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Exercise 1 — Introduction to Raster Analysis and Spatial Analyst
Toolbox

Session Objectives: At the conclusion of this session, you will be able to:

Preform suitability analysis using raster data
Reclassify raster layers
Build Map Algebra expressions

Set Project environments within ArcToolbox

o o 0 0O o

Use a variety of spatial analysis tools to modify raster layers

Spatial Analyst 1
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Material Created By: Amy Keister (Nov2012)
Modified: Mark Richardson (Nov 2012)
Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\Exercisel

GDB:

Imagery:

MXDs: WhiteRiver.mxd

Spatial Analyst 2
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PART 1 — Introduction to Raster Data

All data are located in D:\CSP7300\Exercisel\WhiteRiver, unless otherwise noted.

Section 1: Create a forest canopy raster layer

e Launch ArcMap and open the WhiteRiver.mxd

- Notice the “2001_Forest_01.img” raster. Itis a binary raster (it only has values of

0 and 1). In this raster forest = 1 and everything else =

0

- The “canopy_cover.img” raster. It is a continuous raster with values that range

from O — 100

- We need a raster that only shows canopy cover on areas where there is forest.

Because the forest layer is binary and the forest values = 1 in that layer, we can

just multiply these two layers together to get the forest canopy cover raster.

e Open the Raster Calculator tool (Spatial Analyst — Map Algebra)

¢ Double click the “canopy_cover.img” raster to add it to the middle box

e Click * to add the multiply symbol to the middle box
e Double click the “2001_Forest_01.img”

- The equation should read "canopy_cover.img" * "2001_Forest_01.img"

Save your output as “Forest_Canopy.img”

Map Algebra expression

| Layers and variables
Somtaman: aananaEEn
<> 2001_Forest_01.img /

S (o] (DLl
BB
e )l ()]s

“canopy_cover.img” * "2001_Forest_01.img”

e HitOK

e Explore the output raster

"2 —
7o L e

Conditicnal
Con
Pick
Sethull

Math

Abs
Exp

Caem il

[m]

-~

Spatial Analyst
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Section 2: Calculate percent forest in a neighborhood

e Open the focal statistics tool (Spatial Analyst — Neighborhood). We can use it to
calculate the percent forest in a 250 m radius circle

e Use “2001_Forest_01.img” as the input raster

e Save the output raster as “PercentForest.img”

e Use a Circle Neighborhood

e Click to change from “Cell” to “Map” units. Notice how the number for radius
changes

e Use 250 as the radius

e Use “mean” as the Statistic type

Input raster

| 2001_Forest 01.img =l @

. Output raster

Ci\Workspace\RasterAnalysis_MCTC_GIS_Training \NotForStudents\WhiteRiver \PercentForest.img @
Meighborhood (optional)
[Cirde =

Meighborhood Settings

Radius: 230

Units: 1 Cell @ Map

Statistics type (optional)
MEAM -

[¥] Ignore NoData in calculations {optional)

e Hit OK
e Explore the output raster

- Why were we able to use a “mean” on this dataset to get percent forest?

Spatial Analyst 4
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Section 3: Explore habitat richness in a neighborhood

e Open the focal statistics tool (Spatial Analyst — Neighborhood). Let’s explore using

the “Variety” statistic on the landcover dataset.
e Use “2001_NLCD.img” as the input raster

e Save the output raster as “NLCDVariety.img”

e Use a Rectangle Neighborhood

e Use 9x9 cells as the Neighborhood settings

e Use “variety” as the Statistic type

e~
= 1
Input raster i
[2001_NLCD.img -]
Output raster
CH\NLCDVariety|
Meighborhood (optional)
Rectangle v]

Neighborhood Settings

Height: 3
Width: 3
Units: @ Cel ) Map

Statistics type (optional)
VARIETY

Ignore NoData in calculations {optional)

e HitOK

e Check out the output raster.

What do you think it represents?

- Think about how the type of input raster (binary, thematic, continuous) will impact

the result of a neighborhood function.

- Check out the other neighborhood statistic types that are available.

- How might you use these?

Spatial Analyst
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Section 4: Calculate the area of each landcover type in each watershed

e Open the Tabulate Area tool (Spatial Analyst — Zonal). This tool is often useful for
thematic data

e Use “WBD?” as the Input feature zone data

e Use “Huc_12” as the Zone field

e Use “2001_NLCD.img” as the Input raster class data

e Use “Value” as the class field

e Save the output table as “WBDTabAreaNLCD”

e Hit OK

¢ Open the output table and explore.
- What are the units for the values in the table?

Join the table with the WBD layer by right clicking on WBD and selecting Joins and

Relates/Join

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

[Join attributes from a table

I What do you want to join to this layer?

1. Choose the field in this layer that the join will be based on:
.

. Choose the table to join to this layer, or load the table from disk:

| whdtabareanlcd j

Show the attribute tables of layers in this list

. Choose the field in the table to base the join an;

HUC_12

Join Options
(@ Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

About Joining Data

Spatial Analyst 6
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Change the symbology of the WBD layer to display Quantities using Graduated
colors and the field value of “Value_90”

In the NLCD landcover, 90 = woody wetlands. In the “WBDTabAreaNLCD” table,
the “Value_90” field contains the area (sq meters) of woody wetland landcover type
in each HUC 12 watershed

- Asyou can see in the graduated color display, there is more woody wetland area

in the watersheds that overlap the White and Cache River NWRs

Section 5: Joining the zonal statistics table

Open the Zonal Statistics as Table tool (Spatial Analyst — Zonal). This tool is often
useful for continuous data

Use “HabitatinventoryStands” as the Input feature zone data

Use “Join” as the Zone field

Use “Forest_Canopy.img” as the Input value raster

Save the output as “ZonalStand”

ﬁ_ Zonal Statistics as Table E

Input raster or feature zone data il
| HabitatlnventoryStands j
Zone field

Join -
Input value raster

. -+
Forest_Canopy.img j

Hit OK

Open the “ZonalStand” table and explore

Join “ZonalStand” with the “HabitatinventoryStands” layer

Change the symbology of the “HabitatinventoryStands” layer to display

Quantities\Graduated colors using the Field value “Mean”

Spatial Analyst 7
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(o .

Join lets you append additional data to this layer's attribute table so you can,
for example, symbaolize the layer's features using this data. i

What do you want to join to this layer?

[Juin attributes from a table v]

1. Choose the field in this layer that the join will be based on:

Join hd

2. Choose the table to join to this layer, or load the table from disk:

I zonalstand j @]

Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

on

Join Options
(@ Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records

If a record in the target table doesn't have a match in the join i
table, that record is removed from the resulting target table, ‘
i

[ Validate Join |

About Joining Data [ QK ] [ Cancel ]

- This displays the mean forest canopy cover per habitat stand

- Why did we use a tabulate area for the thematic NLCD data, but a Zonal
Statistics for the continuous canopy cover data?

Spatial Analyst 8
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PART 2: Calculating Pine Stands Acreage
All data are located in D:\CSP7300\Exercisel\StMarks, unless otherwise noted.

Section 1: Setting project environments
e Launch ArcMap and Open the StMarks.mxd

e Set Environments for this project by right clicking in a blank area of ArcToolbox

' ArcToolbox

arcTogg
-8 30| @ AddToolbox..

o @ Ang %< Environments...

+ @ Arqg;

H @ Car-v- Hide Locked Tools

-8 Col Save Settings »

+ @Dat

Load Settings

e Set workspace and scratch workspace

e (o into processing extent and choose to Snap to the Florida landcover raster

Section 2: Generate a subset of the Florida Landcover

e Zoom to the “St Marks_acquired” layer

e Open the Raster Calculator tool (Spatial Analyst Tools — Map Algebra)
- First we will change the Environment Settings for just this tool

e Change “processing extent” to “Same as Display” and hit OK
- This will change the environments for just this use of the tool

e Now we are going to multiply the fl_veg03 raster by 1

e Double click on fl_veg03 in the left hand box. You will see “fl_veg03” appear in the
middle box

e Click once on the multiply sign to add it to the equation

e Click once on the number 1 to add it to the equation
- Now you have the equation "fl_veg03" * 1 in the middle box

e Save your output raster as “StMarkVeg”

Spatial Analyst 9
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"% Raster Calculator = B 23
Map Algebra expression il
Layers and variables Cenditicnal -

Ot AR nEEE
_ Setiull
nopDEEnEs

)] )=
Lo JL ) b 2. .

"i_vegl3" =1

e HitOK

Section 3 — Verification of the Subset
In Section 2 we used a combination of map algebra and environment settings to subset our

image. By using this method, we were able to set the snap raster so the cells in our subset

raster line up with the cells in the original dataset.

e Zoom out one step to see that the raster has been subset

e Now zoom in very close to one corner of your subset raster to see that the snap to
raster worked

e You can also right click on the Florida Veg Raster in the table of contents and
choose data\export data, which is handy, but you can’t snap to your original raster

with that method

Spatial Analyst 10
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Section 4: Create a pine vegetation raster layer
The landcover classes that are pine associated are: sand pine scrub (Value 4), sandhill
(Value 5), mixed pine-hardwood forest (Value 7) , and pineland (Value 9). The standard

way to do this is to use the Reclassify tool (Spatial Analyst — Reclass).

e Use “StMarkVeg” as the input raster

e Use “Value” as the Reclass field

e Click on the “Unique” button to get all available classes listed in the “Old Values”
column

e Now manually go through and change all the values in the “New Values” column to 0
except for the values 4, 5, 7 and 9

e Save the output file as “PineVeg

e Hit OK
. T | T T - L
‘;\% Reclassify = |5
~
Input raster
|5tmar|c'.reg j
= Redass field
VALLE -
Redassification
0id values Hew values -
: :
2 : I
3 i nique
4 1 |
3 1 Add Entry |
7 1 |
) 0 Delete Entries {
9 1 7
|
[ Load... ] [ Save... ] Reverse Mew Values ] [ Precision... ] |
il

Spatial Analyst 11
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Section 5: Calculate the area of pine within each Refuge tract.

Open the Tabulate Area tool (Spatial Analyst - Zonal Statistics)
Use “StMarks_acquired” as your input feature zone data

Use “Tract_exmpl” as your zone field

Use “PineVeg” as your Input raster class data

Use “Value” as your class field

Save your output table as “PineVegTabArea”

Hit OK

Open the resulting table in ArcMap. See that it has 4 fields

Table
PineVegTabirea

Rowid | TRACT _EXMPL| VALUE_O [ VALUE_1
108695700 | 14619500

2z 2| 57434400 | 11475900

3 3 4557200 2700

4 4| 15424200 Tr31500

5 5 3545900 3276300

[ 6| 40283100 | 20583200

- The “Value_1” field contains the area (in square meters) for pine associated

vegetation in each of the refuge tracts.

- If you want to see the values in acres instead of sq meters you can add a

new field and calculate the acreage by dividing the sq meters by 4047)

- Result yields 6 total units with 14,399 acres of pine associated forest

Spatial Analyst 12
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PART 3: Locating where you can Burn within St.Mark’s NWR

Subscribed Burn Criteria
[ All burns must be on refuge lands only
[ The landcover must be a pine associated landcover

[ The area can’t be within 0.5 km of a high impact urban landcover

Section 1: Identifying high impact urban areas
The High Impact Urban class has a Value of 41. This time we are going to create a new
raster layer where we change all the cells with a value of 41 to 1 and change all the other

cells to NoData.You can do this with the Reclassify tool you learned earlier.

Because it takes a while to change all 43 values in the Reclass tool I'm going to use a
conditional tool to create the new raster instead.

e Open the Con tool (Spatial Analyst — Conditional)

e Use “StMarkVeg” as the Input conditional raster

e Use “Value’ = 41" as the expression

e Use “0” as the true constant value

e Leave the false raster or constant value blank

- If you don’t put a value in for the false value you get NoData for the false

value

Save the output as “Urban”

L
rﬂc::n = | B |

Input conditional raster

Input false raster or constant value (optional)

| strmarkveg ﬂ ]
Expression (optional) -

"WALUE" = 41 %
Input true raster or constant value -
0 =l &
| - &

e Hit OK

Spatial Analyst 13
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Section 2: Create a distance raster layer

The Euclidean Distance tool calculates the straight line distance from any and all

NoData cells to the nearest source cell with any value (to include 0), up to a specified

maximum distance. This is another reason for the Reclassify above, so now our only

source cells are the High Impact Urban cells (value = 0)

Open the Euclidean Distance tool (Spatial Analyst — Distance)
Use “Urban” as the input raster source data
Save the output as “Urban500”

Use a max distance of 500 (the units will be meters)

#., Euclidean Distance = E 2

Input raster or feature source data

| urban =&
Output distance raster -
D:\Urban500 &

Maximum distance (optional)

o

i}
Dutput cell size {optional)
30

Output direction raster {optional)

@ @

Section 3: Reclassify distance to urban raster

Reclassify “Urban500” from a continuous raster (values 0-500,NoData) to a thematic raster

(0,1) in order to have available a “no burn” exclusion area for later steps

Use the Reclassify tool (Spatial Analyst — Reclass) we learned earlier to do this
Use “Urban500” as the Input raster

Use “Value” as the Reclass field

Click on the “Classify” button

Change the number of classes to “1” and leave everything else the same.

Hit OK to close out of the Classify window

Change values 0-500to O

Change values NoData to 1

Save output as “urbanmask”

Spatial Analyst 14
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' — "
#, Reclassify NN X
! Input raster I
urban500 bl 2
|| g
: Redass field
! Value -
| Redassification
§
5 Old values New values -
AL Oldvalues |  HNewvalues | :
NoData 1 -
} |
! -
f [ Load... ] ’ Save... ] [Reverse Mew 'u'alues] [ Predsion. .. l
i
e Hit OK

e Check out the output. This created a raster with values of 0 within 500 meters of
High Intensity Urban and values of 1 everywhere else. This is going to be useful as
a mask in later steps.
- If you want to explore, you could also the IsNull command which makes the

NoData from the Distance Raster 1 and everything else 0

Section 4: Create a pine layer within the Refuge boundary
e Use the Extraction by Mask tool (Spatial Analyst — Extraction) to return PineVeg
restricted to the St. Marks boundary
e Use “PineVeg” as the Input raster
e Use “StMarks_acquired” as the Input feature mask data

e Save output as “PineVegSM”

-

.ar\% Extract by Mask = | = &
Input raster !
| PineVeg ﬂ
Input raster or feature mask data
| StMarks_acquired ﬂ
e Hit OK

Spatial Analyst 15
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Section 5: Calculate the acreage of pine forest that can be burned
Use Raster Calculator (Spatial Analyst — Map Algebra) to multiply PineVegSM with
UrbanMask from Step 4c to obtain a burnable refuge pine veg data layer

e Save the output as “BurnMe”

o S e

-

Map Algebra expression

Layers and variables - Conditional =
g DO B nEE 0 -
<>urban Pick
$um (ol o] (1G] =
<> urbans00 Math
| [Semen | Hee) B -
<>Pine\.-'eg

Exp
> stmarkveg i 0 D B Cumin ==

"PineVeg5M” * "UrbanMask”

m

e Hit OK

e This works because of the way we used 0 and 1 values when creating our rasters in
previous steps (any number times 0 = 0)

¢ If you want to be quicker, you can take your pine associated raster “PineVeg” *
“urbanMask” and use environment settings to set an analysis mask to the refuge
boundary. This lets you skip the extract by mask step.

e Review the raster attribute table to determine that 41,546 pixels remain available for

burning.

41546 pix * 900 m?/pix / 4047 = 9239 ac

Spatial Analyst 16
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PART 4: Prioritizing your prescribed burn areas
Section 1: Identify the dominate landcover in a focal area
e Use the Focal Statistics tool (Neighborhood - Focal Statistics) to identify the
dominate landcover class in a 1 km radius circle
e Use “StMarkVeg” as the Input raster
e Save the Output as “VegMaj’
e Use a Circle Neighborhood
e Use a Radius of 1000 Map Units (meters)
e Use Majority as the Statistics type

e ]

Input raster Il
| strmarkveg LI @
Qutput raster

C:\Workspace\RasterAnalysis_NCTC_GIS_Training\StMarks\StMarksAmyTest\WegMaj @
Meighborhood {optional)
[Cirde v]

Meighborhood Settings

Radius: 1000

Inits: @ Cell @ Map

Statistics type (optional)
MAJORITY -

lgnore MoData in calculations (optional)

e HitOK

Spatial Analyst 17





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

Section 2: Identify areas where the sandhill landcover is the dominate component
Reclassification is done to save only the pixels where the sandhill (Value 5) class is the
dominate landcover. You can use the Reclassify tool here, but we are going to use a con
again (Spatial Analyst — Conditional) because it saves time.

e Use VegMaj as the Input conditional raster

e Use “Value” =5 as the expression

e Use 1 as the true value

e Use 0 as the false raster

e Save the output as “VegMajLLP” and hit OK.

= cn D, L ele =
Input conditional raster

|‘-feg|'\-'13j ﬂ

Expression (optional)

"VALUE" = 5

Input true raster or constant value

[1 ﬂ

Input false raster or constant value (optional)

[0 =1 &)

Section 3: Calculating the priority burn areas
Multiply the majority sandhill layer (VegMajLLP) with the burnable refuge pine layer to
obtain a priority burn layer

e Use Raster Calculator (Spatial Analyst — Map Algebra)

e Use the equation "VegMajLLP" * "BurnMe"

e Save the output as “PrtyBurn” and hit OK.

