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Slide Notes

Introduction

Slide 2: Main topics for today

1) Slide 3: General Geoprocessing
2) Slide 4: Environments

3) Slide 5: ModelBuilder

4) Slide 6: Python

Basic Geoprocessing

Slide 7: Geoprocessing refers to any type of modeling, analysis or just anything you would do with any of
the tools in ArcGIS. All of the tools in the Toolbox are considered “Geoprocessing” tools.

There are over a thousand of these geoprocessing tools available (I count 1,045 in ArcMap 10.8, and
ArcGIS Pro has several that ArcMap does not have.

Slide 8, 9, 10: They can be run individually by clicking on them, strung together in models, or run by
command line in Python.

Slide 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21: | will explain some of the most common tools here, and
we will use the Buffer, Clip, Union, Merge and Dissolve tools in the lab. These are some of the oldest
geoprocessing functions produced by Esri, going back to ARC/INFO in the 1980’s.

Slide 22: The Buffer tool creates a polygon around existing features (points, lines or polygons), or even
inside polygons (if you use a negative buffer distance).

Slide 23: You can generate internal buffers by using a negative buffer distance. This only works on
polygons, though. There’s no “inside” to a point or a polyline.

Slide 24: The Clip tool cuts a feature class to some Area of Interest (AOI) polygon. This tool only works
on vector data; there are different tools that do similar things for Raster data.

Slide 25: The Intersect tool creates a new feature class showing only the regions that had overlapping
original features. Slide 26: The intersect tool can intersect all shape types.

Slide 27: The Identity tool sort of stamps Identity features into an existing feature class. Slide 28: The
new feature class does not get any additional area added to it, but any areas overlapping an Identity
feature will be cut along the Identity boundary and will get Identity attributes.

Slide 29: The Union tool combines one or more feature classes into a new feature class. It also
intersects all features with each other so that the new feature class has separate features for each
overlapping part of each of the source features. In this illustration, 4 rectangular features are unioned
into a new set of 12 square polygons.

Slide 30: The Erase tool simply removes parts of an existing feature class based on a polygon feature.
There’s not a lot of mystery with this tool.

Slide 31, 32, 33: The Symmetric Difference tool produces a feature class showing only those areas that
did not have any overlapping areas.
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Slide 34, 35: The Merge and Append tools combine feature classes into a single feature class without
modifying the geometry any. Merge creates a new feature class, and Append adds a feature class to an
existing feature class. In my experience, Merge is also a lot less likely to crash than the Append tool.

Slide 36: The Dissolve tool combines features based on common attribute values. You can also use it to
just dissolve every feature in the feature class into a single object as well.

Slide 37: Pop Quiz: How could we get this border region, which represents the area < 50m from the
stand boundary? There are several ways we could get this, but | used the internal buffer on the stand
polygon, then the “Erase” tool to delete the internal buffer from the original stand polygon.

Environments

Slide 38: Whenever you run a tool in ArcGIS Pro, you have to tell the tool a few things. In ArcGIS, these
things are referred to as “Parameters”. Slide 39: For example, when you run the Buffer tool, you need to
specify parameters for:

1) Input Feature Class

2) Output Feature Class

3) Distance

4) Distance Units

5) Optionally some buffer shape types

6) Optionally whether to buffer using geodesic or planar distances
7) Optionally some Dissolve methods.

Click “OK” and the tool runs. Slide 40: However, there are actually several more parameters that ArcGIS
can use in the analysis that are not revealed in the tool dialog. Slide 41: These are called
“Environments” and they give you a lot more control over exactly how the tool is run.

Slide 42: Not all tools honor all environment settings, but if a tool can then these settings will show up
in that tool’s Environments pane.

Slide 43: For example the Buffer tool uses these six environment settings, Slide 44: while the Slope tool
uses these 5. Each tool shares the Output Coordinates and Processing Extent settings.

Slide 45: If a tool does support an environment, it’ll usually say so at the bottom of the Help file for that
tool.

Environment Examples:

Slide 46: Workspaces: Set your Current and Scratch data locations to somewhere you actually have
room, like your Microsoft OneDrive. Your “Current” workspace is similar to your Default geodatabase,
and is initially set to the same location. Slide 47: Your “Scratch” workspace is where you might
generate temporary intermediate data. . Slide 48: Some of the tools have to create multiple datasets
as they progress toward the end result, and these intermediate datasets are usually deleted
automatically when the tool finishes.

ArcGIS Pro initially sets these as the geodatabase that’s created with your project, but you can change
them if you want.
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Slide 49: Output Coordinates lets you force all your new data to be in a particular coordinate system. It
forces the data to be projected if it is not already in the specified coordinate system.

Slide 50: Processing Extent lets you restrict new data to a particular geographic area. Slide 51: This is
useful when your datasets cover a large geographic area, but your analysis area is very focused.

Slide 52: The Raster Analysis parameters are important when a tool uses more than one raster. Slide
53: There are lots of times when the rasters have different cell sizes. What happens if you add two
rasters that have different cell sizes? In this example, we are creating a new raster to show areas that
meet both Elevation and Slope criteria. If the source DEM and Slope rasters had different cell sizes, then
what cell size would the new raster have had? Slide 54: This “Cell Size” parameter lets you specify the
value.

Slide 55: The “Mask” parameter lets you clip all your new rasters to some region of interest without
using the “Extract by Mask” tool separately. However, the “Mask” parameter doesn’t work on some
rasters like those produced by the Cost Distance tool. You’ll always get a full-sized raster with that tool.
If you want to clip it to an analysis area, you need to do it in a separate step after you create the original
raster.

Slide 56: The Snap Raster option is really useful when working with rasters.

Slide 57: Any time you analyze a raster along with another dataset (such as clipping them, or doing
mathematical or logical operations between two rasters), you run the risk of shifting your new raster in a
way you didn’t expect. This can happen anytime the two datasets don’t have exactly the same extent.

This has caused a lot of confusion over the years! People clip their DEM to a polygon analysis area, then
they look closely and observe the cells in their clipped DEM don’t quite match the original DEM.

Slide 58: Environmental parameters apply to both Tools and Models.
Slide 59: Environments are Hierarchical! 4 levels, where higher levels override lower levels.
1) Slide 60: Level 1: Application level
a) Stored in ArcGIS Pro Project
2) Slide 61: Level 2: Tool level
a) Overrides Application-level settings, and only applies to single run of tool
3) Slide 62: Level 3: Model level
a) Overrides application and tool settings, applies to all tools in model.
4) Slide 63: Level 4: Model Process level
a) Applies to a single tool in a model, overrides general model settings.

Slide 64: Let’s look at how to get to the environmental settings. To get to the Application-level settings,
go to the “Analysis” tab, then “Environments”.

Slide 65: Be careful with application-level settings! They can trip you up if you are not careful. Thisis an
example where | wasted lots of time trying to figure out why none of the tools worked on the Miller fire.
| had set the Processing Extent to the Wallow fire area, then used the same map document to try and
analyze the Miller fire.

Slide 66: Here is a good example of an Application-level environment setting. You can set your Default
geodatabase for this ArcGIS Pro Project easily, letting you avoid your C drives on the NAU system. And
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you can set this environment setting by connecting a geodatabase with your project, and then just
right-clicking on the geodatabase to set it to the default.

Slide 67: But remember this is only saved with the project. If you open a new project, you will have to
reset the default geodatabase again (although there is an exception to this rule; there is a general setting
in the ArcGIS Pro Options that will let you designate a single geodatabase as the default for all new
ArcGIS Pro Projects.)

If you open your project-level environments window after you do this, you’ll see the current and scratch
geodatabase have been set to this default geodatabase.

Slide 68: Tool-level settings override any application-level settings, but they only apply to a single run of
the tool. For example, if you open a tool (like the “Extract Values to Points” tool in this slide), then you
can click the “Environments” command to set environmental parameters for this single run of the tool. If
you run the tool a second time, you will need to set the environment settings a second time.

Slide 69: Model-level settings apply to all tools and processes in the model. The tool looks exactly the
same as the Application-level environmental settings, but you get to it from the ModelBuilder tab.

Slide 70: Model Process-level. Applies to a single process (tool) in the model, overrides application and
general model settings.

Slides 71, 72, 73 and 74: Homework questions about Environment Hierarchies.

ModelBuilder

Slide 75: Now let’s look at Models and ModelBuilder. ModelBuilder provides a method of linking
multiple tools together. For example, making this buffer region around high-quality roads within the
Rock Project unit would normally take 3 steps.

Slide 76: In ModelBuilder you can link up the steps and run the entire series in one operation.
Slide 77: ModelBuilder has several cool qualities.

e Slide 78: It is easy to delete intermediate datasets.

e Slide 79: You can re-use your model.

e Slide 80: You can share your model.

e Slide 81: Makes it easier to document the steps you took in your analysis.

e Slide 82: Easy to specify which outputs should be automatically added to your map.

Slide 83: Building a model is very similar to writing code, except that you don’t actually write any code.
Slide 84: Conceptually it is similar, though, because you are working with variables and functions, and
using components that you often use in code (like looping structures). Slide 85: We’'ll try some basic
models, although we won’t get into iterations in this lab. Slide 86: Because of its similarity to writing
code, ModelBuilder is sometimes referred to as a “Visual Programming Language”.

Slide 87: Models often get quite complex. This is a model | made to analyze point densities, using a
manual method that was similar to Kernel Densities.

Slide 88: Another model | made to analyze annual and seasonal current speed using various ocean
datasets.
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Both previous models have a lot of components, but | suspect that this level of complexity is not
uncommon.

Slide 89: Model components are distinguished by their shape. Ovals are variables, Rounded rectangles
are tools, Lines are connectors and Hexagons are iterators. We won’t use iterators today.

Slide 90: Variables are distinguished by their colors. You can have “Dataset” variables or “Value”
variables, and you have Input variables (that you specify initially) and Derived variables (that the tool
creates). Then the Derived variables can serve as inputs to other tools.

Slide 91: Here we have a model with three tools, two input Dataset variables, three Derived dataset
variables and one derived Value variable.

Slide 92: Components are also distinguished by whether they are filled in or if they have shadows.
Hollow components are not ready to run. Filled in components are ready to run, and components with
shadows have already run.

Slide 93: Models not ready to run.
Slide 94: Models ready to run and complete.

Slide 95: There are a large number of Model tools in the ModelBuilder tab. Especially cool is the
“Auto-Layout” command.

There are several more tools that just affect how the model is drawn in the ModelBuilder window, which
affect the aesthetic quality of what you see. These tools are all in the Diagram tab..

Slide 96: You can set individual tool parameters by double-clicking on the tool in the window.

Slide 97, 98: You can declare data to be Intermediate, meaning that it is only created to serve as inputs
to later tools and you don’t need to keep it forever in your hard drive. This function gives you an easy
way to delete all datasets created before the final product.

Slide 99: Also a nice easy way to designate whether any derived dataset should be added to your map.

Model Variables

Slide 100: So far we’ve been looking at a model in which all the operating parameters are specified in
the model itself. This is fine when we want to build a model that does one very specific task, but it is
possible to make your model “generic” so that it is useful for different scenarios. For example, the
illustrated model is specifically designed to select a specific road ('Fry Park Road’), buffer it, and then clip
the buffers to a specific polygon. You construct and run it right inside the ModelBuilder window.

Slide 101: What if the model works well, and you want to run it again on different roads? As it stands
now, you need to manually change the tool parameters and rerun the model each time.

Slide 102: There is a better way!

We can set any of the tool parameters to be “Model-level” parameters (aka “Model Variables”). When
you set Model Variables, then you can run the model as a stand-alone object, just like any individual tool.

ArcGIS will ask you to specify the Model Variables in a single window, and then run the entire model.

Slide 103: For example, the first tool in the model is “Select Layer by Attribute”, and it requires you to
set the input layer and the “Select by Attribute” SQL Query String:

Slide 104: It is currently preset to make a new selection of roads named “Fry Park”
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Note that this tool requires and input dataset plus 3 operating parameters (the Selection Type, the
Expression and whether we want to invert the expression). We can set any or all of these 3 parameters,
or even the input dataset, to be “Model-Level Parameters”:

Slide 105: For this example, we will only make the query expression a model variable:

Slide 106: Now the model looks a little different. Notice that the “Expression” has now been separated
into a new element, connected with a line to the “Select Layer by Attribute” tool.

Slide 107: If we right-click on this new “Expression” element, we can set it to be a model parameter.
Slide 108: When we do so, we see a “P” above the new empty input variable “Expression”.

Slide 109: We also want to make the output feature class a model variable so the user can set it each
time. Otherwise it will get overwritten each time we run the model.

Slide 110: Now the model has two model-level variables (each with a “P” in the upper right corner):

Slide 111, 112: We can now double-click on the model itself, set these two parameters, and get a new
output buffer feature class.

Slide 113: There is a fairly decent Esri virtual campus course you can take that goes into a little more
detail on ModelBuilder than we are going into here. It doesn’t describe Iterators, but it does show how
you can use a model as a single component inside larger models.

Python

Slide 114, 115: Python: There is just no way we can get into this in enough detail to make it worthwhile.
| think you could easily make a full-semester 3-credit course just on Python.

Slide 116: Lots of resources available, though. Books, web resources, Slide 117: and Esri Virtual
Campus courses.

Slide 118: In general, Python is very popular in a wide variety of fields. Slide 119: There are lots of
programming environments you can use to write Python code, and Slide 120: it’s used in more software
than just GIS software, Slide 121: and in more GIS software than just ArcGIS. Slide 122: QGIS and
Google Earth Engine both offer ways to run analyses using Python. Slide 123: The language is also very
popular in engineering, science and math software in general. Slide 124: If you learn Python, you can
use it lots of places!

Slide 125: In ArcGlIS, we usually use Python as a scripting language to Slide 126: automate the use of
existing tools. It is not used as much to create brand new tools.

Slide 127: If you're a good Python programmer, though, you can create your own tools!

Slide 128: Almost all existing Toolbox tools can be run in Python, by typing into the Python command
window.

Slide 129: Pro offers two environments for running Python code. Slide 130: The Python window is a
good environment for copying in scripts or typing Python code directly. The Jupyter Notebook is a more
sophisticated environment that lets you save in multiple Python functions, add documentation and
illustrations, then save the entire package in a single object.

Slide 131: You can also run Python code in the Field Calculator tool. You can even set up multiple
functions, and have each function call others, all inside that window.
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Slide 132: We aren’t going to get into language structure and code conventions and rules in our brief
class period, but it would be worth your while to learn Python! Slide 133: You'll be the ArcGIS wizard in
the room if you know Python.

Slide 134, 135: Fortunately, for the time being, you can actually use Python without knowing how to
write it. Slide 136: It is often easier to modify Python code (or any computer language) than it is to
write it from scratch.

Slide 137: Whenever you run a tool, you can get a “snippet” of Python that would have run the tool with
the exact same parameters that you set.

Slide 138: You can even get this snippet of code from the tool before you’ve run it. Just click the little
down-arrow next to the “Run” tool, and there’s an option to copy the code. Sometimes you still want to
run the tool, just to be sure it’s doing what you want it to, but you can get the code either before or after
running the tool.

Slide 139: It’s actually a common strategy to run the tool a single time just to get a clean set of Python
code, which you can be confident will do a particular task.

Slide 140: Once you get that Python snippet, you can then Slide 141: copy that snippet, possibly
hundreds of times, and just modify each copy with a slightly different parameter value. Slide 142: Then
they’ll copy the entire set of hundreds of commands back into the Python window, then just go to lunch
or something while it works. Slide 143: There’s a demo of how to do this at the end of the video on Lab
Exercise 8.

Slide 144: You can also get samples of Python code in the help windows for the individual tools.

Slide 145: A word of warning! Don’t modify Python code in a fancy word processor like Microsoft Word!
These word processors often modify the Quotation symbol into an “Open Quote” and “Close Quote”
using different characters, and these characters are not valid Python code.

Slide 146: If you are interested, | have an example of a combination of Python and ModelBuilder | did
recently. A former student contacted me about a month ago, to discuss methods for calculating the
slope at regular intervals along polylines based on elevation from a DEM. This was Especially tricky
because the DEM and polylines would be in Latitude/Longitude (i.e. angular) units.

Slide 147: | made him a model that would:

* Slide 148: Intersect his polylines with the DEM surface to create PolylineZ features with vertices
roughly every 30m.

* Slide 149: Convert the PolylineZ features to points.

e Slide 150: Add attribute fields for Latitude, Longitude, Elevation, Vertical and Horizontal Distance
from Previous Point, and Slope from Previous Point.

e Slide 151: Calculate these values using Python code, with the code embedded in the “Calculate
Field” tools.

Slide 152: It might be an educational example if you want to look it over.

® See “OPTIONAL: Sample Model and Data” on BBLearn, in folder Basic Geoprocessing and
Automating Analyses.

Slide 153: This is an image of the actual model. Notice that it uses model parameters, so the entire
thing can be run by double-clicking on the model itself.
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Geoprocessing and Automation GIS Lab Exercises:

Heads-Up: What you will turn in from these labs...

