The Smart Infrastructure Planner Toolkit User Guide

The main objective of the Smart Infrastructure Planner (SIP) Toolkit is to identify change in habitat
suitability for a focal species given planned infrastructure or land use and to quantify the resulting
changes in the landscape.

Introduction to Expert-based Habitat Modeling

This toolbox is based in expert-based habitat modeling theory. In this, experts of the focal species weight
environmental variables on a relative scale of 1 — 100, 1 being the least influential in determining the
focal species’ presence and 100 being the most influential in determining focal species presence. These
weights of each environmental variable should add to 100. Then, within each environmental variable,
different attributes or categories are alternatively weighted on a scale of 0-10. Here, a 10 represents the
best suitable habitat or attribute of the environmental variable for the focal species and a 0 or 1 represents
the worst habitat. This is a relative scale and each category within the environmental variable should have
a weight. These do not need to add to 100 and a weight may be used multiple times.

For example, if it is determined by experts that land cover, roads and settlements all influence tiger
presence and land cover is the primary factor in determining tiger presence and roads and settlements
have the same influence on tiger presence, experts may arrive at the following weights:

Environmental Variable | Weight
Land Cover 50
Roads 25
Settlements 25

Alternatively, if roads have a slightly larger influence on tigers than settlements, experts may arrive at the
following weights:

Environmental Variable | Weight
Land Cover 50
Roads 30
Settlements 20

If experts decide that deciduous forest is the most important and best tiger habitat, evergreen forest is
moderate habitat, grassland is bad habitat and developed land is completely inhabitable for tigers, experts
may arrive at the following within-variable scores:

Land Cover Class Score
Deciduous Forest 10
Evergreen Forest 8
Grasslands 3
Developed/Urban Area 0

Often, the distance from roads and settlements is used as a proxy for estimating the diminishing effects
these variables have on wildlife instead of the point or line location of the city or road itself. If this is the
case, you should score the distance classes which influence your focal species presence.



For example, if tigers prefer to be greater than 10 km from a major road, 5-10 km is moderate habitat and
0-5 km is poor habitat the scoring may be the following:

Distance Class | Score
>10 km 10
5—-10 km 5
< 5km 1

Each class or category within each environmental dataset should have a score.

After experts weight the environmental variables and score the attribute or categories within these
variables, they are combined using a weighted sum. The output is a suitability map of a 0 - 1000 scale. A
score of 1000 represents the absolute best habitat for your focal species and a score of 0 represents the
worst habitat for the species.

Experts should agree upon a threshold of ‘good’ habitat, ‘moderate’ habitat and ‘poor’ habitat. For
example, if the focal species only maintains sustainable populations in extremely good habitat and the
object of your study is to identify areas where these populations may be, experts may want to use a
suitability score of 800 as ‘good’ habitat, scores between 500 and 800 as ‘moderate’ habitat and scores
<500 as ‘poor’ habitat. These scores will depend on your focal species and the purpose of your study.

Experts must also determine what a ‘core’ area is. A ‘core’ area may be defined many different ways. If
you aim to identify areas in the landscape that can maintain a certain number of breeding individuals who
will disperse to populate surrounding habitat, you should select an area large enough and of high enough
guality to contain the home range for this number of individuals. For example, to contain 25 breeding
female tigers in the Lower Mekong Forests of Cambodia, Laos and Vietnam, it is thought 1,750km? is
needed. It follows then, that a core area must be at least 1,750km?and must be good quality habitat.

Applying the Tool

The Smart Infrastructure Planner is both an analytical process and a toolset that helps guide this process.
Processes should be applied sequentially, with inputs and outputs examined at each step of the process.
The process should be considered iterative, and portions can be rerun when new data or information are
acquired. The strength of the SIP is that it is automated, so that it is easy to repeat analyses with slight
modifications. The steps to undertaking an analysis with the SIP are as follows:

1. Agree on the focal species or ecosystem of interest

2. Gather information, including habitat use, and spatial data on observations and environment (land
cover, cities, roads, planned infrastructure, etc.) and identify experts

3. Experts rank environmental drivers of the species and run model

4. Run modules of Smart Infrastructure Planner
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1. Agree on Focal Species and/or Ecosystem

The SIP is a tool that focuses on one species, suite of species or ecosystem. The results of the tool
reflect the landscape change with respect to the focal species or ecosystem. Selection of a focal
species and ecosystem will depend on the purpose of the study.

2. Gather Information and Identify Experts

Environmental variables that influence the presence of the focal species should be identified for
inclusion in the tool. It has been recommended that no more than five non-correlated
environmental variables (Beier et al. 2008) are used in habitat modeling. These data should then
be acquired in spatial format (Table 1). For each ecosystem or species, experts should be
identified and surveyed to determine the environmental variables to include in the model and their
weights. Using multiple, long-term, local experts that consult literature can increase the accuracy
of the model output (Clevenger et al. 2002, Hurley, Rapaport & Johnson 2009).

3. Experts Rank Environmental Drivers

Experts should weight and score the environmental variables and their attributes as described
above. These weights and attribute scores should be entered into the Habitat Suitability tool, the
first tool in the SIP toolbox. Required environmental variables for the tool include, towns, cities,
major roads, minor roads and land cover. Optional variables include mines, slope, protected areas,
rivers, lakes, prey occupancy, poacher locations and villages. For instructions on how to
incorporate dams, see Appendix 1.