’t\% Raster Calculator =RREE ]

Map Algebra expression

Layers and variables o Conditional o
S’ e UEEE - ¢
<> VegMaj / Pick
Sam (o) [ o]
<> PineVegsm 4 Math
Quton )]l )ln]) | n

UrbanMask
Exp
& usbenson Lo )] [a)ld]l=] 22, -

“WegMajLLP™ * BurnMe™

m

1

L TR

Spatial Analyst 18
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® Review the attribute table of output layer to see that 6519 pixels qualify as priority for
burning.

6519 pix * 900 m2/pix / 4047 = 1450 ac

® (o back and review all of the steps we took in Part 2 and 3. See how the choices
we made for many of the outputs saved us from having extra processing steps along
the way. This is just one reason why it is important to plan out your project using a
technique like Eric’'s “Sample GIS Project Summary” before you get started with an
analysis.

Spatial Analyst 19
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Exercise 2 — Introduction to Modelbuilder

Session Objectives: At the conclusion of this session, you will be able to:

O Understand how models affect workflow and transparency

U Create a new toolbox and model

U Load data and tools into a model, create outputs

O Use the Reclassify, Focal Statistics and Combine tools in a model

U Copy and modify pieces of existing models to increase efficiency

Modelbuilder 1
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Material Created By: Gabe DeAlessio (Dec 2012)
Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\Exercise2

GDB: GWWA.gdb

Imagery:

MXDs: GWWA.mxd

Modelbuilder 2
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SECTION 1 — Set Up (together with class)

All data are located in D:\CSP7300\Exercise2 folder, unless otherwise stated.

The Golden winged Warbler is a species that lacks habitat across its nesting range. The
Joint Venture recovery plan calls for another 200,000 acres of habitat in BCR 12 in
Minnesota alone. We will look at the landscape and evaluate areas that currently meet the
habitat requirements as a way to focus protection.

The Golden-winged Warbler Recovery Plan states the following: at the macro landscape

context, GWWA prefers 70% forest and 22% open, herbaceous landcover within 1.5
miles.

Using these requirements, we will create a model that selects the macro-habitat landcover.
1. Open the GWWA.mxd.
2. Note the following 2 pieces of data are already added:

1. Study area
2. 2006 NLCD

@) GWWA.mxd - ArcMap - Arclnfo = =R
File Edit View Bookmarks Insert 5Selection Geoprocessing Customize Windows Help
DRES B o b - | [1:600.000 - EEEEE P87 . s
Editor - - ooz )
" Table Of Contents 1 x el
2 BleosiE i
=Y - oy
o | 5 2 Layers 5
a

Q (] =
wu =] MLCD2006 w
am @
RO Value @
E [0 - No Data s
4m 11 - Water

[121 - Developed, Open Space

[122 - Developed, Low Intensity

R - M 23 - Developed, Medium Intensity

M 24 - Developed, High Intensity

[]31 - Barren Land E
k 141 - Deciduous Forest
0 B 42 - Evergreen Forest

I 43 - Mixed Forest

[ 52 - Scrub/Shrub
[171 - Grassland
= [T 81 - Pasture/Hay

M &2 - Cultivated Crops
H I 90 - Woody Wetland
1’5 [195 - Emergent Wetland
@
x¥

Ik
2
Drawing~ R O- A~ @] Arial
142815407 2669664826 Meters
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3. If ArcToolbox isn’t open, click on the button to open.

@ GWWA.mxd - ArcMap - Arcdnfo
File Edit View Bookmarks [nsert Selection
Oepda &

Editor = -

Customize Windows Help

vg] e | a2 o

Geoprocessing

b -+ | 1:600,000

[E=%ECE =53

fioo] & B .

4, Right Click in ArcToolbox and select “Add
Toolbox”

5. Browse to Exercise2 and click on the “New

Toolbox” Icon . Name it “CSP7300 Tools”,
then highlight it and Click Open.

You now have an empty toolbox ready to add
custom models and scripts into.

6. Right click on CSP7300 Tools and select New /
Model.

An empty Model page will open.

ArcToolbox

®l ArcToolbox

- &P 3D Analyst Tools

- 8P Analysis Tools

-8 Cartography Tools

+- &9 Conversion To
ST

= @ Data Interoperability Tools

- Data Management Tools

1B Editing Teols

-89 Geocoding Tools

- P Geostatistical Analyst Tools

+ @ Linear Referencing Tools

- Multidimension Tools

+ @ Network Analyst Tools

+) @ Parcel Fabric Tools

7- &P Schematics Tools

+ @ Server Tools

- &P Spatial Analyst Tools

+- &P Spatial Statistics Tools

18P Tracking Analyst Tools

41 Model
Model Edit  Inset View Windows Help
e 3B x PRI RO S P

=% o =)

»

m

Ll 1
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SECTION 2 — Simple Model Construction (instructor then student)

1.

Position your ArcMap and Model Builder window so you can see both.

Drag the Study Area feature class from the table of contents into your model.
Notice it turns to a blue oval, which by default represents a data input.

Next add the Buffer tool to the model. In ArcToolbox, find the Analysis Tools /
Proximity / Buffer.

Drag the tool onto the model. Note the tool is rectangular and a connected oval is
also added. They are uncolored as you have not specified how they will work yet.
You're model should look like this:

+ Model =8 =l =<

Medel Edit  Insert View Windows Help
BS R X2 DRI ® O kS VP

m

Connect the StudyArea to the Buffer Tool. First, select the Connect tool, then left
mouse click inside the StudyArea, move the line into the Buffer tool and click again.

+3 Model 4
Model Edit Insert View Windows Help

S AR X 2 P RRBRE QO KNSV

Choose “Input Features” from the pop up to designate the StudyArea as the input
for the tool to run.

Next, double click on the Buffer Tool. This opens the Tools diaglog box. Set your
output to the GWWA geodatabase and your buffer distance to 1.5 miles. Click OK.

Note: because our criteria looks at data within 1.5 miles, we need to expand our
analysis area beyond the study area to yield accurate results.
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5.  Your model should now be colored in, indicating it's ready to run. Right Click on the
green oval, StudyArea_buffer and make sure “Add to Display” is checked.

39 Model = =R ~>=

Model Edit Inset View Windows Help
HS SEB@ x9S R@lRRO sl P

m

6. Under Model, choose Save.

Tip: Always Save BEFORE running a model or risk losing work should the model
encounter an unexpected error!

7.  Finally, run the model by clicking on the Run icon E or going to the Model menu,
and choosing Run.

8.  You're model should run quickly and add to your map. Also notice the model
elements have a shading behind them, indicating those processes have been run.

9. Change symbology of the Study Area Buffer to hollow out the outline.

STOP HERE
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SECTION 3 — Additional Model Construction (instructor then student)
In this section we will fully develop our model based on the landcover requirements for the
Golden Winged Warbler. Because the warbler requirements use 2 different habitats, our
model will split into 2 courses and combine them at the end.

1.  With your model open, Drag the NLCD2006 data onto it.

2. Find the Clip Tool in ArcToolbox / Data Management / Raster /Raster Processing.
Drag and drop it into your model.

3. Use the Connect tool to add the Study Area Buffer as the ‘output extent’ and the
NLCD 2006 as the ‘input raster.

43 Model (E=3(E=8 =

Model Edit Inset View Windows Help

& @B X2 PBEEBREANKS VP

4.  Double click on the Clip tool and verify your settings. Check on the “Use Input
Features for Clipping Geometry”. Set the output to go into the GWWA.gdb and
name it NLCD2006_Clip.

& -
"\ Clip ==
-~
Input Raster
[NLCD2006 =]
Qutput Extent (optional)
|Stud)rArea_b uffer j
Rectangle
¥ Maximum
2663976.253101

X Minimum ¥ Maximum

88297.083654 164899.836344 i

¥ Minimum

2595148.310743

Use Input Features for Clipping Geometry (optional)
Qutput Raster Dataset

D:\... \GWWA.gdb\WLED2006_dip
NoData Value (optional)

£ ] I Cancel I I Apply I | Show Help == |
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5.  Runthe model so far. This will create the data that we will use in the next step.
Without running the model, the Reclassify wouldn’t have data to drive on!

6. Add the Reclassify tool to the model. It can be found in ArcToolbox / Spatial
Analyst Tools / Reclass

Tip: Expand your model window as needed.
We will use the Reclassify to “flag” the appropriate forest habitats from the NLCD.
7. Connect the NLCD 2006 Clip to the Reclassify tool, specifying it as the ‘input raster’.

8. Double click on the Reclassify to open the tool dialog box. In the dialog box, click on
“Unique” to get the list of NLCD values.

9. Inthe “New values” column, make the following values 1 and all others 0:
41 — Deciduous Forest, 42 — Mixed Forest, 90 — Woody Wetlands

Specify the output into the GWWA.gdb, named Reclass_Forest

ﬁﬁ Reclassify @
Input raster i
[NLCD2006_clip |
Redass field
Value -
Redassification
Old values New values - -
0 0 Classify...
11 ] -
21 0 =
22 0
23 0 Add Entry
24 0
H 0 Delete Entries
41 1 E
Load... SEVE... Reverse MNew Values I [ Precision. .. J
Cutput raster
D: L AGWWA, gdb\Redass_Forest
[ Change missing values to NoData loptional)
[ oK l [ Cancel I [ Apply J I Show Help == I
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10. Add the Focal Statistics Tool to the model. It can be found in ArcToolbox at Spatial
Analyst Tools / Neighborhood

Focal Statistics is a powerful analytical tool that looks at each pixel and quantifies
the pixels around it based on your criteria. We will use it to determine the amount of
“Forest” within 1.5 miles of each pixel.

11. Connect the Relass_Forest to the Focal Statistics Tool. Set the output to the
GWWA.gdb named Focal_Forest

Set the Neighborhood to Circle with a Radius of 80.

Set the Statistics type to “Sum”. Since all values are 0 or 1, we will get a count of all
Forest pixels.

Check on Ignore NoData.

Why 80?7 A 30 meter pixel equates to ~98.4 feet. Since 1.5 miles is 7920 feet, we
need to examine 80 pixels in all directions.

“E“ Focal Statistics @

Input raster
|Rec|ass_F0rest j
Output raster

DA \GWWA.gdb'\Focal_Forest
Neighborhood (optional)

Cirde -

Meighborhood Settings

Radius: 80

Units: @ Cell Map
Statistics type (optional)

5UM -

/| lanore MoData in calculations (optional)

[ 0K ] | Cancel | | Apply | | Show Help == |

12. The next two steps we will take our Focal Stats value and convert it to a
percentage.

Drag the Add Field tool to the model. It can be found in ArcToolbox \ Data
Management \ Fields

Drag the Calculate Field tool to follow the Add Field tool.
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o
;1 Outpat (0 oupat
AddFiold e Foatse | o Coleslote Fiold e Fostre b
\_ Clms@ S

13. Connect the Focal Forest to the Add Field. Double click on the tool and set the
Field Name to “F_Perc”. Leave Field Type as Long and all other settings as is.

#, Add Field (23]

Input Table

| Focal_Forest j
Field Name

F_Perc
Field Type

LONG -
Field Predision (optional)

Field Scale (optional)
Field Length {optional)

Field Alias {optional)

Field IsMullable {optional)

[ Field lsRequired (optional)

Field Domain {optional)

[ OK ] [ Cancel ] [ Apply ] [ Show Help ==

14. Connect the Focal_Forest(2) to the Calculate Field tool.
Double click the tool and set the Field Name to the newly created F_Perc.
Using the calculator button, input the expression: ([VALUE] / 20081 )* 100

Why 20081? This is the amount of 30 meter pixels contained within a 1.5 mile
buffered area.
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#, Calculate Field =
Input Table i
Focal_Forest (2) ﬂ
Field Name
F_Perc -
Expression -
([VALUE] / 20081 )= 100 @
Expression Type (optional)
VB -

Code Block {optional)

QK. l | Cancel | | Apply | | Show Help ==

15. Save your model.

16. Click Run Model. This should take a minute to complete. Be sure your model
completes without errors. If you get errors, review the error and correct.

17. After running, we have to add an additional Reclassify step. We have to convert the
Forest Percent (F_Perc) field to VALUE. This is because many of the raster tools
run solely on the value field rather than additional table fields.

Drag and drop the Reclassify tool into the model. (see step 5 is you forgot where it
is.)

Connect the Focal_Forest(3) to the Reclassify.

- = - e .’ 7 -
F““'U| ares Add Field Calculate Field "“"""-p"""“ Ructansity (2) ]——( Raclass_Fo ]

18. Double click to open the tool. Change the Reclass Field to F_Perc.

Now click Unique. Because we already converted the values to an integer, all the
values line up, 0to 0, 1 to 1, etc.
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Change the output to GWWA.gdb and name it For_Final

., Reclassify (2) =
&
Input raster
| Focal_Forest (3) j
Redass field
F_Perc -
Redassification
Old values New values -
0 0 |_| Classif'-;...
1 1 B -
5 5 nigue
3 3
4 4 Add Entry
5 5
6 & Delete Entries
T T e
Reverse New Values l [ Predsion... ]
Qutput raster
D:\..\ewwaA. gdb\For_Final
[7] Change missing values to NoData {optional)
[ 0K ] [ Cancel ] [ Apply ] l Show Help == ]

The result is converting the F_Perc field INTO the Value field, so it can be properly

processed later.

19. Make sure to Save your model. It should look like a long flowchart:

Modelbuilder
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SECTION 4 — Additional Model Construction — Repeat for Open Land (instructor then

student)

1. We will now effectively repeat steps 4 — 18, this time focusing our reclassification on
Open Lands rather than Forest. This can be done by either individually adding each

element again OR using a simple copy/paste of all the elements.

Using the Select tool, highlight the everything to the right of the NLCD 2006 Clip.

Copy and paste, moving the elements underneath the originals.

“_|{J,m_n|@ m—--ul.f,:\}.lumm%m

2. Starting with the newly copied Reclassify(3), double click the tool and modify the
Unique Values to reset all Values to 0, except the following:

71 — Grassland, 81 — Pasture/Hay, 95 — Emergent Herbaceous Wetland

Change the Output raster to: Reclass_Open

., Reclassify (3) (==
-
Input raster
[NLCD2006_clip =]
Redass field
Value -
Redassification
Old values New values - =

43 0 Classify...

3] 0

k!l 1 -

81 1

82 0 Add Entry

50 0

95 1 Delete Entries

HoData HoData 2k
Reverse New Values ] [ Predision... ]
QOutput raster
i AGWwWAL gdb \Redass_Open
Change missing values to NoData (optional)
[ Ok ] [ Cancel ] [ Apply ] ’ Show Help ==

3. When you click OK, notice the green oval Output is renamed.

Modelbuilder
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4.  Double Click the Focal Stastics (2). Here we only need to modify the Output rater
Name to Focal_Open.

., Focal Statistics (2) ==
Input raster |
|Rec|ass_0pen j
Qutput raster

=
D:\.\GWWA.gdb\Focal_Open
Neighborhood (optional)
Circle v

Meighborhood Settings

Radius: 80

Units: @) Cell ) Map

Statistics type {optional)
SUM -

lgnore NoData in calculations (optional)

[ QK ] ’ Cancel ][ Apply ][ Show Help == ]

5. Double click the Add Field(2) tool, and adjust the field Name to O_Perc (open
percentage)

6. Double click the Calculate Field tool, and adjust the Field Name to O_Perc. The
formula remains the same.

7. Use your Select tool to delete the connection between the Focal_Open(3) and the
Reclassify(4) tool. Because we have not yet run this model to this point, we cannot
get the values or reclassify them.

NLCD2006_c
- 1
= - = = . 'R -—l T
Rechassity (3) Eacha g e Add Fisld (2) D sl S Rrectassity (4) |—-< For_Final (3 |

8.  With the connection disabled, Save the model and Run.

If you get any errors, review them and fix as necessary.
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9. Next, reconnect the final Reclassify using the Connect tool. Be sure to specify the
Reclass field as the O_Perc field (not Value!).

Change the output name to Open_Final.

Click the Unique button.

#., Reclassify @) =
Input raster il
|F0ca|_0pen (3) j
Redass field

Q_Perc -
Redassification
Old values New values -
0 0 Classify...
3 3 EXRE:
3 3
4 4 Add Entry
5 5
6 6 Delete Entries
T T i
Reverse New Values ] [ Predision... ]
Output raster
D:h. . \GWWA, gdb\Open_Final
[~] Change missing values to NoData {optional)
[ 0K ] [ Cancel ] [ Apply ] ’ Show Help = l

10. Run the the model again to finish the last reclassify. At this point, all the model
should be run.

11. In order to easily analyze the data, we will add one final tool to the model called
Combine. Find the Combine tool in Spatial Analyst Tools / Local and drag it to the
end of the model.

3 Model = -5 =

Model [dt Inset View Windows Help
@S @B x 2 HENENEAD kS P

Roeclassify (1)

12. Use the Connect tool to add the For_Final and Open_Final to the Combine.
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13. Set the Output to Forest_Open, and click OK when complete.