Your homework assignment for this lecture will be based entirely on these labs and the 4 questions on
Slides 71 — 74. For the labs, you will create and turn in a file geodatabase containing the following data:

e From Lab Exercise 1 (Geodatabase): You will create a geodatabase to contain data from rest of
labs.

o There is also a question to answer from Lab Exercise 1.

e From Lab Exercise 2 (Merge tool): Polygon feature class Merged_Project_Areas
o Thereis also a question to answer from Lab Exercise 2.
e From Lab Exercise 3 (Dissolve tool): Polygon feature class Rock_Project_Unit
e From Lab Exercise 4 (Buffer tool): Two polygon feature classes:
o Highway_Legal_Yearlong
o All_Vehicles_Yearlong
e From Lab Exercise 5 (Union tool): Polygon feature class Roads_Union
o This exercise also adds an attribute field to the feature classes Highway_Legal_Yearlong
and All_Vehicles_Yearlong from Lab Exercise 4.
e From Lab Exercise 6 (Clip tool): Polygon feature class Roads_in_6A
e From Lab Exercise 7 (ModelBuilder): Several items

o A toolbox with a model

o The model will produce an intermediate dataset name
Coconino_NF_MVUM_Road_Buffer. This dataset should be deleted from the
geodatabase! Part of the lab exercise is deleting intermediate data, so you will lose a
few points if this intermediate dataset is still present.

o The model will produce a final dataset named Rock_Project_Buffer. This dataset should
be present in the geodatabase!

e From Lab Exercise 8 (Python): Python script version of your model from Lab Exercise 7.

There is also a question to answer from Lab Exercise 8.
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Note: The Navigation Pane

If you wish, and if you didn’t already know about it, Word includes a navigation pane that might make it

easier to find different places in this document.
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3 Common Raster Anal...
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= Learn to usethe Aspecttool.
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4 Raster and Surface Analys...
[ Mote: Extra Data inth... ]
4 Exercise 1: Calculate A...
Objectives
Data used

= Learn to turn on Spatial Analyst.

Dataused

[» Exercise

This might make it easierto find different placesin this document.

A Caemerima i Caleilada O

Note: This lab exercise document can be viewed with a Navigation Pane if you wish.

= Feature Class Semester_D_Unit, infile geodatabase Lab_Data.gdb. This is the k
Semester D Management Unitin the Centennial Forest.

. -
m = Rasterdataset DEM_10m, in file geodatabase Lab_Data.gdb. This is an approxi .
. resolution Digital Elevation Model {DEM) showing elevation (in meters) withintl 5
extent of the Semester D Management Unitinthe Centennial Forest.

¥

BEEER:
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Exercise 1: Set the Default Geodatabase for your ArcGIS Pro Project

Objectives

= Learn how to find the current default geodatabase for your ArcGIS Pro Project.
= Learn to set the default geodatabase for your ArcGIS Pro Project.
= Learn more ways to effectively use the Catalog window in ArcGIS Pro.

= Observe how the default geodatabase is saved with the ArcGIS Pro Project.

Data used

=  Point Feature Class Plots_RockPrj_CF_2014, in folder ..\Class_GIS_Data\RockPrj_CF_2014\..

Homework Assignment:
For your homework, you will send me the file geodatabase you create for this exercise. This file
geodatabase should be named Your_Name_Automation_Lab.gdb.

Exercise

You may have realized by now that you have a Default geodatabase in ArcGIS Pro. You have probably
seen it almost every time you have run a geoprocessing tool. This is the default location where all your
tools have tried to save your new datasets. Unless you have changed the location of your default
geodatabase, or changed some of the basic rules that ArcGIS Pro follows (for example, changing the
ArcGlIS Pro General Options), then ArcGIS Pro will use a default file geodatabase located in the same
folder as your project file. ArcGIS Pro actually creates this default geodatabase as part of any new ArcGIS
Pro Project.

This default location is usually a convenient place to keep data. If you can find your ArcGIS Pro Project
file (which ends in *.aprx), then you can find the default geodatabase because it’s in the same folder.

However, sometimes you want to change that default geodatabase. It might be more convenient for you
to keep a library of GIS data in a different location where multiple people or projects can access it.

This exercise will show you how to create a new file geodatabase and set it to be the Default
geodatabase for your ArcGlIS Pro Project.

Just to be clear: When you run a tool that creates new data, you can save it anywhere you want. The
tools give you an option to say where you want to save the data. This Default geodatabase is just the
location where the tool initially offers to save the data. If you don’t explicitly change the output
location, then it will go into the Default geodatabase.

Prepare your ArcGIS Pro Project

1) Decide where you are going to save your data for this lab exercise. You will need to create both an
ArcGIS Pro Project and a file geodatabase, so | recommend you create a new folder somewhere on
your Microsoft OneDrive to hold your new data.

a) Note: You can use either the ArcGIS Pro Catalog View or Windows Explorer to create your new
folder. Please call me over if you need help creating a new folder.

2) Open a new ArcGIS Pro Project and save it to your new folder. The illustrations below will assume
you saved your project with the name Default_Geodatabase_Lab, in a folder named Lab_Exercise.
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3) Load the shapefile Plots_RockPrj_CF_2014 from the folder ..\Class_GIS_Data\RockPrj_CF_2014\..
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_ il BE, =
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t.,_,]E, +£>2’0 ° e o o o o
N L * & 0 o o
Drawing Order
L * o o o @
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>
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Contents | Create Features 1:33,301 B E BL 4wy | 430,908.24E 3,883,178 76N m v | &8 Selected Features: 0 | |1 | &
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Check the Current Default Geodatabase:
4) If the Catalog view is not already open, click the “View” tab, then the “Catalog View” command =

B = o - - b Default_Geodatabase_Lab | 2 Command Search (Ait+Q) Jeff - Jenness Enterprises G! Jal ? = m} X
Project Map Insert Analysis Edit Imagery Share Feature Layer Labeling Data
Dava Py O | [ E=s-|E 1 i Add v | Mode < @
T W y . S 5
Convert Link Link Rese @. T v Color Vision EERaE Enable - v | B
w Views~ Cursors Panes~ [=] - Simulator~ Location « - -

View Link Windows Accessibility Animation | Device L.. 5 Scene View Clipping Nav... A
Contents v Box DME ’ il
4 |E Project - ':!‘j I:‘ ~  Project ~ - |O||l': Search Project 2o~

b i@l Maps Name |

b = Toolboxes o Maps

b |5l Databases & Toolboxes

b fgZ Styles =l Databases |
__f BE Servers o Styles P P P - il

e - P e o
e ,ﬁ’}f e " -
gty

e Tip: The Catalog View shows all the workspaces you have connected to in this project. You can

open any folder, database or server you have connected to and see the data in that workspace.
You can also easily add that data to your map by just dragging it into the map, or right-clicking on
the data and choosing “Add to [Your Map Name]” or “Add To New..."”.
=] G - - o] Default_Geodatabase_Lab | 2 Command Search (Alt+Q Jeff - Jenness Enterprises e‘ o ? = O *
Project Catalog Insert Analysis View Imagery Share Manage
\_.Io Cut Remove [ Delete Add Te Project f:'). Import = Export
P Bl Copy Open [E]] Rename ' © Repair Add To Favorites New Add Import D-at; 'Ed\t Upgrade ~ 4 Synchronize
N @‘ Copy Path 3 Refresh T Sort ~ Add To Mew Projects - 4 N Sources B+ Save As ~
Clipboard Organize Create Update Metadata ~

Contents v R X M e

4 F Project - E':B- [£] v Additional_Data v - |O| ‘l': Search Additional Data P~
b il Maps MName Type Date Modified Size Path -
b i@ Toolboxes 5 Additional_FGDB.gdb File Geodatabase 9/23/2022 2:11:47 PM DhareGIS_stuff\Teaching
P[5l Databases B Cocenino_Roads_July 2022....  File Geodatabase 9/24/2022 4:47:50 PM DiharcGlS_stuffy Teaching
b g Styles B as_110evt Raster Dataset 8/26/2018 2:41:49 PM DihareGIS_stuff\ Teaching
b bEl Servers B coc_120evt Ra: 4 Add To Map DiharcGl5s_stuffy Teaching
| v Folders | \j Coconino_NF_All_Roads.lyr 3 % addToN N 17KB  Dr\arcGIS_stuffiTeaching

o MNew

P Lecators ™Y Coconino_NF_MVUM_Road... Lay . 15KB  Dh\arcGIS_stuffiTeaching
£ — e Cut Ctrl+X

4 (& Portal [E| Fire_History_polygons.shp Shi ” 1174 KB D:\arcGIS_stuff\Teachin/;/ -
710 (@it B Lopdsat Fxame™ifn . Rat & copy CMC o SSTIKE DAarcGlgamwinmems
Gofet My Favorites g i Copy Path J— _ g »

-~ T
R [

Tip: This Catalog View is also an excellent way to delete data. Just select the data in the Catalog
view and hit the [Delete] key. If any of the datasets are currently loaded as layers into any maps
in this project, then the layers will be removed automatically. However, if any of the layers are
loaded into any other open ArcGIS Pro projects or ArcGIS Pro Projects, then you won’t be able to
delete them. You need to close those other applications first.

5) Check the location of your Default Geodatabase:

a)

Go to your Contents pane, then click on Databases to see what geodatabases you are currently
connected to. You should see your default geodatabase symbolized with a little “House” icon:
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Default_Geodatabase_Lab | £ Command Search (Ait+Q) | Jeff - Jenness Enterprises G? J:L ? — ] ®
Project Catalog Insert Analysis View Imagery Share Manage
Cut Remove Delete Add To Project + r—t'{ Import Export
o =
W ir A vorites e El - o roniz
Paste Copy . Rename Repair Add To Favorites New Add Import Deta Edit Upgrade Synchronize
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Clipboard Organize Create Update Metadata
Contents ~ X |:| Map 5] Catalog X b
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b gl Maps MName Type Date Modified Path
I @ Toolboxes Pefault_Geodatabase_Lab.gdb File Geodatabase 9/25/2022 9:51:19 AM  D:\arcGIS_stuff\TeachinghAll_Lectures...

‘| = Databases

Efl\ Default_Geodztabase_Lab.gdb

bl Styles
B Servers

w1 Folders
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+al

o= “House” icon means
I.__,i-:"‘=.. this is the default
- geodatabase

b) Where is this geodatabase located? You might be able to determine the answer by looking at
the “Path” column in your Catalog view. Another way is to right-click the geodatabase and
choose Properties, and you'll see it in the “General” tab:

Database Properties

Manage Mame:

Type:

] X

DiharcGIS_stuffi TeachinghAll_Lectures'Latest\Reorganized\6_Automation\ProtAncillary'Projects\Lab_Exercise\Default_Geodatabase_Lab.gdb

File Geodatabase

* Distributed Geodatabase Status

* Upgrade Status

c) Another good way is to right-click on your default geodatabase and choose “Copy Path”:
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d) Based on the database properties, | can see that my default geodatabase is located at:

D:\arcGIS stuff\Teaching\All Lectures\Latest\Reorganized\6 Automation
\Pro\Ancillary\Projects\Lab Exercise\Default Geodatabase Lab.gdb

6) Question: Where is your default geodatabase located? Hint: The “Right-Click”, then “Copy Path” is
a very easy way to get this answer.

a) Remember, this is the location automatically designated before you have changed it. We will
change the location shortly.

Observe how the tools use your Default Geodatabase:

7) Return to your map, then open your Buffer tool (Click the “Analysis” tab, then “Tools”. You’ll find the
Buffer tool in “Toolbox”, then “Analysis Tools”, then “Proximity”, then “Buffer”. You can also just
search for “Buffer” in the geoprocessing pane.):

a) Note: You will not actually run this tool! You are just going to look at the “Output Feature Class”
and then close it. This step is only to illustrate how tools use the Default Geodatabase.
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8)
9)

In the Buffer window, set your Input Features parameter to Plots_RockPrj_CF_2014.

After you leave the “Input Features” box, the tool should automatically fill in a name and location to

save the Output Feature Class. Observe that it automatically chooses your Default Geodatabase to

save the data.

a)

Initially you will likely only see the suggested dataset name reported in the “Output Feature

Class” text box. If you click in the box, though, you should see the full path:
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Geoprocessing

Parameters Environments

Input Features

® Buffer @

Click in Text box

| Plots_RockPrj_CF_2014
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10) Close the Buffer tool without running it.

Change your Default Geodatabase for this ArcGIS Pro Project:
11) First make a new geodatabase. You will send me this geodatabase as part of your homework, so
please name it correctly.

a) |suggest you put your new geodatabase in the new folder you created at the beginning of this
lab (I will put it in the folder “Lab Exercise” in these illustrations). You can reach it in the Catalog
view by going to your Contents Pane, looking in the Project section and opening the Folders:

i) Note: The place you create your new geodatabase is not as important as the fact that you
remember where you put it. Also, if you are on the NAU system, make sure you put it on
your Microsoft OneDrive drive somewhere.
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b) Name it Your_Name_Automation_Lab.gdb (obviously substituting your name for “Your_Name”).

c) You can create the geodatabase easily in the Catalog view. First open the new folder you
created, then right-click inside it and choose “New”, and then” File Geodatabase”. When the

new geodatabase is created, you can change the name by typing in a new one.
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12)

a)

Toolbox

9/25/2022 9:51:20 AM TKB D:\arcGIS_stuff\TeachinghAl

Set your new geodatabase as the Default Geodatabase for this map document.

Important: In your Catalog view, click on the “Databases” in your “Project” section. You can

only set the database to be the Default if you are in the “Databases” section.

b) Right-click on your new geodatabase and choose “Make Default”.
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c)

Observe that your new geodatabase now has a file geodatabase symbol with a little house on it,

indicating that it is now the default geodatabase:
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Observe that the tools now default to this new geodatabase:

P

I '/_,.---..--‘

13) Open your Buffer tool again (in Toolbox, then “Analysis Tools”, then “Proximity”, then “Buffer”) and

set your Input Features parameter to Plots_RockPrj_CF_2014.

14) Observe that it now chooses your new Default Geodatabase to save the data.

Geoprocessing
© Buffer

Parameters Environments

Input Features

| Plots_RockPrj CF 2014 ‘|

Output Feature Class

| omationiProvAncillary P rojects\Lah_Exercise_Plots_RockP rj_CF_2014_Buffer |

* Distance [value or field] |Linear Unit Vl
| ||Unknc-wn v |
Method
| Planar v |
Dissolve Type
| Mo Dissolve v |

15) Close the Buffer tool without running it.

Observe that the default has been saved with your ArcGIS Pro Project:

16) Save your ArcGIS Pro project by either clicking [Control]-S, or by clicking the “Save” command
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Project Map Insert Analysis View Edit Imagery Share
II:D o7 ModelBuilder . E g@j % 57 DataEng
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History Ready To Tools Analysis Feature  Raster -

“ Environments Use Tools~ Gallery~ | Analysis~ Analysisv | (=) Visibility A
Geoprocessing [F] Tools Portal

Contents v X m = Catalog

? Search 0o v|
Y LT 0

17) Close your ArcGIS Pro project and reopen it.

18) Confirm that your default geodatabase is still set to your new geodatabase

Observe that your default geodatabase is only changed for this project:

This is an important point, so please make sure you understand what is going on here. When you
changed your default geodatabase, you only changed it for your current ArcGIS Pro Project. Whenever
you open that project again, it will remember to use your new geodatabase as the default.

However, this doesn’t apply to any other ArcGIS Pro Project, or to ArcGIS Pro in general. If you open a
new project, that new project will use a different default geodatabase.

19) Open a new blank ArcGIS Pro Project and find the default geodatabase (use the Catalog view like
you did above). Observe that it is not the default location you specified in this lab exercise.

Tip: If you ever find yourself in the position of wanting every new ArcGIS Pro project to use the same
default geodatabase automatically, you can set this rule in the ArcGIS Pro Options, in the “General” tab,
and in the “Create projects” section (see below):
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Exercise 2: Learn the Merge tool

Objectives

= Learn how to use the Merge tool.

=  You will create a new dataset that combines 4 existing datasets.

Data used

= Feature Classes Eastsideprojectarea, EldenSmallprojectarea, JackSmith_Schultzprojectarea and

Uppersprucewatershed_boundary, all located in folder ..\Class_GIS_Data\Dry_Lake_Hills\.. These
are all boundaries of project areas in and around Flagstaff, and especially in the Dry Lake Hills area,
between Mt. Elden and the San Francisco Peaks.

= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

Homework Assignment:

There is one homework question in the lab exercise below, and you will add a new feature class named
Merged_Project_Areas to the Your_Name_Automation_Lab.gdb geodatabase you created in Exercise 1.
You will send me the geodatabase as part of your homework.

Exercise

This lab exercise will show you how to use the Merge tool to combine multiple feature classes into a
single feature class. You will also see how the Merge tool works with feature classes that have different
attribute fields.

Note: The Merge tool is very similar to the Append tool. The only difference is that the Merge tool
combines multiple feature classes into a new feature class, while the Append tool adds feature classes to
an existing feature class.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro Project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature class
to the database.

2) Open a new map and load the shapefiles Eastsideprojectarea, EldenSmallprojectarea,
JackSmith_Schultzprojectarea and Uppersprucewatershed_boundary from the folder
..\Class_GIS_Data\Dry_Lake_Hills\..

3) Ifyou like, feel free to add a background dataset like USA_Topo_Maps or Imagery, just to give a
general reference to the project. These background datasets will not be used in the lab, though.
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Review Attribute Fields
4) One of these feature classes is not like the others. Three feature class have exactly the same 13

attribute fields, and one only has 3 fields. You can review the attribute fields by opening the Fields
view for each feature class: You can get to the Fields view by doing the following:

e Select the Layer in the Contents pane.

e Click the Data tab, then the “Data Design” group, and choose Fields:
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Click here to add a new field.

e Each attribute field is described in a separate row. Once you have reviewed the attribute fields
of the selected layer, then simply follow the steps above to open the Fields view for the other
three feature classes.

5) Homework Question: Which feature class has only 3 attribute fields?

Open and run Merge tool

6) Open your Merge tool (Click the “Analysis” tab, then “Tools”. You'll find the Merge tool in “Toolbox”,
then “Data Management Tools”, then “General”, then “Merge”. You can also just search for “Merge”
in the geoprocessing pane):

a) Clicking the Geoprocessing menu, and then choosing Merge:
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b) Inthe Merge parameters window, set the following:

i)

i)

Input Feature Classes = Eastsideprojectarea, EldenSmallprojectarea,
JackSmith_Schultzprojectarea and Uppersprucewatershed_boundary

(1) Tip: You can select all four feature classes at once in the Contents pane and drag them
all into the “Input Feature Classes” box.