4., Run Modules of Smart Infrastructure Planner

There are five tools within the Smart Infrastructure Planner (SIP). The first tool is the most
complex and takes the longest to run. This is called Habitat Suitability. If you have occurrence
data of your focal species, you may substitute MaxEnt for this tool (see Appendix 2). The second
tool, Habitat Suitability Change identifies the change in habitat suitability between two different
scenarios. Landscape Statistics, the third tool, calculates the area of different habitat qualities.
The Patch Statistics tool calculates statistics for all of the habitat patches (core areas and non-core
areas) within your focal landscape. The fifth and final tool in the toolkit is called Patch Distance
tool and determines whether the landscape is functionally connected if your focal species has the
capacity to disperse between habitat patches. All tools should be run twice; once for the current
scenario and once for the future scenario, except the Habitat Suitability Change tool.

a. Habitat Suitability The Habitat Suitability tool requires input of the environmental variables,
weights and scores and a habitat quality threshold as described above. All of the current data
should be included with the future data when running the future scenario analysis.

b. Habitat Suitability Change To determine how the landscape has changed from one time step
to the next, the user can use the outputs from the Habitat Suitability tool to obtain a map of
habitat change using the Habitat Suitability Change tool.

c. Landscape Statistics The Landscape Statistics tool takes the output from the Habitat
Suitability tool and breaks the entire study area into ‘good’, ‘moderate’ and ‘poor’ habitat
based on user defined thresholds. The ‘good’ habitat threshold used in the Habitat Suitability
tool should also be used here to define ‘good’ habitat.



d. Patch Statistics To further assess how specific habitat patches are projected to change with
planned infrastructure, the Patch Statistics tool may be used. The inputs to this tool include
the patch layer (output from the first tool) and a definition of ‘core’ area with regard to the
focal species. A core area may be defined many different ways. If the aim is to identify areas
in the landscape that can maintain a certain number of breeding individuals that will disperse
to populate surrounding habitat, the user should select an area large enough to contain the
home ranges for this number of individuals. For example, experts estimate that 1,750 km? is
required to support 25 breeding female tigers in the Lower Mekong Forests of Cambodia,
Laos and Vietnam. The output of the Patch Statistics tool is a summary table describing the
distribution of core patches vs. non-core patches along with their total area, mean area, mean
perimeter and mean perimeter/area ratio. This tool also modifies the attribute table of the
patch input layer by labeling all of the patches as ‘core’ patches or ‘non-core’ patches. The
modified shapefile will also include area, perimeter and perimeter/area ratio for each patch.

e. Patch Distance Finally, to determine how connectivity between habitat patches change from
one scenario to another, the Patch Distance tool should be used. Inputs for this tool include
the patch layer output from the Habitat Suitability tool and modified in the Patch Statistics
tool, (where patch area, perimeter and perimeter/area ratio are calculated) and a maximum
dispersal distance, or the distance the focal species will travel between suitable habitat
patches. The user will receive an output map depicting the habitat patches (core and non-
core) that are connected based on the maximum dispersal distance. For each core, the closest
neighbor core is identified and as an optional output, for each non-core patch, the closest core
patch is identified. These distances are also provided as output in a table. To calculate the
cost distance between patches, see Appendix 3.



PART 1. Adding the toolbox to ArcMap or ArcCatalog:
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2. In the dialog box that appears, navigate to the Smart Infrastructure Planner folder. Click on the
toolbox that corresponds to your version of Arc (use SmartinfrastructurePlanner93.thbx if you
have Arc 9.3.x and SmartInfrastructurePlanner.tbx if you have Arc10) and select ‘Open’.

There is no recommended folder structure for using this toolbox. You may find it easier to move
all of your inputs into one folder and create a folder specifically for outputs before running the
SIP.
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The SIP toolbox should now be added to your ArcToolbox.

Important Information for Running the SIP:

- System requirements: ArcGIS 9.3/Python 2.5 or ArcGIS 10/Python 2.6, Arclnfo license and
the Spatial Analyst extension, installed and activated

- Pathnames must not have any spaces, must be less than 100 characters long (including
filenames), must not have nested double names (C:\Workspace\Workspace, for example),
must not have special characters such as dashes or semi-colons, and must not have a
number as the first character in the file name.

- All input datasets must be clipped to your study area

- All data must be in a planar coordinate system(not degrees latitude and longitude)

- Intermediate data from previous runs must not be open in any Arc windows

If these requirements are not met, the SIP will not run properly, if at all.



PART 2. Running the Habitat Suitability Tool

1. Double click on the script tool Habitat Suitability. A dialog box will appear. There are many
inputs for this tool, but the tool requires only three datasets to run successfully: Land cover,
Settlements and Roads.

Other datasets that may be used are Lakes, or a polygon water layer, Rivers, or a line water layer,
Mines, Protected Areas in raster format, Prey Occupancy in raster format, Poacher Locations and
Villages. You may choose to input any or none of these optional datasets depending on the
landscape you are working in, the available data and the sensitivity of a focal species or habitat
type to these environmental variables. For instructions on how to incorporate dams, see Appendix
1.

If you should choose to include a measure of prey occupancy in the Habitat Suitability Model,
you are probably aware that number of sites and surveys, survey design and occupancy may all
affect the accuracy of this data. Please use this data with caution.

** |t is recommended that you select only the most important environmental variables to include
here. Including more than five and including highly correlated variables can result in misleading
and inaccurate results.

See: Beier, P., Majka, D.R. and Spender, W.D. 2008. Forks in the roads: choices and procedures
for designing wildland linkages. Conservation Biology, 22(4): 836-851 **

This model may take up to an hour to run.
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2.

Select the workspace in which you want to save your outputs. All of the outputs and intermediate
data sets will be saved here. The folder you select should have no spaces in the pathname.

% Habitat Suitability

» Warkspace Workspace

****|f you are not including water, mines, protected areas, prey occupancy or poacher location

3.

layers, skip to Step 20****

(Optional; you may select just rivers, just lakes or neither) Select the river and lakes shapefiles
you wish to include by clicking on the folder next to their boxes.

Type in the bounds of each distance class with just a space between them (For example, for Om-
1000m type in “0 1000). After the high end of the distance class, type a space, then the score to
be assigned to that distance class. This should be immediately followed by a semi-colon (;).
Repeat this syntax for all of the classes within the environmental variable. The total distance class
reclassification should look something like: 0 1000 10;

Rivers and lakes will be combined in the model, so the scores for distance classes are for both
rivers and lakes. If you are using a projection in meters (UTM), you must define your distance
classes in meters.

‘Water Reclass {optional)
| 01000 10; 1000 5000 5; S000 10000 1; 10000999999 0

5.

Type in the weight for the total water layer.

I] Waker Weight (optional)

[ 1]

(Optional; you do not need to input a mines layer). Select the mines layer you wish to include by
clicking on the folder next to the ‘Mines’ box and adding it.

Type in the scores for the distance classes to be defined. If you are using a projection in meters
(UTM etc.), you must define your distance classes in meters.