., Combine (239
Input rasters “ | Outputraster i
! Ei=)

The output combined

&% For_Final raster. A unigue integer

&% Open_Final value is assigned to each

unigue combination of input
values.
Output raster
di\,.. \GWWA.gdb'\Forest_Open| @
[ 0K ] [ Cancel ] [ Apply ] [ << Hide Help ] [ Tool Help

14. Right Click on the Forest_Open green oval. Check “Add to Display” on.

15. Save and Run the model.

16. At this point, the model is complete and has been run, and you should have a
Forest_Open raster in ArcMap.
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@) GWWA.mxd - ArcMap - Arclnfo = X
File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
Ceds B X9 0G| 12 v GEBO P ¢ L] 2 Layen [@ StudyAres -l
Editor ~ & 2 | Tapology: i = 1~ i ) RLGIS~ _
@ Table Of Contents # X ArcToolbox 3 x - l;]
el E 2 3] . "%, Generate Near Table - o
- 5 Multiple Ring Buffer &
™| E = Layers 2 New E
@ . éuaymﬁ - *%, Point Distance
e By Statistics p B
e . Vaue B Cartography Tools §
b High: 3416 By Conversion Tools :
4 B Coverage Tools
Low:1 ) Data Interoperability Tools
8 Data Management Tools
I§d - 5 [0 MLCD2006 B Data Reviewer Tools
Value By Editing Tools =
[0 - No Data B Geocoding Tools
k 11 - Water B3 Geostatistical Analyst Tools i
5] [121 - Developed, Open Space T ?;ﬂW\gAdTE"D‘S
- ode
2 Delopec, Lon nenty Y Linear Referencing Tools
= [ 23 - Developed, Medium Intensity B Muidimention TQDDI;
= I 24 - Developed, High Intensity  Networt Ay Tose |
b gi g:,:nui:imn By Parcel Fabric Tools
Production Mapping Teols
4 B2 B Foret g Schemat\csTuflE ?
i [ 43 - Mixed Forest P oot
erver Tools
52 - Scrub/Shrub
el g?l - G(r:;\andm B Spatial Analyst Tools
[ 81 - Pasture/Hay § E””d_‘“ﬂ”ﬂ‘
152 - Cultivated Crops . Dit"s'fif
5 90 - Woody Wetland % Ditance
[I195 - Emergent Wetland &' GE:eraIIEilznation 1
+ G dwats -
r:‘inrc:unlwaar e . .
Drawing~ K O~ A~ 7| [0) Al v ~B I U A-N-Z.

129062.973 2670444.25 Meters

What does the raster as-is show?
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SECTION 5 — Evaluating the Output

Because the Value field is nothing more than a counter for unique combinations of percent
forested and percent open, you have to dig a little deeper to get useful information out of the
output.

1. Inthe ArcMap Table of Contents, Right click on the Forest_Open and Open
Attribute Table.

2. Note that in addition to the Value and Count columns, the Combine tool also
returned the For_Final and Open_Final columns.

These values hold the key to our analysis!

Table =]
ERE L5
Forest_Open X
OBJECTID® | Value | Count For_Final Open_Final -
366 366 1412 47 17
867 867 1837 52 18
68 968 3252 56 18
869 869 2935 58 15
870 870 3140 [ 14
871 271 637 80 2
872 872 3554 78 5
873 873 2655 75 a8
274 274 7180 73 15
875 875 1524 45 17
78 876 1315 48 17
a7 arT 3160 57 16
878 878 3147 59 15
879 879 3457 &0 15
880 880 2182 83 4
2881 281 2575 83 3
882 882 3337 79 5
883 883 3296 78 ] mii
P 1+ » B[S 0 outof 3416 Selected)
Forest_Open

3. Use the Select by Attribute in the table menu and start a selection query.
Remember the GWWA habitat requirements: 70% of Forest and 22% of Open land.

4. Construct a query based on the exact requirements.
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Select by Attributes @

Enter a WHERE clause to select records in the table window.

Methed : Create a new selection 'I
"OBJECTID" ’

"Value"
"Court”
"For_Final"

"Open_Final"

E]
BE
&5

L= Or

= ]
B
il

15 Get Unique Values | Go To:

SELECT * FROM VAT _Forest_Open WHERE:
"For_Final" = 70 AND "Open_Final" = 27|

d

Clear JI Verify II Help II Load... I[ Save... I

[ seoty J[ Cose |

How many pixels are selected?

Our model yielded a pretty small amount of area using the exact specifications.
Since we’re modeling, and using coarse data, and nature tends to have a bit of
wiggle room anway; let’s increase the amount of forest and open space to give a bit
of a range.

5. Change the Select by Attributes to query plus or minus 5% for both forest and open
land.

("For_Final" > 65 AND "For_Final" < 75) AND ("Open_Final" > 17 AND
"Open_Final" < 27)

Now how many pixels are selected?

Hint: Right click on Count and use Statistics

How many acres does that equate to?

Try an online site like http://www.onlineconversion.com/ if you'’re stuck.
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6. Congrats, you have identified the areas which may be priorities for protection!

[E=N o =

o Y Lyer B A =l
LR F RN F RLGIS™ =

| »

6o(e120 & |

yaieas Gl

m

m o

@) GWWA.mxd - ArcMap - Arclnfo
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
O & B n & - | 1502400 - EGEE B
Editor = :
& Table Of Contents & X ArcToolbox
@ |Z| 28| H P #, Generate Near Table
o = Layers & Multiple Ring Buffer
Ly - - #, Near
StudyA A
@ . .|:| = -*%, Point Distance
e © O Forest Open By Statistics
- " B Cartography Tools
LX) Value
¥u High: 3416 By Conversion Tools
- w Coverage Tools
Low:1l ) Data Interoperability Tools
8 Data Management Tools
Fgd - o O MLCD2006 B Data Reviewer Tools
i Value By Editing Tools =
[0 - No Data B Geocoding Tools
k 11 - Water B3 Geostatistical Analyst Tools
5] [121 - Developed, Open Space T ?;ﬂW\gAdTE"D‘S
[ 22 - Developed, Low Intensity @ g °R; ool
[ 23 - Developed, Medium Intensity P N:‘”T:'d E'E"w_‘rg ;’U =
I 24 - Developed, High Intensity uitidimension Tools
P 731 - Barren Land B3 Network Analyst Tools
= &y Porcel Fabric Tools
141 - Deciducus Forest ;
B I 42 - Evergreen Farest B Production Mapping Tools
) I 43 - Mixed Forest B9 Schematics Tools
29152 - Scrub/Shrub B Server Tools
= [C171 - Grassland B Spatial Analyst Tools
[ 61 - Pasture/Hay &8s Conditional
&2 - Cultivated Crops % E;"“W
5 90 - Woody Wetland g Ditance
[I195 - Emergent Wetland 2 Btraction
& Generalization
& Groundwater
b e Lhdeal,
Drawing~ K O~A-~ @] Aval 10 +B I Ul A

84434.996 2671400.564 Meters
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Exercise 3 — Suitability Modeling

Session Objectives: At the conclusion of this session, you will be able to:

Create suitability models for windfarms in West Virginia using Boolean Overlay,
Index Overlay and Fuzzy Logic Membership techniques and interpret the
results.

Q Weight selection criteria using point allocation and ranking methods.

Suitability Modeling 1
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Material Created By: Mike Strager (Dec 2012)
Revised: Eric Kelchlin (Dec 2012)

Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\Exercise3\suit-modeling
GDB: all shapefiles

Imagery: demutm

MXDs:
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Part A — Suitability Modeling

This lab covers boolean overlay, index overlays, and suitability modeling with fuzzy
membership functions. The example is for site analysis of windfarms in north central
WV.

All data are located in D:\CSP7300\Exercise3\suit-modeling, unless otherwise
noted.

General instructions are provided for most of the lab lesson. Please ask if you have any
guestions.

Creating Analysis Grids

1. Launch ArcMap. Make sure you have the Spatial Analyst extension activated.
2. Add the following datasets from the suit-modeling folder.

demutm (digital elevation model for the study area)

airports

power (electrical powerline network)
major-roads

For our site suitability model, the overall goal is to find areas that are most suitable for
windfarm construction. The following objectives will be applied to our model:

e Windfarms should not be too close to an airport.

e Windfarms should be placed on predominantly western facing slopes to capture
prevailing winds.

e Windfarms should be on higher elevated areas.

e Windfarms should have power line networks available to link to interstate grids.

e Windfarms should be placed at sites to minimize their visibility from major roads.

To find the suitable areas that meet these objectives, we will need to use the functions
in the Spatial Analyst toolbar to create 4 new raster datasets. These include an aspect
arid, a grid of distances from powerlines, a grid of distances from airports and a visibility
arid showing degree of visibility from the roads.
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3. Open the Environment Settings in the Geoprocessing tab.

e Set your Workspaces to D:\CSP7300\Exercise3.

e Set the Processing Extent to the demutm.

e Set the Raster Analysis Mask to the demutm and the Cell Size to maximum of
inputs. These options are set to make sure our model runs only for the study

area we want.

4. Create Distance Grids:

¢ Create distance grids using the Euclidean Distance command to find straight line
distance grids from the airports and power line shapefile.

e Call the outputs dist2airports and dist2power. Make sure to keep the cellsize
at 30m.

e The output grids from running these two functions will create raster grids in
meters.

5. Create an Aspect Grid:
e Create an aspect grid from the demutm layer. Call it asp in the table of contents.
6. Create a Visibility or Viewshed Grid: (this will take about 10min to run)

e Use the viewshed command and specify the demutm elevation grid as the input
raster and the major-roads shapefile as inputs. Call the output visibility.

= D

*, Viewshed fo &)

Input raster ]

| demutm ~| &

Input point or polyline observer features

Imajor-roads Ll @

Output raster o
D:\CSP7300\Exerdise 3\visibility EW

7 fartnr (antinnal)

The result will show a legend of visible and non-visible areas (0 values) from the road
vertices. The higher the number in the grid, the more visible the cell location is from the
roads. The numbers correspond to the number of different sites along the road that can
see the cell location.
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Boolean Overlay

Following the objectives stated on the first page of this lab exercise, we will now create
criteria grids for the model to find suitable areas for windfarms.

1. Use the Raster Calculator to build expressions (one at a time) to find:

[ Areas that are more than 800 meters in elevation

[ Areas that are more than 1 mile (1600 meters) from airports

[ Areas that are 2 miles (3200 meters) or less from power line networks
[ Areas that can be seen from 8 sites or less along the major roads (<= 8)
[ Areas that are on westerly facing slopes (202 to 338 degrees).

NOTE: in ArcGIS 10, the raster calculator requires that expressions have () around
them such as ("asp"” >= 202) & ("asp" <= 338)

IMPORTANT: the raster calculator will create output grids resulting in cells = 1 true
meeting the expression or 0 = false not meeting the expressions outlined above. You
should rename the grids once the calculation is run so you remember the grid output.
The alias names of the grids in the table of contents can have spaces and an unlimited
number of letters but the saved grid names should never have spaces and be limited to
12 characters in their folders!

2. Rename the grids appropriately in the table of contents after each of the raster
calculations are run. For example:

= western facing slopes
mo
[}

= lower visible areas
o
1

- within 2 miles of power
[0
|}

= over 1 mile from airports

Suitability Modeling 5





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

Finding suitable areas

Because each grid has a value of 1 where the expression was true and 0 where the
expression was false, we can now use the boolean AND operator to find all areas in
which all the criteria are true.

1. Use the raster calculator with the & operator to find the suitable areas.
2. | have decided to call mine boo-result. You will use this grid again to answer some

guestions and make a map comparing it to the other suitability modeling
approaches.

["western fadng slopes™ == 1) & (lower visible areas™ == 1) & ("within 2 miles of power™ == 1} &
["over 1mile from airports™ == 1) & {"over 300 elev” == 1)|

Index Overlay

In this part of the exercise you will develop a suitability model using the same grid data
(aspect, dist2power, dist2airports, visibility, and demutm) and objectives, but you will
reclassify the grids to fit 5 classes. This makes it possible to combine the various grid
layers together that originally contained noncommensurate data values.

In Part A we converted all the of different criteria grids into [1, O] values in order to
combine them. Using the same general rules as in Part A, you will now reclassify the
grid datasets and assign new utility scores to the values as indicated below.

As a general rule in the utility scores, a value of 5 is preferred over a value of 4, 3, 2, 1
and 0 is not acceptable. We need at least three reference scores in the 1 to 5 range (ie
1, 3, 5) not counting the O criteria.

1. Starting with the demutm layer first, select the Reclassify Tool (Spatial Analyst >
Reclass) and click the Classify button.

® Change the Method to Equal Interval and change the number of classes to 6.

® Set the number of breaks to match the cutoffs you want. Start at the highest
number and work your way down. When finished the new Reclassify dialog box
will have the six breaks.

Suitability Modeling 6
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I' 2 ]
Classification Statistics
Count: 1341787
Minimum: 323
Maximum: 1275
Sum: 1170579862
Mean: 872.403639
Standard Deviation: 171.866922
Columns: 100 5 ] Show Std. Dev. ["] Show Mean
B 8 B 3
[w] w0
60000 g E '% § 8 E 481.666667
B g 5 = = 640.333333
50000+ * o L = 5
957.666667
400004
| 1275
30000+
20000+
10000+
0 I 1
323 561 799 1037 1275 [I]
Snap breaks to data values 406715 Elements in Class

¢ Set the utility scores (0 for the values that are not acceptable and then at least
three scores in the 1 to 5 range. Make sure the 800-900 range has a value of 1.

., Reclassify
Input raster
Idemutm
Redass field
VALUE
Redassification
Old values New values =
il - 323-800 0 I
| 800 - 900 1
N %0-100 . 0002
i 1000 - 1100 i 3
‘ 1100 - 1200 | 4
] 1200-127 4.
NoData i NoData
[Load... ] [Save... ] Reverse New Values
Output raster
D:\CSP7300Testing\Exercise3\Redass_demu3

e Name this new grid elev scores in the table of contents

Suitability Modeling 7
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2. Repeat the same process for the dist2airports grid using the values shown below.
Utility scores to use:

Reclasss the distance to airports (dist2airports)

Values Reclassed score
0 to 1600 0
1600 to 3200 1 NOTE: a distance of 1600 will be a 1

3200 to 4800
4800 to 6400
6400 to 8000
Above 8000

abrwnN

Call this new grid airport scores in the table of contents

3. Now that you have a handle on manually entering the scores, let’s speed things up a
bit on the last 3 grids.

® Reclassify the dist2power grid, but this time select the Load button and
browse to the power_source table in the Index_Overly folder. Select Load and

OK.
£, Reclassify

Input raster
| power scores
Redass field

VALUE
Redassification

Old values New values -

0 0 1
E 1 2 }
1 2 3 1
] 3 - 1
E 4 3 }
[ 5 &

| NoData NoData

® Repeat the same process for the visibility and asp grids. The tables to load are
called visibility_scores and asp_scores, respectively. Rename the grids in the
table of contents as listed below.

Suitability Modeling 8
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Reclassify the distance to powerline networks (dist2power)
Values Reclassed score

0 to 1600 5

1600 to 2000
2000 to 2400
2400 to 2800
2800 to 3200
Above 3200

NOTE: a distance of 3200 willbe a 1

OFrLNWHA

Call this new grid power scores in the table of contents

REMEMBER THAT WE DON'T HAVE TO USE ALL VALUES FROM 0 TO 5 BUT DO HAVE TO
USE AT LEAST THREE NOT ZERO IE (5,3,1)

Reclassify the degree of visibility from the roads (visibility)

Values Reclassed score

Oto1l 5

1to2 4

2to 4 3

4t06 2

6to 8 1 NOTE: a visibility value of 8 will be a 1
Above 8 0

Call this new grid vis scores in the table of contents

NOTE THAT THE ASPECT GRID NEEDS 7 CLASSES FOR THE 0 TO 5 RANGE

Reclassify the areas that are west facing slopes (asp)
Values Reclassed score

0 to 202
202 to 229
229 to 256
256 to 283
283 to 310
310 to 338
338 to 360

OFrRr wWuUlLwEr o
= = )
o -
o o
s S
™ o
w v o
- ©
o

Call this new grid aspect scores in the table of contents

4. When you have all the grids finished, use the raster calculator to multiply them all
together and name the output index-result. You will use this grid again to answer
some questions and make a map comparing it to the other suitability modeling
approaches.
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Fuzzy Logic Membership Functions

In this part of the exercise you will develop a suitability model using the same grid data
(aspect, dist2power, dist2airports, visibility, and demutm) and objectives, but will give
utility scores using fuzzy membership functions.

As a general rule in the utility scores, a value of 1 is most preferred while 0 is not
acceptable.

The con function in ArcMap acts as an if — then - else statement. It is very useful for
creating the fuzzy membership functions.

YOU COULD COPY / PASTE THE FORMULAS INTO THE RASTER CALCULATOR IF
YOU GET THIS WORD DOCUMENT DIGITALLY. BE CAREFUL BECAUSE
SOMETIMES THE QUOTES “ WILL BE DIFFERENT AND SO WILL THE — SIGN
FROM MS WORD TO ARCMAP! You may have to retype all the quotes and minus
signs in the raster calculator if you get an error message.

