygon prior to running this tool.
Please refer to “Using the Clip Tool” (see p. 40) for more information on how to clip your habitat
suitability grid.

Open the tool by clicking the Z button:

i+ Habitat Suitability Model Statisktics:

Select Hahbitat Suitahbility Grid

hab_alt_chp
260m_av_cliph
‘hab primary clip
azareqr_hza
BOrn_av_hraday

Cancel
Help
K.

Specify folder for output tables:

D:harcGIS_stuffconzultationt.az_link ageshdata2s
Mumber of Histogram Bins: IEI

The list of grids includes all the floating point grids currently available in the active data frame of
your map. Simply select the grid, confirm the folder to save your output data, confirm the
number of histogram bins, and click “OK”. The tool will generate two tables and a textual report:

oy lad
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=101 |

Statistics Report on Grid "hab_primary_clip’

Hon-Hull Grid Cell Count: 57 555 grid cells

Continuous Grid Value Statistics

Statistics:
a] Minimum: 0
b] Maximum: 36 661750793457
¢] Mean: 32.330993917587
d] Standard Deviation: 30 865675725931
e] Histogram:

--- hab_primary_clip Histogram -—--—------
Bin1] Range =00to0 111
BinZ] Range =111t0 222
Bin 3] Range = 22210 333
Bin 4] Range = 33510 44 4
Bin 5] Range = 44 410 556
Bin&] Range =55.6t0 66.7
Bin 7] Range =667t0 77 8
Bin&] Range =77 510 559
Bin 9] Range =55.9t0100.0
1] IO OO

Data saved to D _stuff_linkages_primary _clip_stats_3 .dbf

--- [Histogram data table saved to DowarcGlS _stutficonsultstionhaz_linkages\data2bhab_primary_clip_histogram_3.dbf]

Bin Size = 22 287 cases..
Bin Size = 6,328 cazes..
Bin Size = 3490 cazes...
Bin Size = 315 cazes..
Bin Size = 5,061 cazes...
Bin Size = 4,528 cazes..
Bin Size = 4,896 cases..
Bin Size = 7 3353 cazes..

Bin Size = 117 cases...

36

=10l |

EH Attributes of hab_primary_clip_stats
0ID | Unique_ID | Minimum | Maximum Mean St_Dev
3 u] 1 0| 96661731 | 32890999 | 30.865676

ot s 7 o

Show: W Selected | Recordsj

2] [ |
3] TN
4] T B Attributes of hab_primary_clip_histog o ] 4
5] i
g] A oID | Bin_ID Bin_Start | Bin_End | Bin_Count
7] L 3 0 1 o) 11411111 22257
g] TR A 1 2 11111111 | 22222222 6328
s 2 3| 22222222| 333333 3490
fnalysis Began:  Friday, October 26, 2007 at 40:11:04 A 3 4] 33333333 | 44444444 3615
fnalysis Complete:  Aiday, Ochober 26, 2007 at 101397 AW 4 a 44.444444 | 555355396 2061
Time Elapsed: Time Sapsed: 13 seconds... 5 [ 55555556 | GEGGEEET 4525
5} 7 66 666667 | 77 7IITIE 4596
Print Capy to Clipbo 7 8| 77777778 | 68805889 7333
g 9 &5.5858859 100 17
Record: ﬂﬂl 1 jﬂ Sha: I all Selectedlj

This function will be most useful when comparing the habitat suitability between different

alternative corridor polygons. In general, the corridor polygon developed by the Corridor
Designer tools will always have the best habitat values. It has to; the polygon is drawn around

the habitat with the highest values.

