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Evaluating Corridors

Least cost methods always provide a “best”
solution, even when the best is not very good.

These Corridor Evaluation tools allow you to:

1. Describe how well your proposed linkage design serves each
focal species.

2. Compare the biologically optimum linkage design to alternative
designs that may better meet cost or political constraints.

Just because it is the best does not mean that it is good enough! We could find the
biologically optimum route for a desert tortise to cross the Himalayas, or a cougar to go
from here to Hawaii, but that doesn’t mean they would ever do it. These tools will not tell
you whether or not the corridor is good enough, but they will provide you with some
statistics to let you make your own decision.

Also, just because it is best does not mean it is available to preserve! These tools will allow
you to compare the optimum route with more realistic alternatives.




Evaluating Corridors

The biologically best corridor might not be a viable option. You will likely want to
compare how well the biologically best corridor compares with alternatives.




Tool Locations

Toolbox vs. Tool Bar
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A general comment: The entire suite of Corridor Designer tools are divided into Toolbox
Tools and ArcGIS command buttons. All Corridor and Habitat Suitability Model Creation
tools are written in Python and are available as Toolbox tools or Command Line functions.
All corridor evaluation tools are written in Visual Basic 6 using ArcObjects and are
available as ArcGIS command buttons.

The ArcToolbox functions have the advantage that they can be run from both the toolbox
and from the command line, and the command line option gives the power user a lot of
flexibility to run large batch files. As they are written in Python, users can also easily read
the source code and modify it if they wish to.

The ArcGIS command buttons have the advantage of allowing live interaction with the
map. An ArcObjects dialog can remain open as users select different objects from the map.
Dialogs created in Visual Basic are also much easier to modify, and the Bottleneck Results
dialog is a good example of a function that would be impossible as an ArcToolbox function.




Evaluating Corridors

Four Metrics: DOCE|oaO@D A

* Patch-to-Patch Distances
* Bottlenecks

* General Statistics

* Habitat Suitability Model Statistics

Several Ancillary Tools
» Clip to Polygon

» Standard ArcGIS Statistics

» Clear Corridor Graphics

» Convert Graphics to Shapefile

* Open Table

These are tools that we thought up as we considered different ways to evaluate corridors.
We invite new ideas for future revisions of Corridor Designer.

Four general metrics: Patch-to-patch distances, Bottleneck analysis, General statistics,
Habitat Suitability Model statistics.

Ancillary Tools include: a “Clip to Polygon” tool, The standard ArcGIS Statistics tool, a
“Clear Corridor Graphics” tool, a “Convert Graphics to Shapefile” tool, which can also
be used to create new empty shapefiles, an “Open Table” tool.

This slide show will discuss all metrics, and give illustrations of 3 ancillary tools.




Calculate Patch-to-Patch Distances: Crossing the Corridor...

( Habitat Block 2 )

' Habitat Block 1 li

Given a corridor and two habitat blocks:

The species must make it through the corridor, but the corridor may not be completely
composed of good habitat. Therefore the species may have to cross some regions with poor
habitat. Is the species capable of crossing poor habitat? If so, is there a threshold distance
above which the species will not cross that habitat? This function will identify the largest
gaps necessary for the species to make it from one habitat block to the next.




Calculate Patch-to-Patch Distances: Include patches of good
habitat...

SR
Habitar Block 2 i
- Tow, q:.-t.._

et

L~ " .
i DN

A

-
'% -

A |
{ Habitat Block 1 )

F -

An example of high-quality habitat distributed across the landscape. Presumably these
patches provide refuges and safe zones for the species. The inter-patch matrix is the threat.




Calculate Patch-to-Patch Distances’ Possibly only consider
patches of a certain size...
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We may consider small patches to be insufficient to support the species at the level it would

require. Therefore we can restrict the analysis to only patches of a certain size.




Calculate Patch-to-Patch Distances: Best Route (i.e. route

that minimizes the maximum patch-to-patch distance)...

( Habitat Block 2 )

( Habitat Block 1 ln

Actual best route is calculated as an abbreviated Minimum Spanning Tree using an
adaptation of Kruskall's algorithm. The manual explains more thoroughly and gives a
citation.

Cool function, but we are not satisfied with 2 aspects:
1) Takes a very long time! This example took 1.5 hours to run.

2) If the straight-line connecter between patches goes outside the corridor, then the tool
resorts to Least Cost functions which restrict the connector to 45° increments. These
lines are artifically longer than they should be.