Membership functions to use:
1. Use the raster calculator on Elevation (demutm)
Con("demutm" < 400, 0, Con("demutm" > 1200, 1, ("demutm" - 400) / 800.0))

e Call this new grid fuzzy elev in the table of contents

B =E
L]

» Map Algebra expression

<>vis j“ Conditional ﬂ
G (A IR IR ESEETEY o

<>asp weset _|_|_| _|_|:|_| Sethull

oﬁiliipfif _|_|_| N 5 | I
Quewres 0 [ (bl

Con{"demutm” < 400, 0, Con{"demutm” = 1200, 1, ("demutm™ - 400) / 800.0))

Output raster
ID:'l,IabZdata'lrasterll E;-l

[-]
0K I Cancel Environments... | Show Help == |

Suitability Modeling 10





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

2. Use the raster calculator on distance from airports (dist2airports)

Con("dist2airports" < 800, 0, Con("dist2airports" > 2400, 1, ("dist2airports" - 800)
/ 1600.0))

e Call this new grid fuzzy airport dist in the table of contents

3. Use the raster calculator on distance from power (dist2power)

Con("dist2power" > 4800, 0, Con("dist2power" < 1600, 1, ((4800 - "dist2power") /
3200.0)))

e Call this new grid fuzzy power dist in the table of contents

4. Use the raster calculator on visibility (visibility)
Con("visibility" < 4, 1, Con("visibility" > 12, 0, ((12 - "visibility") / 8.0)))

e Call this new grid fuzzy visibility in the table of contents

5. Use the raster calculator on areas that are west facing slopes (asp), southwest, or
northwest.

Con("asp" <= 202, 0, Con("asp" < 247, (("asp" - 202) / 45.5), Con("asp" < 292.5,
1, Con("asp" < 337.5, ((337.5 - "asp") / 45), 0))))

e Call this new grid fuzzy aspect in the table of contents

6. Now combine all of the grids using multiplication and conversion to integer making
sure to include the conversion of the data to integer using the equation below. If
your grid names are different from not following exactly my renaming structure
above don’t sweat it — just change accordingly to make it work. Note that the result
is usually expressed in a range from 0 to 1 but | included 100 to put the resultin a 0
to 100 range so that | could also keep the values integer which saves space.

Int(("fuzzy aspect” * "fuzzy visibility" * "fuzzy power dist" * "fuzzy airport dist" *
"fuzzy elev") * 100)

7. | have decided to call mine fuzz-result. You will use this grid again to answer some
guestions and make a map comparing it to the other suitability modeling
approaches.
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PART A QUESTIONS

1. Besides the boolean operator &, what is another method that could be used to find
the suitable areas in Part B of this exercise? Explain. What would have happened to
your map result from Part C and Part D if you combined all the scored criteria layers
with the & operator?

2. How many of the cells from the boolean overlay from Part B of this exercise were
suitable for windfarms? What is the total area in acres? What percentage of the study
area is suitable with this method?

3. In Part C of this exercise how would the addition of all the final objective grids give
us a different result than the multiplicative operator you were told to use? Explain.

4. How many of the cells from the index overlay from Part C of this exercise were
suitable for windfarms? What is the total area in acres? What percentage of the study
area is suitable with this method?

5. Based on the papers that were provided for this topic, what part of the suitability
model is missing from our analysis? Explain. Also based on the assigned papers, what
are some limitations with what we did?

6. How many of the cells from the fuzzy membership functions from Part D of this
exercise were suitable for windfarms? What is the total area in acres? What
percentage of the study area is suitable with this method?

7. Using the lecture notes from class as a guide, draw membership functions for the
objectives we calculated in Part D of the exercise. You may find it easier to do them as
graphs in Excel.

8. Using the final output grids from Part B, C, and D, display the maps all on one page
using a legend for windfarm suitable areas as highly suitable, suitable, low suitability
and not suitable. Include any appropriate text on your map and be sure to explain how
you made the decision on the levels of suitability.

9. Explain which of these techniques Boolean, Index Overlay, and Fuzzy logic would be
best used if our wind power company was not going to receive any government
subsidies and the decision for siting these windfarms had to be as good as possible
while still being able to rank order sites.

10. Go to ArcMap Help and explain the fuzzy membership tool available in the
software.

11. Answer the questions regarding the following readings for this topic.

PAPER #1 (Eastman et al., 1995)
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a) What is multicriteria evaluation?
b) Why is it necessary to standardize criteria scores?
c) Describe what a least risk solution is.

PAPER #2 (Yoon, 1989)
a) What is the purpose of this paper?
b) What could be some possible sources of error when performing spatial
map overlay?

PAPER #3 (Veregin, 1995)
a) Describe the relationship between the composite map accuracy and the
number of data layers used as inputs in a model (Figure 7).

12. Go back and create an ArcMap model using Model Builder for the Fuzzy logic
membership functions and final overlay model. Also be sure to save your toolbox and
all the input grids you will need (visibility, distance to airports, powerlines, aspect,
elevation) because we will use this model next for sensitivity analysis.
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Part B — Group Exercise

This part of the lab assignment today requires you to work in groups of three to four
students. Also, come up with a group name.

Using the criteria to find suitable areas to develop windfarms:
e Degree of visibility

Elevation

Westerly facing slopes

Distance from airports

Distance from power networks

| would like each group of three to four students to reach consensus on the preference
weights that should be allocated to each of the criteria. Work with each other to decide
on weights using the point allocation method, and one of the ranking methods of your
group’s choice. After completing the tables below, work through the pairwise
comparisons as a group on the back side of this document. You will later calculate the
weights from your pairwise comparison results on your own using EXCEL.

Rating method: Point allocation

WEIGHT | CRITERIA

Degree of visibility

Elevation

Westerly facing slopes

Distance from airports

Distance from power networks

Ranking method you chose:

WEIGHT | CRITERIA

Degree of visibility

Elevation

Westerly facing slopes

Distance from airports

Distance from power networks
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For each paired choice below, fill in the circle to indicate which of these criteria
you feel are more important (or equal) for siting windfarms.
&
&
<

=

P

& 4\% &/ o o

@/ @/ & &
Degree of visibility O O 0O 0 O 0O O Eevation
Degree of visibility OO0 00000 Westerly facing slopes
Degree of visibility O O 0O 0 O 0 O npistance away from airports
Degree of visibility O O O 0O O O O npistance near power
Elevation OO0 00000 Westerly facing slopes
Elevation O O O 0O O 0O O Dpistance away from airports
Elevation O O 00 0O 0O O pistance near power
Westerly facing slopes O O 0O 0 O 0 O npistance away from airports
Westerly facing slopes O O 00 O 0O O npistance near power
Distance away from airports O O 00 0O 0O O pistance near power

PART B QUESTIONS

Question 1

You worked with other students to compute weights for the five criteria to be used for
evaluating areas for windfarms. You used the rating method (point allocation), a
ranking method of your group’s choice and the also completed the pairwise comparison
form. Now | would like you to use the results from the pairwise comparison form to
compute weights for each of the criteria. | would like you to use Excel for the
calculations. Refer to the example used in lecture for help.

Question 2

Was the type of pairwise comparison test an abbreviated or full pairwise comparison?
How do you know? Were the pairwise comparison responses consistent within your
group? Explain how you could determine if they were or not consistent?
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Question 3

In the lab today each group will have to calculate weights using the pairwise comparison
approach and when finished report the weights in a table written on the board. Once
you have the weights from all the groups | would like you to determine if the weights
from all the different groups should be averaged for one overall weight set — Show all
work! (Note: see the Strager and Rosenberger 2006 paper for guidance on the inter
group preferences, ie stakeholders versus board members versus outside experts).
Hint: the stat test Chi-Square will work fine.

Group Names: visibility elevation aspect dist to airports| dist to power
1

[l = FV )

Question 4

In the partB folder of the suit-modeling directory add the grid datasets into ArcMap for
fuz-vis, fuz-airport, fuz-aspect, fuz-elev, and fuz-power. These are the data layers
representing the fuzzy utility scores from the previous part A. They include fuzzy
membership function grids for visibility, distance from airports, westerly facing slopes,
elevation, and distance to power networks.

| would like you to create suitability grids for each of the groups using the fuzzy criteria
grids and the preference weights from each groups’ pairwise comparison results. Use
the Weighted Sum command in ArcToolbox to integrate the criteria and weights. Find
the top 15% of the score for each group and then determine if there is any common
area that they share. The locations that share the same top 15% will be the locations
least affected by preference weights and therefore the most robust in our overall
suitability result. They have the most spatial consensus and will be the easiest to
actually get a windfarm project to happen. Make a map of just these areas and export
the map as a jpg.

Question 5

Notice that in the PartB folder is a shapefile of the proposed windfarms called
windfarms.shp. Add this shapefile to ArcMap and compare your group’s weights to
these windfarm locations. Many of these windfarms have been permitted but not yet
built. Were the areas you found to be suitable for windfarms similar to where the
permitted windfarms are located? What do you feel were the driving factors for the
locations of these permitted windfarms? What criteria in our model may need to be
reconsidered or the ranges for utility scores changed?
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Exercise 4 - Using Modelbuilder to Create a Decision Support
Tool

Session Objectives: At the conclusion of this session, you will be able to:

d  Use ArcGIS ModelBuilder to create a conceptual model

O Calculate fields using logic with VBScript

L Create a decision support map guiding conservation actions.
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Material Created By: Sean Fields (Dec 2012)
Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\DST_Exercise
GDB: mt_bwd_wmd.gdg

Imagery:

MXDs: DST_Exercise.mxd
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PART 1: Using Modelbuilder to create a polygon feature class representing density
of nesting cover available to a breeding hen mallard in the Prairie Pothole Region of
Montana

The Prairie Pothole Region (PPR) of North America is the most important breeding area for
upland nesting ducks on the continent, including mallard (Anas platyrhynchos). Prior to an
annual ground-based survey to collect data for habitat and population analysis, the
following conceptual model was created to guide management actions to benefit breeding
mallards in the PPR of Montana. Conceptually, waterfowl biologists agree that areas with
high wetland and grassland densities have a greater potential to benefit breeding
populations compared to areas with low grassland and wetland densities. Using these two
basic habitat preferences, we will create a model that identifies areas in the Bowdoin
Wetland Management District for specific management actions.

All data are located in D:\CSP7300\DST_Exercise, unless otherwise noted.

STEP 1: Create a new model in ArcToolbox
e Launch ArcMap and open DST_Exercise.mxd.

e Familiarize yourself with the layers in the Table of Contents. Use the View ltem
Description in the Data option in each of the layer properties to read the description.
(Note: two object tables are located in the List By Source section of the Table of
Contents)

e Open ArcToolbox and add the CSP7300 toolbox created in the first ModelBuilder
exercise. Create a new model in the toolbox.

ArcToolbox

&l ArcToolbox

=) 3D Analyst Tools

2@ Analysis Tools

» @ Cartography Tools

=-&p Conversion Tools

SEE
Py

+ @ Data 1 B post

» @3 Data M =

=@ Editing X Remove

=& Geoco Rename

B Geosty New 1® Tooser

] [3= model..

= @ Linear|

5 & Multidi B Publish To ArcGIS Server

2 @ NCTC Save As >

& Netwo| = Item Description...

7@ NLCD i
- @ Parcel ™ Properties...

[
[
[
[

-

[
[
[
[
[
[
[
[
[
[
[
[
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e Rename the model. Open the Model Properties dialog located in the Model menu at
the top of the ModelBuilder interface. Change the name to MallardDST (no spaces)
and the label to Mallard DST

Conceptual Mallard Model Properties 2] x|

General |Parameters| Environmentsl Help | Iteration'

Name:

IMaIIardDST

Label:
IMaIIard DST

Description:

Creates a decision support tool for breeding mallard ;I
management|

STEP_2: Add geoprocessing tools to the model to reclassify the landcover and run a raster
neighborhood analysis to identify areas of perennial nesting cover.

e Drag the Reclass By Table tool (Spatial Analyst Tools — Reclass) into the
ModelBuilder canvas. Use the tool to reclassify the Bowdoin WMD ReGAP
Landcover layer to a binary perennial nesting cover raster (i.e. 1 = nesting cover, 0 =
non-nesting cover). Set the tool parameters to match the one below. Click OK.

"\, Redlass by Table x|
=

Input raster
| Bowdoin WMD ReGAP Landcover
Input remap table

| 4

| 4
E] 1 1 L 2] [E]

| mt_regap_reclass

From value field

| from_

To value field

| to_

Output value field

| out_

Output raster

| D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_nesting

[~ Change missing values to NoData (optional)
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e The simple model containing one geoprocessing tool should look similar to the one
below.

= Mallard DST _|o| x
FeematardpsT =[o]x|

Model Edit Insert View Windows Help
S AR x|~ BERNILRM RSP

-
B

Reclass by
Table

‘ |>|_Ad

e Drag the Focal Statistics tool (Spatial Analyst Tools — Neighborhood) into the
ModelBuilder canvas. You will sum the total number of cells representing nesting cover
in a neighborhood size around each grid cell that represents the home range of a
breeding hen mallard (radius of 1810 m = circle area of 4 mi?). Set the tool parameters
to match the ones below. Set the Radius AFTER choosing Map as the units. Click OK.

"\, Focal Statistics x|

Input raster

| bwd_nesting -

Output raster

I D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_nesting_sum
Neighborhood (optional}
ICircIe LI

 MNeinhhorhond Settinos

Radius: |131D

Units: " Cell @ Map

Statistics type (optional}
| sum |

[¥ ignore NoData in calculations (optional)
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e The model should now look similar to the one below.

Model Edt Insert View Windows Help
S AR x2S BERHEEAN RSP

|»

Focal
Statistics

Recla;s by
Table

bwd_nesting

2l

e Drag the Times tool (Spatial Analyst Tools — Math) into the model. Set the parameters
to match the ones below. This will calculate the proportion of nesting cover within a
home range of a breeding hen mallard. (Note: The constant value of 0.00006884 is
used here because there are a total of 14505 pixels in a neighborhood defined by a
1810 meter radius. To get the proportion of nesting cover around a given pixel, the
pixel value must be divided by 14505 or multiplied by 0.00006894 (1/14505). The
Divide tool does not work for this step because the resulting raster is an integer type.
We need a floating point raster type to store the decimal values.)

M
]

Input raster or constant value 1
| bwd_nesting_sum >
Input raster or constant value 2
| 0.00006894 |

Output raster
I D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_nesting_prop

4
o] |3] |&]
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¢ The model should now look similar to the one below.

= Mallard DST -|ol |

Model Edt Insert View Windows Help
[ IR NG R P H L R

STEP_3: Add geoprocessing tools to the model to reclassify the percent nesting cover
raster to categories and convert it to a polygon feature class.

e Drag the Reclass By Table tool (Spatial Analyst Tools — Reclass) to reclassify the
bwd_nesting_prop raster layer to a raster with aggregated nesting classes. Set the
tool parameters to match the one below. Click OK.

“\, Redlass by Table (2) x|
]

Input raster
| bwd_nesting_prop
Input remap table

| nesting_reclass

From value field

I from_

To value field

I to_

Output value field

I out

Output raster

I D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_nesting_reclass

| 4

1] 1o 1 L[] (]

| 4

[~ Change missing values to NoData (optional)
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e Drag the Raster to Polygon tool (Conversion Tools — From Raster) to convert the
bwd_nesting_reclass raster layer to a polygon feature class. Set the tool parameters
to match the one below. Click OK.

“\, Raster to Polygon x|
=

Input raster

| bwd_nesting_reclass

Field (optional}

| vALUE

Output polygon features

I D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_nesting_classes_pl

| 4

2] L [2]

[~ Simplify polygons (optional)

e The model should now look like the one below. Save the model.

w** Mallard DST o (=153

Model Edit Insert View Windows Help
S @B x|9 > BB ERII NS P

b

Conceptual Model Decision Support Tool 8





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

¢ Run the model and review the results. Symbolize bwd_nesting_classes_pl with the
bwd_nesting_classes_pl.lyr layer file (Hint: use the Import option in the symbology
tab of the layer properties). Compare the areas in the Bowdoin Wetland Management
District with high densities of nesting cover to the original ReGAP Landcover. Do the
results make sense? (NOTE: 5 minute model run time)

Percent Grass
0-10
10-40

B 40-80

I 80-100

STOP HERE
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PART 2: Calculate the density of prairie potholes in square mile sections

STEP 1: Convert the wetland basin polygon layer to points

Add the Feature to Point tool (Data Management Tools — Features) to the Mallard
DST model. This tool begins a new branch to the model.

Choose bwd_basins as the input features.
Name the output file bwd_basins_pt and save it in the mt_bwd_wmd geodatabase.

Choose the inside option (i.e. make sure it is checked) to ensure the points fall inside
the wetland basin polygons. Click OK.

“\, Feature To Point

Input Features

| Bowdoin WMD Basins

Output Feature Class

| D:\CSP7301\DST_Exercise\mt_bwd_wmd.gdb\bwd_basins_pt

1 flx

| 4
o] [o]

[¥ Inside (optional)

STEP 2: Create a spatial join to sum the number of wetlands in each section of the PLSS
layer.

Add the Spatial Join tool (Analysis Tools — Overlay) to the model.
Choose Bowdoin WMD PLSS as the target feature.
Choose bwd_basins_pt as the join features.