Mines Reclass (optional)
|D 1000 1; 1000 5000 3; 5000 10000 &; 10000 15000 &; 150000 200000 10

8.

Type in the weight for the mines layer.

Mines Weight (optional)
EX




9. (Optional; you do not need to input a protected areas layer). Select the protected areas layer you
wish to include by clicking on the folder next to the ‘Protected Areas’ box and adding it. This
layer should be in raster format.

10. Type in the field, or column heading, from the Protected Areas attribute table that contains the
protected areas designation. This needs to match the name of the attribute exactly.

Protected Areas Field {optional)
| DESIG]

11. Type in the scores for each protected area designation. Each protected area designation you type
in must exactly match the attribute table (spellings and spacing between words must match).
Additionally, the each designation type must be enclosed in single quotations (if you use the
‘Value’ field for the reclassification, do not enclose the Values in single quotations).

Protected Areas Reclass {optional)
"Cultural and Historical Site' 0; 'Forest Reserve' 10; 'Marine Protected Area’ 0; 'Mational Biodiversity Conservation Are

12. In the box labeled ‘Protected Areas Weight’, type in the weight for the protected areas layer.

Protected Areas ‘Weight {optional)
|10

13. (Optional; you do not need to input a prey occupancy layer) By clicking on the folder next to the
box labeled ‘Prey Occupancy’, navigate to the raster layer describing prey occupancing for your
study area and click ‘Open’.

=

Prey Occupancy (optional)

14. In the next box, ‘Prey Occupancy Field’, type in the column heading from the prey occupancy
attribute table that contains the information about prey occupancy. What you type in here needs to
match the name of the attribute table column heading exactly.

Prey Ocoupancy Field (optional)
Yalue

15. Type in the reclassification scheme in the following box. This should be the prey occupancy
categories within the attribute you designated in the ‘Prey Occupancy Field’ box, followed by a
space and the category’s new score, separated by a semicolon.

Prey Ocoupancy Reclass (optional)
o.11;.1.54,.5.67;, 8611

16. Finally, in the ‘Prey Occupancy Weight’ box, type in the relative weight of the Prey Occupancy
layer. The weights of all environmental variables you include in the model must add to 100.



Prey QOccupancy Meeight {(optional)

1q] g

17. (Optional; you do not need to input a poacher location layer) Click on the folder next to the
‘Poacher Location’ box and navigate to the shapefile (point, line or polygon) of poacher
sightings, known poaching locations, poacher access points, etc. Click ‘Open’ to add the shapefile
to the tool.

18. Type in the scores for the distance classes from poacher locations to be defined. If you are using a
projection in meters (UTM etc.), you must define your distance classes in meters.

Poacher Feclass (optional)
02000 1; 2000 5000 3; 5000 10000 5; 10000 15000 7; 15000 20000 §5; 20000 9939993 9

19. In the ‘Poacher Weight’ box, type in the relative importance of this layer compared to the other
environmental variables. The sum of all of the weights must be 100.

Poacher Weight {optional)

10 g

20. By clicking on the folder next to the box labeled ‘Land Cover’, navigate to the raster land cover
dataset for your study area and click ‘Open’.

21. In the next box, ‘Land Cover Field’, type in the field (column heading) from the land cover
attribute table that contains the land cover class you will use. This needs to match the name of the
attribute exactly.

» Land Cower Field
| NEWTYPE _1|

22. Type in the scores in the following box. This should be the land cover classes within the attribute
you designated in the ‘Land Cover Field’ box, followed by a space and the land cover type score,
separated by a semicolon. The name of the land cover type should be enclosed in single quotation
marks. If you use the ‘Value’ field for the reclassification, do not put single quotation marks
around the value. The total reclassification should look something like: ‘Evergreen’ 10; or: 1 10;

Land Cover Reclass
'Developed' 1; "Agriculture’ 1; 'Plantation’ 3; 'Grassland’ 9; 'Savanna’ 9; "Woodland' 8; '‘Evergreen Forest' 7; 'DeciduoL

23. To complete the land cover section, type in the weight of the land cover layer in the box labeled
‘Land Cover Weight’.

w Land Cover Weight
| 20

10



24. (Optional; you do not need to input a slope layer). Click on the folder next to the ‘Slope’ box,
and navigate to your slope raster dataset. This should be a layer created from a raster elevation
dataset. You may use either degrees or percent to represent the slope of the landscape.

==
Slope (optional)

CiDocurnents and Settingsipooriiy DocumentsiAarcGIS|Default3, gdb\Slope_as_demz E-I

25. In the next box, type in the scores for each category of slope. As with the distance classifications
used for the mines, roads and cities layers, it is up to you and the species experts to determine
what thresholds of slope influence the focal species.

Slope Reclass (optional)
040 4; 4060 6; 6030 §; 30 100 10

26. To complete this section, type in the weight of the slope layer in the box labeled ‘Slope Weight’.

Slope Weight {optional)

27. (Optional; you do not need to input a villages layer) Click on the folder next to the ‘Villages’
box, and navigate to your villages shapefile. Click ‘Open’ to add it to the tool.

—
Villages (optional)

L:\projects! Tigershprojects) TigerLands' SubProjects\ SIP Toolboxes_DEWvillages.shp [,1_'5-

28. In the next box, type in the distance classes from villages that affect the presence of your focal
species and their category scores.

Yillages Reclass (optional)
01000 Z; 1000 5000 4; 5000 10000 &; 10000 9999999 10

29. Select the towns shapefile you wish to include in the next box.

30. In the box labeled ‘Towns Reclass’, type in the distance classes from towns that affect the
presence of your focal species or habitat type and their scores.

» Towns Reclass
|D 1000 1; 1000 5000 3; 5000 10000 7; 10000999999 10

31. Select the cities shapefile you wish to include in the box labeled Cities’.

32. In the “Cities Reclass’ box, type in the distance classes from cities and the scores.

Cities Reclass
| 01000 0; 1000 5000 2; S000 10000 4; 10000 999939 10
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33. Next enter the weight of the settlements in the ‘Settlements Weight’ box. The towns and cities
will be combined in the model, so this weight should reflect the overall importance in settlements
in influencing the presence of the focal species.