Calculate Patch-to-Patch Distances’ QOutput

_ioix

Report of Patch Analysis:

|»

Habitat Block #1 = santaritamtns
Habitat Block #2 = tumacacarimtng
Corridor Polygon = azgrsorl_14r_buffered_d_south
Patch Layer = azgrzorl_sitewidepatches
* Patch Guery String: GRIDCODE ==3

6 segments required to move from one habitat block to the other.

Segment lengths listed in decressing order: 8 Attributes of segment_Ie I [m]

1189738771979 -
2] 2658.0067720 OID | Unique_ID Seg_Length
3] 2401 8742681 3 u] 1 §973.877195
4] 453 8523783 1 2| 2658.008772
5]150.0000000
2 3 2401 574268
5] 94 5653295
5 4 453.952379
Table of Segment Lengths saved to: 4 5 180
DovarcGls_stufficonsutation'az_linkagesdatazizegment _lendgths_9.dibf g B 94 86533
Hote: “ou can use the "Create New Shapefile” function to convert your araphic Record: ﬂjl 1 jﬂ o j
patch polygons and segment polylines to neve polyline and polygon shapefiles.

Polygonz and polylines produced by thiz analysis will be named "Route_Graphics" in
the new shapefile sttribute tables.

Analysis Began: Twesday, October 23, 2007 at 7:20:43 PM
Analysis Complete: Tuesday, October 23, 2007 at 8:42:44 P -
Time Elapsed: 7Time Efapsed: | hogr, 22 minutes, 1 second... ﬂ

Print | LCopy to Clipboard | Exit I
4

Output includes a text report and a dBASE table of segment lengths.
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FExamine Bottlenecks Within Corridor

( Habitat Block 2 )

' Habitat Block 1 '.

Most relevant to species that require a minimum distance from developed areas, or who do
poorly with edges.
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FExamine Bottlenecks Within Corridor

( Habitat Block 2 )

Potential Bottlenecks

' Habitar Block 1 'u

We may visually identify a few potential bottlenecks in the corridor. We could also use the
Measure tool to estimate the width an individual spots.
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FExamine Bottlenecks Within Corridor

( Habitat Block 2 ]

~1  Central Route through Corridor, wich
potential bottlenecks highlighted in red:

'
| Habitat Block 1 Ii

Ideally, we would want to know both the locations and extent of possible bottlenecks within

the corridor. How long is the region that is below some threshold width?
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FExamine Bottlenecks Within Corridor

zl

1000
w80
4
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0 4 & 12 16 20 24
Distance (km)
Threshold Statistics: Threshold = [400 meters

Bottleneck Width Statistics:
1] Minimum = 264 26 meters
2] Maximum = 54615 meters
3] Range = 581 .83 meters
4] Mean = 508.12 meters
S Median = 490.73 meters
6] 5t. Dev. = 136.4349 meters

Length = 24 512.80 meters

Create Point Shapefile | Create Segment Shapefile

Above Threshold Statistics:

- Total Length = 24 512.80 meters
- Total = Threshold = 15,927 25

- Proportion = 77 21%

- Mumber of Segments =9

Segment Lengths:
1] 6,807 .58

2] 673739
21 284581

-

=l

Below Threshold Statistics:

- Total Length = 24 512.80 meters
- Total == Threshold = 5,585.55

- Proportion = 22.79%

- Mumber of Segments =19

Segment Lengths:
1] 1,169.57

2] 1,119.57
21.1.N92 98

Create Tables | Add Graph to Layuutl Close | << Minimize |

a

[

Example of Bottleneck Results dialog. You can adjust the threshold several ways, and the
statistics and map will change automatically as you set different thresholds.
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FExamine Bottlenecks Within Corridor