Name the output feature class bwd_basins_plss_join and save it in the mt_bwd_wmd
geodatabase.

Choose CONTAINS as the match option and keep the remaining defaults. Click OK.
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"\, Spatial Join

Target Features

| Bowdoin WMD PLSS

Join Features

| bwd_basins_pt
Output Feature Class

Join Operation (optional)

|D:RCSP?3D1RDST_Exercise'\mt_bwd_wmd.gdhkhwd_basins_plss_join

| J0m_ONE_TO_ONE
[¥ Keep All Target Features (optional)

Field Map of Join Features (optional)

X
=]
=]
B
=l

- Shape_Length (Double)
- Shape_Area (Double)

- AREA_1 (Double)

- PERIMETER_1 (Double)
-HLBASALLI_ (Long)
-HLBASALL11 (Long)

- FINALWATER (Long)

- BAS_REGIME (Text)

- BAS_NUM (Double)

- BAS_ACRES (Double)

- Shape_Leng (Double)

- MLBAS_13_ (Double)

- MLBAS_13_I (Double)

- Shape_Length_1 (Double)
- Shape_Area_1 (Double)
- ORIG_FID (Long)

ou O OO o O s oy OO OO o Y ey OO s OO e O o Yoy IO e OO o Y o IO

al
al
al
al
al
al
al
al
al
al
al
al
al
al
al
al

Match Option (optional)

]

[x [+

L« [=

CONTAINS

0K I Cancel

Apply

= 4

| Show Help => |

STEP 3: Create a new field and and calculate the field using a VB script.

e Add the Add Field tool (Data Management Tools — Fields) to the model.

e Choose bwd_basins_plss_join as the input table. Set the remaining tool parameters

to match the one below. Click OK.

Conceptual Model Decision Support Tool
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"\, Add Field

Input Table

| bwd_basins_plss_join

Field Name

| wet_count_class
Field Type

| TExT
Field Precision (optional)

Field Scale (optional)

Field Length (opticnal)

Field Alias (optional)

10

[¥ Field IsMullable {optional)

[~ Field IsRequired {optional)

Field Domain (optional)

STEP 4: Calculate the new field to aggregated wetland basin counts using VBA field
calculator. (Note: An alternate to using the VBA code block would be to iteratively select
records in the feature class and calculate them for each category. Learning to use VB or
Python scripting will save time and make you a more efficient spatial analyst.)

Choose “bwd_basins_plss_join(2)” as the input table.

Set the field name to “wet_class_count”.

Set the expression type to be “VB”

Add the Calculate Field tool (Data Management Tools — Fields) to the model.

Type “wetclass” into the expression parameter. Do not use expression builder for this.

Open the “calculate_fields_expressionl.txt” text file in the exercise directory using
notepad. Copy and paste all of the text to the code block. Review the code. See if you
can follow and understand the code logic. The tool parameters should match the one
below.

Conceptual Model Decision Support Tool
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“\ Calculate Field x|

Input Table

=
|bwd_basins_pm _join (2) | @
[

Field Name
| wet_count_class

Expression

I wetclass

Expression Type (optional)
[ve

Code Block (optional)

Dim wetclass -

If [Join_Count] < 4 Then
wetclass= "0-3"

glseif [Join_Count] = 3 AND [Join_Count] < 11 Then
wetclass= "4-10" —

glseif [Join_Count] = 10 AND [Join_Count] < 26 Then

wetclass= "11-25" -
<] :

e The second part/branch of the Mallard DST model created in Part 2 above should
look like the one below

w** Mallard DST _ o] x|

Model Edit Insert View Windows Help
HS HB x| Pl A8 kP

| »
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PART 3: Union the nesting cover density feature class with the wetland basin
frequency feature class and symbolize the result to create a decision support tool.

STEP 1: Union the feature classes together.

e Drag the Union tool (Analysis Tools — Overlay) into the model. Choose the
“bwd_basins_plss_join(3)” layer and the “bwd_nesting_classes_pl” layer as the
input features from the dropdown list. Leave the Ranks fields blank.

e Name the output feature class “bwd_decision_tool” in the mt_bwd_wmd.gdb
geodatabase. Keep the remaining default values and click OK. The tool should look
like the one below.

M
]

Input Features

| =~ e
Features Ranks o
@5 bwd_basins_plss_join (3) —
& bwd_nesting_classes_pl x

+
+
4| | 2]

Qutput Feature Class
| D:'\CSP?3IZIll‘\DST_Exercisekmt_hwd_wmd.gdb\bwd_decisiun_toul

JoinAttributes (optional)

[ALL

XY Tolerance (optional)

I Meters

L] 1 [B]

[v Gaps Allowed (optional)

|

OK | Cancel | Apply | ShowHeIpb:’l

STEP 2: Add a new field.
e Add the Add Field tool (Data Management Tools — Fields) to the model.
e Choose bwd_decision_tool as the input table.

e Call the new field “action” .Set the remaining tool parameters to match the one below.
Click OK.

Conceptual Model Decision Support Tool 14





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

x
]

Input Table
| bwd_decision_tool -

Field Mame

Iactiun

Field Type

ITE)(T =]

Field Precision (optional)

Field Scale (optional)

Field Length (optional)

Field Alias (optional)

[¥ Field IsMullable (optional)

[~ Field IsRequired (optional)

Field Domain (optional)

I

0K I Cancel Apply Show Help => |

STEP 3: Calculate the new field to desired conservation actions using VBA field calculator.
e Add the Calculate Field tool (Data Management Tools — Fields) to the model.

e Choose “bwd_decision_tool(2)” as the input table.

e Set the new field name to “action”.

e Type “con_action” in the expression parameter. Do not use expression builder for
this.

e Set the expression type to be “VB”

e Open the “calculate_fields_expression2.txt” text file in the exercise directory using
notepad. Copy and paste all of the text to the code block. Review the code. See if you
can follow and understand the code logic. The tool parameters should match the one
below.
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"\, Calculate Field (2) x|
=]

Input Table

[ bwd_decision_tool (2) ~ @
=l

Field Name
|acti|:|n
Expression

Icun_action

Expression Type (optional)
[ve

Code Block (optional)

Dim con_action

| »

If [wet_count_class] = "0-3" AND ([grid_code] = 1 OR [grid_code] = 2) Then
con_action = "Extensive Restoration” —

elseif [wet_count_class] = "0-3" AND ([grid_code] = 3 OR [grid_code] = 4) Then
con_action = "Wetland Creation & Restoration”

elseif [wet_count_class] = "4-10" AND ([grid_code] = 1 OR [grid_code] = 2} Then

con_action = "Wetland Creation & Restoration” _ILI
<] 3

STEP 4: Run the model and review the results.

e Save the model. It should look similar to the one below (Note: The model below
was reorganized to fit on the page).

“»» Mallard DST =] 3|

Model Edit Insert View Windows Help
== E T = A BN E--R A RO R Sl R 2

e Run the model. This will execute only the portion that was not run in Part 1.
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e Add the results “bwd_decision_tool” to the map and symbolize using the
bwd_decision_tool.lyr layer file located in the project directory. Use the Import

option in the Symbology tab of the layer properties to import the symbology in the
bwd_decision_tool.lyr file.

e Your results should look like the one below

Management Decision Matrix

High

Intensive
Management

Wetland Frequency
10

Extensive Habitat
Restoration

Low

40
Lw———Percent Grass ———Hish
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Exercise 5 — Hydrological and Watershed Analysis

Session Objectives: At the conclusion of this session, you will be able to:

d  Use ArcGIS to compute flow direction, flow accumulation grids, delineate
watersheds, track overland flow across the landscape and calculate drainage
areas.

d  Perform a watershed analysis to estimate stream flows, develop a surface moisture
index, calculate stream curvature and delineate riparian areas.
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Material Created By: Mike Strager (Dec 2012)

Revised: Eric Kelchlin (Dec 2012)

Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\Exercise5\hydro-lab

GDB: all shapefiles

Imagery: demfill (elevation), finaltif.tiff (aerial photo), lake_lynn_se.sid (topo 24k)

MXDs: lab-exercise.mxd
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Part A - Surface Hydrological Analysis

In this part you will perform some common GIS hydrological analysis. Using the topics
presented in lecture, you will compute flow direction and flow accumulation grids, delineate
watersheds, track overland flow across the landscape, and calculate drainage areas.

All data are located in D:\CSP7300\Exerciseb\hydro-lab, unless otherwise noted.

1. Launch ArcMap and open the lab-exercise.mxd.

2. Use the identify tool, ) to select different locations to query the elevation at different
points. The value of the pixel is the elevation in meters.

Computing Hydrologic Grids for Analysis

For this part of the exercise, you will compute the flow direction and flow accumulation grids
to perform hydrological modeling.

1. Setyou’re Workspace to Exerciseb in the Geoprocessing>Environment Settings.

*{ Environment Settings @
A Workspace 2
Current Workspace =
D:\CSP7300\Exercse5
Scratch Workspace
D:\CSP7300\Exerdise5

¥ Output Coordinates

2. Using the ArcToolbox -> Spatial Analysis Tools -> Hydrology, select Flow Direction as
shown below. Name the grid FlowDir.

-

., Flow Direction =N ol =

Input surface raster

>~
Ielevation E‘

Output flow direction raster
D:\CSP7300\Exercise5\FlowDir &

m

| Force all edge cells to flow outward (optional)
Qutput drop raster (optional)

@ -
[ OK H Cancel HEnviromnents...H Show Help >> }
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e You should see a flow direction grid, which helps us track the overland flow across
the landscape.

3. Next, compute the flow accumulation grid.
e Select Flow Accumulation in the Hydrology Spatial Analysis menu of ArcToolbox.

e Specify the FlowDir grid as the input flow, and save the file as flowacc.

[« S
., Flow Accumulation (o] ® |
Input flow direction raster ) -
. =
IFioler L[ ==
Output accumulation raster )
D:\CSP7300\ExerciseS\flowacc Ip-_i‘ £

L J

Input weight raster (optional)
|~
| -l &

Output data type (optional)

1 MAT —
4 m "

| OK | Cancel | {Environments... | | Show Help >>

e This will take a few seconds to run and will create a flow accumulation grid like the
one below.

_laix]
File Edit WView Bookmarks Insert Selection Geoprocessing Customize Windows —Help
Ne & B % |0 o | & [FB5 i EEEE T 32
Layer: K;” topomap 1:24K LI )}5 h]LL "0 I\‘ "o =
EEEECL A=
E = Layers B

= @

Value
High : 584108

=

Jopo

3

LT
Ky AR

Low:0

B FlowDir
|}t
)
W4
_E
B0
(kv LI

-8 Distance =] L
& Extraction [~
-8 Generalization
-8 Groundwater
-8 Hydrology

‘-\\ Basin

Watershed Analysis 4





GIS Design II: Data Analysis and Model Building
U.S. Fish and Wildlife Service

National Conservation Training Center

The lighter colored areas are those with higher flow accumulation values or higher drainage

areas. If you use the identify tool you can query this grid for its values.

Remember that the values in the flow accumulation grid tell you the number of cells that flow

to that location. If you multiply the number of cells by the cell size (9meters) it will give you

the drainage area in meters squared.

1. For example, zoom to area above Coopers Rock Lake as shown below.

%, lab-exercise.mxd - ArcMap - ArcInfo

Eile Edit View Bookmarks [Insert Selection Geoprocessing Customize Windows Help
D & Bx|o & - |[137625
grawingvm@ &0 A - o] Al
Layer: W iﬂlm J\’ !c ;_\’

S l=Its] Ll
=M =8 1 u2lA-5- 2.5

 Table
EEEEE

[ B |

B3

3z

| =

[mmp:]
topomap 1:24K
= O elevation

Value
. High : 2465

Low: 1328
aerial photo

| | —

v

& Distance
& Extraction

+ Generalization

. -8 Groundwater

i -8 Hydrology E
s Fill

#
-#. Flow Accumulation
- w Direction

y, Flow Length E
Sinke ] IS
Ll 3 ja@

- ol x| % |ab-exercise.mxd - ArcMap - ArcInfo — ol x|
Eile Edit View Bookmarks [Insert Selection Geoprocessing Customize Windows Help
: e E& B x| 9 0| [ 2 EEEE T e x? 5
Layer: [ topomap 124 1B i S S S g
= [ E 8883 o)
*
3 ;s =
=Y _BY <
& w3z Q
o s .
128 2
b topomap 1:29K vu
xa Bl O elevation
i value -
& ! High : 2465
“low : 1328
aerial photo
K
o & Distance
s Extraction
» Generalization
s Groundwater B
. s Hydrology
G 5, Basin 5
o o
“, Fil
" #.. Flow Accumulation r;j
) -#%, Flow Direction x¥
I3 i -#%, Flow Length
-#, Sink
BT | 4 > )
£ %

2. Next, turn on the Flow Accumulation grid in the table of contents to see the accumulated

cell values.

File Edit View Bookmarks

Ot E & B x| &+ - 1224
Drawing~ W (=) &5 | [] - A - I.O] Prial

% lab-exercise.mxd - ArcMap - Arcinfo — ol x|

Insert Selection Geoprocessing Customize Windows Help
A EEEB O
e =e s uplA-N-2-

Layer: |4’>' topomap 1:24K

ERLSSSE

Bl =
e =
[ = Layers - ;:

B [ flowace %
Yalue G
High : 584108
e
AR
Low: 0 o
= O FlowDir *
Bt
2
B
s
M 15 = | [
| [ Distance | ]
[ &1 Extraction
s Generalization
& Groundwater
& Hydrology &
Basin J =
Fil 8
Flow Accumulation g}_']
Flow Direction ®
xy

Flow Length

.
I;l"lmﬂe";l :
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If you select one of the white cells with the identify button, it will tell you the number of cells
that flow to that point. In my example, | clicked on the white grid cell and found a cell value
of 283,192.

If | wanted to convert this value to drainage area, | would multiply it by 9 (each cell is 3 by 3
meters) to get the drainage area in meters squared. And if | wanted to convert it to acres |
would multiply it by 0.00024718. The work is shown below

Flow Accumulation pixel value = 283,192 cells

Drainage area in meters squared = 283,192 * 9
= 2,548,728 meters squared

Drainage area in acres = 2,548,728 * 0.00024718
=629 acres

Using the method just described above, calculate the drainage area for the right fork of
Glade run at the location shown below.

TIP: there is a calculator available at START button -> All Programs -> Accessories ->
Calculator.
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Intermittent streams, stream orders and watersheds,

For this part of the exercise, you will delineate potential intermittent stream paths from the

drainage area grid.

1. Select all the flow accumulation cells that have a minimum stream drainage of 80 acres

and create a new grid using the Raster Calculator.

Remember that the flow accumulation grid starts at a ridgetop with O cells flowing into it
and picks up drainage area as it goes downstream. You need to select the stream
drainages that are 80 acres or larger (Based on USGS estimates for intermittent streams
in this part of the Mid-Atlantic Highlands.

e Determine the correct flow accumulation value to query that corresponds to 80 acres
or larger. Remember that the cell size is 3 meters by 3 meters. Hint: 1 acre = 4046.9
meters squared.

Once you have created the new stream grid, run the Hydrology - > Stream Link
command to create a unique numbering system for each stream segment. After it runs
you may have to make your grid symbology unique values to see each segment.

% |ab-exercise.mxd - ArcMap - ArcInfo - IEI ﬂ
Eile Edit View Bookmarks [Insert Selection Geoprocessing Customize Windows Help
D2ES B8 %9 0| [ws S A=l=151 =
Drawna~ K (5 8|0 - A + < [0 7 HwEHs:roeA-0-2-§
Layer: I‘@'tupumap 124K LI ;P%, h]l]n 'r‘m ":\u !\\;
Table Of Co |
= 0
8CE| g 2
E] @ |
M | &
-2 Q
3 B
B EDS
s i
s
N *
s
[k .
B
| k81 i
i = x
%, Basin = @
- Fl
', Fi
.....(Q Flow Accumulation
-----'{‘, Flow Direction y
.....f\ Flow Length -
i
- #%, Sink
'{‘, Snap Pour Point J M
ﬁ Stream Link e
.....'{Q Stream Order @J
'{Q Stream to Feature =
. \atarchad i =l
1 | > gElen 4] | & comm
604364.37 4391969.43 Meters v

Watershed Analysis 7





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

3. Stream order is also found in the Hydrology menu list and allows you to choose between
strahler and shreve orders. Run it as shown below even though your stream link output
grid may be named slightly differently than mine.

o= =

,-_r\\' Stream Order = | (=) “ih]
Input stream raster ]
|StreamLink LI

Input flow direction raster

[FlowDir ~]

Output raster
D:\CSP7300)\Exerdise5\StreamOrder &
Method of stream ordering (optional)
STRAHLER v
4 m »

ok || cancel | [Environments... || ShowHelp >> |

4. Determine how many first, second and third or higher order streams are present in this
study area.

5. Next, use the Watershed tool to delineate watersheds for each of the stream segments.
Be sure you put the stream link grid for the feature pour point data. This will assure you
of having one watershed for each stream segment.

. Watershed (o @ ||[=3
Input flow direction raster r
[FlowDir ~]

Input raster or feature pour point data

| StreamLink =

Pour point field (optional)
VALUE -
Output raster
D:\CSP7300\Exercise5\Watershed1
< [T} » -
OK ] [ Cancel ] [Envirorments...] [ Show Help >> ]
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6. Change the Watershed symbology to unique values and set the transparency to 50% to
see the topomap 24K in the background.