Settlements Wweight
B

34. Navigate to your minor roads dataset by clicking on the folder next to the ‘Minor Roads’ box.
Add the dataset.

35. In the ‘Minor Roads Reclass’ box, define the distance classes that affect focal species presence
and their scores.

w» Minor Roads Reclass
| 01000 1; 1000 5000 3; S000 10000 7; 10000 999959 10|

36. Next, select the major roads dataset you wish to include.

37. Define the distance classes that affect the focal species presence and their scores in the ‘Major
Roads Reclass’ box.

» Major Roads Reclass
| 01000 0; 1000 5000 2; 5000 10000 <; 10000 293923 10

38. Enter the weight of the roads in the ‘Roads Weight’ box. The minor and major roads will be
combined in the model, so this weight should reflect the overall importance in roads in
influencing the presence of the focal species.

w» Roads Weight
| 20|

39. In the ‘Suitable Habitat’ box, type what you would like the final output layer to be called. This
output will be in raster form. There is a character limit of 13 for raster files. No spaces or special
characters except underscores (_ ) are allowed. If you do not select a folder by clicking on the
folder button, the output will automatically be placed in your previously chosen workspace.

40. In the ‘Good Habitat Threshold’ box, type in the expert-defined value which is considered ‘good
habitat’. (See Introduction for a detailed explanation)

» Good Habikat Threshold
| 700)

41. In the last box, ‘Suitable Patches’, type what you would like this output to be called. This layer
identifies contiguous ‘good’ habitat patches and is in shapefile format.

42. Finally, if you want to delete all of the intermediate data that will be created from running the
tool, check the ‘Delete intermediate data?’ box. If you want to retain the intermediates for error
checking, for example, do not check the box. Intermediates will be stored in your designated
workspace.

12



43. If all of the required (green dot) fields and the optional fields of your choosing are filled in, then
click ‘OK’. Outputs include a shapefile of habitat patches and a raster layer of habitat suitability
on a scale of 0-1000, where 1000 is perfectly suitable habitat and 0 is completely unsuitable

habitat.

Future Suitability

I

Current Suitability

Figure 1. Example output from the Habitat Suitability tool. Run the tool twice to obtain current suitability
(left) and future suitability (right).

120 Kilometers.
-+

120 Kiometers +

Figure 2. Example out from the Habitat Suitability tool of habitat patches. Core and non-core areas have not
yet been identified.
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PART 3. Running the Habitat Suitability Change Tool

1. Double click on the Habitat Suitability Change tool. This tool requires two input suitability layers
resulting from the Habitat Suitability tool and provides one output of suitability change between
the current scenario and the future scenario. This tool only takes a few minutes to run.

% Habitat Suitahbility Change

« Warkspace Habitat Suitability
| Change
@ Current Suikahility
| This tool calculates the
« Future Suitabilty change in suitability
I between the current and
N T future scenarios
|

K I Cancel | Environmants...l << Hide Help | Toal Help |

2. In the ‘Workspace’ box, click the folder button and navigate to the workspace you would like
your outputs to go to.

3. In the next box, navigate to your Current Suitability layer. This is the current scenario output
from the Habitat Suitability tool.

4. Navigate to the Future Suitability layer in the next box by clicking on the folder button. Click
‘Open’.

5. Finally, type in what you would like the output change raster dataset called in the ‘Habitat
Change’ box. The output of this layer is a raster depicting the change in habitat from the current
to the future scenario. High values represent a decrease in suitability and low values represent an
increase in suitability.

Figure 3. Sample output from Habitat Suitability Change. High values (red) represent decreases in suitability
and low values (blue) represent increases in habitat suitability.
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PART 4. Running the Landscape Statistics Tool

1. Double click the Landscape Statistics tool. This tool requires one input layer, the raster habitat
suitability layer, and provides one output raster dataset.

**This tool will not run if there are spaces in the suitability layer pathname**

-a' Landscape Statistics

v Workspace Landscape
Statistics

w Suitability Layer
This tool calcualtes
the area of different
quality habitat.
Thresholds for
determining habitat
quality may be
changed according to
the requirements of
the focal species.

» Define Suitable Habitat

w Define Poor Habitat

w Al Habitak

[ (0] 4 ] [ Cancel ] [En\rironments... ] [ << Hide Help ] [ Tool Help ]

2. Inthe first box, select the workspace in which you want to save your outputs.

3. In the ‘Suitability Layer’ box, click on the folder button and navigate to the raster output layer
from the Habitat Suitability tool (if you are running this tool for the current scenario, use the
current Habitat Suitability output, and if you’re running this for the future scenario, use the future
Habitat Suitability output). Click ‘Open’.

4. 1In the next box, you must define ‘suitable’ habitat. Pick a Suitability threshold (a value 0 — 1000),
above which is ‘suitable’ habitat for your focal species. You may use the same threshold used in
the ‘Good Habitat Threshold” box in the Habitat Suitability tool.

[
Define Suitable Habitat
700 B

5. In the next box, you must define ‘poor’ habitat for the focal species. Pick a Suitability threshold
(a value 0 — 1000), below which is ‘poor’ habitat where the focal species may be unlikely to be
found.

|
Define Poor Habitat
500 B

6. The final box, ‘All Habitat’, provides a space to type in the name of the output raster layer of all
habitat types (‘suitable’, ‘moderate’ and ‘poor’). The attribute table of this raster layer contains
the area of all habitat types.

15



Figure 4. Sample out from the Landscape Statistics tool. Landscape quality categories, ‘good’ (green),
‘moderate’ (yellow) and ‘poor’ habitat (red) for the current (left) and future (right) scenarios. The area of
each category is calculated and displayed in the attribute table.

Attributes of landstats

- I:Iﬁ

Rowid | VALUE* TYPE AREA

4 1]

—_

23434 952

1

]

hModerate | 26315773

2

L]

43635.219

et o T

Show: Wielectedj

Figure 5. Example attribute table from the Landscape Statistics tool. Area is calculated in square kilometers.
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PART 5. Running the Patch Statistics Tool

1. Double click the Patch Statistics tool. This tool requires one input layer, provides one summary
statistics table and modifies the input layer.

a’ Patch Statistics

» Workspace Patch Statistics
» Input Patch Layer This tool calculates
geometry statistics for
T p— habitat patches. Mean
v ¥ .
= area, mean perimeter,
mean perimeter/area
» Core Area Definition ratio and total area are
calculated for core

habitat patches. non-
core habitat patches
in the resulting table.
The cutoff area
defining ‘core’ may be
changed depending on
the focal species and
landscape.