The question for managers is then how much worse would an alternative corridor be? This tool
provides a simple method to compare the distributions of habitat values between the primary and
alternative corridor. For example, consider a situation where we wish to consider the alternative

corridor illustrated below:
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Alternate Corridor

Primary Corridor

We first use the Clip Tool (see p. 40) to clip the habitat suitability model to the alternate corridor
polygon illustrated above. We then use the habitat suitability statistics tool to generate statistics
on this clipped grid. NOTE: It is a good idea to use the same number of histogram bins as we did
when analyzing the primary corridor polygon, because we can then compare the histograms
directly in Excel:

i# Habitat suitability Model Statiskics:
Select Habitat Suitability Grid

z60m_av_chpb
hab_priman_clip
azareqrl_hza
E0m_av_hreday

Cancel
Help
K.

Specify falder for autput tables:

D:harcGlS_stuffsoconzultation'.az_linkageshdata2h,

Murnber of Histagram Bins: IE

N ladd
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Statistics Report on Grid "hab_alt_clip”

Hon-Hull Grid Cell Count: 43,031 grid cells

Continuous Grid Value Statistics
Data saved to Dr_stuff_linkages_aft_clip_statz_ 2 .dbf
Statistics:
a] Minimum: 0
b] Maximum: §5.743405203125
¢] Mean: 5.5325629562194
d] Standard Deviation: 10.512275337187E
e] Histogram:
--- [Histograim data table saved to DoarcGIS_stuificonsultationiaz_linkages\dsta2hab_slt_clip_histogram_2.diaf]

--- hab_alt_clip Histogram ----------

Bin 1] Range =00to111  Bin Size = 35,316 cazes...
Bin 2] Range =11.110222 Bin Size = 5,396 cases...
Bin 3] Range = 22210333 BinSize=1,112 cases...
Bin 4] Range = 33.3t0 444  Bin Size = 507 cases...
Bin 5] Range =44 410556  Bin Size = 301 cases..
Bin B] Range = 55610667  Bin Size = 187 cases..
Bin 7] Range =66.71t0 778 Bin Size = 211 cases..
Bin 8] Range =77.8t0 539 Bin Size = 61 cases..
Ein 9] Range = 539101000 Bin Size =0 cazes...

38
_|O] x|
B4 Attributes of hab_alt_clip_stats 10| x|
0ID | Unique_ID | Minimum | Maximum | Mean St_Dev
» 0 1 0| 55743408 | 5.932563 | 10.512275

S| L

Shiow: W Selected |Qec0rdsj

1] 1 OO0 OO
2] (I
3] Il
4] I
5
E} : B Attributes of hab_alt_clip_histogram - |D|ﬂ
;1 | o | BinID | Bin_Start | Bin_End | Bin_Count
9} [ 0 1 O 11411111 3936
1 2 1111111 | 22222222 5396
bralysis Began:  Fiday, Oetober 26, 2007 at 10:14:24 AM 2 &) 222220 | 33333333 1112
Aralysiz Complete:  fiday, Ochaber 26, 2007 at 40:14:37 A = 4 F3E35335 | 44 444444 =07
Tirne Elapsed: Thie Sapsed: 13 secoms. .. 4 5 44 444444 | 55 555556 301
5 [ 55555956 | 65 GEGEET 187
Fint Copyto C E 7 BB GEEEEY | FF.77YIIE 1
7 g TPITTTITE | 85485859 1
g 9 83533880 100 a
Recard: ﬂjl 1 jﬂ Shiow: I Al ielecte] j

Note that the histogram always ranges between 0 and 100, regardless of the actual range of the
data. Because of this fact, and because the histogram statistics are provided in a dBASE table, we
can easily open both histogram tables in Excel, combine the data, and generate a paired bar chart
that clearly illustrates the differences between the two corridors:
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Habitat Suitability of Primary vs. Alternative Corridors

40000
35000

30000

25000
20000 +—

Cell Count

15000 +—
10000 1+
5000

O Frimary Carridor
m Alternative

e DL N

o-11

M-22 22-33 353-44 44-56 56-67 67-78 78-89 82-100
Habitat Suitability
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Ancillary Tools
Using the Clip Tool

Corridor Designer Tools

The Corridor Designer Evaluation tools include functions to calculate a large variety of statistics
on vector and raster data, including a specialized tool intended specifically for habitat suitability
grids. However, these tools require that the vector or raster datasets be clipped to the polygon or
area of interest before using them. The statistical tools themselves analyze the entire dataset and
do not automatically clip the datasets as part of the analysis. Therefore we have provided a tool

specifically designed to clip both raster and vector datasets to polygons.