1000+
~—~ 800+
(2]
o
- 600
£
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= Ve (WA ~
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T 200+
; 0 T T T T T T
0 4 8 12 16 20 24
Distance (km)
B Attributes of botHeneck stats 9 _lcl x| Attributes o old_lengths_9 =10lx
DID | Umque_I0 stausuc Vilue 0D | Uniquc_ID Hame: Length
¥ i) 13 |Minmum wich 26154 [0 1 [Tulal L gl 45125
1 1 idth 45451 1 2| Threshcld alue 555
| 2 15 |Range of vWidth Yaues =81 837 2 5| Aaove Ihreshold #1 SUTE1 2485
3 16 | Mean Wik S08.124955 3 4| Azove Threshold #2 2037051493
4 17 Median Yicth 491.775 4 5| Ag0ve Threshold #3 1E36.TAT26T
3 15 | Staolard Devistion of viidth 136.434911 Ll s 6| Agove Threstiold #4 1252935023
R 49 | Centering | Fnolh 24517 R ] 7| &aove Threshold #5 533663659
7 20 (Wicth Thrashole Walae 5o 7 8 [Below Threshald #1 8598.263016
] 21 |Largtr Balow Tareshald 16236112054 ] 9 |Belosy Threshold #2 3064.57537
] 22 | Prosortion Below Thrcshald 0662355 9 10|Below Threshold #3 2ME3TIITS
10 20 [Lergti Ahove Threshald 0276.601946 n 11 |Firlrras Threshald #4 4 889 342005
1 24 |Pruaurlion AUuwe Thrsshuld 0337847 " 12 |Below Threshald #5 290173913
Romrd 1] 41 »[n]  Showi[ A _Sslectod |scorcs = et i A7 ] sens [T sk o]

Bottleneck Results dialog generates a graph, several statistical tables and two types of

shapefiles.
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Calculate General Statistics Within Corridor

. Statistics will be displaped in & Report window, and saved in
dBASE tables in folder specified below.

- | 1. Select a data layer or table:

[12] elevation_clip (Riaster Datasel)

2. Chooss one of more stalistios to caloulate from the following data fields
= # VALUE -
- o] Minimum
o] Masimumn
ol Mean
- of] Median
Loaf] Mode
] Sum
\ o] Standard Deviation
oo Histogram
| Count
Lo | Propettion
| brea

3. Spesily folder for output tables

D:harcGIS_stuffseomsultationhaz_linkageshdata2y = e

[¥| Statistics will be calculated for. entire arid

General statistics on any background dataset, plus special case for habitat suitability
statistics.

Important! Must clip grid to polygon first.
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General Statistics Output

=10l

Statistics Report on Grid ‘elevation_clip’

igix
Hon-Hull Grid Cell Count: 579,169 grid cells
oiD _ID | Bin_Start _End | Bin_Count

Field Hame: VALUE [Slias = YALUE] (3] 1 99 1104 84264
Field Type: Mumber 1 2 1104 1212 35693
Data saved to [:\arcIS_stufficonsultationiaz_linkagesidata2iy ALUE _stats_14 dif 2 3 1212 1320 53007
Selected Statistics: 3 4 1320 1428 117058

a] Minimum: 996 4 5 1428 1536 91087

b] Maximurmn: 1968 5 5 1535 1644 82348

] Mean: 1426 805669847665 - = T o =01

o] Medlan:; 420 7 B 1752 1860 43790

€] Mode: 1 modg fpund (2917 cases] Yalue = 1007 ) 3 1860 1968 12240

f] Standard Deviation: 237 379913836985

g] Histogram:

&rxilﬁgr:;r;‘uiar:sh_aiav_e“d_mD\amGlS,stuff\cunsunalmn\az,hnkages\dataZ\VALuE,mstngramj1 dhi] — ﬂj,—‘ jﬂ e W e j

Bin 1] Range =996.00t0 1104.00  Bin Size = 54 264 cazes..

Bin 2] Range =1104.00t0 121200 Bin Size = 35,693 cases ..
Bin 3] Range =121200t0 132000  Bin Size = 53,007 cases

3200010142800  Bin Size =117 058 cases
42800 to 153600 Bin Size = 91,067 cases

53600 to 164400 Bin Size = 52,348 cases ..
E44.00t0 175200  Bin Size = 39,701 cases...
Bin 8] Range =1752.00t0 1860.00  Bin Size = 43,700 cages ..
Bin 9] Range =1860.00t0 18963.00  Bin Size = 12,240 cases ..

A1 O

A -lolx
S - - -

A A ——— -2 Uniaue 0| Miimun | Mo RS R

1 ] sasl 1968 1425 80567 |- 426 [adk foul[2 817 EaRAsl Vs 211007 [ 257 arast4|
61

71

8 I

TR T

Srialysis Began: Fiday, October 26, 2007 at 10:20:34 AM
Analysis Complete:  Fiday, Cotober 28, 2007 ad 10:20.38 AM
Time Elapsed: T Slapsed: 4 secons

Record: ﬂ j 1 j ﬂ show: [[A1 Selected Records (0 out of 1 Selscted) Options ~

Frint LCopy ta Clipboard |

Output includes dBASE tables and a text report.




