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

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
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Material Created By: Gabe DeAlessio (Dec 2012), updated Paul Lang (Feb 2016)
Software: ArcGIS 10.2.2

Directory Path: D:\CSP7300\Exercise2

GDB: GWWA.gdb

Imagery:

MXDs: GWWA.mxd
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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
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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
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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
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7. Click on Model in the Model Builder window and select Model Properties

T35 Mode a5
s D Pilia T SRR =

Model | Edit  Insert View Windows Help

" Validate Entire Model
Save

Run 58 Ak il (B [ K &7 P
Run Entire Model

»

Save As...
Delete Intermediate Data

Print Setup...
Print Preview...

Print...

Report...

*  Model Properties...

Diagram Properties...
Export
Import

Close

This will bring up a blank Model Properties window.

8. Click on the General tab in the Model Properties window (if not already selected)

9. You will now fill out most of the information in the General tab of the Model
Properties window (see figure below for reference).

a.

b.

Type GWWA-Model into the Name: input box

Type GWWA Habitat Model into the Label: input box

Type a description for your model into the Description: input box.
Golden-winged Warblers prefer 70% forest and 22% open, herbaceous
landcover that are within 1.5 miles, as stated in the recovery plan. This model
was developed to analyze the habitat based on these landscape level habitat

preferences and identify priority areas for protection.

Click on “Store relative path names (instead of absolute paths)”
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-

Model Properties %

General | Parameters | Environments | Help Iltemtion|

Mame:
GWWaA-Model

Label:
GWWA Habitat Model

Description:

Golden-winged Warblers prefer 70% forest and 225%: open, -
herbaceous landcover that are within 1.5 miles, as stated in

the recovery plan. This model was developed to analyze the
habitat based on these landscape level habitat preferences

and identify priority areas for protection.

Stylesheet:
|
|
|| Store relative path names (instead of absolute paths)
Always run in foreground
i
ok ) [cmon ] (o ]

a

-

-

10.  Click on the Environments tab
We are now going to set up a couple environmental setting for our model.

11.  Scroll down the list and check the box next to Processing Extent and
Workspace

12.  Click the + next to Processing Extent to expand the environmental parameters
contained under Processing Extent and uncheck Extent.

13. Click on Values... button in the Model Properties g2 mm o unam e

window 7 %< Environment Settings

14.  Click on the two down arrows next to each of the ¥ Workspace
entries (Workspace and Processing Extent) in ¥ Prgcessing Extent
the Environment Settings window R

This will expose the input boxes to set the values
for these settings

15.  Set the Current Workspace and the Scratch
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Workspace to the path of your geodatabase

C:\CSP7300\Exercise2\GWWA _Exercise2\GWWA.gdb

16. Set Snap Raster to NLCD2006

17.  Click OK for the Environment Settings window

Refer to the image below for guidance on setting values for the environmental
settings

-

e

?p{ Envircnment Settings

E5=)

# Workspace
Current Workspace

& s

Environment
Settings

Scratch Workspace
iments\Training\ModelBuilder \GWWA_Exercise 2\GWWaA.qdb

# Processing Extent
Snap Raster

Environment settings
specified in this dialog box
= are values that will be
applied to appropriate
results from running tools.
They can be set

NLCD2006

=l hierarchically, meaning that

they can be set for the
application you are working
in, so they apply to all
tools; for a model, so they
apply to all processes
within the model; or for a
particular process within a
model. Environments set
for a process within a
madel will override all other
settings. Environments set
for all processes in a model
will override those set in
the application.

- —

[ Ok H Cancel ” << Hide Help l [ Tool Help ]

Side note: Other common environments you may set regularly are Mask, if you
want to “clip” your results to some boundary (e.g. the Study Area); Extent if you
want to set a common output extent for all the data you process; Cell Size if you

want all your data to be the same cell size.

18.  Click OK for the Model Properties window
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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

Modelbuilder 9



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

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
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\_ 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

16




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

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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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
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