Click the ‘@ button to open the “Clip Data to Corridor” dialog:

J% Clip Data to Corridor: x|

Identify Corridor Polygon:

M Species Coridor P'l:ll_l,lgcun:|1] azgragr_14r_buffered_d_south j Select from Map |

Identify Layers to Clip:

W
M 5] Streets [Paolyline D ataset) :I Ak .
[16] azgreqrl_14i_buffered_d_szouth [Polpgon Dataszet] { J |

[] 7] zantantamtnz [Polpgon Datazet]

[] 8] tumacaconmtng [Polwgon D ataset]
[19] azarzqr_clipd [Raster Datazet]
[110] 260m_av_clip5 [Raster D atazet] Lancel
[1711] azagraqr_clip3 [Raster D atazet]
[112] elevation_clip [Faster Datazet]
[[113] azgraqri_hza [Raster Dataszet] 0
14] 60m_av_hreday (R aster Datazet)

oy

Help

Specify Dutput Workspace:
M ID:'xarcGIS_stuff'x-:u:unsultatiu:un'xaz_linkages"-.dataE"-.

o | LEE

[Clpped datazetz will be named by their exizting name appended with **_clip"]

You must identify 3 parameters before the “OK” button will become enabled:
1) The polygon to clip to,
2) The layers to clip, and
3) The folder to save the new clipped datasets to.

As you identify each parameter, you will see green checkmarks appear in the respective boxes.

SELECTING THE CLIPPING POLYGON:
You have several options for selecting a corridor to clip to. You may:

1) Select a polygon layer from the map, IF that layer contains only a single polygon feature.
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2) Select a single polygon from an existing polygon layer.
3) Select an existing polygon graphic.
4) Draw a new polygon graphic.

The drop-down list box at the top of the dialog lists all polygon layers currently in the active
frame of your map document. If any of these contains only a single polygon, then you may
simply select that layer and be done. However, the clipping tool is designed to work with a single
polygon so you will receive an error message if you have multiple polygons in that polygon layer.

If you need to select a single polygon from a polygon layer, or if you need to select or draw a
polygon graphic, then choose the option “Select by clicking on map”. This will enable the button
“Select from Map”, from which you can access an interactive tool to directly select or draw your
polygon. For more information on using the interactive polygon selection tool, please refer to
“Selecting or Drawing Polygons” (see p. 47).

NOTE: This tool will not let you use several separate polygons for your clipping boundary. If
you wish to use several polygons for this purpose, you will need to combine them into a single
entity first. We have a separate stand-alone tool available which will do this function, available
for free download at http://www.jennessent.com/arcgis/shapes_graphics.htm (see especially the
discussion of the “Combine Features” tool).

IDENTIFYING THE LAYERS TO CLIP:

Select one or more layers to clip. Layers should be selected by clicking the check boxes to the
left of each layer name.

This function will check to make sure the layers actually intersect the polygon before clipping
them, and will also make sure the polygon is projected to the same coordinate system as the clip
layer before the clip is executed. Therefore all clipped datasets will be in the same projection as
the original dataset.

SPECIFY OUTPUT WORKSPACE:

Finally, make sure the clipped datasets are saved to the correct workspace. All clipped datasets
will be named according to the layer name, appended with “ clip”. In the case of clipping grids,
new grid dataset names will also conform to grid naming rules (i.e. < 13 characters, no spaces and
does not start with a number).

If you need to select a different folder to save clipped datasets to, then click the il button to
open the standard ArcGIS file browser folder:
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Please select {(don't open!) folder to conkain your clipped daks

Look in: I[:I az_linkages

Marme | Tvpe |
[data Folder
Folder
3 images Folder
[ YE_Code Falder
3 workshop Folder
Marne: IdataE Add

Show of type: IEasin:: Tupes =] Cancel |

IMPORTANT: Do not open the folder you wish to select. Simply click on it once to select it, then
click the “Add” button.