7. Run the Flow Length command in the Hydrology tools for our study area in both the up
and downstream directions. Try to interpret the results.

Input flow direction raster 3
I FlowDir ~| [é]
Output raster

D:\CSP7300\Exercise5\FlowLenDown @
Direction of measurement (optional)

DOWNSTREAM -
Input weight raster (optional)
| @

< | i ]

ok || cancel ||Environments... || ShowHelp>> |

8. Using the zonal statistics command on the spatial analyst toolbar, find the elevation min,
max, for each of the stream segments. HINT: you will first have to run the Stream Link
command to create a unique identifier for each stream segment defined junction to
junction.
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9. Find the maximum flow length cell in this study area. What is the value of this cell?
What does it mean?

Part B — Watershed Analysis

This Part covers advanced watershed analysis. It covers topics on stream flow estimation,
developing a surface moisture index, curvature analysis, finding potentially affected
streams, and riparian area delineation.

Stream Flow Estimation

As discussed in lecture, we can estimate stream flow based on a ratio method using a
known stream gauge and a drainage area relationship. If you saved your work from the last
exercise you will have the flow direction, flow accumulation and raster stream grids already
completed for this exercise.

1. We will apply a stream flow relationship for the upper right fork of the Johnson Hollow
Stream segment. You can find this stream using the topomap 1:24K layer in this lab-
exercise.mxd layer file.

e If you don’t have the raster stream grids from last exercise, find the 80 acre drainage
from the flow accumulation grid which is 323,748 meters squared or 35,972 flow
accumulation units since our flow accumulation grid is 3m by 3m in size.

R

Map Algebra expression B

Layers and variables

<>rasberl

<> FlowAce_arid
<>F\owD\r7demFl
<> topomap 1:24K

<>e\evahon

Conditional

Can
Pick
Sethull

Math

> aerial photo 7 | . | R (l ) | "'l Ab =
“FlowAcc_grid” == 35927

Output raster

[D:\tempiyaster3] B

oK I Cancel I Envlrunmems...l Show Help »> |

2. Assume that there is a USGS gauging station at the bottom of Johnson Hollow as it
leaves our mapped study area extent. The flow at this gauge reads 62 cfs during
average 30 day September flow which is the lowest monthly stream flow in this part of
the country.

e |If this stream will be subject to Marcellus gas well drilling, what is the average stream
flow for the upper right fork?
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3. Determine the drainage area and stream flow for the upper right fork of this Johnson
Hollow stream reach. Show all your work.

4. Do you feel this calculation with these numbers is appropriate? Why or why not?

Developing a Moisture Index

The moisture index assumes that the relative moisture in a particular area (in our case a
grid cell) primarily depends on two factors; how much water is flowing into the area and how
fast the water can flow out of the area. First the catchment area is determined for each cell
(flowaccumulation command). This is the amount of upslope area (or the number of cells)
that contributes water to the cell. The slope at the cell then determines how fast the water
can run off the cell. The index combines these two indices with the formula:

Ln [(catchment area + 1) / (slope + 1)].

This is a relative moisture index so the resulting numbers do not have units, yet the higher,
more positive, numbers are wetter and the lower, more negative, numbers are drier.

You already have flow accumulation for this study area and just need to calculate slope.

1. Use the Spatial Analyst Tools -> Surface -> Slope. Specify the input raster to be the
elevation surface and the measurement can be degrees or slope.

"\ Slope (o ® ==
Input raster 3
Ielevation LI [@
Output raster
D:\CSP7300\Exercise5\Slope b‘}
Output measurement (optional)

DEGREE v
Z factor (optional)
ft
< m b
OK ] [ Cancel J| [Environments... |( Show Help >> J
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¢ Next, combine the flow accumulation and slope grid output into the raster calculator
with the equation noted above. For example:

Ln(("flowacc" + 1) / ("slope" + 1))
2. This output may be very difficult to understand with the default legend values and colors.

My suggestion is to redo the legend so that you have positive values in two ranges of dry
and driest and two ranges of negative values as moist and wet as shown below.

& Lab exeeciemad - AreMap - Arclale =lalx|
Ble Edt Yew Oookmais feert gelecton Geoprocessng  Qustomize  Windows  Hep

L& A

# O Fiom_demfl or ¥
[ Coassoatavarodatt x| b e 9

3. Find on the topoquad the area around Harris Lake. Examine the moisture values. Do
these values make sense? Why or why not?

4. Do you feel this 3m DEM is the most appropriate scale of data to run a moisture analysis
upon? Why or why not?

Curvature Analysis

The curvature command in ArcGIS calculates the curvature of a raster surface, optionally

including profile and plan curvature (ESRI, 2010). The following description is from the

ArcGIS help system.

The Curvature tool calculates the second derivative value of the input surface on a cell-by-
cell basis.

For each cell, a fourth-order polynomial of the form:

Z = Ax?y2 + Bx?y + Cxy2 + Dx2 + Ey? + Fxy + Gx + Hy + |
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is fit to a surface composed of a 3x3 window. The coefficients a, b, ¢, and so on, are
calculated from this surface.

The relationships between the coefficients and the nine values of elevation for every cell
numbered as shown on the diagram are as follows:

Curvature values diagram

= [(21 +
= [(21 +

[(Z4 +
= [(22 +
= (-Z1 +
= (-Z4 +

15 HI '3 T N R = R o B & B &
Il

Z3 + Z7T + 289) /4 - (Z2 + zZ4 + Ze + ZB) S 2 + Z5] / L
z3 - 27 - 29) /4 - (22 - 2zB) /2] / L°

= [{-21 + 23 - 27 + 28) /4 + (24 - z&)] /2] / 1°

z6) /2 - z5] / L°
z8) /2 - z5] / L®
73 + 27 - z9) / 412
Ze) [ 2L

= (z2 - ZB) [/ 2L

From an applied viewpoint, the output of the tool can be used to describe the physical
characteristics of a drainage basin in an effort to understand erosion and runoff processes.
The slope affects the overall rate of movement downslope. Aspect defines the direction of
flow. The profile curvature affects the acceleration and deceleration of flow and, therefore,
influences erosion and deposition. The planform curvature influences convergence and

divergence of flow.

Watershed Analysis
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Displaying contours over a raster may help with understanding and interpreting the data
resulting from the execution of the Curvature tool. An example of the process follows:

1. Calculate the curvature of this study area using the curvature tool found in the Spatial
Analyst Tools -> Surface -> Curvature.

#\\, Curvature o|[-@ I
Input raster ]
I elevation LI
Output curvature raster
D:\CSP7300\ExerdiseS\Curvature &

Z factor (optional)

Qutput profile curve raster (optional)

Output plan curve raster (optional)

< i »

OK ] [ Cancel ] [Environmenls...} [ Show Help >> ]

The primary output is the curvature of the surface on a cell-by-cell basis, as fitted through
that cell and its eight surrounding neighbors. Curvature is the second derivative of the
surface, or the slope-of-the-slope.

A positive curvature indicates the surface is upwardly convex at that cell. A negative
curvature indicates the surface is upwardly concave at that cell. A value of O indicates the

surface is flat.

2. Make an output map from curvature that shows three legend values. One for convex
areas, one for flat areas and one for concave areas.

3. How could the results from the moisture grid and the curvature grid be used together to
gain additional surface characterization?
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Finding Potentially Affected Streams

The goal of this GIS technique is to find which streams and where in the streams potential
runoff will enter. We can do this in a raster framework using a series of commands that are
outlined in the steps below.

1. The first thing we need to do is map some potential sources of non-point source runoff.
We will use the aerial photograph as a base to digitize some potential sources. To do
this we need to create a new polygon shapefile.

¢ Right-click on the Exercise5 folder in ArcCatalog and select New>Shapefile. Name
the shapefile sources and give it a NAD83, UTM17 Coordinate system. The new
shapefile should be added to your display.

e Make the aerial photo layer visible and start an editing session on the sources
shapefile. Pan to an area and digitize surface disturbance such as the clear cut |
found that is shown below.

e After digitizing about 4 or 5 polygons of potential runoff sources give the polygons to
a value of 1000 in the Id field. This will be used as a weight grid in our flow
accumulation command to follow. Stop editing and save edits.

Table
G- B R EE X
sources

FID | Shape*
Polygon

Polygon

Polygon

Polygon

Polygon

/" (1 out of 5 Selected)

sources
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2. Now, in the Conversion Tools -> To Raster -> Polygon to Raster, specify the sources
shapefile as the input and the ID field in which to create the grid values. The output cells
size should be the same as the other grids in our study area which is 3.

*. Feature to Raster o - |3
Input features 3
Isources ;I
Field

1d v
QOutput raster
D:\CSP7300\Exercise5\sourcesarid|
Output cell size (optional)
3
4 m »
ok || cancel | |Environments... || ShowHelp>> |

You should now have an output grid in your table of contents that is a raster representation
of the digitized polygons. We will now use it as the potential source of our overland flow
runoff to determine which streams and where in the streams the runoff is entering.

3. Specify our already completed flow direction and weight grid as inputs into the flow
accumulation command. This flow accumulation will be different from before since it is

now weighted with the potential pollution sources.

~

., Flow Accumulation o[ &)=
Input flow direction raster 5
| FlowDir ~|
Output accumulation raster

D:\CSP7300\ExerdseS5\FlowAcc_pollu
Input weight raster (optional)
|sourcesgrid LI
Output data type (optional)
FLOAT b
4 m r
OK ] [ Cancel ] [Environments...] [ Show Help >> }
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4. From this newly created weighted flow accumulation grid, select out only the values
greater than 0 using the Raster Calculator.

5. Change the legend colors so that 0 is clear and values of 1 are red. Now you can see
the overland flow path from the pollution sources and the streams and where in the
stream they would enter.

6. What is being assumed with the mapping of the overland flow potentially affected
streams approach?
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Riparian Area Delineation

The goal of the riparian area delineation is to use the natural slope next to a stream
segment to help define the area instead of a general set buffer width that is used in more
traditional work. The two main inputs to this method are the slope and the location of the
mapped stream segments. It is helpful if the streams are raster based and delineated from
the same elevation surface used for the slope grid. The “cost” when slope is used
approximates a level of impedance for water to extend. Even though we are using just
slope as the major “cost” grid it could be enhanced with other surface factors such as soils
and vegetation to help better define the riparian area.

From the earlier steps you should still have the slope grid and a raster grid of just the stream
locations.

IMPORTANT: if you are using a raster representation of the streams, then the cells need to
be 1 or any nonzero value for where the streams are and NODATA for the background or
non-stream locations.

1. To change the values of the raster cells select Spatial Analyst Tools -> Reclass ->
Reclassify

e Make sure to change the background 0 values to NODATA

6N Reclassify I-;-[rv@j
Input raster R
| flow80ac =l @
Redass field
VALUE -

Redassification

Old values New values - -
Zi 0 NoData
1 1

1
NoData NoData l&'
Add Entry |

m

VLoad...i Save... lReverseNewVahJes] [Preasoon :

Qutput raster —
D:\CSP7300\Exercise5\Redass_strm| @ |

| Change missing values to NoData (optional) -

oK ]l Cancel J[Envronments.njl show Help >> |

e Now we are ready to use this reclassed stream grid (reclass_strm is what | called
mine) in the cost distance command with the slope grid.
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2. To create a cost distance grid select Spatial Analyst Tools -> Distance -> Cost Distance

e Enter the input raster and cost raster as shown below

Input raster or feature source data =
|Rcclass_strm ~| @
Input cost raster
|slope ;I @]
Qutput distance raster -
D:\CSP7300\Exercise5\CostDis_Red 1| @
Maximum distance (optional)
Output backlink raster (optional)
B -
< | n J ’
K || cancel ||Envionments... || ShowHelp>> |

3. The results should look similar to the one below. Note that the values represent
impedance values or how difficult it is to move from the source locations (the raster
stream grid) to areas away from it.

z -‘-“x\__&

Watershed Analysis 19





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

To create a grid layer of this area that represents the riparian area, select a value from the
cost distance output. | have used field observed locations or aerial imagery to help define
the value to use.

1. For this example, use the Raster Calculator to select all cells that are less than 2,000

2. Make the output transparent to see how it overlays with the imagery or elevation data.

Again, this is a proxy for riparian area but has been shown to better approximate the natural
conditions of the terrain than a set buffer distance.

3. Besides slope, what other factors could/should be integrated with the cost raster in this
cost distance command to better delineate a riparian area.
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Exercise 6 — Using Modelbuilder to Automate Processes:
Advanced Techniques with Iterators.

Session Objectives: At the conclusion of this session, you will be able to:

] Use iterators in ArcGIS ModelBuilder

J Use nested/sub models in ModelBuilder

d Use in-line variable substitution in ModelBuilder

ModelBuilder Data Prep





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

Material Created By: Sean Fields (Dec 2012)
Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\FER _Exercise
GDB: brwca_project.gdb

Imagery:

MXDs: FER_Exercise.mxd
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PART 1: Using Modelbuilder iterators to run processes repeatedly

Iteration, often referred to as looping, means to repeat a process over and over with some
degree of automation. Iteration is very important because automating repetitive tasks
reduces the time and effort required to perform the tasks. With iteration in ModelBuilder, a
process can be executed over and over using different settings or data in each iteration.
ModelBuilder also provides flexibility in iteration, as an entire model or simply a single tool
or process can be executed repeatedly.

All data are located in D:\CSP7300\FER_Exercise, unless otherwise noted.
STEP 1: Create two new models in ArcToolbox
e Launch ArcMap and open FER _Exercise.mxd.

e Familiarize yourself with the layers in the Table of Contents. Use the View ltem
Description in the Data option in each of the layer properties to read the description.

e Open ArcToolbox and add the CSP7300 toolbox created in the first ModelBuilder
exercise. Create a new model in the toolbox.

ArcToolbox
ArcToolbox
+ @3 3D Analyst Tools
=& Analysis Tools
+- @ Cartography Tools
+- @ Conversion Tools
SERE s

opy
+- @ Data I B past
;@ Data M aste
-+ § Editing X Remove
1 8 Geoco Rename
@ Geostal New
=& Landa Add
o @ Linear | e
By Mulkid] &7 Publish To ArcGIS Server
<@ NCTC Save As 4
=& Netwo| [Z] Ttem Description...

= NLCD | i
. B Parcel ™ Properties...

[
[
[
[

-

& Toolet
[F= Model..

-

[
[
[E
[
[
[
[E
[
[
[
[
[

e Rename the model. Open the Model Properties dialog located in the Model menu at
the top of the ModelBuilder interface. Change the label to “FER Data Prep Model”
and the name to “FERDataPrepModel”. Add a description similar to the one below.
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20

General |Parameters| Environmentsl Help | Iteration'

Name:

I FERDataPrepModel

Label:
IFER Data Prep Model

Description:

Prepares several landcover raster layers for use in building :I
fixed-effects regression models for BBS data analysis

e Create a second new model in the CSP7300 toolbox labeled “FER Landcover Prep
Submodel”. This model will contain geoprocessing tools to create different layers for
each landcover class.

STEP 2: Add geoprocessing tools to the FER Data Prep Model model to reclassify the
landcover

e Drag the Reclassify tool (Spatial Analyst Tools — Reclass) into the FER Data Prep
Model to reclassify the brwca_regap landcover layer to generalized classes
(i.e. change all forest classes [41 = deciduous forest, 42 = evergreen forest, 43 = mixed
forest] to a single forest class [40 = forest])

Set the tool parameters to match the one below. See the full table on the next page for
all class values. Click OK.

x|
Input raster L
|brwca_regap -
Reclass field
| vALUE ~|
Reclassification
| Old values New values - :
11 10 Classify... |
21 20 ;
55 50 Unique |
23 20
24 20 |
Add Ent
3 30 i
4 40 ) |
Delete Entries
42 40 -
Load... | Save... | Reverse New Values | Precision... |

Output raster
I D:\CSP7301\FER_Exercise\brwca_project.gdb\brweca_Indovr

[~ Change missing values to NoData (optional)

>l
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[T Oldvalues | Newvalues |
1 10
21 20
22 20
23 20
24 20
3 30
41 40
42 40
43 40
52 50
71 70
81 81
82 82
a0 10
95 10
MoData MoData

e The simple model containing one geoprocessing tool should look similar to the one
below.

=** FER Data Prep Model _ o] x|

Model Edit Insert View Windows Help
SR x| 90| BEERIIAS K& >

Reclassify

‘ iy

¢ Run the model and add the results to ArcMap. Save and close the model.
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STEP _3: Add a multi-value iterator to the FER Landcover Prep Submodel to run

geoprocessing tools in an automated mode.

e Open the FER Landcover Prep Submodel for editing. Choose
Insert—Iterators—Multivalue from the ModelBuilder menu.