[ OK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help ]

2. In the ‘Workspace’ box, navigate to the folder in which you want to save the outputs from this
tool.

3. The ‘Input Patch Layer’ is the habitat patch layer resulting from the Habitat Suitability tool.
Select this layer using the folder button next to the ‘Input Patch Layer’ box.

4. The ‘All Patches Summary’ box refers to a table that is an output from this tool. This table will
contain summary statistics for all of the patches in the input patch layer. To view the table in
ArcMap after the tool runs, type in the desired table name with a ‘.dbf’ extension. The table name
should not contain any spaces or special characters other than underscores (_).

5. In the next box, ‘Core Area Definition’, you must define the area of a ‘core’ habitat. This will

depend on your focal species and its habitat. If habitat patches greater than 500 km? may be
considered ‘core’ type in: 500. (Area must be in square kilometers)

fh7s0 @

6. Click OK. This tool only takes a few minutes to run. The area, perimeter and area/perimeter ratio
for all the patches will also be added to the attribute table of the input patch layer.

“ Core Area Definition
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Patch Type

Core

- Patch

Core

B Fatch

120 Kilometers

| 120 Kilometers

-+

Figure 6. Example output from Patch Statistics tool. In the patch layer output from the Habitat Suitability
tool the core and non-core patches (dark green) are identified.

o 1
—
Attributes of summary g@
| oD | Type | FREQUENCY | MEAN_Area | SUM_Area | MEAN_Perim | SUM_Perime | MEAN_Per 1 |
N 4| 359171915 143668766 1457 47885 5529.9154 0.405282
| 1 |Patch 1523 £.550999 | 10022.8611 7 05965 10797 5523 71.252148

Record: ﬂjl 1 jﬂ Shiow: m Selected | Records {0 out of 2 Selected) j

Figure 7. Sample patch summary table output from the Patch Statistics tool. The tool calculates number of
core and non-core patches, mean area, total area, mean perimeter, total perimeter and mean perimeter-area
ratio.
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PART 6. Running the Patch Distance Tool

1. Double click the Patch Distance tool to open it. This tool requires you to select a workspace and
the habitat patch layer previously created in the Habitat Suitability tool and modified with the
Patch Statistics Tool. There is one output, the Patch Groups layer. In this, each patch will be
grouped into connected ‘regions’ ('RegionID' column in the attribute table), and the core closest
to each habitat patch will be identified (‘CorelD' column in the attribute table). The distances in
this tool are based on Euclidean distance, not habitat cost distance.

If you run this tool in Arc10 without setting a minimum patch threshold, and are getting an output
attribute table of mostly zeros, try running the tool again using a very small input threshold. This
should allow the tool to run normally. If you do not want to use a threshold, make sure the input
cell size is much smaller than the dispersal distance you use. Using an input size threshold in
Arc9.3, however will take a very long time. This version of the tool should run fine without using
a threshold.

***If this tool returns an ‘Error 99999, Invalid Topology’ error, use the Check Geometry
tool to check the patch layer for topological errors, and then use the Repair Geometry tool
to fix the errors***

S— =1

» Warkspace Patch Distance

This tool calculates the shortest
distance from each patch to each
core habitat patch and identifies
groups of patches that are
functionally connected based on a
user-defined dispersal distance.

» Patch Layer

Patch Size Threshold {optional)

» Maximurn Dispersal Distance

» Patch Groups

[ OF ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help

2. In the “Workspace’ box, click on the folder and navigate to the folder where you would like to
store the output from this tool.

| g

3. Inthe Patch Layer box, input the patch layer that was the output from the Habitat Suitability tool.

» Workspace

—

2|

p Patch Layer
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4. The Patch Size Threshold box is optional. Here, you can specify a minimum patch size (in km?)

7.

that will be included in the analysis. If you are interested in seeing how patches of any size are
connected, input the minimum size you want to analyze in this box. If the focal species only uses
habitat patches greater than 500 km? for dispersal or as a stepping stone, input 500. If this option
is used, the distance from each patch meeting the size requirements to the nearest core will be
calculated. To include all patches in this analysis, input 1” here. Using this option could be very
time consuming. To speed up processing, leave this field blank. When this field is left blank, only
the distance from each core to the nearest neighboring core will be calculated.

2|

In the “Maximum Dispersal Distance’ box, type in the distance, in meters, that the focal species
will travel to find new habitat, hunt, etc.
—_—

| o

The final box is ‘Patch Groups’. This is the output shapefile from this analysis. The patches will
look similar to the input layer, but the attribute table will include the 'RegionlD’, indicating to
which other patches each patch is functionally connected based on the Maximum Dispersal
Distance. The attribute table will also contain a ‘NearDist' and 'CorelD' fields, which indicate the
distance from each patch to the closest core (in kilometers) and which core each patch is closest
to, respectively. The 'RegionID’ and 'CoreID' may be different if a patch is further than the
Maximum Dispersal Distance from the closest core.

| o

If you wish to delete the intermediate data, check the ‘Delete Intermediate Data?’ box.

|‘ Patch Size Threshold {optional)

» Maximurn Dispersal Distance

e Patch Groups
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Sample Output Attribute Table:

Columns from Columns from
Patch Statistics Patch Distance
fs "y
Attributes of patchgrps g@

| FID Shape * | GRIDCODE | Area Perimeter PerimArea | Type HearDist CorelD | RegionlD |
>| 0] Palygon 14 | 391.0055 3825007 08975241 Patch 183.8083 1 2
u 1 |Palygon 151 2094078 307 2613 1467287 Patch 142849503 1 3
u 2 |Palygon 265 B 4964704 33 46 0BEYE33 Patch 45 036546 1 4
u 3 |Palygon 285 B 747 6524 227 4168 0304175 Patch 508962809 1 G
n 4 |Polygon 320 |§ 1224489 1358344 11022319 Patch 57 B043T3 1 =)
n 5 | Polygon 269 . 386.TMT 0.243111 Patch 0211574 1 G
n B |Polygon 369 . 308 6206 0.2442327 Patch 10032586 1 G
n T |Polygon 487 |§ 1622565 723467 0.445879 Patch 25241904 1 G
n 3 |Polygon 472 (B 1104434 146 4555 1.3260628 Patch 0997286 1 G
n 9 | Paolygon 829 1641 .41 1084 6204 0.EBE073E Patch 0.073391 3 7
n 10 |Palygon 1228 M 285.776E 2889028 1.011219 Patch 9992062 3 7
n 11 |Palygon 1390 M 4408391 451 881 1.025047 Patch 0158353 4 7
n 12 |Palygon 1449 W 2521285 147 9558 0536327 Patch 23 565694 4 7
n 13 |Palygon 1491 220,795 189 6767 0.858062 Patch 3069251 4 7
n 14 |Palygon KT . 1461115 0.315255 Care 43131117 1 G
n 15 |Palygon a5 | 5803511 032301 |Core 0573713 2 7
n 16 |Palygon 1=y | 2700525 0467057 (Care 7499017 3 7
17 |Palygon 942 | 2447 6534 0678652 Care 0575713 4 7

Recurd:ﬂj 1 jﬂ Show: | Al Selected Records (0 out of 15 Selected) Options -
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Smart Infrastructure Planner Appendix 1.
Including Dams in the Habitat Suitability Model

If you want to include dams into the Habitat Suitability Model, you may do so by identifying the area
inundated by dams and incorporating this data into the land cover data. To do so, you will need a DEM
(preferably 30m or 90m), the location of dams, and the height of dams.

It is recommended that you use the HydroSHEDS flow direction and DEM products for the most accurate
results. Note that as with most DEMs, elevation is provided only in full meter resolution in the
HydroSHEDS products, so calculation of inundation area with dams <15m in height may not be accurate.
You may access HydroSHEDS data for free here: http://hydrosheds.cr.usgs.gov/

Completing the first two steps, Fill and Flow Direction, with your own DEM may result in incorrect
outcomes. Make sure to check your results carefully. Errors in your results may be due to:

- A dam not being snapped to the correct stream

- Positional inaccuracies of the dam shapefile

- The use of an unfilled DEM to calculate flow direction

- The dam height is too low compared to the vertical resolution of the DEM

1. (Optional: If you are using the HydroSHEDS flow direction product, skip to Step 3)
First, input your DEM into the Fill tool to ensure any holes are filled in.

Input surface raster Fill

|asfdem7155c\i j

Output surface raster Fills sinks in a surface

C:\Documents and SettingsipooriMy Documentst ArcGISiDefault3, gdbiFil_as_dem_1 .rasler to remove small
o N imperfections in the data.
Z limit {optional)

[s]4 ] l Cancel ] [ Apphy l [ << Hide Help ] l Tool Help
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2. Next, in the Flow Direction tool, input your filled DEM.

“ Flow Direction

Input surface raster Flow Direction

|Output surface raster ﬂ El

Output Flow direction raster Creates a raster of flow

| C:\Documents and SettingsipaoriMy DocumentsiarcGISiDefaultd, gdbFlowDir_Filll | El direction from each cell to
its steepest downslope

[ Force all edge cells to fow outward [optional) neighbor.

Dutput drop raster (optional)

| | e

OF ] [ Cancel ] [ Apply ] [ <+ Hide Help ] [ Tool Help

3. Begin here if you are using the HydroSHEDS 3s flow direction product. If you are using a
HydroSHEDS 15s flow accumulation product, skip to the next step. Calculate the flow
accumulation using the Flow Accumulation tool. Input the output from the Flow Direction tool to
this tool. This tool may take a while to run.

"\ Flow Accumulation

Input flow direction rasker Flow Accumulation
| Extract_as_dl_ProjectRaster j B-
Output accumulation raster Creates a raster of
| C:\Documents and SettingsipooriMy DocumentsarcGISiDefaulk3, gdblFlowacc_Extr | B accumulat_ed flow into each
- - cell. A weight factor can
Input weight raster {optional) optionally be applied
| =l & )
Cutput data bype {optional)
| FLoaT v|
(o4 ] [ Cancel ] [Environments‘.. ] [ << Hide Help ] [ Tool Help
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4. To snap the dams to the rivers, use the Snap Pour Point tool. Inputs to this tool will be your
output from the Flow Accumulation tool (or the HydroSHEDS 15s flow accumulation raster
layer) and the dams. Make sure your dams and flow accumulation raster are in the same
projection.

"\, Snap Pour Point

Input raster or Feature pour point data Snap Pour Point

| heightfuturedams j ﬂ

Pour paint: field {optional) Snaps pour points to the cell of
| STATUS_MUM v| highest flow accumulation

Inpuk accumulation raster within a specified distance.

|C:1,D0cuments and SettingsipooriMy Documents|ArcaISiDefault3. gdbiFlowacc_Extr2 ﬂ E;
Dutput rasker
| C\Docurments and SettingsipooriMy DocurmentsiArcGISiDefaulk3. gdblSnapPau_shpl | [,'—_'::;

Snap distance
: |

[ [a]4 ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Taol Help ]

5. Next, to identify the watersheds behind your dams, in the Watershed tool input the flow direction
raster from HydroSHEDS (or the Flow Direction tool). In the ‘Input raster or feature pour point
data’ box, navigate to your dams layer and click ‘Open’ to add it to the tool. In the next box, type
in the name of the field from the dam attribute table that describes the dam height. This will label
each watershed according to each dam’s height.

\ Watershed @

Input Alow direction raster Watershed
|0utput Flows direction raster j
Input raster or feature pour point data Determines the
|0peratlnghelghdams‘shp j Eumrlbutmg_area above a
Pour paint field {optianal) set of cells in a raster.
‘ height12 - ‘
Output rasker
‘ CiiDocuments and SettingsipooriMy Documentsiarcials\Def aulk3, gdbyWatersh_Flowl ‘
[ QK ] [ Cancel ] [ Apply ] [ << Hide Help ] l Tool Help
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6. Once you have isolated the watersheds, use the Extract by Mask tool to clip the DEM to the
watersheds.