NOTE: This tool is an improvement over the standard ArcGIS clipping tools, in that it works
equally well on raster and vector data and handles multipart polygons and polygons with holes or
islands, or even multiply nested holes and islands. When clipping grids, it also maintains the full
raster attribute table provided that there was one to start with. Finally, it will clip to non-standard
shapes such as circles, ellipses and polygons containing curved segments.

NOTE: If you used a graphic polygon to clip with, and if you wish to save your graphic into a
new polygon shapefile, you can use the “Create Shapefile” tool to do so (see p. 45)
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General ArcGIS Stats Tool:
Corridor Designer Tools ]
I
PBEZE onOEE &
1513 features selected fram 1 layers
Frequency Distribution
Laver:
I@streets LI 1,500
Field:
SPEED MFH 1,000 H
Statiztics:
Count: 1513
b inimumm; 10 500 H
b axirnuim: 65
S 389390
Mean: 25769933 -
Standard Deviation: 647727 0 - : - - -
10 16 22 28 34 40 46 52 48 64
Kl I

This tool is a standard ArcGIS function and provides a quick way to view general statistics and a
nice histogram on selected features of a feature layer. It doesn’t work if no features are selected
and it only handles numeric data, but it is still useful for some purposes.
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Delete Corridor Designer Graphics:

Corridor Designer Tools

Several of the Corridor Designer Evaluation functions create graphics on the screen. For
example, the Clip tool and the Polygon Selection tool both produce polygons with a particular fill
pattern:

Selected Polygon will turn green
with diagonal crosshatch:

The bottleneck and patch distance tools will also produce distinctive graphics.

This button simply clears out any CorridorDesigner-produced graphics, leaving any other user-
created graphics untouched.
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Create New Shapefile:

Corridor Designer Tools

PRBEE OdO

Bz |- = »

This function allows you to either create a new empty shapefile or convert graphic shapes to a
shapefile. You may create either point, polyline or polygon shapefiles with this tool.

o Polygon shapefiles will include attribute fields for [Unique ID] and [Area].
o Polyline shapefiles will include attribute fields for [Unique ID] and [Length]
o Point shapefiles will include attribute fields for [Unique ID], [X Coord] and [Y_Coord].

NOTE: Ifyou are converting graphics to a shapefile, and if those graphics have names (right-
click the graphic and check the properties to see if it has a name), then these names will also be
added to the attribute table in a [Name] field.

This function also allows you to convert polyline graphics to polygons, or polygon graphics to
polylines, if you wish. When opened, the tool will examine your map to see how many point,
polyline or polygon graphics are available, and whether any of them are selected. The tool will
show you how many of each type are available to convert. If you attempt to create a shapefile
from existing graphics when there are no graphics to convert, you will be notified of this and
asked if you would like to try a different shape type.

NOTE: Certain linear or areal graphic shapes are not technically polylines or polygons. Polygons
that are defined by a circle or elliptic arc are not really “polygons” in the sense that they are not
composed of a series of straight-line segments. This is also true for linear features that are
constructed of Bezier curves. It is not possible to add true curves such as circles, ellipses or
Bezier curves to a polyline or polygon shapefile, so this function will convert these shapes to
standard polygons or polylines before adding them to the shapefile. It does this by generating
200 evenly-spaced points along the length or perimeter of the curve, and connecting these points
with straight segments. Therefore, if the original graphic feature is composed of true curves, then
the actual shape in the shapefile will be slightly different than the original feature.

v+ Create Shapefile: x|
r -
{~ Create new shapefile % Convert graphics to shapefile Fa
| i
. . - F
; E
1] Foint Shapefile: 0 Points 1 J ’l