Output Feature Class: Name your new feature class Merged_Project_Areas. Confirm that
you are saving to your default geodatabase from Lab Exercise 1. Important: You will turnin
your file geodatabase as part of the homework, so it is important that this feature class be
included!
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c) Observe the Field Map section. This is the combined list of all attribute fields that exist in all four
input datasets.

d) Hit Run and the tool will combine all project areas into a single feature class.
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7) Open the attribute table to see the attribute values.
8) Find the records for the feature class that only had three attribute fields.

9) This feature class did not have many of the attribute fields that the other feature classes did. For
example, the other feature classes had attribute fields named “DATA_SOURC”, “ACCURACY” and
“Name”, and they had attribute values in these fields.

10) Question (Not for homework): What attribute values did the Merge tool assign when the original
features did not have the attribute fields? For example, what are the “DATA_SOURC”, “ACCURACY”
and “Name” values for those records that came from the feature class that did not have these
attribute fields?
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Exercise 3: Learn the Dissolve tool

Objectives

= Learn how to use the Dissolve tool.

= You will create a new dataset that will be used in the lab exercise 7.

Data used

=  Feature Class Stands_RockPrj_CF_2014.shp, in folder ..\Class_GIS_Data\RockPrj_CF_2014\.. These

are the stands in the Rock Project Management Unit in the NAU Centennial Forest.

= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

Homework Assignment:
You will create one new feature class named Rock_Project_Unit in the geodatabase you created in
Exercise 1. You will send me the geodatabase as part of your homework.

Exercise

This lab exercise will show you how to dissolve multiple features into a single feature. You will produce a
new feature class containing a single multipart polygon representing the extent of the Rock Project
Management Unit in the NAU Centennial Forest.

This exercise will dissolve all features into a single combined feature, but be aware that you can also use
the Dissolve tool to combine features that all share particular attribute values. For example, if you had a
feature class of US Counties, and if those features each had a “State Name” attribute, then you could
dissolve all counties into their respective states. You would probably end up with a feature class
containing 50 features, give or take a few depending on whether Hawaii, Alaska or the territories are
included.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature class
to the database.

2) Open a new map and load the shapefile Stands_RockPrj_CF_2014 from the folder
..\Class_GIS_Data\RockPrj_CF_2014\..
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Open and run Dissolve tool
3) Open your Dissolve tool by clicking the Analysis tab, and Tools, and then choosing Dissolve:

a) You can find the Dissolve tool by either searching for it directly, or by open up the Toolboxes,
then Data Management Tools, then Generalization, then Dissolve.
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In the Dissolve parameters window, set the following:

i) Input Features = Stands_RockPrj_CF_2014.
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Output Feature Class: Name your new feature class Rock_Project_Unit. Confirm that you

are saving to your default geodatabase from Lab Exercise 1. Important: You will turnin

your file geodatabase as part of the homework, so it is important that this feature class is

included!
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Dissolve Fields: Leave empty. We are dissolving all features into a single object, not

Unsplit Lines = Unchecked; this option only applies to dissolving line features anyway.
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c) Hit Run and the tool should go to work. Upon completion, you should have a new feature class
containing a single multipart polygon representing the overall Rock Project Unit boundary.
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Exercise 4: Learn the Buffer tool

Objectives

= Learn how to use the Buffer tool.

= Learn how the Buffer tool does honor selected features. If a particular feature or set of features are

selected, then the Buffer tool will only consider those selected features in the analysis.

= You will create two new datasets that will be used in the next lab exercise.

Data used

=  Polyline layer Coconino_NF_MVUM_Roads (this is the Coconino road status as of 2022) in
workspace ..\Class_GIS_Data\Additional_Data.

= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

Homework Assignment:
You will add two new feature classes named All_Vehicles_Yearlong and Highway_Legal_Yearlong to the
geodatabase you created in Exercise 1. You will send me the geodatabase as part of your homework.

Exercise

This lab exercise will show you how to create buffer polygons around existing features. This exercise will
also demonstrate how selecting features first will cause the buffer tool to only buffer the selected
features.

Specifically, you will create two new polygon datasets. One will contain 1-mile buffers around all roads
classified as Roads Open to All Vehicles, Yearlong on the Coconino, and the other will contain 0.25-mile
buffers around all roads classified as Roads Open to Highway Legal Vehicles Only, Yearlong. In a later
lab exercise, you will use the Union tool to combine them into a single polygon, and later still you will clip
that polygon to the Coconino boundary.

Note: ArcGIS Pro has two versions of the Buffer tool: The standard Buffer tool we are using in this
exercise, and the “Pairwise” Buffer tool. And in fact ArcGIS Pro has a whole class of “Pairwise” tools that
replicate the behavior of the traditional Overlay tools.

Pairwise, in this case, means the tool uses parallel processing (i.e. using multiple processes running
simultaneously in the computer). ArcGIS Pro’s terminology here has nothing to do with the standard
statistical definition of “Pairwise” (i.e. analyzing statistical patterns in paired data), and in fact | struggle
to appreciate why Esri would use this term to describe tools whose internal algorithms are coded to take
advantage of multiple processors.

Because these “Pairwise” tools take advantage of multiple processors, they do better with large datasets.
And in fact they are written specifically to handle large datasets much faster than the traditional tools.
However, at least with respect to the Buffer tool, the “Pairwise” version creates a less smooth buffer
than the standard version. For small datasets such as our lab exercise data, the processing time is
reasonably fast for both versions of the Buffer tool so we will use the traditional version.

There are other differences between the two versions of the Buffer tool. The traditional version offers
choices about how to buffer the endpoints of lines, and gives the option to only buffer one side of a
polyline or polygon. More importantly, the “Pairwise” version of the buffer tool can, under certain
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conditions, produce output with true curves in the form of circular arcs, or actual true circles if buffered
around points. These circles and circular arcs are defined only by the center point plus a radius (i.e. the
buffer is not a series of vertices around the edge of the circle or arc). This may sound like a good idea in
theory, but these buffers behave badly if you change the coordinate system of your map. A true circle,
defined only by a centerpoint and radius, will cover different regions of the landscape if you change the
map coordinate system. In general | don’t totally trust how the “Pairwise” version of the buffer tool
works, so | avoid it.

However, if you would like to try the “Pairwise” version in this lab, please feel free to do so! Every tool
you try gives you more experience, and will make you better at GIS.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro Project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature classes
to the database.

2) Open a new map and load the layer file Coconino_NF_MVUM_Road.lyrx from the folder
..\Class_GIS_Data\Additional_Data\..

3) If you like, feel free to add a background dataset like USA_Topo_Maps or Imagery, just to give a
general reference to the project. These background datasets will not be used in the lab, though.
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Select First Set of Roads
4) Select all features from Coconino_NF_MVUM_Road that are classified as Roads Open to All
Vehicles, Yearlong.
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a) Open the “Select by Attributes” window as you have done before, and fill out the tool as follows:

Select By Attributes ? X Select By Attributes ? X
Input Rows Input Rows
[ Coconina_NF_MVUM _Roads “] [ Coconina, NF_MVUM _Roads -
© The input has a selection. Records to be processed: 56 — © The input has a selection. Records to be processed: 56 -
Selection Type Selection Type
| MNew selection - ‘ | MNew selection v |
Expression Expression
Load Save X Remove Load Save X Remove
v v
SYM_LOOKUP = "Roads O to All Vehicl Yearl "
‘ Where [SYM_LOOKUP | fis equal to - | Roads Open to All Vehicles, veario | % ‘ - osds Open to shicies, Yeariong
+ Add Clause
[ Invert Where Clause () Invert Where Clause

b) Hit OK and you should get 1,529 roads selected.

Sr=] ¥ s ] Default_Gendatabase_Lab ‘ L2 Command Search (Alt+Q) 1 Jeff - Jenness Enterprises & jal ? — ] *
Project Map Insert Analysis View Edit Imagery Share Table Feature Layer Labeling Data
A | BEE, = i
Y% ‘Q' @ & DH e g~ 68 [%FE F F‘ ﬁ o4 ? = £1j Pause 5 Lock 3
é‘!i v NERA hg + . % @ < e @ CE' Q A
Paste Explore 7™ “ Bookmarks Go Select Select By Select By Measure Locate Infographics Coordinate Convert | Download
v - - To XY w  Attributes Location QS‘E - - - Conversion | ¢ v Map~
Clipboard MNavigate [F] Layer Selection [F] Inguiry Labeling [F] Offline oA
Contents v 0 % [ Catalog I:‘ Map2 X v
? | Search R o~ |
B 1
Selection
4 |:| Map2

||Z| Coconino_NF_MVUM_Roads 1529

Default_Geodatabase_Lab - ArcGIS Pro O *
Coconino_NF_MVUM_Roads > hd
Field: iﬂ Add Rﬁ Calculate = Selection: Ejg Select By Attributes &?Zoam To 155‘ Switch & Clear E Delete 5' Copy =
OBJECTID * RTE_CN BMP EMP > Name Symbol  Jurisdiction System Ro ™
1 | 2096 5197070504 0 2,969 00535D BOBS TAMK 1 F5- FOREST SERVICE MFSR - NATIONAL FOR... EX
2 2100 72010504 0 1.331 06259 1 F5-FOREST SERVICE NFSR - NATIONAL FOR... EX
3 2102 17020710504 0 1.265 06305 1 F5-FOREST SERVICE MNFSR - NATIONAL FOR... EX ~
< >
= »l 1,529 of 2,047 selected Filters: b A + 0% v | 2
11407548 - [[BRNE E -] AD4,814.58W 4,168,435.73N m | & Selected Features: 1,520 | ] | &

Open and run Buffer tool
5) Open your Buffer tool by clicking the Analysis tab, and Tools, and then choosing Buffer:

a) You can find the Buffer tool by either searching for it directly, or by open up the Toolboxes, then
Analysis Tools, then Proximity, then Buffer.
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S

Project Map Insert Analysis Wiew Edit Imagery Share Feature Layer Labeli| Geoprocessing v B X

.CED 2 ModelBuilder , g’& % 5 Data Enginesring iy Exploratory 3D Analyt \(_-;‘ ‘ buf-fr:ri X v -:':B.
it Python ~ - = Srebilibyldoreler

History Ready nalysis Feature  Raster

- .
© Environments Use Tools

Default_Geodatabase Lab | S Commang Search (Alt

Jeff - Jenness Enterprises &’ Jal ? = m} x

allery~

Analysis~ Analysis~

) Visibility Analysis

.NetwurkAnalysi C -
ﬁ- Buffer (Analysis Toois
Wi

ﬁ Geostatistical

Geoprocessing F] Tools Portal Workflows distance.
Contents v 1 x| IF Catalog I:‘ Map2 X “. BE
T |559ff*‘ \ Geoprocessing v ax Buffer 3D (30 Anzlyst Tooks
— # B, Find Tools 1@ Creates a 3-dimensional buffer around points or lines to
t= @ E ; B:“F ' ﬁ% tne foaks e D produce spherical or cylindrical multipatch features.
q Favorites Toolboxes Portal -
Selection B
4 [F] Map2 [==EDanak=tuok Graphic Buffer (2nzyss oot

[ Coconina_NF_MVUM_Roads

4 B Analysis Tools

b &g Extract

Creates buffer polygons around input features to a specified

Creates buffer polygons arcund input features to a specified
distance. A number of cartographic shapes are available f...

b S Overlay

E:: Pairwise Overlay cs Desitop Tooks
Creates buffers around input features to a specified distance,

Ve Proximity

“_ Buffer |

5 pE 4

*., Create Thiessen Polygons

E

r

i . E|-E
2 Create Buffers (Geoinzyt Tools
d

4

.

U

-

-

/

*., Generate Near Table 26 Items
" T mo A A "

E Generate Origin-Destination Links

- Graphic Buffer

E Multiple Ring Buffer

“.. Near 55.03W 4,170,670.22N m v @ Selected Features: 1,529 | [ | =

- Palygon Neighbors r

b &y Statistics

b) In the Buffer parameters window, set the following:
i) Input Features = Coconino_NF_MVUM_Road

(1) Important: Make sure you select the input features by either clicking the down-arrow in

the “Input Features” box :| , or else by dragging the layer from your map into that

box. Do not use the
to understand:

button! The reason for not using the button is important

Remember that we want to create a buffer around only the selected features. This
selection only exists in the actual layer in your map, not in the dataset on the hard drive.
The selection is part of the layer definition.

The Buffer tool lets us load data to buffer by either using a Layer from your map, or a

Feature Class from the hard drive. The button is what we use to load a feature
class from the hard drive. But if we do this, then the Buffer tool will not know about our
selected features. It will buffer every road.

Therefore, in order to restrict the buffers to only our selected features, we have to

specify the Layer. And we do that with either the Down-arrow :| or by simply
dragging the layer over from your map into this tool.

ii)

Output Feature Class: Name your new feature class All_Vehicles_Yearlong. Confirm that
you are saving to your default geodatabase from Lab Exercise 1. Important: You will turnin
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your file geodatabase as part of the homework, so it is important that this feature class is
included!

iii) Distance =1 US Survey Mile

iv) Side Type = Full

v) End Type = Round

vi) Method = Geodesic (shape preserving)

vii) Dissolve Type = Dissolve all output features into a single feature

(1) This is an important parameter, too. By setting the Dissolve Type value to be Dissolve
all output features into a single feature, we force all buffer polygons to be merged into
a single object. The lab exercise would still work if you chose the type None, but in that
case you would get 1,529 overlapping buffers instead of a single combined buffer.

Geoprocessing ~ 8 X
© Buffer @
Parameters Environments @
Input Features .
| Coconino_NF_MVUM_Roads | S
® The input has a selection. Records to be processed: 1,529 _—
Output Feature Class
|:|jects\Lab_F_xercise\JEff_Jenniﬂs_Au‘tomation_Lab.gdb\AII_‘u’ehicIes_‘r'earIong |
Distance [value or field] |Linear Unit Vl
| 1| [us Survey Miles .|
Side Type
| Ful «|
End Type
| Round v |
Method
| Geodesic (shape preserving) b |
Dissolve Type
Dissolve all output features into a single feature v |
Dissolve Field(s) (~)
|

c) Click Run and create your 1-mile buffers.

d) Check the map to confirm that these buffers are only around the Roads Open to All Vehicles,
Yearlong features.

Select Second Set of Roads
6) Select all features from Coconino_NF_MVUM_Road that are classified as Roads Open to Highway
Legal Vehicles Only, Yearlong.

a) Open the “Select by Attributes” window as you have done before, and fill out the tool as follows:
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Select By Attributes

Input Rows

Coconino_MF_MVUM_Roads

B The input has a selection. Records to be processed: 285
Selection Type

Select By Attributes ? X
Input Rows
Coconino_NF_MVUM_Roads - |
B The input has a selection, Records to be processed: 285 -

Selection Type

‘ Mew selection

| MNew selection » |

) Expression
Load Save X Remove

Expression

Load Save X Remove

7 v saL @D
SYM_LOOKUP = 'Roads O to Highway Legal Vehicl
Where |S\"M_LOOKUP 7| |is equal to 'Roads Open to Highway Legal ~ - oads Bpen to Migluay tegal Wenicies @
Only, Yearlong'
+ Add Clause

[ Invert Where Clause

[ Invert Where Clause

b) Hit OK and you should get 285 roads selected.

S o~ R = Default Geocdatabase Lab |,O Command Search (Alt+Q,

Project Map Insert Analysis View Edit

% 1é>oé‘ﬁ Dl] -:I:‘ '_: = %E F‘% F@

v NERZA T +

Paste Explore #® ¥ Bookmarks  Go Select Select By Select By
- R - To XY -
Clipboard Mavigate [Fl Layer
Contents v 3 x [ Catalog
T |5Ecam’1 o o~ |
=0/ GO~
Selection
a[Emap2 i
[v] Coconine_NF_MVUM_Roads 285

[v] Public_Roads_Buffer

."‘,- i

- B !_/

Open and run Buffer tool

Attributes Location

Default_Geodatabase_Lab - ArcGIS Pro

£ Coconino_NF_MVUM_Reads x

Jeff - Jenness Enterprises e? Ja 7 = ] X

% lﬁl‘ ?c% éu Pause éﬁ Lock \A‘,D

Wl 285 of 2,047 selected JFilters:

Measure Locate Infographics Coordinate é’t Convert | Download
- ~ Conversion | @ v - Map ~
Labeling [Pl Offline EoA
v
NEIAAYCe UL R T TN Sl
m} X
~
ERE =
EMP (] Name -
2,969 | 00535D BOBS TANK
1.331 | 06259
1.265 | 06305 ~
>
-
WV o- | + 100% v | £

7) Open the buffer tool as you did before and set the following parameters:

i) Input Features = Coconino_NF_MVUM_Road

(1) Important: Again, make sure you have selected the Layer. Do not use the button

to load the data.

ii) Output Feature Class: Name your new feature class Highway_Legal_Yearlong. Confirm that
you are saving to your default geodatabase from Lab Exercise 1. Important: You will turnin
your file geodatabase as part of the homework, so it is important that this feature class is

included!

iii) Distance = 0.25 US Survey Miles

iv) Side Type = Full
v) End Type = Round
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vi) Method = Geodesic (shape preserving)

vii) Dissolve Type = Dissolve all output features into a single feature

Geoprocessing v B X
® Buffer @®
Parameters Environments @
Input Features
| Coconino_NF_MVUM _Roads | s
© The input has a selection. Records to be processed: 285 e
) Output Feature Class
|Jjects\Lab_F_xerciseUeﬂ_Jennss_Autnmaﬁnn_Lab.gdh\Highway_LegaI_Yearlong |
Distance [value or field] |Linear Unit - |
| D.ZSHUS Survey Miles "|
Side Type
| Ful “|
End Type
Round v |
Method
| Geodesic (shape preserving) » |
Dissolve Type
| Dissolhve all output features into a single feature » |

8) Click OK and create your 0.25-mile buffers.