“\ Extract by Mask: E
Input raster Extract by Mask
| as_dem_15scli j
Input raster or feature mask data Extracts the cells of a
|Extract,Wate1 j raster that correspond to
the areas defined by a
Output rasker mask.
| Z:\Documents and Settingsipoorify Documents|ArcGIS\Def sulk3 . gdblExtract_as_d1 | :
[ OF, I [ Cancel ] [ Apply ] l << Hide Help ] [ Tool Help l

7. To identify the area of inundation from the dam, use the Less Than tool. As the first raster, input
your DEM (preferably the HydroSHEDS DEM product), extracted by the watersheds. In the box
for the second raster, input the watersheds raster layer. Areas shorter than the height of the dam
will be labeled 1, and areas within the DEM that are taller than the dam height will be labeled 0 in
the output raster layer. The areas with 1 represent areas that are lower than the dams within the
watershed, and therefore, the areas of inundation. Areas labeled 0 will not be inundated.

Alternatively, you could subtract the watershed raster from the DEM using the Raster Calculator,
Single Output Map Algebra or the Minus tool. Areas in the resulting raster that are greater than
zero are not inundated and areas that are less than zero are inundated.

"\ Less Than

Input raster or constant value 1 Less Than

| matershdDEM =

Input raster or constant value 2 Performs a Relational less-than

[watsrsh_Extrt =] & opﬁrgtiun ﬁr:)tw_o inputs on a

Qutput raster cel-hy-cell hasis.

| CH\Docurnents and Settingsipoority DocumentsiarcGISDefault3. gdbiLessTha_wate | E.'.‘ Returns 1 for cells where the
first raster is less than the
second raster and 0 if it is not.

oK ] [ Cancel ] [Envirunments.‘. ] [ << Hide Help ] [ Tool Help
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8. To prepare the resulting raster of inundated areas for integration into the land cover layer,
reclassify the inundation raster to one value that is not within the land cover layer, and set the
areas that are not inundated to Zero. Set the NoData values equal to zero.

“\ Reclassify F—_l[’EWE
- . L
Input raster Reclassification
| LessTha_wate1 R =
Reclass field A remap table that defines how
Value v| the values will be reclassified.
Reclassification
Old values—The ranges
0ld values New values s ‘
] ) 0 of values of cells in the
input raster. Acceptable
1 1000
ﬂ NaData il settings are a single
value, a range of values.
a string, or MNoData. A
list of single values can
be specified by
v separating each with a
semicolon (;). A range of
Reverse hew Values] [ Precision. .. ] values can be specified
by using a hyphen (-) as
Outpuk raster the range separator.
| C:\Documents and SettingsipooriMy DocumentsiArcaISiDefaulk3. gdbiReclass_Less2 | » Mew values—The new
value to assign the
[[] Change missing values to Mol ata (optional) values or ranges of
v
[ 0K ] [ Cancel ] [Envirnnmants‘.. ] [ << Hide Help ] [ Tanl Help ]

9. Finally, use the Con tool to insert the inundated areas into the land cover dataset. The theoretical
expression will be: Where the inundation dataset has a value of 0 (where there is no data or areas
not inundated), insert the land cover dataset; where the inundation dataset is not zero (all of the
inundated areas), set these areas to the land cover dataset’s value for water (16 in the example

Input conditional raster Con
| Reclass_damw |
Expression {optional) Performs a conditional
‘ Value =0 | 2 iffelse evaluation on each
of the input cells of an
Input true raster or conskant value
- input raster.
|epLIandcov2 j B
Input False raster or constant value {optional)
[ie H
CQutput raster
‘ C:iDocuments and SettingsipoariMy Documents\arcGISiDefaulk3, gdbiCon_Reclass_2 |

QK H Cancel ][ Apply ][ <= Hide Help ] [ Tool Help ]

Make sure to check the attribute table of your newly formed land cover raster dataset. You may need to
edit the attribute table to include the land cover classes as during raster processing, they may not have
been preserved.
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The

Smart Infrastructure Planner Appendix 2.

Substituting a MaxEnt Suitability Grid for the Expert-based Habitat Suitability Grid

most recent version of MaxEnt is free and may be downloaded from:

http://www.cs.princeton.edu/~schapire/maxent/. MaxEnt should be run once, with your future data in a

separate folder, with the Projections options, but the following process should be run twice; once for the
current scenario and once for the future scenario. The parameters of the tools shown here are examples.
You may change the parameters as you see fit.

1.

In ArcGIS, after you have run MaxEnt, define the projection that was used in preprocessing prior
to input to MaxEnt. This should be a planar projection.

Standardize the MaxEnt output so the resulting high numbers represent suitable habitat areas and
the low end of the scale represents non-suitable habitat. The scale should consist of positive
values only. If you are comparing this output to output from the Habitat Suitability tool, the scale
used here should be the same used for the Habitat Suitability tool (0-1000). If you are not using
MaxEnt as a comparison, you may select the scale of your choice. High values should represent
high probabilities of focal species/ecosystem occurrence (suitable habitat) and low values
represent low probabilities of occurrence (unsuitable habitat). This may be done with the Raster
Calculator in Arc10 and with the Single Output Map Algebra tool in Arc9.3 or lower.

“ Raster Calculator, g@@
Click error and warning icons for more information IZ‘
Map Algebra expression

Conditional =
B00INS 00

Pick.
E8/ 53 3 1 5 B
[EE) ) e

L JOEARE v

{18 - "maxcurrent™) * (-1}

ﬁoutput raster
Li\projectst Tigers\projects\MappingTigerLandscapest SubProject st TigerFilter \iilgirisicurrentrelz

I O I [ Cancel ] [Envirunments..‘ ] [ Show Help =3 ]

Identify the value defining ‘good’ habitat. You may select this value threshold by looking at
occurrence data and threshold at a point above which all but about 5% of input points exist, or use
the threshold chart in the MaxEnt output. Once you know the value above which is designated
‘good’ habitat, use the Reclassify tool to set all values below this to ‘No Data’ and all values
above (or equal to) it to 1. The input here is the projected and standardized habitat suitability
layer.
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Click error and warning icons for more information B~
Input raster
|currentre\2 | @
Reclass field
| Value vl
Reclassification
Old values New values ~
0 15 6.93393 NoData B L Cassir...
il 7-M 1
MoDsta MoData
Add Entry
Delets Entries -
b
ficact s Rsgoca e vaee W erscienaal)
»
o — hd
[ oK 1 [ Cancel ] lEnwmnments‘.. ] [ Shaw Help >3

4. Using the Region Group tool, identify areas of ‘good’ habitat that are contiguous patches by
inputting the output from the Reclassify tool. You may choose to define ‘contiguous’ by 4 cells
touching the edges of a center cell or 8 cells touching the edges and the corners of a center cell.
The 4 cell option is used in the Habitat Suitability tool. This option is recommended because it
speeds up processing. The output of this tool will be a raster of habitat patches.