€ Paint Shapefile 2] Polpline Shapefile: 2 Polylines
3] Palyling Shapefile: 2 Polulines + 3 Polyg
id] Polygon Shapefile; 3 Polygons
B] Palygon Shapefile: 2 Pallines + 3 Polpgons

£ Falvline Shapsfie

£ Folygon Shapefie
[T Orly convert selected graphics

E;}j,gﬁgg' | S patial Reference = NAD_1983_LITM_Zone_12M ok

Cutput Shapefile:
ID:'xan:EIS_stuff'xl:-:unsuItaticun"xaz_Iinkages"-.dataE"-.NEWShape_45.shp T |

You must set a spatial reference for the new shapefile. If your map has a spatial reference set,
then the map spatial reference will be the default value. You may easily change the spatial
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reference by clicking the “Set Spatial Reference” button and identifying the spatial reference you
want:

New Spatial Reference X|

M armne: |I3 C5_wih5_1984
Details:
Angular Unit; Degrees [0.01745323251534.3239] ;I

Prime Mendian: Greerwich [0.000000000000000000)
Daturn: D_'WiGS_1334
Spheroid: "G5_1984
Semimajor Axiz: B37E1 37 000000000000000000
Semiminor dxis: B3BETEZ 3142451 79300000000
Inwverze Flattening: 298 25722356 3000030000

Select a predefined coordinate system.

Impart a coordinate gpstem and =57, 2 and b
domains fram an exizting geodataszet [e.g.,
feature datazet, feature clasz, raster).

Mew ~| Create a new coordinate spstem.
. E dit the properties of the curently selected
Modify... !
coordinate zpzstem.
Clear | Setz the coordinate system to Unknown,
Save bz | Save the coordinate syztem to a file.

Finizh Cancel

NOTE: This function adds the new shapefile to map, but does not delete existing graphics so you
may not see the new shapefile when the shapes lie behind the graphics.
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Open Tables:

F
8 E8 oa0BE s

This button will automatically open tables for any selected layers that have tables. It only works
on layers that are selected.

You can also open tables by right-clicking on each layer individually and selecting “Open Table”
from the menu, but this button makes it a bit easier and allows you to open multiple tables at
once.

Selecting or Drawing Polygons:

Three functions allow the user to do something based on a selected polygon graphic or polygon
feature, and therefore all three tools needed a way to select or draw that polygon. The Patch
Analysis, Bottleneck Analysis and Clip tools all provide access to the following dialog:

i& Select Species Corridor Polygon... - |EI|£|

1] <= Select or Draw Graphic Polpgor --»
2] azarsqrl_sitewidepatches_clip_2
3] azgraqrl_zitewidepatches_clip_3
4] Censzus Tract Boundaries_clip_2
] azareqrl_sitewidepatches_chp_2

B] Cenzus Tract Boundaries Cancel |
7] azgragrl_sitewidepatches

8] azogregrl_14r_buffered_d_south Help |
9] zantaritamtnz

10] tumacacarimtng Accept |

INSTRUCTIOMS:

1] Select the appropriate laver from the list above.

2] Enable the Polygon Selection toaol by clicking the croszhair
buttar - --
3] Click an the map to zelect your Speciez Coridor polygon.
4] Click "Accept’ e

hitbp: A fnay. cormidordesign. org

NOTE: The title of this dialog will change depending on whether the user is searching for a
corridor polygon or a wildland block.

This dialog allows you to:
1. Select a single polygon from a polygon feature layer, or
2. Select a single graphic polygon, or
3. Manually draw a graphic polygon on the screen.
If you select a polygon theme from the list at the top of the dialog, then the “Select Polygon”

1
button J will become enabled and the corresponding tool will become enabled on the Corridor
Designer toolbar. Click this button and then select a polygon from the theme. After you click on
a polygon, it will turn a green color with a crosshatch fill:
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= Select Species Corridor | =10] x|
1] <~ Select or Draw G gon - p B

2] azgreail_14r buffer h | =7 52
3] zantaritamtng ﬁ

4] turmacacarimtng LJ J

Cancel

Help

o Accept |

INSTRUCTIOMS:

1] Select the appropriate layer fram the list abave,

2] Enable the Palygon Selection toal by clicking the crosshair
buttan -

3] Click. on the map ta select waur Species Coridor palpgon.
4] Click. 'Accept’.