9) Check the map to confirm that these buffers are only around the Roads Open to Highway Legal
Vehicles Only, Yearlong. If you turn off your actual road layer, your map should look something like
this:

Geoprocessing and Automation Lab 41



EE@OSC €

v Default_Geodatabase_Lab [9 Command Search (Alt+Q) ]

Jeff - Jenness Enterprises ﬁ Jal ? - O
Project Map Insert Analysis Vi

Imagery Share

ew Edit
@ 2 ModelBuilder & & @ 57 Data Engineering Exploratory 3D Analysis ~ (%) Business Analysis ~

i 1 il -
[ v . .
History fiZ Python Ready To Tools | Analysis Feature  Raster E y Modeler ]

wx Raster Functions ~

by %" Data Interop ~ .{& Function Editor
“ Environments Use Tools~ Gallery~ | Analysis~ Analysis~ (=) Visibility Analysis Geostatistical Wizard
Geoprocessing Fl Tools Portal Workflows Raster

Contents v 1 x| B Catalog  [F] Map2 X
T |Searth 2o~ |

-

O/ Hok

Drawing Order
4[] Map2

b [_] Coceoning_NF_MVUM_Roads
4 | Highway_Legal_Yearlong
4 All_Vehicles_Yearlong

| B 2L - | 358,060.00W 4,165,366.78N m v

| o Selected Features: 285 | |1 | =

10) Don’t close ArcGIS Pro yet! You will use these two feature classes in your next lab exercise.
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Exercise 5: Learn the Union tool

Objectives

= Learn how to use the Union tool.

= Learn two ways to add attribute values to a table: 1) The Calculate Field command, and 2) typing

directly into the table.

=  You will create one new dataset that will be used in the next lab exercise.

Data used

= Feature class All_Vehicles_Yearlong, in the geodatabase you created in Lab Exercise 1.

o Note: You just created this feature class in Lab Exercise 4.

= Feature class Highway_Legal_Yearlong, in the geodatabase you created in Lab Exercise 1.

o Note: You just created this feature class in Lab Exercise 4.
= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

Homework Assignment:

You will add one new feature class named Roads_Union to the geodatabase you created in Exercise 1.
You will also add an attribute field named All_Vehicles_Text to your feature class All_Vehicles_Yearlong,
and add an attribute field named Highway_Legal_Text to your feature class Highway_Legal_Yearlong.
You will send me the geodatabase as part of your homework.

Exercise

This lab exercise will show you how to Union two feature classes into a new feature class. This exercise
will also demonstrate how the Union transfers attributes from the source feature classes to the Union
feature class.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro Project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature classes
to the database.

2) Ifthey are not already in your map, load All_Vehicles_Yearlong and Highway_Legal_Yearlong from
your file geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.
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S G v - & v Default_Geodatabase_Lab | 2 Command Search jAlt+Q Jeff - Jenness Enterprises G‘ ﬁl ? - O X

Project Map Insert Analysis View Edit Imagery Share
D) 7 ModelBuilder :3 ~ @@3 % Data Engineering [ Exploratory 3D Analysis ~ (% Business Analysis v | By Raster Functions ~
History ili Python ReadyTo Tools | Analysis Feature  Raster [_;‘": Suttability Modeler || Network Analysis v Data Interop iy, Function Editor
“% Erwironments Use Tools~ Gallery~ | Analysis~ Analysis~ (= Visibility Analysis Geostatistical Wizard
Geoprocessing [Fl Tools Portal Workflows Raster ~
Contents v Iox =] Catalog |:| Map2 X hd
T | Search P~ |

=0/ H O &

Drawing Order

A|D Map2

b [C] Coconino_NF_MVUM_Roads

4[] Highway_Legal_Yearlong

O

4 [v] All_Vehicles_Yearlong

=

11418552 || B B EL - 358,060.90W 4,165,366.78N m v @ Selected Features: 285 | || | =

Add an Attribute Field to Each Feature Class

The Union tool will combine feature class in a particular way, producing a new dataset containing all the
attribute fields of each feature class. We will add a single new attribute field to each feature class, in
order to observe how the Union tool brings in these attributes to the final output feature class.

Note: The next few pages will show you how to add an attribute field to your feature class, and then two
methods to add data to that field. The first method will use the Calculate Field tool, which is a good way
to write values to lots of features at the same time. The second method shows you how to write text
directly into the table, which is an easier way to write values to a single feature.

3) Open your attribute table for All_Vehicles_Yearlong.

a) Click the “Add Field” button in the top left corner of the table to open up the “Fields” view for
All_Vehicles_Yearlong, and create a new Text field named All_Vehicles_Text, with a length of 50:
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Default_Geodatabase_Lab - ArcGIS Pro O X
= =
Area
L | L Add a new field in this table. }921.607209
Geodatabase_Lab - ArcGlS Pro O X
== *Fields: All_Vehicl...Yearlong (Map2) X v
Current Layer All_Vehicles_Yearlong (Map2) -
4 |+| visible (M| Read Only  Field Name Alias DataType [+| Allow NULL [ | Number Format Do De Length
] [+ OBJECTID OBJECTID Object ID (]| Mumeric
[v] O SHAPE SHAPE Geormnetry J
[v] [ SHAPE_Length SHAPE_Length Double [ Numeric
[+ [v] SHAPE_Area SHAPE Area | Double [] Numeric
[+ O All_Vehicles_Text Text O 50
Click here to add a new field.

b) At the top of ArcGIS Pro, make sure the Fields tab is selected and click the Save command to save
your edits:

BEEgoye -y €& v Default_Geodatabase Lsb | 9 . | Jeff - Jenness Enterprises G;! a2 - o x
Project Insert Analysis Share Feature Layer Labeling Data
Cut Filter Name: TE Sort Ascending
Bow | ot T I — Y b
paste B “°PY | Subtypes Domains Attribute Contingent | i Domain: SibSShding Data
Delete Rules Values ¥ Reset Engineering
Clipboard Data Design Filter Field Order Changes | Data Engineering ~
Contents v o 5] Catalog DMapZ x
= ’—' p -
c) Close your Fields view to return to the attribute table.
Default_Geodatabase_Lab - ArcGIS Pro O >
All_Vehicles_Yearlong ~
Field: B2 FE]  Selection: [fg =
OBJECTID * SHAPE* SHAPE_Length SHAPE_Area All_Vehicles_Text
1 | 1 Palygon | 1743024.116546 | 7121684%21.607209 | <Null=
= Oof 1selected Filters: i -— + 0% v | 2

d) Right-click on your new All_Vehicles_Text field and choose Calculate Field.
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Default_Geodatabase_Lab - ArcGlS Pro O >
All_Vehicles_Yearlong X w
Field: ER FE  Selection: (g L =
OBJECTID * SHAPE* SHAPE Length SHAPE_Area All_Vehicles_Text
1 | 1 Polygon | 1743024,116546 | 7121684921,607209 | <N £ Sort Ascending
F Sort Descending
T Custom Sert
=] 0 of 1 selected Filters: - 1 [ Hide Field
B3 Freeze/Unfreeze Field
Right-Click Field Name e
Calculate Geom Calculate Field
LI, statistics Set the values of this field by
. specifying a calculation
T2 Summarize expression. If any of the rows in
I the table are currently selected,
B Fields only the values of the selected
rows will be calculated.
= Delete

g

e) There are a lot of code tools in the Calculate Field window, but we don’t need them for this
operation. Simply type in the following text in the textbox beneath All_Vehicles_Text =.

i) Note: The text you type in should be enclosed in double-quote characters (" ).

"Text from All Vehicles Yearlong"
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Calculate Field ? X

Input Table
| All_Vehicles_Yearlong - |
Field Name (Existing or New)
| AllVehicles_Text «|
Expressicn Type
[ Python 3 .|
Expression
Fields U Helpers T

QBJECTID .as_integer_ratic() -

SHAPE .capitalize()

SHAPE_Length .center()

SHAPE_Area .conjugate()

All_Vehicles_Text .count()

.decode()

.denominator()

Insert Values
All_Vehicles_Text =
|"Text from All Vehicles_Yearlong" |

Code Block
‘ =5
+
Default_Geodatabase_Lab - ArcGIS Pro O *
Al _Vehicles_Yearlong b
Field: ;H @ Selection: E’g ?é“ =
OBJECTID * SHAPE* SHAPE_Length SHAPE_Area All_Vehicles_Text
1 | 1 Folygon | 1743024.116546 | 7121684921.607209 | Text from All_Vehicles_Yearlong
= 0 of 1 selected Filters: Tl - | + 100% v |2

ii) Note: Using this Calculate Field function is very good for writing values to large numbers of
rows at once. If you only need to write a value to a single row, it’s easier to just type it in the
table cell directly, which we will do shortly.

f) Repeat the process above to add a new field to your feature class Highway_Legal_Yearlong,
except this time name the new field “Highway_Legal_Text".

g) This time, just double-click in the box below the field name “Highway_Legal_Text”, and type in
the following text (and note that it does not have to be contained in double-quotes this time):

Text from Highway Legal Yearlong
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Highway_Legal_Yearlong - Default_Geodatabase_Lab - ArcGIS Pro O x
#E Highway_Legal_Yearlong M
Field: F  Selection: FE ?é =

OBJECTID * | SHAPE * SHAPE_Length | SHAPE_Area

4;11
B =

Polygon | 1919464.507769 | ¥73055219.092187

0 of 1 selected

Highway_Legal_Text

Text from Highway_Legal_Yearlong

+ 0% - |

100%

Double-Click in here and start typing

Open and run Union tool

4) Open your Union tool by clicking the Analysis tab, and Tools, and then choosing Union:

a) You can find the Union tool by either searching for it directly, or by open up the Toolboxes, then

Analysis Tools, then Overly, then Union.

Geoprocessing v B X
@ [ union x v|®F
BEE g0 € s Default_Geodatabase Lab | £ Com e | o X
Project M Insert Edit I sh Feature L Label S
roje ap nse g magery are eature Layer —EMQ Computes a geemetric union of the input features, All
‘fD %o ModelBuilder ':E' E| B#IJ — % % |59 DataEngineering [ Explorator| | features and their attributes will be written to the outp... E
i v &1 v £ i -
History 2 Python Ready Tl Toals - St G o !;’,smmhty Modeler [~ Network # e
“€ Environments Use Tools Within Join 3| | Analysis~ Analysis~ | %) Visibility Analysis [l Geostatisti e T o
nion 3D Analyst Took)
Geoprocessing Teols Partal Wer Merges closed, overlapping multipatch features from an
— = input feature class. [
v : v
Contents Geoprocessing vaxf =
T [seore N 2@ [uin x| @
= # Dissolve D=tz agement Tocks
= =] { g
= O m 4 + @ L% Favorites Toolboxes Portal Aggregates features based on specified attributes.
Drawing Order b 5 30 Analyst Tools “
-
4[] Map2 4 @ Analysis Tools
p (] Coconine_NF_MVUM Roads b &g Extract Overlay Layers (Gsoanzlics o Tooks
— Overlays the geometries from multiple layers into a single
4 Highway Legal Yearlong \ 4 & Overlay layer. Overlay can be used to combine, erase, modify, o...
| . Apportion Polygon
4 [w] All_Vehicles Yearlong “. Count Overlapping Features v
= ., Erase
- Identity
“, Intersect
-~ -
Remove Overlap (multiple)
., Spatial Join
-
Symmetrical Difference
|‘ Union ‘
“., Update 433,848.97W 4,163,2237IN m + Selected Features: 0 | | |
b &g Pairwise Overlay -
. v

5)
a)

i)

the “Input Features” box.
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In the Union parameters window, set the following:
Input Features = All_Vehicles_Yearlong and Highway_Legal_Yearlong

Note: You can select both of these layers at once in the Contents pane and drag them into
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ii) Don’t worry about Input Feature Ranks. This just affects how feature geometries which are
extremely close to one another get snapped to a common set of vertices. This helps prevent
“sliver” polygons, which are very tiny artifacts that sometimes get created when edges don’t
align perfectly.

b) Output Feature Class: Name your new feature class Roads_Union. Confirm that you are saving
to your default geodatabase from Lab Exercise 1. Important: You will turn in your file
geodatabase as part of the homework, so it is important that this feature class is included!

c) Attributes to Join = All attributes
d) Gaps Allowed = True

Geoprocessing A=
G Union @
Parameters Environments @
Input Features () Ranks
Highway_Legal_Yearlong v
All_Vehicles_Yearlong -

Output Feature Class

|zct5\Lab_F_x ercise’Jeff_Jenness_Automation_Lab.gdb'\Roads_Union |
Attributes To Join

|AII attributes v |

(] Gaps Allowed

6) You should now have a new polygon feature class with separate polygons for all regions covered by
the feature classes All_Vehicles_Yearlong and Highway_Legal_Yearlong.

= = I T e v Default_Geodatabase_Lab | 2 Comma ch (Alt+Q Jeff - Jenness Enterprises Gl a2 = u] X
Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data

D) P ModelBuilder (, D')EI - % % 5% Data Engineering [ Exploratory 3D Analysis ~ (% Business Analysis » | By Raster Functions

i . - NE] . = f - oo e
History ° Python Ready To Tools Summarize Spatial Feature  Raster [;: Suitability Modeler || Network Analysis Data Interop ify Function Editor

“€ Environments Use Toolsw Within Join 5 | Analysisv Analysisv | (%) Visibility Analysis [l Geostatistical Wizard

Geoprocessing el Tools Portal Workflows Raster -~

Contents v I x| B Catalog  [E] Map2 X v
T [ search o ]

O/ BOE--

Drawing Qrder

4 [F] Map2
1] Coconina_NF_MVUM Roads
4[] Roads_Union

4[] Highway_Legal_Vearlong

O

4[] Al Vehicles_Yearlong

=

11418461 || [ B mL oy 300,616.80W 4,155, 717.68N m v 1<
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7) Open the attribute table and observe all the attribute fields. Notice how the Union tool brings in all
attribute fields and attribute values from both datasets.

Default_Geodatabase_Lab - ArcGIS Pro O *

Field: BE Add [FE] Calculate = Selection: E?@ Select By Attributes .QE% Switch =
OBJECTID * SHAPE* FID_Highway_Legal_Yearlong Highway_Legal_Text FID_All_Vehicles_Yearlong All_Vehicles_Text SHAPE_Leng
111 Polygon 1 | Text from Highway_Hi... -1 335335.014¢
2|2 Polygon -1 1 Text from All_Vehicles_... 3327153.609¢
33 Polygon 1 | Text from Highway_Hi... 1| Text from All_Vehicles_... | 1827901,530¢

= Bl 0 of 3 selected Filters: b AR | + 0% - | &

8) Especially notice the attribute fields FID_AIl_Vehicles_Yearlong and FID_Highway_Legal_Yearlong.
These contain the FID (Feature ID) values of the original data. These values come from the original
attribute fields ObjectID from the feature classes All_Vehicles_Yearlong and
Highway_Legal_Yearlong.

9) Question (Not for homework): What do you suppose the value -1 means in the attribute fields
FID_AII_Vehicles_Yearlong and FID_Highway_Legal_Yearlong?

10) Don’t close your map yet! You will use this Union feature class in your next lab exercise.

11)
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Exercise 6: Learn the Clip tool

Objectives

= Learn how to use the Clip tool, to trim vector datasets to some area of interest.

= Learn how the Clip tool does honor selected features. If a particular feature or set of features are

selected, then the Clip tool will only consider those selected features in the analysis.

Data used

= Feature Class Roads_Union, in the geodatabase you created in Lab Exercise 1.

o Note: You just created this feature class in Lab Exercise 5.

= Feature Class AGFDGameMgmtUnits, located in folder
..\Class_GIS_Data\Selecting_and_Creating_Data\..

= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

Homework Assignment:
You will add one feature class named Roads_in_6A to the geodatabase you created in Exercise 1. You
will send me the geodatabase as part of your homework.

Exercise

This lab exercise will show you how to trim an existing vector dataset to a polygon. Specifically, you will
trim the feature class Roads_Union, which you created in Lab Exercise 5, to the boundary of Arizona
Game and Fish Game Management Unit 6A, which is located south of Flagstaff.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro Project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature class
to the database.

2) |Ifitis not already present, open a map and load the feature class Roads_Union from your file
geodatabase Your_Name_Automation_Lab.gdb.

3) Load the Feature Class AGFDGameMgmtUnits, located in folder
..\Class_GIS_Data\Selecting_and_Creating_Data\..
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EEgEe-o- = Default_Geodatabase Lab | 2 co e | Jeff-JemnessEnterprices @@ 0 7 — O X
Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data
L cut *é’ @ ml | BB = F F % o T = £1i Pause 3 Lock
o Y NeRaA e 5 % @ flalul] [} (= & A
Paste Py Explore 7 “¥ Bookmarks Go Select Select By Select By Measure Locate Infographics Coordinate Convert | Download
“  [5] CopyPath v v To XY ~  Attributes Location v - v Conversion | >« v
Clipboard Navigate =l Layer Selection I Inquiry Labeling = Offline & ~
Contents v 1 x| B Catalog  [E] Map2 X i v

T [ searcn £ ]

Drawing Order
« [E] Map2
P[] Coconino_NF_MVUM _Roads
4[] AGFDGameMgmtUnits
O

4 [ Roads_Union

(]

4[] Highway_Legal Vesrlong

'

4[] All_Vehicles_Yearlong

D [

148460 - || BRI EE Lo 481,887.61W 4,044,62832N m ~ Selected Features: 0 | |1 |

Note: | have changed the symbology of AZGFDGameMgmtUnits above so we can see the Roads_Union
layer underneath...