Click error and warning icons for more information

E5]

Input raster

‘ currentrec!

[l

|/ Output raster

‘ Liiprajects|Tigersiprojects\MappingTigerL andscapesiSubPraject s\ TigerFilteriMilgirisicurrentregion

&l

Number of neighbors to use {optional)

FOUR
Zone grouping method {optional)

]

| WITHIN
Add link field to output [optional)

Excluded value (optional)

]

[ O I [ Cancel

] [Envirunmsnts‘.. ] [ Showe Help =3 ]

5. The output of the Region Group tool will be a collection of landscape patches that have been
deemed ‘good’ habitat. Input this layer into the Raster to Polygon tool to convert the grid into a

polygon layer.

Click error and warning icons for mare information

“\ Raster to Polygon g@
E3]

Input rasker

| currentregion

]

Field {optional)
WaLLE

&Output palvgon Features

]

| L:\projects) Tigers|projects|MappingTigerL andscapesiSubProjects) TigerFilkerifilgiris| currentpoly.shp

1=

Simplify polygons [optional]

QK I [ Cancel ] [Enwronments... ] [ Shaw Help ==
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6.

If you wish to further analyze the distribution of habitat on the landscape, you may input the
Patch layer into the Patch Statistics tool. This tool will identify ‘core’ and ‘non-core’ patches
(based on a user defined area), total area, average area, average perimeter and the perimeter to
area ratio of each type of patch. For more detailed instructions on the use of this tool refer to the
Smart Infrastructure Planner Toolkit User Guide.
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Smart Infrastructure Planner Appendix 3.
Identifying Least-cost Movement Corridors between Patches

***This workflow may take several hours or the entire day to complete, depending on cell size and the
size of your study area. To increase speed, increase cell size and decrease the size of your study area. The

main inhibitor is the Cost Path tool***

This is included as an Appendix because identifying corridors and changes in corridors can be an
important factor when looking at landscape change. Our SIP tools do not provide this type of analysis
because ArcGIS provides a somewhat straight forward analysis. If all of the corridor tools where provided
in one tool within the toolset, processing time would be prohibitive. The Patch Distance tool identifies
patches that are ‘connected’ based on the maximum dispersal distance, but does not specifically identify
the general paths an animal would take from one patch to the next. Keeping these corridors intact is
integral for maintaining gene flow and a healthy breeding population of focal species.

1.

Convert your habitat suitability grid resulting from the Habitat Suitability tool to a cost-surface.
To do this, you may use the Raster Calculator (Arc10) or Single Output Map Algebra (Arc 9.3)
tools to invert the values of the suitability layer by subtracting the layer from 1000. Now, the high
values indicate high ‘cost’ to traverse this landscape, or low quality habitat, and the low values
represent low movement ‘cost’, or high quality habitat.

Decide what patches are your ‘source’ patches; patches that contain breeding populations of your
focal species that disperse into the landscape. It is recommended you use the ‘Cores’ as the
source patches. Decide which patch are the ‘destination’ patches. These are areas where your
focal species moves to from the source areas. It is recommended you use the non-core patches for
the destination patches. If you are interested in seeing all of the paths from every core patch to
every non-core patch, input the cores separately as ‘source’ patches, and run the process once for
each different core. In doing so, retain all of the non-core patches as destination patches.

In the Cost Distance tool, input the layer you’ve selected to use as the ‘source’ patches into the
‘Input raster or feature source data’ box and input the cost surface just created into the ‘Input cost
raster” box. Select a name for the ‘Output distance raster’ and the ‘Output backlink raster’. The
output distance raster will be a raster layer describing how difficult it is for your focal species to
move across a land in terms of habitat quality.

“\ Cost Distance g@@

Input raster or feature source data

|Source Patches (Cores) j [,'—_'3;-
Input cosk raster

|currentsuitr2 j E-
Qutput distance raster

CiiworkSpacelcostdistz B
Maximum distance {optionaly
Output backlink raster {optional)

CiiworkSpacelcostbacklinkz [,'—_'3;-

oK ] [ Cancel ] [Environments... ] [ Show Help ==
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4. After the Cost Distance tool completes, run the Cost Path tool. In the ‘Input raster or feature
destination data’, input the layer you’ve chosen to use as the destination patches (the non-core
patches). The more destination patches you use, the longer the analysis will take. To save time
you may want to select those non-core patches that are large enough to be used by your focal
species, by using the threshold you selected for the Patch Distance tool. Use the two output raster
files from the Cost Distance tool for the ‘Input cost distance raster’ and the ‘Input backlink
raster’. Select a title for the resulting cost path layer. The result will be a least-cost path from the
source patches to the destination patches. For easier viewing, you may convert the resulting least-
cost path raster file to polygon layer (use the ‘Simplify Polygons’ layer).

"\ Cost Path

Input raster or Feature destination data

|Destinati0n Patches ﬂ @

Destination field {optional)

| eRIDCODE v|

Input cost diskance raster

|costdist ﬂ @

Input cost backlink raster

|costbacklink j @

Qukpuk rasker

|C:'|,W0rk5pace'l,costpath2 | @

Path type (optional)

| EACH_CELL v |
Ok ] [ Cancel ] [Environments... ] [ Show Help == ]

Figure 8. Example result from a Least-cost Path analysis. Cores were used as ‘'sources' and non-core patches
were used as the 'destination’ patches.

31