—lox]
Model Edit | Insert | View Windows Help
HS S @l“\b Add Dataor Tool..  [¥ 22| @ 3| k | v b
Create Variable... -
Create Label I
Model Only Tools 4
Tterators Yl I For
I Whie
) Feature Selection
J Row Selection
J Feld Value
[V Mumvalue
J  Datasets
U Feature Classes
I Files
U Rasters
U Tables
J Workspaces
=]
4 [ » I_@

e We are going to add a variable to the model to hold the multivalues for the iterator. This
keeps the model organized. Right-click in the ModelBuilder canvas and select Create
Variable. Select Any Value and check the Multivalue box in the dialog. Click OK

=** FER Landcover Prep Submodel
Model Edit Insert View Windows Help

=10 x|

[ R = R LS I P - T - F o M O SR S A
1I

Select the variable data type.

ArcMap Document
Areal unit

Boolean

CAD Drawing Dataset

[v Multivalue

oK I Cancel

Address Locator 3
Address Locator Style

Analysis cell size

Catalog Root ﬂ

I

lterate
Multivalue

<

ModelBuilder Data Prep






GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

e Use the Connect tool (located on the ModelBuilder Standard toolbar | ) to connect the
multiple value variable to the Multivalue Iterator. Choose Input Value when prompted
after connecting the two together.

¢ Double click the multiple value variable and add the following landcover codes to the list
by entering them individually in the Multiple Value textbox. Click OK.

" Multiple Value x|
‘I

Multiple Value

10
20
30
40
30
70
a1
a2

e [ [x [+ |B

e The model containing the multivalue iterator should look like the one below

:"" FER Landcover Prep Submodel _ ||:| | il

Model Edit Insert View Windows Help

BS FR x2S BBENITA RSP
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STEP_4: Add landcover geoprocessing tools to the FER Landcover Prep Submodel and
use inline variable substitution in the tool parameters.

e Drag the Con tool (Spatial Analyst Tools — Conditional) into the FER Landcover Prep
Submodel. The tool performs a conditional if/else evaluation on each of the input cells
of an input raster.

e We will be using inline variable substitution in two of the tool parameters; Expression
and Output Raster. Any variable in the model can be used as a variable substitute by
enclosing the variable name in percent symbols (%variable name%). The entire model
will run for each value in the iterator, and the %Value% will represent the current value.
In the tool parameters below the Expression and Ouput Raster each contain the inline
variable %Value% which will change in each iteration, resulting in different expressions
and different output raster names.

¢ Set the tool parameters to match the ones below. Be sure to type the Expression with
the in-line variable instead of using the Expression Builder. The iteration and in-line
variable substitution will result in 8 final binary rasters named brwca_Indcvr_10,
brwca_Indcvr_20, brwca_Indcvr30, etc.

il
-]

Input conditional raster

| 4

] 2] [&] | 6]

| brweca_Indcvr
Expression (optional)
|"Va|ue” = %Valuels j

Input true raster or constant value

[1

Input false raster or constant value (optional)

[0

Output raster

| D:\CSP7301\FER_Exercise\brwca_project.gdb\brwea_Indovr_%\Value%

| 4

| 4

Drag the Focal Statistic tool (Spatial Analyst Tools — Neighborhood) into the FER
Landcover Prep Submodel. Set the tool parameters to match the ones below. Be sure
to use the inline variable substitution for the Input and Output raster. (Note: change the
Units under Neighboorhood Settings to Map before typing in the Radius)
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“\ Focal Statistics x|

Input raster

| brweca_Indcvr_%oValueSo
QOutput raster

| D:\CSP7301\FER_Exercise\brwca_project.gdb\brweca_lndovr_%Value%_sum

Neighborhood (optional)

I Circle LI

— Meiohhorhnnd Settinns

=@ |
B

T |12{}u_{}omm
Units: O Cell @ Map
Statistics type (optional)
ISUM =l

[¥ Ignore NoData in calculations (optional)

Your model should look similar to the one below.

:"' FER Landcover Prep Submodel — ||:| | il

Model Edit Insert View Windows Help

S BB x| ™~ | b gg il

NCRRN S

Focal Statistics

S
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e Drag the Times tool (Spatial Analyst Tools — Math) into the FER Landcover Prep
Submodel. Set the tool parameters to match the ones below. The constant value of
0.000199 is used because there are 5025 cells in a neighborhood defined by a 1200
m radius (1/5025 = 0.000199). Click OK. Save the model but keep it open.

x

Input raster or constant value 1 _ B
| brwea_Indcvr_%oValue%o_sum = | B
Input raster or constant value 2 :
|0.000199 L=
Output raster :
I D:\CSP7301\FER_Exercise\brwca_project.gdb\brwea_Indevr_%Value%_prop B

STOP HERE

PART 2: Integrating a model within a model: using nested models in Modelbuilder.

Like all other geoprocessing tools, model tools can be executed from a dialog box, through
Python scripting, or added and run in another model. The idea of adding and running one
model tool within another model is sometimes referred to as a submodel, nested model, or
model within a model. There are two main reasons for using this type of model hierarchy: to
simplify a large, complex model or allow for more advanced use of model iterators. When a
workflow requires model iteration, the specific tools or processes that need to be run more
than once must be separated from those tools or processes that only need to be run once
per workflow. In this situation, all tools that need to run multiple times should be placed in
one model with a model iterator and used as a submodel. The tools that only need to be
run once should be placed in the main model, which calls the iterating submodel.

STEP 1: Prepare the FER Landcover Prep Submodel for nesting in another model
e Select and delete the brwca _Indcvr input data to the Con tool in the FER Landcover

Prep Submodel. Most of the model tools after the Con tool will become empty with no
color.
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¢ Right-click on the Con tool and choose Make Variable — From Parameter — Input
Conditional Raster.

="" FER Landcover Prep Submodel — O] x|
Model Edit Insert View Windows Help
ES AR x| $IBEEIARANI NS 7D

.,
Focal
Statistics

-

Make Variable From Parameter || Input condtional raster
Create Label From Environment  » Expression

) View Messages...
herat
Cut
Copy

Delete
Rename...

X [ o

Switch to picture symbol
Display properties...
<] [** Properties... [ v

e Next, right-click on the Input Conditional Raster variable and choose Model
Parameter. The letter “P” is now next to the model graphic indicating it is a model
parameter. Setting this as a model parameter will allow us to use the FER Landcover
Prep Submodel as a nested model in the main FER Data Prep Model. The sub
model should look similar to the one below. Save the model and close it.

=** FER Landcover Prep Submodel - o] x|
Model Edit Insert View Windows Help
HS BB x9SR ERILARN RSP

| [»[A
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e Open the FER Data Prep Model for editing. Drag the FER Landcover Prep
Submodel into the model. Connect the Reclassify tool output, brwca_Indcvr, to the
FER Landcover Prep Submodel and choose Input Condition Raster when prompted.
The FER Data Prep Model should now look like the one below.

ol x|

Model Edit Insert View Windows Help
S AR X0 BRI AT RSP

&;;\ l__ll:'}:i
Recl ER
Reclassify wel e Landcover

Prep Submodel

N

STEP_2: Finalize the FER Data Prep Model
e One more tool needs to be added to the FER Data Prep Model. Drag the Focal
Statistics tool (Spatial Analyst Tools — Neighborhood) into the model. The average
terrain roughness in a 1200m neighborhood around each pixel will be calculated.

e Setthe Input raster is the brwca_rough raster located in the brwca_project.gdb
geodatabase

e Set the Output raster name as rough12000 in the brwca_project.gdb
geodatabase.

e Set the other tool parameters to match the ones below. Click OK.
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., Focal Statistics

Meighborhood Settings

Radius: 1200.000000

Units: i Cell i@ Map

Statistics type (optional)
MEAM

lgnore MoData in calculations (optional)

Input raster
| Cprojects\CSP7301\FER_Exercise\brwea_project.gdbi\brweca_rough
Output raster

C:'\projects\CSP7301\FER _Exerdsebrwea_project.gdbrough 1200
Meighborhood (optional)
[Cirde - ]

Ok ] [ Cancel

/|

Apply ] [ Show Help ==

e The final model should look like the one below. Validate and run the entire model. (15

minute run time)

ModelBuilder Data Prep
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47 FER Data Prep Model =3 Nl ==

Model Edit  Insert View Windows Help

Hs BB x o @Rl O kTP

13

J{k\\

Focal Statistics

m

= 3
Landcover Prep
Reclass by Table Submodel

4

STOP HERE

STEP _2: Data clean up.

Using ArcCatalog, rename each of the final rasters created in the model to match the
names below.

brwca_Indcvr_10_prop — water1200
brwca_Indcvr 20 prop — urban1200
brwca_Indcvr_30_prop — barren1200
brwca_Indcvr_40 prop — forest1200
brwca_Indcvr_50 prop — shrub1200
brwca_Indcvr_70_prop — grass1200
brwca_Indcvr_81_prop — hay1200
brwca Indcvr_82 prop — crop1200
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Exercise 7 — Modeling Resource Selection and Creating a
Predictive Map

Session Objectives: At the conclusion of this session, you will be able to:

L Use ArcGIS to create used and available resource variables for data analysis in R
statistical software.

L Use a mixed-effects logistic regression approach in R to estimate resource
selection functions.

L Create a raster predictive map from estimated resource selection functions.

Mixed-Effects Logistic Regression 1
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Material Created By: Ryan Long (June 2012)
Modified: Eric Kelchlin (Dec 2012)

Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\MELR _Exercise
GDB: MELR_Data.gdb

Imagery:

MXDs: MELR.mxd
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PART 1: Modeling Resource Selection by Mule Deer Using Mixed-Effects Logistic
Regression

All data are located in D:\CSP7300\MELR_Exercise, unless otherwise noted.
STEP 1: Extract Values to Points
e Launch ArcMap and open the MELR.mxd.

e Use the Extract Multi Values to Points Tool (Spatial Analyst Tools — Extraction) to
attach values from each of the 3 raster data sets to the deer_points feature class.

WS Extract MUK Valles to Points E=mEcE
Input point features L
Ideer_points Ll
Input rasters
| =

Raster Output field name [E 4
< 'roads roads @
’elevation elevation

<_’slope slope

< m L]

[ Bilinear interpolation of values at point locations (optional)

e Use the Spatial Join Tool (Analysis Tools — Overlay) to attach values from the
habitat_type layer to the deer_points.

¢ Output the new feature class in the Deer_Data feature dataset within the MELR _Data
geodatabase. Name the feature class “used_points”.
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., Spatial Join o

Target Features

. o
I deer_points L'
Join Features
| habitat_type |
Qutput Feature Class

D:\CSP7300WELR _Exercise\MELR _Data.gdb\Deer_Data\used_points
Join Operation (optional)
JOIN_ONE_TO_ONE B

V| Keep Al Target Features (optional)

Field Map of Join Features (optional)

| @-RADIO (Double)
r A

STEP_ 2: Create a new field, calculate values and data clean-up

Right click on the used_points feature class and open the attribute table. Click on the

Table Options button s at the top left of the attribute table. Select Add a new field
and name it Used. Keep it as a Short Integer.

Right-click on the Used field header and populate all the cells with a value of 1 using the
field calculator.

Delete the Join_Count and Target_FID fields to clean things up a bit.

Sort the roads field. Notice that we have some spurious data that have negative
values. Not all the raster layers covered the study area. You could find a nearest
neighbor value and populate the cells, but for time’s sake, just delete these three
records and move on.

Select all the records where roads are < 0 using the Select By Attributes dialog under
Table Options.

Delete the spurious records using the Delete Rows Tool (Data management Tools—>
Table), or start an editing session first, then select the records and tap the Delete Key.
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STEP 3: Create random locations to serve as the necessary index to habitat availability
e Data Management Tools — Feature Class — Create Random Points.

¢ Name the output file “Available” and output it to the Deer_Data feature dataset in the
MELR_Data geodatabase.

e Choose “Study_Area” as the constraining feature class.

¢ We will use 1 available location for every used location, so enter 38,214 as the number
of points to create. Leave everything else the same and hit OK.

#, Create Random Points o[- B |3

';'Ouipui Location
| D:\CSP7300\MELR_Exercise\MELR _Data.gdb\Deer_Data

Output Point Feature Class
Available
Constraining Feature Class (optional)

I study_area

Top
250.000000
Left Right
0.000000 250.000000 =
Bottom
0.000000
Number of Points [value or field] (optional)

@ Long

© Field
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STEP 4: Extract Values to Points and data management (Tip: Read all of step 4 before
proceeding).

e Repeat STEP 1-2 above and extract values from the 3 raster data sets and the
Habitat_Type feature class. However, DO NOT delete the spurious data yet!

e Name the new feature class available_points during the spatial join process.

e View the attribute table and delete the CID, Join_Count and Target_FID fields. Use
Xtools Pro to delete multiple fields at once (Table Operations—>MultiDelete Fields).

e Add a new short integer field and name it Used. Use the Field Calculator to assign a
value of 0 to every cell in the field.

e Click on Table Options button BN and add a new short integer field. Name the field
‘RADIO”. Your table should look like this one below.

Table =
available_points =
Ol * Shape * roads elevation slope Hab_type | Used | RADIO -

k 1 | Poirt e 13904 [ 5287619 | MESIL 0 | =Mull=

2 | Poirt 1718 13703 | 5284578 | MWD 0 | =Mull=

3 | Poirt a30 1291 .4 [ 19433575 | MWD 0 | =Mull=

4 | Poirt 1B 1208 | BS20781 |MD 0 | =Mull=
| 5 | Poirt 1045 13936 [ 17529158 | MESIS 0 | =Mull=

STEP 5: Merge the used and available feature classes
e Click on the Geoprocessing tab on the main menu and select Merge.

e Select used_points and available_points as your input files, name the output file
Model Data, and save as a feature class in the Deer_Data feature dataset in the
MELR_Data geodatabase.

e Delete the Date, Month, Day, Year, Time, Time2, X, and Y Fields. You can do this in
the Merge dialog before you hit the OK button.
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.r.\\ Merge =2 O] l[‘_&]

Input Datasets e

| =

[ @ available _points E]
< »used_points @

Output Dataset =
D:\CSP7300\MELR _Exercise\MELR _Data.gdb\Deer_Data\Model_Data

Field Map (optional)
#-roads (Long)
+- elevation (Float)
+- slope (Float)
+-Hab_type (Text)
+-Used (Short)
it

CIRCINEINC I v

STEP 6: Export the data and finalize the model data set in Excel.

Export the tabular data as a dbf file in the MELR _Exercise folder. Name it Model Data.

Open the Model _Data.dbf file in Excel. The “RADIO” values for the available points
are currently 0 because we didn’t assign any values for that field yet.

What we need to do is assign 1 of those points to each used point for each deer. To do
this, simply copy the values in the “RADIO” field for the used (used = 1) points and
paste them in the “RADIO?” field for the available (used = 0) points.

Next, delete the negative values that resulted from the extraction process, where the
layers did not cover the available points. Sort the dataset first by roads and then by
elevation, and delete rows where the value for any of those variables are negative. You
should end up with roughly 76,346 rows of data, including column headings.

Save the file as a comma delimited (CSV) file in the same folder. Name it
MELR_Data.csv.
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STEP 7: Run the model.
e Launch R and open the MY_Script.R file (File>Open Script).

e The first line in the script may need to be altered to reflect the exact location of your
.Csv data set.

e Everything else should remain the same, provided that the field headings in your data
set match those in the script exactly (case matters!).

[R D:\CSP7300\MELR _Exercise\MY_Script.R - R Editor o |- & |

# setwd sets the computer path. Remember the forward "/" slashes!
setwd ("D:/C5P7300/MELR_Exercise")

$# use getwd to confirm the path
getwd ()

# Read in the data and assign it "<-" a name
deer datal <- read.csv("MELR Data.csv", header=T)

str (deer_datal) # views the structure of the dataset
summary (deer datal) # prints a summary of the dataset

install.packages ("1lme4"”, repos="http://r-forge.r-project.oxrg")
library(lme4)

deer datal$Hab type=factor(deer datal$Hab type)
deer_datalSRADIO=factor(deer_datalSRADIO)

deer modell=glmer (Used~Hab_type+elevation+slope+roads+ (1|RADIO),
family="binomial",nAGQ = 1L, data=deer_ datal)

summary(deer_modellﬂ

STEP 8: Evaluate the model.
We will do most of this together, but some initial questions to think about are:

e How are the parameter estimates from the model interpreted? What do they tell us
about resource selection by mule deer?

e What spatial and temporal scale are inferences from this model limited to?

e What other models might we want to evaluate?

Mixed-Effects Logistic Regression 8
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PART IlI: Creating a Predictive Map from a Resource Selection Function

STEP 1: Create a point grid that covers the study area.

There’s more than one way to do this, but I'm going to show you how to create a uniform
grid of points across the study area. The size of the grid depends on your GIS layers
involved in the analysis. The habitat layer was extracted from a 30 meter pixel raster, but

let’s just use 50 meters to save time.

e First, create a fishnet (Data Management Tools - Feature Class - Create Fishnet)
with a grid size of 50 meters square. Name it grid_50m. See the example below.