Select Game Management Unit Polygon
4) First select Arizona Game and Fish Management Unit 6A (see location above). If you know where it
is (which you might if you hunt this area) the simplest way to do this would be to just use the

3

“Select” command 2€le<t 1o click on the polygon. Alternatively, you may use the Select by
Attributes tool to select this feature, using the query string:

"GMU" — '6A'

Select By Attributes ? X Select By Attributes ? X
Input Rows Input Rows
AGFDGameMgmtUnits w |AGFDGamEMgthnit5 w |
Selection Type Selection Type
| Mew selection v | | New selection v |
Expression Expression
Load Save X Remove Load Save X Remowve
v saL I v
GMU = "eA"
Where |GIVIU T | |isequalt = || 6A | X
+ Add Clause
[ Invert Where Clause [ Invert Where Clause
apply || ok aoply || ok
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a)

Important! Do not select any features from Roads_Union! If you accidentally selected any

Roads_Union features, clear that selection by opening the attribute table and clicking the Clear

Selection command

Open and run Clip tool

.

5) Open your Clip tool by clicking the Analysis tab, and Tools, and then choosing Clip:

a) You can find the Clip tool by either searching for it directly, or by open up the Toolboxes, then

Analysis Tools, then

Extract, then Clip.
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4[] Highway_Legal_Yearlong
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., Select
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6) Inthe Clip parameters window, set the following:
a) Input Features or Dataset = Roads_Union
b) Clip Features = AGFDGameMgmtUnits

i) Important: Asyou did with the Buffer tool exercise, make sure you select the Clip feature
dataset by either clicking the down-arrow in the “Clip Features” box:

Clip Features
AGFDGameMgmtUnits

... or else by dragging the layer from your map into that box. Do not use the button! The
reason for not using the button is important to understand:

Remember that we want to clip the road buffers to Management Unit 6A, and we have that
polygon selected in AGFDGameMgmtUnits. Therefore we want to restrict the analysis to
the selected features. This selection only exists in the actual layer in the map, not in the
dataset on the hard drive. The selection is part of the layer definition.

The Clip tool lets us load data to clip to by either using a Layer from our map, or a Feature

Class from the hard drive. The button is what we use to load a feature class from the
hard drive. But if we do this, then the Clip tool will not know about our selected
management unit. It will clip the road buffers to the combined region of all game
management units.

Therefore, in order to restrict the clip operation to only our selected management unit, we

L

have to specify the Layer. And we do that with either the Down-arrow or by
simply dragging the layer over from the map.

c) Output Feature Class: Name your new feature class Roads_in_6A. Confirm that you are saving
to your default geodatabase from Lab Exercise 1. Important: You will turn in your file
geodatabase as part of the homework, so it is important that this feature class is included!

Geoprocessing v O X
® Ciip ®
Parameters Environments

Input Features or Dataset

Roads_Union -

Clip Features
AGFDGameMgmtUnits - Vi

The input has a selection. Records to be processed: 1

Qutput Features or Dataset

|1aticn"-.Prc:"-.-'imciIIar;.-"'-.l:'rcj ectsilab_Exercise\Jeff Jenness Automation_Lab.gdb'Foads_in_64 |

Run  ~
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7) Upon completion, you should have a new feature class of Road buffers, clipped to Management Unit
6A.

=] o -~ o < Default_Geodatabase Lab | @ Command Search (Alt+() Jeff - Jenness Enterprises ﬁ n oz — [m} X

Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data
‘\ﬂ) = ModelBuilder E "E o ?é ﬁ 57 Data Engineering Exploratory 30 Analysis + %, Business Analysic v | B, Raster Functions +
8 . = > itabilit ator o < & F it
History fl_q Python Ready o Tools Summarize Spatial Feature  Raster E Suitability Modeler Network Analysis %" Data Interop wf; Function Editor
%€ Environments Use Tools~ Within Jain 7| | Analysis~ Analysis- | {2 Visibility Analysis [ Geostatistical Wizard

Geoprocessing [Ef Tools Portal Waorkflows Raster ~
Contents v 1 x| ¥ Cataleg  [F] Map2 % v
T [seorch o v

oK/ 5o

Drawing Order
« [E] Mapz
¥ [ Coconino_NF_MVUM_Roads
‘| Roads.in_6A
4[] AGFDGameMgmtUnits
4[] Roads_Union
4[] Highway_Legal_Yearlong
4[] All_Vehicles_Yearlong

AN
tazssez || BN A EL by | 392,710.67W 4,083,386.69N m | &8 Selected Features: 1 | [ | 2
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Exercise 7: Build and Run a Model

Objectives

= Learn how to create a new toolbox.

= Learn to create a new model.

= Learn how to set model component parameters.
= Learn how to delete intermediate data.

= Learn how to run the model.

Data used

= File Geodatabase Your_Name_Automation_Lab.gdb, which you created in the first lab.

= Feature Class Rock_Project_Unit, in file geodatabase Your_Name_Automation_Lab.gdb from Lab

Exercise 1. This is the boundary of the Rock Project Management Unit in the NAU Centennial Forest,
and you made it in Lab Exercise 3.

= Polyline layer Coconino_NF_MVUM_Roads (this is the Coconino road status as of 2022) in

workspace Additional_Data.

Homework Assignment:
You will add a toolbox, a model, and a feature class to the geodatabase you created in Exercise 1. You
will send me the geodatabase as part of your homework.

Exercise
This lab exercise will show you how to create a new model and a new toolbox, and how to set various
model parameters. After you run the model, you will learn how to delete intermediate datasets.

Your model will identify that portion of the Rock Project unit which is within %-mile of Fry Park Road. To
do this, your model will first select Fry Park Road from the Coconino National Forest road map, then
generate a %-mile buffer around it. This buffer will extend through the middle of the Rock Project unit.
Your model will then clip that buffer to the Rock Project polygon and add the final feature class to your
map.

Prepare your ArcGIS Pro Project

1) Ifitis not still open, then open your ArcGIS Pro project from Lab Exercise 1. Confirm that your
default geodatabase is Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in
Lab Exercise 1 to set the default geodatabase correctly.

a) Note: You will be sending me this geodatabase as part of your homework, so it is important that
you have it set as the default. Otherwise you may not correctly save the required feature class
to the database.

2) Load the feature class Rock_Project_Unit (from your file geodatabase
Your_Name_Automation_Lab.gdb from Lab Exercise 1) and the layer file
Coconino_NF_MVUM_Roads.lyr from the folder ..\Class_GIS_Data\Additional_Data\...
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3) Turn on the Labels for Coconino_NF_MVUM_Roads by right-clicking on the layer and clicking

“ ”
Label”.
= RS = Geoprocessing_Lecture 2 | 2 Com | Netsignedin (& [ 7 - O
Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data

Class ‘ﬁ SOL Quer Copy ?R (ain o|em oA A z ~ | EiPause g Lock
Label Features In This Class E J J v | @ View Unplaced
Label Ex Remove S¥mbnl Eﬂ Basic European
Field 3{[,] Expressia Group | e 9 Line Streets |3 | @ More v
Layer Label Class Text Symbol & Label Placement el Map &
B Attribute Table Ctrls T |

Contents

52 Data Engineerin Ctrl+Shift+D N 7
9 9 \
T [scarch ~ . /\j"‘/

=0/ H& R Data Design >

Drawing Order Il Create Chart >
4 [E] Map 5] New Report
‘M Coconino_NF_MVUM Roads 4 Joine anl Relates s
SYM_LOOKUP

— Roads Open to All Vehicles, Vearlang Sl Zoom To Layer

Roads Open to All Vehicles, Seasonal

Roads Open to Highway Legal Vehicles OnfYg:

Selecti >
Roads Open to Highway Legal Vehicles Only? A Section
Special Designation, Seasonal Label
— S £ Labeling Properties... PARK
— State or US Highway
Other Public Road Convert Labels ’
4[] Rock Project Unit 7 Symbology
O Disable Pop-ups
s#¢ Configure Pop-ups
Data >
Sharing >
View Metadata o
/' Edit Metadata —
= Properties - ~ - ~
Contents | Create Features e —— E— - 425077.93E 3,884,601.33Nm v Selected Features: 0 | 1] | &

Make a new toolbox and Model

All models must be located in a toolbox. You cannot create a model outside of a toolbox, so making the

toolbox is the first step. Fortunately it is easy to do.
4) Open a Catalog view and open your geodatabase Your_Name_Automation_Lab.gdb

5) Right-click inside your Your_Name_Automation_Lab.gdb geodatabase and choose “New”, then
“Toolbox”.
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6) Name your new toolbox “Your_Name_Toolbox
B = 9~ v S Geoprocessing_Lecture 2 Motsignedin (& L1 7 — o b 4
Project Catalog Insert Analysis View Imagery Share Manage
Cut Remove [[] Delete -+ Add To Project ¢ P‘ Import Export
23 T
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bl Styles
b BE Servers

| e ™ -
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7) Connect your new toolbox to your project by right-clicking on it, and choosing “Add to Project”.
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4 [ Project @)|[] ~ Databases stored on the file system. b o v
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Right-Click on Toolbox

[P Properties

8) You now have a new toolbox that you can create models in. Right-click your toolbox and choose
“New”, then “Model”:

EEpge-c- v Geoprocessing Lecture 2 | 0 Notsignedin (& (1 7 - o X
=] B 9 g
Project Catalog Insert Analysis View Imagery Share Manage
Remove Delete Add To Project [;jJ‘ Import Export
]
Rename (25 Repair 7= Add To Favorites k = T et e 0 Gz
Paste Open New Add Impo New 5 ﬂ)ﬂ
- Copy Path D Refresh D Sortv . AddTo NewProjects | v~ Model
Clipboard Organize Create Add To Project B script New Model ~
Contents v 1 x [EMap E: Toalset Create a new model in the v
— toolbox.
4 [ Project (®)|[] ~ Databases lorch Jeff Jennesswumomamonseassgus L~
o Maps Name Save Toolbox to Version Date Modified Size Path
& Toolboxes Rock_Project_Unit 9/24/2022 1:35:00 PM 45KB  D:\arcGIS_stuff\1
/ 23 Refresh Fs
i|a Databases B Jeff_Jenness_Toolbox D:\arcGIS_stuff\1
G Styles
B Servers
/ | »
[&] Copy Path Ctrl+Alt+P
M Delete
. .
Right-Click on Toolbox &l Rename 2

View Metadata
/ Edit Metadata

[E Properties

9) Your new model should open in the ModelBuilder window. Click the “Model” menu item, then
“Model Properties”. Set the Name of your new model to Buffer and the Label to Your Name Buffer.
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10) Save your model and close your model window. You should now see your model appear in your
toolbox with the correct name.

SR=RET R < Geoprocessing Lecture 2 | 0 ¢ Notsignedin (& (A 2 o X
Project Catalog Insert Analysis View Imagery Share Manage
D) B0 ModelBuilder & Data Engineering Exploratory 3D Analysis Business Analysis ~ | By Raster Functions ~
HH - v bility M r work A p v
History 1 Python D T be Sumaree Suitability Modeler | Network Anak Data Interop %, Function Editor
€ Environments Use Tools~ Buffer Within |5 Geostatistical Wizard
Geoprocessing = Tools Waorkflows Raster ~
Contents v x v [EEEEER h
4 B Project @ @[E v Project v Toolboxes v leff Jenness Toolbox = [0 [ 1z search Jeff denness_Toctbox P v
b g Maps Name Type Path
4 i@ Toolboxes |§§DuJeﬁJennessBuffer | Model DiarcGIS, stuff Teaching\All Lectures...

&5 Geoprocessing Lecture 2.atbx

Jeff_lenness_Toolbox

b [l Databases

Build the Model:

Reminder: Our final model will take 3 steps:

Select the road named Fry Park.
Build a %5-mile buffer around the Fry Park road.
Clip the buffer to the Rock Project polygon.

11) So now you have an empty model. Let’s build it and try it out.

12) Right-click on your new model and click “Edit” to reopen the ModelBuilder window.
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13) Your model should now be open in a ModelBuilder window:
Geoprocessing_Lecture_2 - ArcGIS Pro X
v
Search P v 7
3.0.2.36056 | + 100% -

14) The tools to work with the model are in the Model Builder ribbon at the top of ArcGIS Pro:
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15) To add tools, just drag them directly from the Toolbox pane into the ModelBuilder window. First add
the “Select Layer by Attribute” tool (located in “Toolbox”, then “Data Management Tools”, then
“Layers and Table Views”, then “Select Layer by Attribute”: Note: Remember to drag the tool from
the Toolbox pane into ModelBuilder! Do not just click on the tool to run it. We’re not going to run it
until we get the entire model built..

Geoprocessing v B X Geoprocessing_Lecture_2 - ArcGIS Pro [m] X
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= o -
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16) After adding the tool to ModelBuilder, you should notice that there are three components: A tool
(rounded rectangle) and two variables (oval), both of which are grayed out, indicating that they are
not ready to be run. You need to set the tool parameters.

17) Double-click on the tool symbol in ModelBuilder to open the “Select Layer by Attribute” window. Set
the Input Rows to be Coconino_NF_MVUM_Roads, the Selection Type to be New Selection, and the
qguery to be where the road name is equal to Fry Park.
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18) Click “OK and observe that all the components in your model now take on colors, meaning they are

Fit to

ready to run. Click the “Fit to Window” command Windew in the ModelBuilder ribbon to expand

the model to fit the window:
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19) Notice that your Select Layer by Attribute tool has a Dark Blue oval in front of it, indicating the input
dataset being used by the operation.

20) Notice that your Select Layer by Attribute tool is producing two outputs:

a) A new layer showing the results of your selection. This layer should only contain the two road
segments named Fry Park. This oval is Green, indicating that it is data to be derived from the
operation.

b) A Number representing the number of features that satisfy the query. This output oval is
, indicating that it’s a single value derived from the operation. Note: We won’t actually use
this “Count” output for anything.

21) So now we are 1/3 of the way done. Next drag the Buffer tool into the ModelBuilder window (from
“Toolbox”, then “Analysis Tools”, then “Proximity”, then “Buffer”). It doesn’t matter particularly
where you put it, but just make sure you can see it.
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22) As before, the Buffer tool is not ready to run because you have not set any of the parameters. Click
in your Green oval (representing the selected roads) and drag a line down to the Buffer tool. When
you let up off the mouse key, select the option “Input Features”.
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Geoprocessing_Lecture_2 - ArcGIS Pro O >

:" Jeff Jenness Buffer > b

Y' Search P v 7

Coconino_NF_MVU... - Select Layer By

) Attribute +» Coconino_NF__..

Click here and
drag line into
“Buffer” tool

Qutput Feature
Class

o o \ Count

Input Features
Extent

Precondition EE - 1 + 100% -

23) Double-click on the Buffer rectangle in the ModelBuilder window to set the rest of the Buffer
parameters:

a) Your “Input Features” should already be set. The line you drew connecting the Green oval to the
buffer tool set this value.

b) Don’t worry too much about the Output Feature Class. This is only an intermediate dataset that
we will delete after the tool has run.

c) Setyour “Linear Unit” to 0.5 US Survey Miles, and your “Dissolve Type” to “Dissolve all output
features into a single feature”. Your “Buffer” tool parameter window should look like this before
you click “OK”.

d) Set “Side Type” = Full
i) This option lets you buffer just one side of a line if you ever want to. You can choose Left,

Right or All.

e) Set “End Type” = Round

i) This option lets you create flat ends at the ends of lines if you want, such that the buffer is
trimmed off right at the end of the line. We want the buffer to extend around the endpoint,
so we choose “Round”

f) Set “Method” = Geodesic (shape preserving”

g) Set “Dissolve Type” = Dissolve all output features into a single feature

i) This option lets you generate separate buffer polygons around each road polyline. For this
exercise, it makes more sense to produce a single dissolved polygon at the end.
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Buffer X

Parameters Environments Properties @

Input Features
[ Coconina_NF_MVUM Roads:1 | 2
Output Feature Class
[ Coconina_NF_MVUM_Road_Buffer | o

0 Distance [value or field] |Ijnear Unit - |
| 05| US Survey Miles v
Side Type
[ Fun <]
End Type
[Round «|
Method
|Geodesic (shape preserving) v |
Dissolve Type
| Dissolve all output features into a single feature v |

24) Click OK and watch the new colors and lines appear in your model.

Geoprocessing_Lecture_2 - ArcGIS Pro O >
-*= Jeff Jenness Buffer -
T ~ | searcn L e ?
Select Layer By
Aftribute
Buffer
3.0.2.36056 @ « - ] + 100% -

25) Now we are 2/3 of the way through. The last step of the model is to clip the buffer to the Rock

Project polygon.

26) Drag in the “Clip” tool (from “Toolbox”, then “Analysis Tools”, then “Extract”, then “Clip”).
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Geoprocessing v B X

. )
dissolve x v

Favorites Toolboxes
b & 3D Analyst Tools
4 R Analysis Tools

4 &5 Extract

. Clip N\

*, Select
., Split
. Y [wow P les 2

Ef split By Attributes
o~

| - ArcGIS Pro O *

Select Layer By

Adtribute

Table Select "_COIJ‘ﬂiI'ID_N F_...

s
b g Overlay

N A
b @y Pairwise Overlay

Count
[m} O [m}

Qutput Features
or Dataset

3.0.2.36056 = - 1 + 100% -

27) Double-click on the “Clip” rectangle to fill in the parameters.

a) Setthe “Input Features” to be Coconino_NF_MVUM_Road_Buffer (or whatever you named the
output of your “Buffer” tool).

b) Set your “Clip Features” to be your Rock Project feature class Rock_Project_Unit. If you have it
loaded in your map, you should see it in the drop-down list under “Clip Features”.

c) Setthe name of your “Output Feature Class” to Rock_Project_Buffer. Make sure your output
feature class is being saved to your Your_Name_Automation_Lab.gdb geodatabase!