General Statistics Output...

i
OD | BinID | Bin Start | 8in_End | Bin Count
Y[ o 7 S TTid el
T 7 T4 [EE E=
2 3 1212 13M S3NNT
3 4 1320 438 1705
4 5 428 1538 1087
5 & 5% Toed [z
B 7 =0 75 e
7 i 1752 AR 437371
5 ] 1880 o8 12200
Record: 1] 4| U ofm|  show [l seected [+

Elevation Grid Cells

140000

120000

100000

B0000 0

60000

40000

20000 4

996m — 1104m 12°2m -~ 1320m 1428m 1636m - 1644m — 1762m 186Cm —
1104m 122m 1320m 1428m 1636m 1644m 1762m 1860m 1963m

The dBASE Table can be opened up in Excel for more advanced graphing functions.
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Habitat Suitability Model Statistics

Select Habitat Suitability Grid

hab_alt_clip
260m_av_clipd

azarsqrl_hsa |
B0m_av_hrsday Cancel
Help |
Ok |
* | Specify folder for output tables:
ID Sarelal5_stuffconsulkation’az_linkages\data2h = |
Mumber of Histagram Bms:'IS

Habitat Suitability Statistics tool is intended specifically for floating-point grids that range
from a minimum possible value of 0, up to a maximum possible value of 100.
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General Statistics Output...

b

Statistics Report on Grid *hab_primary_clip*

Hon-Null Grid Cell Count: 57 855 gridf cells

Continuous Grid Value Statistics
Data saved to Dt _stufi_inkages_primary_cin_stats_3.dbf
Statistic:
al um: 0
b] Maximum: 95 661750783457
¢] Mean: 32 580998917587 - ;
] Stomdard Deviation: 30 565675725031 Non-Hull Grid Cell Count: 43,081 grid cells
el Histogram: Continuous Grid Value Statistics
Vtt-rttfj’grrimaisli:;:aﬁizz:?atfn&\arcG\S,Stulf\cunSuhal\un\aZJ\nkages\delaZ\habJJnme Data saved to D: stuft Irkoges. o _clp_stets_2.d
o Statistics:
a] Minimum: 0
b] Maximum: 85 743408203125

Statistics Report on Grid 'hab_alt_c

d] Standard Deviation: 10.5122753371876

] Histogram:
Histogram data table saved to DrareGIS_stuffioonsultationsaz_inkagesiata2hab_slt_clip_histogram_2.dbf]

- hab_alt_clip Histogram —

Bin Size = 4,896 cases...

Bin 8] Range =77 610888  Bin Size = 7,333 cases. Bin1) Rege 00t 11 1 B Sie 318 cases
Bin 9] Range =53.910 1000  Bin Size = 117 cases .
11 i Bin 2] Range = 1112222 Bin Size = 5,396 cases..
2 A Bin 3] Range = 22210333  BinSize = 1,112 cases
3] T Bin 4] Range = 33.3t044.4  Bin Size = 507 cases..
4] T Bin 6] Range = 44 4t0 556 Bin Size = 301 cases
] [T Bin 6] Range = 55.6t0 667 Bin Size = 167 cases..
6] T Bin7) Range =667 t0 778 BinSize = 211 cases
7 T Bin 8] Range = 77.8t0 839  Bin Size = 61 cases.
8] T Bin 8] Renge = 888101000  Bin Size = 0 cases
al | 1 Uy
2] Uy
Sralysis Began: Fiay, Oobober 26, 2007 at 40:11:04 AM [
Aralysis Complete:  Fiday, Cotober 26, 2007 at 10:44-17 AN 4] I
Time Elapsed: Tiwe Hapsed: 13 seconds... 5 |
B] |
§ il |
Fiint Copy to Clipboard | 5
Bl

Analysis Began: Friday, Otober 26, 2007 at 10:19:24 AM
Aralysiz Complete: fiday, Qotuber 26, 2007 at 10:14:37 AM
Tirme Elapsed: e Spsed: 13 seconds

Bint Copy o Cigbeard | |7 il | y
4

Habitat Statistics Report is similar to General Statistics Report. However, note that the
histogram range always has a minimum of 0 and a maximum of 100, regardless of the actual
minimum and maximum values found in the grids. This fact makes it much easier to

compare alternative corridor polygons.