5] F

hittp: 4 A, comidordesign. org

& Select Species Corridor Polygon... - |EI|£|

1] <-- Select or Draw Graphic Polpgon -» ,I_ { 1
2] azgreqrl_zitewidepatches_clip_2 B 3

3] azgraqrl_sitewidepatches_clip_3 |
4] Cenzuz Tract Boundanies_clip_2 E ‘J J
5 atches clip 2

= Tract Boundaries

] arsqu_sitewidepatches

8] azarsagrl_14r_buffered_d_south Help |
9] zantartamtnz

10] tumacacarimtns ACceph |
IMSTRUCTIOMNS:

1] Select the appropriate layer from the list abowve.
£ Enable the Palygon Selection tool by clicking the crogshair

Z0rsg 0

buttarn - -E-
3] Click an the map to zelect your Species Comdor polpgon.
4] Click ‘Accept’. i

http: £, cormdordesign. org

You may also select or draw graphic polygons, rather than selecting polygons from a polygon
layer. If you select the first item in the list, “Draw or select graphic polygon”, then both the

=
“Select Polygon” _" and “Draw Polygon” E‘ buttons will become enabled. Use the
appropriate button to either select or draw a graphic polygon. Note that the instructions change if
you select this option:
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& Select Species Corridor Polygon...

tor Draw Graphic Polygon --»
2] azgraqr_zitewidepatches_clip_2
3] azgragrl_zitewidepatches_clip_3
4] Cenzuz Tract Boundanies_clip_2

] azgreqrl_zitewidepatches_clip_2

6] Census Tract Boundaries Cancel |
7] azgreqr_sitewidepatches

8] azarzagrl_14r_buffered_d_south Help |

9] zantaritamtnz
10] tumnacacarimtns Accept |

by

IMSTRICTIOMNS:

1] Select the appropriate laver from the list abowve.

21 Ta SELECT an exizting graphic, enable the Palygon Selection

toal by clicking the crozzhair button on the upper night. Then click -E-
on the map to zelect your Species Comdor polygaon.

3] To DR&W a new graphic, click the Polygon Draw toaol an the E‘
[cower right and wse it to draw your Species Comidor polpgon.

4] Click "Accept’

hittp: A fveaay. cormidardesign. org

In all cases, selected polygons will be shaded green with a crosshatch pattern. If any of these

49

graphics remain in your view after you no longer need them, you can quickly clear them out using

the “Delete Corridor Designer Graphics” tool (p. 44). You may also convert any graphics to a

shapefile using the “Create Shapefile” tool (p. 45).

Last modified 2-Jan-08
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About Corridor Designer and Manual

Cortidor Designer Tools #
RBEE owOBB| |

¢« About Corridor Designer [m] B4

Ahout the Team

Paul Beier haz been rezearching and promaoting carridors for nearly 20
vears. Paul has used these methods in collaborative, science-hazed efforts
in zouthern California and Arizona, and has supervised a Master's thesis
evaluating the sensitivity of these GIS methods to uncertainty in the biological
inputs.

Dan Majka wrote the CarridorDesigner Toolkax for creating habitat and

corridor analyses, designed the webpage, and is responsible for all wekb 'I
A b devials Demimamha e memcdiimemed 2 limdesmas

Yersion 1.4.762
Corridor Designer €y, CorridorDesign.org

Contact us: Paul Beier: Paul,Beier@nau, edu Swztem Info...

Dan Majka: dan@CorridorDesign.org
Jeff Jenness: jeff@CorridorDesign.org Upen Manual

The “About” dialog includes links to the Corridor Designer website, as well as email links to all
the authors. The full Evaluation Tools manual (in PDF format) is available by clicking the “Open
Manual” button.

Last modified 2-Jan-08
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