28) Your “Clip” parameters should look like this before you click “OK”.

Clip X
Parameters Environments Properties ()]

Input Features or Dataset
| Coconine_NF_MVUM_Road_Buffer ‘|

Clip Features
[ Rock_Project Unit . .

Output Features or Dataset
|'e_2\Jeﬂ_Jenr‘|_Autumaﬁan_[ahgdb‘\.kock_Project_Buf'fer |

OK
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[~
o

Auto
29) Click “OK” and look at your model. You may wish to click the “Auto-Layout” L8¥out and “Fit to

Fitto
Window” Window commands in your ModelBuilder ribbon at this point to rearrange and reposition
your model.
Geoprocessing_Lecture 2 - ArcGlS Pro O *

«*" Jeff Jenness Buffer ~

Y[ ples 2

Buffer ‘ Clip -
- wode

Attribute

3.0.2.36056 @ &« - — + 101% -

30) At this point your model should be capable of running. However, let’s do two more things before we
run it.

31) Your model makes one intermediate dataset right after the “Buffer” command. Right-click on
Coconino_NF_MVUM_Road_Buffer (the Green Oval produced by your Buffer tool) and make sure it
is set to “Intermediate” so we can easily delete it after the model finishes.

Right-Click Here

Geoprocessing_Lecture_2 - ArcGIS Pro \ [} X

Tv Search L v == ?

Buffer ] Clip
Open...
Select Layer By
Attribute Parameter
Add To Display
Intermediate Data

v
& CreateLabel Unset As Intermediate Data (Ctrl

+Shift+1)
3.0.2.36056 Rename _
...... Set the variable to preserve the
idbi Group output data.
}g Cut
Copy
[d SelectAll
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32) Then, let’s make the final clipped buffer dataset appear in your Map after it is created. Right-click on

“Rock_Project_Buffer” and click on “Add To Display”.

Right-Click Here

Geoprocessing_Lecture_2 - ArcGIS Pro

«*" Jeff Jenness Buffer X

Altribute ™~

3.0.2.36056

T -
.__ Select Layer By
e

Parameter
Add To Display
& Createlabel| o nsaTo Display (Ctrl+D)
Rename Checking will add the output to
Tom | the map immediately after the
ob; Group output is generated.
‘ﬂlu Cut
Copy
[ Select All

v

33) It should now be ready to run. Give it one last check by clicking the “Validate” command Validate jn
your ModelBuilder ribbon. If you don’t get an error message, then run the model with the “Run”

O

command FRun in the ModelBuilder ribbon.

34) As the model runs, you should see the current tool highlighted in Red. As tools finish, they should

get a shadowed appearance.

Geoprocessing_Lecture_2 - ArcGIS Pro

«** Jeff Jenness Buffer >

Select Layer By
Attribute
Jeff Jenness Buffer X
Processing 2 of 3
302, Determining Line Connectivity 100 percent... @
~— -

Y[ P les ?

Clip

€ - — +101% -

Start Time: Saturday, September 24, 2822 3:43:81 PM
Succeeded at Saturday, September 24, 2822 3:43:81 PM (Elapsed
Time: 8.84 seconds)

Executing (Buffer)}: Buffer Coconino_ NF_MVUM_Roads
D:%arcGIS_stuffiTeaching\All_LecturesilLatest\Reorganized\6_Aul
"@.5 Miles" Full Round "Dissolve all output features into a
single feature™ # "Geodesic (shape preserving)”

Start Time: Saturday, September 24, 2822 3:43:81 PM

L]
["] Close an campletion
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35) Upon completion, you should see your new buffer layer appear in your map.
= 9~ R S Geoprocessing_Lecture 2 | @ Command Search (4it+Q Notsignedin (& L1 - O X
Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data
- a - | B = .
Cut @ h o~ | B & [ [ [4 % ) Pause [ Lock 5)
f[®T . = /
o 0, [ o B e L o = &
Paste £ Explore 7F “¥ Bookmarks Go Select Select By Select By Measure Locate Infographics Coordinate | “¢ Convert | Download
v Copy Path v To XY ~  Attributes Location ~ - ~ Conversion &~ - Map
Clipboard Mavigate Sl Layer Selection 5 Inquiry Labeling & Offine & ~
Contents v 2 x [E]lMap X ¥ Catalog hd
T | search o v
5o A

t= 3 K
Drawing Order

4 [E] Map

4 [#] Coconine_NF_MVUM_Roads

— Roads Open to All Vehicles, Vearlong

Roads Open to All Vehicles, Seasonal
Roads Open to Highway Legal Vehicles Only, Vearlong

Roads Open to Highway Legal Vehicles Only, Seasonal

Special Designation, Seasonal
=== |nterstate
— State or US Highway j

Other Public Read

SYM_LOOKUP °
=
g
&
5
&
g
&
7

4 (7] ModelBuilder
4[] Rock_Project_Buffer:Rock_Project_Buffer

4 7] Rock_Project_Unit
ni

Contents | Create Features B 24 N 425,128,686 3,885,344T3N m v
36) You may also notice that you have both your final Rock_Project_Buffer and your intermediate

Coconino_NF_MVUM_Road_Buffer feature classes in your geodatabase. We never intended to save
the intermediate data, so let’s delete this. We could delete it fairly easily right from the Catalog

X

window, but let’s try the ModelBuilder function instead.

37) In the ModelBuilder ribbon, click the “Delete Intermediate Data” command Intermediate

== 4 v & v Geoprocessing_Lecture 2 | 2 Command
Project MaodelBuilder Insert Analysis WView Share Feature Layer Labeling Data Diagram
Cut 'i_'— [ Auto Save = Export ~ E&E @ Q | & Select \/ ::"' ) 2 Variab?
] - ao ~— | 9

Paste ~op New Save EEI RS B Seeot Find and Auto  Fitto & of E SRR Validate Run |Intermediate | letod

“ %€ Environments &*‘ Open Tool Replace Layout Window &' Pan & Tools
Clipboard Model F] View Mode Run
Contents v o D Map ¥ Catalog X
n - | -Z:(:—jl -Z:‘i“} l:‘ ~  Project Toolboxes ~  Jleff_lenness_Toolbox = |C)| |l‘: Search Jeff.
Na Tvne

T | Sic'\.'-"
38) Notice that your Coconino_NF_MVUM_Road_Buffer feature class is deleted, leaving you with only

the Rock_Project_Buffer feature class.
a) Important: Part of this lab exercise is learning to use the “Delete Intermediate Data” function,
so you will lose points if your intermediate Coconino_NF_MVUM_Road_Buffer feature class is
still in the geodatabase when | check it!
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For your Homework:

39) Save and close your model.

40) Save your ArcGIS Pro project! You are going to use it again it for Lab Exercise 8 below.
41) Close ArcGIS Pro. ArcGIS Pro must be closed before you can do step 42 below.

42) Zip your Your_Name_Automation_Lab.gdb geodatabase containing your toolbox and your feature
classes from the exercises above into a zip file. You will eventually send it to me along with your
homework document.
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Exercise 8: Export Model to Python Code

Objectives

= Learn how to export a model to Python code.
= Learn how to review and modify Python code.

= Learn how to run modified Python code.

Data used

= ArcGIS Pro Project from Lab Exercise 7 above. This document should have the default geodatabase

set to Your_Name_Automation_Lab.gdb, which contains the toolbox and model you created.

Homework Assignment:
You will export your model to a Python script, then copy-and-paste that Python code into your
Homework document. There is also a question to answer in the lab exercise below

Exercise

This lab exercise will show you how to export a model to a Python script. It will then show you how to
open it and see the different components of the script, and how you can easily change some of the
parameters. Finally, you will run your revised Python script to create 0.25-mile buffers in your Rock
Project Unit polygon

Prepare your ArcGIS Pro Project

1) Open your ArcGIS Pro Project from Lab Exercise 7. Confirm that your default geodatabase is
Your_Name_Automation_Lab.gdb. If it is not, then follow the instructions in Lab Exercise 1 to set
the default geodatabase correctly.

2) Open your toolbox, then right-click on your model and click “Edit”:
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EE@EoOyo - € 2 Geaprocessing_Lecture 2 Notsignedin (& (1 7 - o x

Project Catalog Insert Analysis View Imagery Share Manage
,\CL) = ModelBuilder - 57 Data Engineering Exploratory 3D Analysis v %, Business Analysis v | By Raster Functions ~
I . A " B . . .
istory - Python Remdy ToTools g Festure _ Raster Suitability Modeler || Network Analysis ¢ Data Interop 7, Function Editor
“% Environments Use Tools~ Buffer Within ¥ Analysis~ Analysisv Visibility Analysis Geostatistical Wizard
Geoprocessing & Tools Portal Workflows Raster ~
Contents v x Elve  [CTEEY e
4 B Project @ @®|D v_Project v Toolboxes v Jeff Jenness Toalbax ~ | O] [|= [ search i Jenmess_ Toolbex £ ~|
b gl Maps Name Type Path
4 i@ Toolboxes | 5 Jeff Jenness Buffer o Di\arcGIS_stuff\Teaching\All_Lectures... |
K% Geoprocessing Lecture 2.atbx
Edit
|5 sefftenness_Toolbox |
Batch
b 5l Databases Edit
b g Styles Add To Project Favorites Edit the source of the tool.
b il Servers Add To My Favorites
b i Folders Add To Analysis Gallery
b gl Locators Add To Model
4 (@ Portal
@ Portd ¥ ocut CrleX
& My Content . e,
} Copy .
e S ] CopyPath Ctrl+ Alt-P it e ‘*f
— . [i] Copy Patl trl+ Alt+
T Delete
=N
Geoprocessing Lecture 2 - ArcGIS Pro o X
Tl 5 vles
Buffer Clip
. Select Layer By
Attribute
3.02.36056 I [ £ o100% -

3) Your model will open. In the ModelBuilder toolbar, click Export, then Export to Python File:

B = hd - = = Geoprocessing_Lect
Project ModelBuilder Insert Analysis Wiew Share Feature Laye
Cut %ﬂ—l k& AutoSave = Export ~ IE | EDBI @

Paste = COPY [ Properties Export To Python File v & of

P :
# Environments [T send To Python Window Window
Clipboard Maodel

Mew Save
1 E Export Te Graphic | View

Contents v X TEMap T T Catalog. X \,
-‘W#ﬂ .P V @ @ IE‘ v IJ

""""-‘“-u..______-“ Ma

4) Name it something like “Your_Name_Python_Model.py”, and remember where you save it.
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Export Script O X
'Z;(:-:' 'Z:‘B' I:‘ v Pra v Ancillary v~ Projects v Geoprocessing_lecture 2 v '|C)||l‘:|59&rch Geoprocessing_Lecture 2 L2 v
Organize v~ New ltem v m
4 B Project A MNare Type Date Modified Size
4 [ Folders Jbackups Folder 0/24/2022 4:03:51 PM
& DAarcGlS_stuffiTeachingh\All_Lectures GpMessages Folder 0/24/2022 2:40:12 PM
; | DarcGIS_stuff\TeachinghAll_Lectures ImportLog Folder 9/24/2022 12:54:41 PM
DAarcGIS_stuff\TeachinghAll_Lectures
D:AGIS_Data
4 [f31 Computer
# Quick access »
€ » ¢ »
Name | Jeff_Jenness_Python_Model | [Python seript Fles (PY) -
| Save | | Cancel |

5) You should now have a Python code file on your computer. Open it in either Notepad++ (if it is
installed), or just Notepad.

a) Using Windows File Explorer, right-click on the file and choose “Open With”, then choose
Notepad or Notepad++ from the options. Please let me know if you have trouble with this! If
you don’t see Notepad in the list of options, or if there is no list of options, then you’ll have to
select click “Choose Default Program” and pick Notepad out of the list:

How do you want to open this file?

Keep using this app

F\ python.exe

Other options

“: Microsoft Visual Studio 2022
Mew

x: Microsoft Visual Studio 2019

WordPad

Lock for an app in the Microsoft Store

Always use this app to open .py files

oK

6) If opening in Notepad, the Python code should look something like this:
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] Jeff_Jenness_Python_Model.py - Notepad — [m] X
Vi Py p

File Edit Format View Help
ki—'— coding: utf-8 -*- ~

non

Generated by ArcGIS ModelBuilder on : 2022-09-24 16:08:05

nn

import arcpy
def Buffer(): # leff Jenness Buffer

# To allow overwriting outputs change overwriteQutput option to True.
arcpy.env.overwriteOutput = False

Coconino_NF_MVUM_Roads_2_ = "Coconino_NF_MVUM_Roads"
Rock_Project_Unit = "Rock_Project_Unit"

# Process: Select Layer By Attribute (Select Layer By Attribute) (management)
Coconino_NF_MVUM_Roads, Count = arcpy.management.SelectLayerByAttribute(in_layer_or_view=Coconino_NF_MWVUM_Roads_2_, selection_type="NEW_SELECTION", wh

# Process: Buffer (Buffer) (analysis)
Coconino_NF_MVUM_Road_Buffer = "D:\\arcGI5_stuff\\Teaching\\All_Lectures\\Latest\\Reorganized\\6_Automation\\Pro\\Ancillary\\Projects\\Geoprocessing_Lecture_2\}
arcpy.analysis.Buffer(in_features=Coconino_NF_MWVUM_Roads, out_feature_class=Coconino_NF_MVUM_Road_Buffer, buffer_distance_or_field="0.5 Miles", line_side="FUL

# Process: Clip (Clip) {analysis)
Rock_Project_Buffer = "D:\\arcGI5_stuff\\Teaching\\All_Lectures\\Latest\\Reorganized\\6_Automation\\Pro\\Ancillary\\Projects\\Geoprocessing_Lecture_2\\leff_Jenness_/
arcpy.analysis.Clip(in_features=Coconino_NF_MVUM_Road_Buffer, clip_features=Rock_Project_Unit, out_feature_class=Rock_Project_Buffer, cluster_tolerance="") e

7) If opening in Notepad++, the Python code should look something like this:

[ DAAarcGIS_stuffiTeaching\All Lectures\Latest\Reorganized\6_Automation'Pro\Ancillary\Projects\Geoprocessing_Lecture_2\Jeff_Jenness_Python_Model.py - Notep...  — [m| X
File Edit Search VYiew Encoding Language Settings Tools Macre Run  Plugins Window F + ¥ X
.. -] = . -
cHHEE G s Mhioe Ay 2% EE|5T ERECRo® BENBE
[ Jeff_Jenness_Python_Model py E3 |
1 [J# -*- coding: utf-g8 -*- A
2 nnm
4 Lomm ) S ) -
5] import arcpy
6
7 [Hdef Buffer(): # Jeff Jenness Buffer
3 # To allow overwriting outputs change overwriteCQutput option to True.
10 arcpy.env.overwriteCutput = False
14
15 # Process: Select Layer By Lttribute (Select Layer By Lttribute) (management)
16 Coconino NF_MVUM Roads, Count = arcpy.management.SelectlLayerByAttribute(in layer or_ view=Coconino NF_MVUM Roads_2_
, selection_type="NEW_. , where_clause=" 'FRY PA invert_where clause="")
18 # Process: Buffer (Buffer) (analysis)
19 Coconino NF MVITM Road Buffer = &
Python file length: 2,043 lines: 30 Ln:1 Col:1 Pos:1 Windows (CR LF) UTF-8 INS

8) Here is a close-up of the left side of the code, with “Word Wrap” turned on:
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Q{ DvarcGlS_stuffyTeachingAll_Lecturesh Latest\Reorganized\&_Automation\Pro\Ancillan/\Projects\Geoprocessing_Lecture... — O *
Eile Edit Search View Encoding Language Settings Tools Macro Run Plugins  Window 2 + ¥ X
sHHEEGE s+ Mk ay| 2% EE|ST1 ERETCAc® 0 BE
[=] Jeff_Jenness_Python_Model py E1 |

# —*%- coding: ucf-8 —*-

3 Generated by ArcGIS ModelBuilder 2022-09-24 16:03:0 5

g mrn

= import arcpy

&

T L:_ldef Buffer(): # Jeff Jenness Buffer

< # To allow overwriting outputs change overwriteQutput option to True.