D:\CSP7300\MELR _Exercise\MELR _Data.gdb\Deer_Data\grid_S50m *

- &

Output Feature Class
Template Extent (optional)
Same as layer study_area
Top
5019117.151100
Left
373703.562600
Bottom
5005137.798900
Fishnet Origin Coordinate
X Coordinate Y Coordinate

373703.5625999998

Y-Axis Coordinate

X Coordinate Y Coordinate
373703.5625999998

Cell Size Width

Cell Size Height

Number of Rows

Number of Columns

Opposite corner of Fishnet (optional)

X Coordinate Y Coordinate
381906.9267999996

V] Create Label Points (optional) ‘5

Geometry Type (optional)
POLYGON

Right
381906.926800

5005137.798900001

5005147.7989000Q

5019117.1511
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e Two layers will be created, one point layer (grid_50m_label), and the other a polygon
(grid_50m). The point layer is really all we need for this exercise.

e Next, perform a Select by Location query to select only those points from the
grid_50m_label layer that are completely within the study_area layer.

e Export the selected data as a feature class in our geodatabase. Name it
grid_points. Remove the other grid layers from the Table of Contents.

STEP 2: Extract the values of each underlying layer (elevation, slope, roads, and
habitat_type), add XY coordinates, and export to a dBase file.

e For raster layers use: Spatial Analyst Tools — Extraction — Extract Multi Values to
Points.

e For vector layers use: Analysis Tools — Overlay — Spatial Join. You will need to
create a new feature class. Name it grid_points_data.

e To add XY coordinates: Data Management Tools — Features — Add XY
Coordinates

e Delete needless and erroneous data. Open the grid_points_data attribute table.
Delete the Join_Count and TARGET _FID fields. Perform a select by attribute query
and select all records where the roads are >= 0 to remove cells with no real values
for the raster datasets. You will have about 30520 records selected.

T TiEU_type 3
— T Table =]
o= <> | |Like | E e B By iy [ E
2] [2=] [And) Grid_Points_Data x

< ; (=J or | 0oID * Shape * roads elevation slope Hab_type POINT_X POINT_Y -
- - = | | 30499 | Point -32768 -3.402823e+038 -3.402823e+038 | MD 373978.562 5018862.7989
_EJ 0] [Nt 30538 | Point 32768 | -3.402823e+038 | -3.402823e+038 | WD 374878562 | 50189127938
== = —1 30559 | Point 32768 | -3.402823¢+038 | -3.402623e+036 | MD 374928562 | 5018962.7989

s | | Get Unid 30575 | Point 32768 | -3.402823¢+038 | -3.402823¢+038 | MESL 375728562 | 5018962.7989

SELECT * FROM Grid_Points_Data $67 | Point 0 14597 2.173615 | MD 376678.562 |  5005862.7989
e ] 628 | Pont 0 14814 5718811 | MD 379728562 | 50058627389
e i 835 | Point 0 14574 1.883228 | MD 376628.562 |  5005912.7989

37 | Point 0 14597 2530503 | MESIL 376728562 |  5005912.7989

695 | Point 0 1477 5186932 | MD 379628.562 | 5005912.7989

96 | Point 0 430.7 31 1) 379678.562 4 5005912.7389
S N eV I SV N . =P o

e Export the selected records and save the data as a dBase file in the MELR _Exercise
folder.
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STEP 3: Calculate predicted Resource Suitability Function (RSF) values in Excel.

e Open the dBase file in Excel. Add a new column in the table for each categorical
variable, which in our case is habitat_type. The value of each of these new
variables should be coded as 1 if that variable is present and 0 if it is not present.
The easiest way to accomplish this is with an “If Then” equation in Excel. See the
screen shot below.

il_?l Predicted_Values.xlsx - Microsoft Exce
m Home Insert Page Layout Formulas Data Review View
B b Cut Calibri 11 A A = =|=| ¥  SiwrapTex Number
53 Copy ~ - A
Paste B I U~ H~- O-A- EEE EEE HMergesiCenter~ | $ v % » | %0

» < J Format Painter

Clipboard a Font “ Alignment " Number

SEBAH9- - E¥(E-d -

£2 v fe | =+IF($E2="MESIL",1,0) ‘_
E | F |

A B C D G H | J K L
| OBJECTID roads elevation slope Hab_type MESIL MESIS MM PICOL PICOS PIPOL PIPOS P
30 1471.60000000000 1.21532000000 PICOL 0- : 0 | 0 0 0

42 1471.20000000000 0.79117100000 MESIL 1 0
60 1471.10000000000 0.54540500000 MESIL 1 0
60 1471.20000000000 0.50629100000 MESIL p ! 0 0
60 1471.10000000000 0.64835800000 MESIL d 0

a'\UlhuJ.Nl—‘
A wN
o0 0 0
o0 0 0O
Q00 0
Q00 0

e Add another new column, name it Predicted, and calculate the predicted RSF
values using the appropriate equation, where the 3 values are the parameter
estimates from your model and the X values are the values of each of your
respective predictor variables.

For RSFs based on any form of logistic regression and a use/available design:
Predicted Value = EXP(B1X1 + B2Xz.... BpXp).

For an RSFs based on any kind of linear model (i.e., Sawyer et al. approach or
RUF approach): Predicted Value = Bo + B1X1 + B2Xo.... BpXp).

e Save the table as an Excel file and close it.

;d']vr _;g'@ : _ i — i — : i

- kff =+EXP(B2*-0.00421+C2%0.001521+D2%0.035+F2%0.7185+G2*0.6469+H2*-1.383+12%-0.0622+)2*-5.547+K2*0.9041+L2*-2.375) )
B c . T T T T " N ' 0
roads elevation slope Hab_type MESIL MESIS MM PICOL PICOS PIPOL PIPOS Predicted POINT_X POINT_Y
L 30 1471.60000000000 1.21532000000 PICOL 0 0 0 1 0 0 D] 8! 60000000 5005162.79890000000
} 42 1471.20000000000 0.79117100000 MESIL 1 0 0 0 0 0 0 17 377828.56260000000 5005162.73890000000
I 60 1471.10000000000 0.54540500000 MESIL 1 0 0 0 0 0 0 15 377878.56260000000 5005162.79890000000
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STEP 4: Create the predictive map in ArcGIS

e Launch ArcCatalog from the desktop. Find your Excel file and right-click on the
appropriate sheet. Select Create Feature Class > From XY Table.

e Choose the appropriate X and Y fields, as well as the appropriate coordinate system
for your data, and save as a feature class in the geodatabase. Name the new
feature class predicted_points.

e Close ArcCatalog and add the predicted_points feature class to your ArcMap
document. Remove any other point layers from the Table of Contents.

e Convert the feature class to a raster-based predictive map using the appropriate
conversion tool (Conversion Tools — To Raster — Point to Raster.

e Select your point file as the Input Feature, your predicted values as the Value field,
and whatever cell size you want (generally should match the resolution of your
underlying habitat layers). For this example, let’s use 50.

#, Point to Raster o | @ |3
Input Features i
. - +

l predicted_points Ll @
Value field

Predicted v
Output Raster Dataset

D:\CSP7300\MELR _Exercise\RSF_Map
Cell assignment type (optional)

MOST_FREQUENT v
Priority field (optional)

NONE v
Cellsize (optional)

50| B .

4 m 3

OK ] [ Cancel ] [Environments... } { Show Help >> ]

e The resulting raster is your predictive map, and you can classify it, alter how it’s
displayed, etc. by right-clicking on it, selecting Properties, and then opening the
Symbology tab (see screen shot on next page).

Mixed-Effects Logistic Regression 12





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

- v F

Value
¥ High : 46.8678

Low :1.00022e-005
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Exercise 8 — Modeling Relative Abundance using Modelbuilder
with R

Session Objectives: At the conclusion of this session, you will be able to:

L Use ModelBuilder to create resource variables for data analysis in R statistical
software.

L Use a fixed-effects regression approach in R to estimate relative abundance

d Create araster predictive map from estimated generalized linear model
coefficients.

Fixed-Effects Regression 1
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Material Created By: Sean Fields (Dec 2012)
Software: ArcGIS 10, SP5

Directory Path: D:\CSP7300\FER _Exercise
GDB: brwca_project.gdb

Imagery:

MXDs: FER_Exercise.mxd
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PART 1: Modeling Relative Abundance for Sage Thrasher Using Fixed-Effects
Regression Analysis for Count Data

All data are located in D:\CSP7300\FER_Exercise, unless otherwise noted.

STEP 1: Create a new model in the CSP7301 toolbox and add geoprocessing tools to
measure the proportion of landcover classes in a 1200 meter landscape around all BBS
routes run in 2000.

¢ Launch ArcMap and open a new document.

e The landcover rasters created in the last ModelBuilder exercise (FER Data Prep
Exercise) will be used in this exercise along with additional rasters that are already
processed. We will use those rasters with geoprocessing tools to create a database file
to load into R for modeling.

e Add the following raster layers from the brwca_project.gdb in the project directory to
ArcMap.

water1200 — the proportion of water/wetlands in a 1200m landscape
urban1200 — the proportion of urban in a 1200m landscape
grass1200 — the proportion of grass in a 1200m landscape
forest1200 — the proportion of forest in a 1200m landscape
shrub1200 — the proportion of shrub in a 1200m landscape
crop1200 — the proportion of crop in a 1200m landscape
patch1200 — the number of habitat patches in a 1200m landscape
rough1200 — the mean terrain roughness in a 1200m landscape
brwca_utmx — utm easting

brwca_utmy — utm northing

brwca_dem — elevation

e Add the bbs_stops_2000 point feature class to the ArcMap document.
e Addthe bbs_sath_observations_2000 object table to the ArcMap document. The
table contains the observations for sage thrasher (SATH) for each BBS stop in the year

2000 in the project area.

e Open ArcToolbox. Add the CSP7301 toolbox created in the first ModelBuilder exercise.
Add a new model to the toolbox and label the model FER Covariates Model.
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&l ArcToolbox

=@ 3D Analyst Tools

- @ Analysis Tools

+ @ Cartography Tools

+- & Conversion Tools

TS o
=& Data I
& @ paay B Paste
. Ediing X Remove
= 8 Geoco Rename
= GBClStE‘ New
-8 Landc add
&3 Linear
b
B
[
f
b

e ]

-

& Toolet
[F= Model...

-

- B Multidi 5 Publish To ArcGIS Server

=@ NCTC Save As 3

@ Netwo| =] Ttem Description...
7 @ NLCD |
<@ Parcel

B Properties...

Start editing the FER Covariates Model. Drag the Join Field tool (Data Management
Tools — Joins) into the model. Join the bbs_sath_observations_2000 table (Join
Table) to the bbs_stops_2000 feature class (Input Table) using “routestop” as the join
field in both tables. Only include the SATH field in the list of join fields. Click OK.

x|

Input Table —
| bbs_stops_2000

Input Join Field
Iroutestnp
Join Table

=
| bbs_sath_observations_2000 |~ |
=

Output Join Field
I routestop

Join Fields (optional)
SATH
[ vear_

[] rouTe

[] stor

D routestop —

=

OK | Cancel Apply Show Help == |

Drag the Extract Multi Values to Points Tool (Spatial Analyst Tools — Extraction) into
the model.
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¢ Right-click on the Extract Multi Values to Points tool in the model and select Make
Variable—From Parameter—Input Rasters. This will keep the model organized when

adding several input rasters to the tool.

37 FER Covariate Model

Model Edit  Insert View Windows Help
% %@@x =) ‘\-I;’ =EEYJJ|KK:

e KA

ROk YD

e

Open...

Values

| Make Variable

Create Label
View Messages...
Cut

Copy
Delete

X o

Rename...

Switch to picture symbol
Display properties...
[ Properties...

From Parameter

]

From Environment

3

Input point features

Input rasters

Bilinear interpolation of values at point locations

L1

m

e Double-click the Input Rasters parameter variable and add each of the 11 rasters to

the list. Click OK. The model will look similar to the one below.

:" FER Covariate Model

Model Edit Insert View Windows Help

=N SE R =0 R MRS ARl

RN R

=10/ x|

<
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e Double-click the Extract Multi Values to Points tool and specify the bbs_stops_2000
as the input point feature class. Your tool parameters should match the ones below.

Click OK.
x|
2]

Input point features
[ pbs_stops_2000

K

Input rasters

| «

Raster Output field name - ﬂ
< brevca_utmx brweca_utmx

< brwca_utmy brwea_utmy ﬂ
< breica_dem brwea_dem

“_*urban1200 urban1200 ﬂ
< cropl200 crop1200

“_forest1200 forest1200 ﬂ
<.’ grass1200 grass1200

< 2 shruh1200 shruh1200 hd

q | B

[~ Bilinear interpolation of values at pointlocations (optional)

Il

0K I Cancel Apply | Show Help >= |

e Drag the Copy Rows tool (Data Management Tools — Table) into your model and
connect it to the output from the Extract Multi Values to Points tool from the previous
step. Use the output from the Extract Multi Values to Points tool as the Input Rows
for the Copy Rows tool when prompted.
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"‘-\ Copy Rows il

Input Rows

| bbs_stops_2000 (3)

Output Table

I D:\CSP7301\FEPR_Exercise\sath_model_variable.dbf

-

Configuration Keyword (optional)

1 [&] [E]

I

oK I Cancel Apply Show Help == |

e Save the model. Your model should look similar to the one below

43 FER Covariate Madel (=8 e ==
Model Edit Inset View Windows Help
Ha 88 %2 d REDBNIIED kS Y

S

Extract Multi
Values to Points

n

Join Field

T r

¢ Run the model and open the sath_model_variables.dbf to view the variables.
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STEP 2: Run the model in R
e Launch R and open the SATH_Script.R file (File>Open Script).

e The first line in the script may need to be altered to reflect the exact location of your
sath_model_variables.dbf data set.

e Everything else should remain the same, provided that the field headings in your data
set match those in the script exactly (case matters!).

[’ CA\projects\CSP7301\FER_Exercise\sath_script.R - R Editor = =R =

$fread in the data and assign it to a data frame name
library (foreign)
sath data <- read.dbf("D:/CS5PT301/FER Exercise/sath model wvariables.dbf")

$fview the structure of the dataset
str (=zath _data)

$view the data frame
View(=zath_data)

library (MAL55)

sath model = glm.nk (SATH ~ brwca utmy + brwca utmx + brwca dem + urbanl200
+ gra=ssl200 + waterl200+ croplZ00 + forestl200 + =shrubl200 <+ patchl200
+ roughl200, data = =zath_data)

summary (sath model)

¢ Run the script and review the parameters estimates.

We will do most of this together, but some initial questions to think about are:

e How are the parameter estimates from the model interpreted? What do they tell us
about resource selection by sage thrashers?

e What spatial and temporal scale are inferences from this model limited to?

Fixed-Effects Regression 8





GIS Design II: Data Analysis and Model Building 2012
U.S. Fish and Wildlife Service National Conservation Training Center

PART IlI: Creating A Predictive Map using Regression Coefficients in R
STEP 1: Use Map Algebra to apply the model coefficients in R to the rasters in ArcMap

e Open the Raster Calculator tool (Spatial Analyst Tools — Map Algebra). Use the
Map Algebra expression builder to help build the following equation into the Map
Algebra expression box. The syntax must be exact.

Exp( 4.426 + (0.000003198 * "brwca_utmy") + (0.00001299 * "brwca_utmx") -
(0.00341 * "brwca_dem") - (5.361 * "urban1200") + (2.594 * "grass1200") + (3.155
* "water1200") + (4.233 * "crop1200") + (3.904 * "forest1200") + (6.323 *
"shrub1200") + (0.003445 * "patch1200") - (24.99 * "rough1200"))

(Note: The entire equation is exponentiated because the regression model is on the
log scale. You must back transform (i.e. exponentiate) the entire equation to get
results in terms of bird abundance.)

ﬁ\b Raster Calculator EI@

Map Algebra expression

<>shrub1200 & Conditional

<>r0u — an
Somizd ()] ()= (e v

g;ra:siuzunn ‘Z/ ‘i’ \i/ \;/ \i/ ‘>_=, m Sethiu

& frestize HelE B

<> —
DSl e i) )i e -

Sxp( 4,426 + (0,000003198 * "brwea_utmy™) + (0.0000129%9 * "brwca_utmx™) - (0.00341 =
"brwca_dem”) - (5.361 * "urban12007) + (2.594 * "grass12007) + (3.155 * “water12007) +(4.233 *

m| »

m

Output raster
Ci\projects\CSPT301\FER_Exerdse\brwea_project.gdb\brwea_sath_2000

[ 0K l | Cancel | |Erwironments... | | Show Help = |

e Click OK to run the tool. It will take approximately 5 minutes to finish. The results
should look similar to the one below.
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Value
High : 6.4677

Low: 181794 e-009
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STEP 2: Reclassify the predictive map

e Open the Reclassify tool (Spatial Analyst — Reclass). Set the tool parameters to
match the ones below. Run the tool.

. Reclasity oo )
A
Input raster —
| brwea_sath_2000 j
Redass field
Value -
Redassification
Old values New values - .
; 2
D5-15 1 = -
TETSE 5 nique
25-35 3
35-45 4 Add Entry
45-55 5
55-65 6 Delete Entries
MoData MoData ~
[ Load... ] [ Save... ] [F‘.euerse MNew 'l.n'alues] [ Precision... ]
QOutput raster
D \CSP7301\FER _Exerdse\brwea_project.gdb\brwea_sath_2000_redass i
[ QK ] [ Cancel ] [Enuirnnments... ] [ Show Help = ]
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e Symbolize the results to match the final BRWCA sage thrasher abundance map
below.

Yalue
[0
|1
/|2
13
.4
[ H]
| I3

=~y -
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