General Statistics Output...

R Attributes of hab_pi stogr =] 5 | ¥ stogram =] 4]
0ID | Bin_ID Bin_Start | Bin_End | Bin_Count om | Bin_ID Bin_Start | Bin_End | Bin_Count
y[ o 1 ol 1141111 22267 N ] 1 o) 111111 35316
1 2| 111 | 22220222 328 1 2] AN | 22222222 5395
2 3| 22202027 33333333 3430 H 3| 222222 33333 1112
3 4| 33333333 | 44444249 3615 3 4| 33539333 49444444 07
4 5| 44444444 | 55555556 5061 T 5| 44444444 | 55555550 301
5 | 55555556 | B6EEEEET 4528 5 &| 55555556 | 65.666667 187
6 7| BBEBEEET | 77FITTIE 4896 5 7| EG.EGERST | 77777770 211
7 &| 7777776 | 88388889 7333 T §| 77777778 85.855868 61
g a ©5.066009 100 17 & a 55553889 100 0
Recnrd:ﬂj L jﬂ Shaw: WSelected j Remd:ﬂjl ! Jﬂ i Wde_ﬂelj

Habitat Suitability of Primary vs. Alternative Corridors

40000

35000 +

30000 4

25000 +

20000 4

Cell Count

15000 +

10000 1

Lol
o S S —
0-11 11-22 X233 33-44 44.88 5B-B7 B7-78 78-83 83-100
Habitat Suitability

Again, the dBASE tables may easily be brought into Excel.




Ancillary Tool- Raster and Vector Layer Clipper

[ Spocins Conico Pobgers [1] sesss 1 _bles s o [ |

Identify Layers to Cip:

[ [T conndo_toads_ube Pt D]
1 7] Stinets [Fobare Dafaet]

__| T] clpa_hshads Faste Dalazel]
|

[ [0S ottt se_bk agesalad

The statistics tools work on clipped data, so this tool will clip your data for you. It clips
both grid and vector data, and it will successfully clip to multi-part polygons or polygons
with holes.
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Ancillary Tool: Raster and Vector Layer Clipper

& Llip Data to Cormider:

Identify Corridar Polygon:
[ Spocins Cemides Pogers [ 1] sesmal_14_bullmved_d_sondh b e |

1dentify Layers to Cip:

[ [T connder_inads_ke [Fotyre D sest] 8
o 7] Sheeks Pobine Dataset] £
T3] amgracyl_14r_budfernd_d_sneehy [Prpgon Diatasnt] it
4] sarnkammi (Pobgon Datsier]
5] arnscacoiming (Poksgon D stasst]
] ebevalron_cho [Faslen Dilavel] Gl |

7] clpa_hshade i Dalasel]

Specify Dutput Workspace:
B [0 ancals _ouconsil st se_bek aysitufelaZy

Example of both a raster and vector layer clipped to a complex corridor polygon.
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Ancillary Tool- General ArcGIS Statistics

133 features selected fram 2 layers N
Frequency Distribution
Laper
|§ azgrsar|_sitewidepatches B 4n
Field n
. R - g
bl
lal Statistics: 20 . P
' Count. 138 4 4 <
Minimur: 3538 f .
M aimum; 3375 10 i .
Sum 707643 L -
Mear:  5127.847826
® |Standard Deviation: 643 81611 1 - ’ 7
3638 4628 5A18  BGOB 7588 8588 e A
= »l = .
s &

s

7 ?‘-‘ oo
27 *

This is a standard function available in ArcGIS. It only works on vector data, and it only
works on selected features, but it is very useful within that narrow definition. We added a
button to make it easier to implement this standard function.
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Ancillary Tool- Create New Shapetfile

e = Create Shapelie: =l
T ,:{/:’/_,,;:’xjﬂ,’/v/t_ Crratr Shapel
, /’;/u/(j{/,:f’//{/;,/’i%  Carote e shogetic 17 Corteod gt b shapeiie -
4 L 7 T ETT T
' = | iy Shooeife 2] Prolinn Sheptie: [} Pobines
; Shapeiie [} Foblres < 1
-2 1
T Oriconven seected grachics el |
Hen
SShil | Spofl Breronce » GC5.WG5. 1984 i

l Habitat Block 1 )

This function allows you to either create brand new empty shapefiles, or convert graphics

on the screen to shapefiles. If any graphics are selected, it allows you to only convert the
selected graphics.
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