10 arcpy.env.overwriceOutput = False

12 Coconino NF MWVUM Roads_2_ = "Coconino NF_MWVUM Roads"

13 Rock Project Unit = "Rock Froject Unic®

14

15 # Process: Select Layer By Attribute (Select Layer By Attribute) (managemesnt)

16 Coconino NF MVOM Roads, Count = arcpy.management.SelectlayerByAttribute(in laysr or view
=Coconino NF MVUM Roads 2 , selection type="NEW SELECTICH", where clause="NAME = 'FRY
PRRE'", invert_where_clause="")

18 # Process: Buffer (Buffer) (analysis)

18 Coconino NF MWVUM Road Buffer =
LT ERY IS_stuffi\\T 1 ghhall
lary\\Projects)

UM Road Buffer”

20 arcpy.analysis.Buffer(in features=Coconino_NF_MVUM Roads, out_feature_class=
Coconino NF MVOM Road Buffer, buffer distance or field="0.5 Milesz", line side="FULL",
line end type="ROUND", dissolve option="ALL", dissolve field=[], method="GEODESIC")

22 # Process: Clip (Clip) (analysis)

23 Rock Project Buffer =
LT TR IS5 stuffly’

24 arcpy.analysis.Clip(in_ features=Coconino NF MVUM Road Buffer, clip features=

= Rock Project_Unit, out_feature class=Rock Project_Buffer, cluster_tolerance="")
if name = " main ':

# Global Environment settings

with arcpy.EnvManager (scratchWorkspace=
r"D:\a _stuff\Tea ’ [ “WLatest\Beorgani sptomation\ProM\Ancillaxrv\Pr

db", workspace=

_Automation\Pro\Ancillary\Pr
- db™)
25 Buffer()
30
Python fi length: 2,045 lines: 30 Ln:9 Col:74 Pos:224 Windows (CRLF)  UTF-8 INS

9) When the line starts with a # symbol, Python interprets it as a Comment. Comments are not run as
part of the code. They are just added there by programmers to help them keep track of what the
code does. This means that all of the lines in the text that start with “#” will be ignored by ArcGIS
Pro. Those lines are only there for you.
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10) Observe the three “Process” sections in the middle of the code:
<-- Preceding Code cut out here -->
# Process: Select Layer By Attribute (Select Layer By Attribute) (management)

Coconino NF MVUM Roads, Count =
arcpy.management.SelectLayerByAttribute (in_layer or view=Coconino_ NF_MVUM Roads_2_,
selection type="NEW_ SELECTION", where clause="NAME = 'FRY PARK'", invert where clause="")

# Process: Buffer (Buffer) (analysis)

Coconino_ NF_MVUM _Road Buffer =
"D:\\arcGIS stuff\\Teaching\\All Lectures\\Latest\\Reorganized\\6 Automation\\Pro\\Ancillary\\
Projects\\Geoprocessing Lecture 2\\Jeff Jenness Automation Lab.gdb\\Coconino NF MVUM Road Buff
erll

arcpy.analysis.Buffer (in features=Coconino NF MVUM Roads,
out feature class=Coconino NF MVUM Road Buffer, buffer distance or field="0.5 Miles",
line side="FULL", line_end type="ROUND", dissolve option="ALL", dissolve field=[],
method="GEODESIC")

# Process: Clip (Clip) (analysis)

Rock Project Buffer =
"D:\\arcGIS stuff\\Teaching\\All Lectures\\Latest\\Reorganized\\6 Automation\\Pro\\Ancillary\\
Projects\\Geoprocessing Lecture_2\\Jeff Jenness_Automation_Lab.gdb\\Rock Project Buffer"

arcpy.analysis.Clip(in_features=Coconino NF MVUM Road Buffer,
clip features=Rock Project Unit, out feature class=Rock Project Buffer, cluster tolerance="")

11) Do you recognize that these are the three tools you ran (“Select Layer by Attribute”, then “Buffer”,
then “Clip”)?

12) Look closely at the lines of code that executes each tool. Do you recognize the parameters in that
line of code? For example, do you see the SQL code you used to select the Fry Park road? Do you
see where you set the Buffer distance to be 0.5 miles?

13) For your Homework: You will copy-and-paste all the Python code into your homework document.

14) Question for Homework: How would you change the line of code that executes the “Buffer” tool so
that it would create an 0.25-mile buffer rather than an 0.5-mile buffer? Hint: You’ll do this in the
next part of the lab.

15) Continuing on with the lab...

a) We will modify the code slightly to create a 0.25-mile buffer rather than a 0.5-mile buffer, and
run it in the Python window.

b) Return to the ModelBuilder ribbon, and click the Export drop-down list and choose Send To
Python Window:
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E = o - & 2 S Geoprocessing_Lecture_2

Project ModelBuilder Insert Analysis View Share Feature Layer Lab
E !, Cut [SDH B2 AutoSave D Eeport v [EL | [od @ A, | &k sele
1+ N . ; _
Paste |ﬂ] Copy New  Save ELE' Properties Export To Python File Fit to & of [d sele
v %< Environments ] SendTo Python Window  hdow L pa
Clipboard Model @ Export To Gr M

Send To Python window (Shift+W)

Export model to Python and add '
the code to Python window.

Contents

T ‘ Search

5 & &
wMJFM

a) If you stretch out the Python window so you can see all the code, it should look something like
this:

Python =1

# -*- coding: utf-8 -*-

Generated by ArcGIS ModelBuilder on @ 2022-09-24 16:05:31

import arcpy
def Buffer(): #Jeff Jenness Buffer

# To allow overwriting outputs change overwriteOutput option to True.
arcpy.env.ovenwriteOutput = False

Coconino_NF_MVUM_Roads_2_ = "Coconino_MF_MVUM_Roads"
Rock_Project_Unit = "Rock_Project_Unit"

# Process: Select Layer By Attribute (Select Layer By Atinibute) (management)
Coconino_NF_MVYUM_Reads, Count = arcpy.management.5electLayerByAttribute
(in_layer_or_view=Coconino_NF_MVUM_Reads_ 2, selection_type="NEW_SELECTION", where_clause="NAME = 'FRY

PARK', invert_where_clause="")

# Process: Buffer (Buffer) (onalysis)

Coconino_NF_MVYUM_Road_Buffer = "D:\\arcGIS_stuff\\ Teaching'\\All_Lecturesh\Latest\\Reorganized\\6_Automation
WProhAncillan\\Projects\\Geoprocessing_Lecture_2\\Jeff_Jenness_Automation_Lab.gdb
\Coconino_NF_MVUM_Road_Buffer"

arcpy.analysis.Buffer(in_features= Coconino_NF_MVUM_Roads, out_feature_class=Coconino_NF_MVUM_Read_Buffer,
buffer_distance_or_field="0.5 Miles", line_side="FULL", line_end_type="ROUND", dissolve_option="A4LL",
dissolve_field=[], method="GEQDESIC")

# Process: Clip (Clip) (analysis)

Rock_Project_Buffer = "D:\\arcGIS_stuff\\ Teaching'\\All_Lecturesh\Latest\\Reorganized\\6_Automation\\Pro\,
Yancillan\Projects\\Geoprocessing_Lecture_2\\Jeff_Jenness_Automation_Lab.gdb\\Rock_Project_Buffer"

arcpy.analysis.Clip(in_features=Coconino_NF_MVUM_Read_Buffer, clip_features=Rock_Project_Unit,

out_feature_class=Rock_Project_Buffer, cluster_tolerance="")

if _name_ =="_main_"
# Global Environment settings
with arcpy.EnvManager(scratchWorkspace=r"D:\arcGI5_stuff\ Teaching\All_Lectures\Latest\Reorganized
“o_Autormationt\Pro\Ancillary'Projects\Geoprocessing_Lecture_2\Jeff_Jenness_Automation_Lab.gdb", workspace=r"D:
YarcGlS_stuff\ Teaching\All_Lectures\Latest\Reorganized\6_Automation\Pro\Ancillary' Projects
‘Geoprocessing_Lecture_2\Jeff Jenness_Automation_Lab.gdb"):
Buffer()
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b) The code is almost ready to run, but we need to change the buffer value and we need to provide
new names for the output datasets. Right now it is written to create a new dataset named
Rock_Project_Buffer, but we already created a dataset with that name in Lab Exercise 7. This

will cause the script to crash. Just to be safe, we’ll also change the name of intermediate buffer
dataset.

i) Inthe Buffer process, change the name of the output feature class to
\\Coconino_NF_MVUM_Road_Buffer_2” and change the buffer distance to “0.25 Miles”

# Process: Buffer (Buffer) (analysis)

Coconino_NF_MVUM_Road_Buffer = "D:\\arcGIS_stuffi\ Teaching\%All_Lectures\\Latest\\Reorganized\\6_Automation\\Pro'
Yancillany\\Projects\\Geoprocessing_Lecture_2Y\Jeff_lenness_Automation_Lab.gdb\\Coconine_MNF_MVUM_Road_Buffer_2

arcpy.analysis.Buffer(in_features=Coconino_MF_MVUM_Roads, out_feature_class=Coconino_MNF_MVUM_Road_Buffer,
buffer_distance_or_field="0.25 Miles", line_side="FULL", line_end_type="ROUND", dissolve_option="4LL", dissclve_field=[],
method="GEQDESIC")

ii) Inthe Clip process, change the name of the output feature class to

# Process: Clip (Clip) (analysis)

Rock_Project_Buffer = "D:\\arcGI5S_stuff\\ Teaching\\All_Lectures\\Latest\\Reorganized\\6_Automation\\Pro\\Ancillary’
\Projects\\Geoprocessing_Lecture_2\\Jeff_Jenness_Automation_Lab.gdb\\Rock_Project_Buffer_2'

arcpy.analysis.Clip(in_features= Coconino_MF_MVUM_Road_Buffer, clip_features=Rock_Project_Unit,
out_feature_class=Reock_Project_Buffer, cluster_tolerance=""}

iii) When you are ready to run the code, just hit the [Enter] key and it will run.

iv) When the code finishes, take a look at your map. You should see that the code added both
the intermediate buffer and the final clipped buffer.
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2) Food for Thought: One cool thing about Python is that you can use it to run ArcGIS functions
without ArcGIS actually being turned on. People often do this when they have regular updates to
their data. They will have a place for new data to be stored, and then they’ll have a Python script set
to run in the middle of the night every night that will process that data and store it in the

appropriate geodatabases.
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Exercise 9: GeoProcessing Intersect and Landfire

Objectives

= Learn the Intersect tool.
= Learn the Summarize tool.
= Learn what Landfire data looks like.

= Summarize Landfire Vegetation characteristics for your project area.

Data used:

*  Your stand boundaries feature class Stands_RockPrj_CF_2014 in workspace
..\Class_GIS_Data\RockPrj_CF_2014\..

= LandFire “Existing Vegetation Type” feature class Landfire_EVT_140_Rock_Prj in workspace
..\Class_GIS_Data\RockPrj_CF_2014\Rock_Project_Landfire.gdb.

= Optionally, Landfire “Existing Vegetation Cover” feature class Landfire_EVC_140_Rock_Prj in
workspace ..\Class_GIS_Data\RockPrj_CF_2014\Rock_Project_Landfire.gdb.

= Optionally, Landfire “Existing Vegetation Height” feature class Landfire_EVH_140_Rock_Prj in
workspace ..\Class_GIS_Data\RockPrj_CF_2014\Rock_Project_Landfire.gdb.

= Optionally, any background data you wish to add, such as Esri Basemap layers Imagery or USA
Topo Maps.
Homework Assignment:

No homework assignment for this one. Just some questions throughout the lab to emphasize particular
points.

Exercise:

Preliminary Steps: What is Landfire?

[0 This lab exercise uses Landfire data downloaded from http://www.landfire.gov. | would have

preferred to have all students go to the web site themselves, but downloading Landfire data can
sometimes be a little tricky. I'd also like to illustrate a few vector tools in this lab, which don’t
work on the Landfire data because it comes in raster format.

[0 Therefore, | have downloaded a few datasets that cover your project area, and converted the

original rasters to polygon feature classes and reprojected them into NAD 1983 UTM Zone 12
coordinates.

O Take a few minutes to go to http://www.landfire.gov and look it over. And please feel free to
download additional data for your own purposes! It’s a great resource.
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[0 Question: The data included with this lab is version 1.4.0, meaning that this is the “Landfire
2014 Update” to the data. What does the Landfire 2014 Update include? Hint: See

http://www.landfire.gov/data_overviews.php, and especially
https://www.landfire.gov/If 140.php. What is the text following the words “LF 2014 is a

vegetation and fuels mapping effort to...” on that site?

Answer:

[0 Question: This lab includes 3 datasets: Existing Vegetation Type (EVT), Existing Vegetation

Cover (EVC) and Existing Vegetation Height (EVH). What are brief descriptions of these three
datasets? Hint: For brief descriptions, see https://www.landfire.gov/vegetation.php,

https://www.landfire.gov/documents/Data_Products_Table_2016.pdf and

https://www.landfire.gov/documents/LF Data Product Descriptions 2016.pdf

= Existing Vegetation Type:
= Existing Vegetation Cover:

= Existing Vegetation Height:

[0 Question: What are the names of 3 other Landfire datasets that you feel would be useful to you

as a Forester? Hint: The same links
https://www.landfire.gov/documents/Data Products Table 2016.pdf,

https://www.landfire.gov/documents/LF_Data_Product_Descriptions_2016.pdf and

https://www.landfire.gov/version comparison.php list and describe a lot more than 3 additional
datasets. | just want you to look some of them over and decide if they might be useful to you in
the future.

1.
2.
3.

0 For your own information: You can find a lot more detailed description of the vegetation data
types by clicking on the appropriate links at http://www.landfire.gov/vegetation.php. See

especially https://www.landfire.gov/documents/LF-GAPMapUnitDescriptions.pdf.

The Actual Lab Exercise
[0 Open ArcGIS Pro to a new empty map.

0 Add the Stands_RockPrj_CF_2014 from workspace ..\Class_GIS_Data\RockPrj_CF_2014\..
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Add the LandFire "Existing Vegetation Type" feature class Landfire_EVT_140_Rock_Prj from

workspace Rock_Project_Landfire.gdb. Important! This is the feature class that has “EVT” in

the name!
0 If you wish, add any background data that you would like to see in your map.
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[0 Use the Explore command

+ toclick on a few Landfire Landfire_EVT_140_Rock_Prj
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polygons and see what they say. Notice all the different ways each polygon is classified! These
different classification systems mean we can use and analyze Landfire data in multiple ways and
at multiple levels of vegetation class precision.

i

o

For Example: Use the Identify command +  toclick on a the Landfire_EVT_140_Rock_Prj

polygon underneath Rock Project Stand 4 (see above). Note: In the Explore tool drop-down
menu, you may have to switch the current choice from “Topmost layer” to one of the other
options:
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[0 Now, when clicking on Stand 4, you should see the following classifications for the Landfire
polygon underneath Stand 4:
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Pop-up ~ O X
4 StﬁZdS_RGCkaJ_CF_EDM (1 Landfire_EVT_140_Rock_Prj - Southern Rocky Mountain Po...
4 | andfire_EVT_140_Rock_Prj (1) object identifier 4384
[Southern Rocky Mountain Ponderosa Pine Woodland |
VALUE 3054
CLASSNAME Southern Recky Mountain Ponderosa Pine
Woodland
EVT_Fuel 2054
EVT_Fuel M Tr Southern Rocky Mountain Ponderosa Pine
Woodland
EVT_LF Tree
EVT_GP 631
EVT_PHYS Conifer
EVT_GP_N Ponderosa Pine Forest, Woodland and
Savanna
SAF SRM SAF 237 Interior Ponderosa Pine
EVT OFRDER Tree-dominated
EWVT_CLASS Open tree canopy
EVT _SBCLS Evergreen open tree canopy
r 214
g 255
b 181
Red 0.839216
Green 1
Blue 0.709804
Shape_Length 52510.262621
Shape_Area 6917282.11654
10f1 426,61 E.QDEH-B,SEABH.EEN m &M & Q

= Southern Rocky Mountain Ponderosa Pine Woodland, according to the attribute field
“CLASSNAME".

= Tr Southern Rocky Mountain Ponderosa Pine Woodland, according to the attribute field
“EVT_FUEL_N.

= Tree, according to the attribute field “EVT_LF”
= Conifer, according to the attribute field “EVT_PHYS”

= Ponderosa Pine Forest, Woodland and Savanna, according to the attribute field
“EVT_GP_N”"
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= SAF 237: Interior Ponderosa Pine, according to the attribute field “SAF_SRM” (Note: These

classifications come from the Society of American Foresters and the Society for Range
Management.

= Tree-dominated, according to the attribute field “EVT_ORDER”
= Open tree canopy, according to the attribute field “EVT_CLASS”

= Evergreen open tree canopy, according to the attribute field “EVT_SBCLS”

Note: You may notice that the Landfire feature class does not have good metadata
describing what all these attribute fields are. If you are curious (and you should be if you
ever think you might want to use this data), you can find brief descriptions of them in the
folder “General_Landfire_Metadata” (located in your folder
..\Class_GIS_Data\RockPrj_CF_2014\..). Use your Catalog view to find the file, then click on
the “Description” tab to see the metadata:

B = G~ v v Default_Geodatabase_Lab | 2 Command Search (Alt+Q Jeff - Jenness Enterprises e’ n ? = O X
Project Catalog Insert Analysis View Imagery Share Manage
D) 7 ModelBuilder ,‘ ~ g@n % Data Engineering Exploratory 3D Analysis ~ (7, Business Analysis v | By Raster Functions ~
-]
History il Python ~ ReadyTo Tools Analysis Feature  Rester Suitability Modeler Network Analysis ~ Data Interop ~ if,; Function Editor
€ Environments Use Tools~ Galley~ | Analysis+ Analysis ~ Visibility Analysis Geostatistical Wizard
Geoprocessing Gl Toals Portal Workflows Raster ~
Contents v % D Map6 = Catalog X hd
4 B Project (;' ‘!\)l [ v  General_Landfire_Metadata - |(‘_)HL’: Search General Londfire o v
b g Maps Name Metadata Geography Table
b @ Toolboxes [ us_140_eve
il Notebooks [#] us_140_evh_20
=l Databases ‘ m us_140_evt_20180618.xml
b g Styles
b BE Servers This item has authored FGDC metadata that must be upgraded to ArcGIS
metadata format before it can be used in ArcGIS Pro.
» Folders
# Locators
4 (A Portal
b @ My Conted [ tmpCIAEtmphtm - ] X
b0 My Favoritl (T) File | CifUsers/jeffi/AppData/Local/Temp/ArcGISProTemp30804/tmpC1AE tmp.him
°° e «<sername>LANDFIRE Existing Vegetation Type</sername:x -
‘G My Organi <issue>=LANDFIRE 2014 (If_1.4.0)</issue>
5 ArcGIS Onl </serinfo>
N -<pubinfo:-
b @ Living Atla <pubplace>47914 252nd St., Sioux Falls, SD, 57198-0001, US</pubplace>
Favorites <publish=Wildland Fire Science, Earth Resources Observation and Science Center, U.S. Geological Survey</publishz
</pubinfox
<othercit>United States Forest Service</othercitz>
<onlink=https:/ /landfire.cr.usgs.gov/viewer/ </onlink>
<onlink=https:/ fwww.landfire.gov=/onlink:=
(,{[\tf;mfcu) =
</citation>
-<descript=
<abstract>Introduction: The LANDFIRE existing vegetation layers describe the following elements of existing vegetation
for each LANDFIRE mapping zone: existing vegetation type, existing vegetation canopy cover, and existing vegetation
height. Vegetation is mapped using predictive landscape models based on extensive field reference data, satellite
imagery, biophysical gradient layers, and classification and regression trees. DATA SUMMARY: The existing vegetation
type (EVT) data layer represents the current distribution of the terrestrial ecological systems classification developed
by NatureServe for the western Hemisphere (http://www.natureserve.org/biodiversity-
science/publications/ecological-systems-united-states). A terrestrial ecological system is defined as a group of plant
community types (associations) that tend to co-occur within landscapes with similar ecological processes, substrates,
and/or environmental gradients. EVTs are mapped in LANDFIRE using decision tree models, field reference data,
Landsat imagery, digital elevation model data, and biophysical gradient data. Go to =
»

Tip: Since ArcGIS Pro is unable to view the metadata in its native format, you can use the
“Upgrade” tool in the Metadata tab to upgrade it. Your choice.
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b @ My Content planning and reporting of management activities. Data products are created at a 30-meter
- i grid spatial resolution raster data set; however, the applicability of data products varies by
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b 3 ArcGIS Online

b @ Living Atlas

Favorites

<

3ltems 1 ltem Selected

evaluate fire management alternatives. Users are advised to evaluate the data carefully for
their applications.

Description

Introduction: The LANDFIRE existing vegetation layers describe the following elements of

There is a lot more information available on the links at
https://www.landfire.gov/documents/LF-GAPMapUnitDescriptions.pdf, but it takes some
searching to find good descriptions for each classification type. To get info on Southern
Rocky Mountain Ponderosa Pine Woodland, you would search the PDF for this value (or,
more simply, for the corresponding Code value 3054):
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LAMNDFIRE Gap Map Unit Descriptions - Adobe Acrebat Pro DC — O e
File Edit View Window Help

Home  Tools LANDFIRE Gap Ma.. % - IONY W )
O ® B E Q ® @ =6 AR MO @ s~ mr e "1 Share

3054: Southern Rocky Mountain Ponderosa Pine Woodland

Match Confidence: Direct Match
Suggested Match:

Codes: ESLF: 4241 EVT_fuel: 2054
ESP: 1054 NatureServe 1d: CES306.648

BioGeographical Division : Rocky Mountain

® OO

NVC MacroGroup: M022 Southern Rocky Mountain Lower Montane Forest
NVC Group: G228 Southern Rocky Mountain Ponderosa Pine Forest & Woodland

1997 Standard
FGDC Division : Vegetated
FGDC Order: Tree-dominated
FGDC Class: Opentree canopy
FGDC Subclass : Evergreen open tree canopy

2015 Standard
NVCS Class: 1 Forest & Woodland
NVCS Subclass:  1.B Temperate & Boreal Forest & Woodland
NVCS Formation: 1.B.2 Cool Temperate Forest & Woodland
NVCS Division:  1.B.2.Nb Rocky Mountain Cool Temperate Forest

Summary: This very widespread ecological system is most common throughout the cordillera of the Rocky
Mountains, from the Greater Yellowstone region south. It is also found in the Colorado Plateau
region, west into scattered locations of the Great Basin. Its easternmost extent in Wyoming is in
the Bighorn Mountains. These woodlands occur at the lower treeline/ecotone between grassland
or shrubland and more mesic coniferous forests typically in warm, dry, exposed sites. Elevations
range from less than 1300 m in northern Wyoming to 2800 m in the New Mexico mountains.
Occurrences are found on all slopes and aspects; however, moderately steep to very steep slopes
or ridgetops are most common. This ecological system generally occurs on seils derived from
igneous, metamorphic, and sedimentary material, with characteristic features of good aeration
and drainage, coargg textures, circumneutral to slightly acidic pH, an abundance of mineral

: i of drought during the growing season. “Northern Rocky Mountain
06.030)55 in the eastern Cascades, Okanogan,
3 greater sigh

0 Try symbolizing by the attribute field SAF_SRM. Try playing around some with the symbols for
specific categories. | tried symbolizing the tree classes by ramping through shades of green, and
the grass/shrub classes through shades of red, and then | set the border width for all classes to
be 0. Note: You don’t have to try to duplicate the image below! Just make something that looks
useful to you.
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[0 What about if you want to just look at Landfire classes inside your project stand boundaries?
You have two options that | can think of:

*  You could select all Landfire polygons that intersect the stands, then just run the statistics

tool on them. However, this will give you a lot of information on areas outside your project
area, because the Landfire polygons do not line up nicely with your stand boundaries.

= The better solution is to run the geoprocessing intersect tool to intersect your stand

boundaries with the Landfire polygons. This essentially cuts all the Landfire polygons to your
stand boundary edges.

Run the Intersect Tool:

O Open your Intersect tool by clicking the Analysis tab, and Tools, and then choosing Intersect:

=  You can find the Intersect tool by either searching for it directly, or by open up the
Toolboxes, then Analysis Tools, then Overlay, then Intersect.
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[0 Fill out the Intersect parameters as follows:

=  For Input Features, add your Stands_RockPrj_CF_2014 and Landfire_EVT_140_Rock_Prj

feature classes.

=  For Output Feature Class: Just save it somewhere you will remember. You will not have to

turn this feature class in! Just remember the location and name so you can find it later if
you need to.

=  For Attributes to Join, select ALL

= For Output Type, set it as Same as Input.
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© Intersect *

Parameters Environments @
¥ input Features '&:‘ Ranks

| Stands_RockPrj_CF_2014 v | | |

| Landfire EVT_140_Rock_Prj o | o | |

| M | | |

Qutput Feature Class
| Landfire_in_Rock_Project |

Attributes To Join

|AII attributes v |
Output Type
Same as input » |

[0 Hit Run and wait for it to finish. The tool should add the new feature class automatically to your
map. Ifit does not, then just load it manually like you do any other dataset.

[0 Notice that your new feature class includes only those regions that existed in both

Stands_RockPrj_CF_2014 and Landfire_EVT_140_Rock_Prj. Notice also that all polygon
boundaries that existed in both original feature classes are included in this new one. This means
that the new feature class has all your stand boundaries (and all the stand attributes), plus all the
LandFire boundaries and attributes.

0 Try symbolizing by the attribute StandID and you will see that all the original stand edges and
attributes are there:
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O Try symbolizing by the attribute SAF_SRM and you will see that all the LandFire classes are there

as well.
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2 In Beyond <Nones - Transparency | 0.0% v Swipe 9 ) |
v = d v 0 Field | Nio fields - 1
Qut Beyond <None> Layer Blend  |Mormal (o Flicker | 5000 ms Symbolagy o o= - N = (i

%5 Clear Limits @) Feature Blend |Mormal - 2 B i 4 Cullingv  ~

Visibility Range Effects Compare Drawing Extrusion Faces ~
Contents i Catalog -
T |5€arrh

=00/ B &R -

Drawing Order

4 [E] Mapb

4[] Landfire_in Rock Project
SAF_SRM
[ LF 20: Developed
[ sAF 235: Cottonwood-Willow
I:l SAF 237: Interior Ponderosa Pine
I:l SRM 203: Riparian Woodland
I:l SRM 403: Wyoming Big Sagebrush
] SRM 410: Alpine Rangeland
[ SRM 413: Gambel Oak
- SRM 422: Riparian
[ sRM 502: Grama-Galetta
I:l SRM 503: Arizona Chaparral
I:l SRM 504: Juniper-Pinyon Pine Woodl

- <all other values>
I [_] Stands_RockPrj_CF_2014
4[] Landfire_EVT_140_Rock_Prj

>

428,354.34E 3,885 684N m v | @ Selected Features: 0 | [ | 2
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[0 So now we have a vegetation type dataset that is cut to our stand boundaries. We can now

easily calculate statistics on it. This example will show how to calculate the acreages of all the
SAF_SRM classes in your project area, but you should be able to easily adapt this to any other

classification field.

Use Summarize tool to Calculate Acreages of Each SAF_SRM Type in Project Area

[0 Open the attribute table for your new feature class and find the attribute field Acreage.

Default_Geodatabase_Lab - ArcGIS Pro O X
£ Landfire in_Rock Project X v
Field: 5 Add EE Calculate  Selection: E:E Select By Attributes ?é Switch =

OBJECTID * Shape* FID_Stands RockPri_CF_2014 StandID Acreage FID_Landfire EVT_140 Rock Prj VALUE CLASSNAME EVT_Fuel ~
111 Polygon o 4 224,115 3057 3160 | Rocky Mountain Subal... 2160
2|2 Polygon o 4 224115 3113 3155 MNorth American Warm... 2155
3|3 Polygon o 4 224115 3154 3160 | Rocky Mountain Subal... 2160
4 4 Polygon ] 4 224115 3177 3155 | North American Warm... 2155
5|5 Polygon o 4 224115 3193 3258 | North American Warm... 2155
6|6 Polygon ] 4 224115 3206 3160  Rocky Mountain Subal... 2160
T|7 Polygon o 4 224115 3207 3155 | North American Warm... 2155
8|8 Polygon ] 4 224115 3239 3054 | Southern Rocky Moun... 2054 | .,
< »

= Pl 0 of 200 selected Filters: T - | + 100% - |

[0 Observe that there are already acreage values for all the records. Question: Are these values

correct? Why or why not?

= The correct answer is no, because they were simply attribute values that got transferred

over like all the other attributes. There is nothing special about this attribute field to tell
ArcGIS Pro that it reflects area values or that it should be automatically changed if you
modify the data. ArcGlIS sees this attribute field as no different than the others, and it
doesn’t change these values any more than it changes any of the others.

[0 Recalculate the acreages: Right-click on the attribute field and choose “Calculate Geometry”,

then tell it to calculate Area (geodesic) in US Survey Acres:
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Right-Click Here

= Sort Ascending |
Default_Geodatabase_Lab - ArcGIS Pro 5 Sort Descending O *
Landfire_in_Rock_Project $ Custoem Sort w
Field: §8 Add [E] Calculste  Selection: [gg Select By Attri 2 Hide Field =
OBJECTID * Shape * | FID_Stands_RockPrj_CF_2014 StandID Acreage FID_Lar [ Freere/Unfreeze Field LASSNAME EVT_Fuel ~
111 Polygon ] 4 224115 ocky Mountain Subal... 2160
B2 Calculate Field
2|2 Polygon 1} 4 224115 E:rth American Warm... 2155
L5 Calculate Geometry
3|3 Polygon ] 4 224115 ocky Mountain Subal... 2160
|_|_|J Statistics
4 4 Polygon a 4 224115 Ezrth American Warm... 2155
Hﬁ Summarize
5 Enlvnnn o] F] jorth American Warm... 2155
X s I
CHEHETEE £ ThTBE5] £R Fields cky Mountain Subal., 2160
1 Parameters Environments @ B2 Delete jorth American Warm... 2155
Input Features 3239 3054 Southern Rocky Moun... 2054 | .,
| Landfire_in_Rock_Project v | »
|: Geometry Attributes Filters: ?| = —] + 100% - | e
|  Field {Existing or New) (~) Property
|Acreage hd ||Area (geodesic) hd |
Area Unit
| US Survey Acres v|
Coordinate System
[0 Now the acreages are correct. Next, find the attribute field SAF_SRM, right-click on it and
choose Summarize:
Default_Geodatabase_Lab - ArcGIS Pro O X l

Landfire_in_Rock_Project

Field: F Add [ Calculate  Selection: [fm Select By Attributes 5 Switch

EVT_LF EVT_GP EVT_PHYS EVT_GP_N SAF_SRM
1 |ntain Su... | Tree 635 | Riparian ‘Western Riparian Wo... | SRM 422: Riparian
2 ican War... | Tree 635 | Riparian Western Riparian Wo... SRM 203: Riparian Wo...
3 ntain Su.. | Tree &35 | Riparian Western Riparian Wo...  SRM 422: Riparian
4 tican War... | Tree 635 | Riparian Western Riparian Wo... | SRM 203: Riparian Wo...
5 tican War... | Shrub 635 | Riparian Western Riparian Wo... | SRM 203: Riparian Wo...
& ntain Su..  Tree &35 | Riparian Western Riparian Wo... SRM 422: Riparian
T rican War... | Tree 635 | Riparian ‘Western Riparian Wo... |5RM 203: Riparian Wo...
8 ocky Mo... | Tree 631 | Conifer Ponderosa Pine Forest.., SAF 237: Interior Pond...
<

= B

0 of 209 selected

Filters:

Wt -—

= Sort Ascending

7 Sort Descending

Custom Sort

Hide Field

H|@

Freeze/Unfreeze Field

Calculate Field
Calculate Geometry
Statistics

Summarize

Fields

4 s dE&a

Delete

|
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[0 What does Summarize do? First, it returns a table telling you how many times it found each

unique value in the attribute field you are summarizing. Therefore the new Summary table
always has an attribute field holding the original values (except there will only be one record per
value), plus another attribute field named “Frequency”.

Fortunately, we can also tell the Summarize tool to calculate statistics on other attribute fields.
Here it will generate a separate set of statistics for each unique SAF_SRM value.

[0 We want to calculate the sum statistic for the attribute field Acreage, so that we will get the total

acreage for each SAF_SRM class in the project area. In the Summarize dialog, simply set the
Field to be “Acreage”, and the Statistic Type to be “Sum”. Leave the Case Field as SAF_SRM.

Summary Statistics ? X
Input Table
Landfire_in_Rock_Project -

Output Table
SAF_SRM_Sums

.....

Statistics Fields
N L
Field () Statistic Type
Acreage “ || Sum v
v v
Case Field ()

SAF_SRM v

[0 Specify your output table and remember where you put it! In this example, | am saving the table
with the name SAF_SRM_Sums.

[0 Hit OK and ArcGIS Pro will generate a statistics table and add it to your Standalone Tables

section. Open your new table and observe that you have a separate row for each unique
SAF_SRM value, a “Count” field, and a “Sum_Acreage” field”
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BEEmES-C- = Default_Geodatabase_Lab | & Command Search (Alt= () Jeff - Jenness Enterprises ‘}! A 2 N e S

Project Map Insert Analysis Wiew Edit Imagery Share Table Standalone Table
- - — ! = 3
Cut 40’ @ ] w - v o rrﬁ % % 'r% [ ] TEEI @y Pause £3 Lock |5 ;
Copy ¥ NekKZA T + . " hh] (8 | = [A]

Paste ~oP) Explore 7™ ¥ Bookmarks Go Select Select By Select By Measure Locate Infographics Coordinate | > Convert | Download

v Copy Path ~ v To XY ~  Attributes Location - ~ v Conversion | g« v Map ~
Clipboard Navigate [E] Layer Selection [F] Inquiry Labeling [E Offline [Fl ~
Contents v 1 x [EJMaps X & Catalog v

?|5£cr~:n“ o V|
0K/ HO 2.

Drawing Order
4[] Mapt
b [ Landfire_in_Rock_Project
b ] Stands_RockPrj_CF_2014
[[] Landfire_EVT_140_Rock_Prj

Default_Geodatabase_Lab - ArcGIS Pro
4 Standalone Tables

[ SAF SRM Sums ____._~.-——) SAF_SRM_Sums X

Field: fE] FE Selection: (g = Rows: [;=~ =
OBJECTID* SAF_SRM FREQUENCY SUM_Acreage 2
1 | 1 LF 20: Developed 6 3.277421
2 2 SAF 235: Cottonwood-Willow 7 4.005549
3 |3 SAF 237: Interior Ponderosa Pine 34 945,345288
4 4 SRM 203: Riparian Woodland 46 124.701158
5 |5 SEM 403 Wyoming Big Sagebrush 1 1176019
6 6 SRM 410: Alpine Rangeland 25 5.298616
7|7 SRM 413: Gambel Oak 18 47813
1:28,252 3 |8 SRM 422: Riparian 23 27.078672 Iz
9 |9 SRM 502: Grama-Galetta 18 3.913056 L
10 10 SRM 503: Arizona Chaparral 16 2.298938
1111 DM B4 Liminar Dinunan Dina Winadla s & 110124 ”
= M Dof 11selected  Filters: - 1 +100%

Optional:
If you would like to classify based on one of the other Landfire classifications, please feel free to do so. |
will be happy to help if you run into any problems.

If it would help other Forestry projects, then | have also added the LandFire Existing Vegetation Height
(EVH) and Existing Vegetation Cover (EVC) data to the file geodatabase Rock_Project_Landfire.gdb. You
can use the methods we just ran through to calculate statistics on these other datasets if you like.

Optional II:

If you would like to run a similar Landfire-based analysis anywhere on the Coconino, then | have posted
EVT, EVH and EVC datasets on BBLearn in the “Extra Data [Optional]” folder. These datasets include both
raster and vector versions of the data. The geodatabase is large (475 MB after extracting it from the zip
file), so make sure you put it on a drive that has some space.

Note: The attribute tables are not included with the feature classes, so you will have to join them before
you will be able to run analyses like those illustrated above. If you do not remember how to do this, then
please refer to Lab Exercise 5 of the Selections, Joins and Relates lecture. Again, | will be happy to help if
you run into any problems.

Optional III:
The Forest Service GIS web portal has a few vegetation datasets for the Coconino and for Region 3 in
general. The site goes down periodically, but you can usually reach the Region 3 GIS site at:

rdb5201889&width=full
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https://www.fs.usda.gov/detailfull/r3/landmanagement/gis/?cid=stelprdb5201889&width=full

From there, you can scroll through the site and review the offerings.
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