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Introduction to LiDAR using ArcGIS
Pro: Part A

ARCGIS PRO VERSION 3.2.X

Time to complete

Approximately 90 minutes
Requirements: An Internet connection,
ArcGIS Pro v.3.2 with Spatial Analyst and
3D Analyst Extensions

In this guided tour you
will be using ArcGIS Pro to:

e Import LAS files into an ArcGIS LAS Dataset

e View the LiDAR Point Cloud and change the symbology

e Colorizing the LAS Dataset with Digital Orthophotography
e Viewin 2D and3D

Introduction

What is LIDAR? LiDAR stands for Light Detection and Ranging. LiDAR data provides high levels of detail
and precision in describing elevation. Products derived from LiDAR include such things as very accurate
elevation models as well as surface height information for such things as building and trees.

In this training tutorial will be using publicly available LiDAR data for an area in Arroyo Seco, New
Mexico. In Part A you will be using ArcGIS Pro to introduce you to the LAS Dataset and view LiDAR point
clouds in both 2D and 3D. In Part B you will further explore how to create a Digital Elevation Model
(DEM), a Digital Surface Model (DSM), calculate absolute heights, and create a vegetation density
model.
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Let’s Get Started

In this first section, we will introduce you to ArcGIS Pro and will explore 2016 LiDAR data collected in
Taos County New Mexico near the town of Arroyo Seco. You will learn how to use ArcGIS Pro to create a
LAS Dataset and view and display LiDAR data.

Create a folder for the exercise in Windows File Explorer

Data management is critical to any GIS project. First create a folder in Windows File Explorer where you
will store this project and all related data. Title it LIDAR_Tutorial_PartA. Within that folder, create a
second folder called Exercise_Data. Remember where this folder is stored on your computer.

Download exercise data

Browse to https://nmfwri.app.box.com/folder/245550299651 to download the exercise data to your
computer. Hover your mouse to the far right of the folder called ArroyoSeco_Data, check the box that
says Select, then click the Download icon above it. Store it in the Exercise_Data folder within your
Lidar_Tutorial_PartA folder.

= (L]
Download ﬁ ‘

x ArroyoSeco_Data is selected E g ™ @
NAME i SIZE Sharing De
[T ArroyoSeco_Data { 30 Files . LE' (2) S
F
7.2 MB
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Open ArcGIS Pro and Login using provided login information

To open ArcGIS Pro, go the Windows Start Menu.

Find ArcGIS and use the drop-down
menu to see all of the programs. When
you see ArcGIS Pro double click to open
the program.

Once you open ArcGIS Pro you will need
to sign into an ArcGIS Online account.
For this exercise you will be provided
with a temporary Username and
Password, enter this information
provided by your instructor. Your
instructor will provide these details
before this lab begins.

NOTE: This is a temporary account tied to
Highlands. Back in your office you will need to
create an ArcGIS Online account that is linked
to your licensing account to fully access ArcGIS
Pro at your work computer.

& ArcGIS Pro

ArcGlS Sign In

AreGIS Pro wants to access your ArcGIS Online account information (°
Sign in @esri-
ArcGIS login
[fj Username
fﬂ Password

Forgot username? or Forgot password?

Your ArcGIS organization's URL

0 0 G

+| Sign in automatically

Sign In Using Browser

Step 1. Create a New Project and a LAS Dataset

Once you have signed in, ArcGIS Pro will prompt you to create a new project. Under New Project, Click

on MAP.

(P ArcGIS Pro

New Project /

£ s
m Learning

Resources

{é} Settings

Map Catalog

7 dr

Start without a template

Global Scene Local Scene
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Another window will open where you
will enter the name of the new project
and its location on your computer.

1. Enter the Name as
Arroyo_Seco_Data.

For Location, click on the folder

New Project X

Name

Arroyo_Seco_Data
Location

C:\Users\YourName\Documents\LiDAR_Tutorial_PartA v

Create a folder for this project

| | Cancel

icon and browse to the folder you created earlier called LIDAR_Tutorial_PartA.
Be sure to UNCHECK the box next to create a new folder for this project and click OK.

ArcGIS Pro will then open to your project Catalog page.

2. Click on the Foldersicon Catalog v B x —
H roj orta mputer Favori = OIHCUH
from the PrOjeCt Cata|0g Project lc.».rh\ Computer Favorites =
. ‘? Search Project P~
window. Next, open the y
b aps '
Exercise_Data folder. il Tooboxss ‘
b [&l Databases
h h b g Styles 1 ! OTupeka OKansasClty
. Wi Exerci D 4 &5 Folders | |
3 th the Exerc se._ ata. Right click on the Exercise_Data folder
folder selected, right click am— &
and Select New > LAS b S backups g . ' L
Dataset. > Folder Ctrl+Shift+F
spMessages —
3 File Geodatabase Ctrl+Shift+D

This will create a LAS ‘
Dataset, which is a :
container to hold .las files
so that we can use them
in ArcGIS Pro.

4. Name the LAS Dataset file
ArroyoSeco.lasd

[

ArroyoSeco.lasd

¥% Arroyo_Seco_Data.atbx

b '#% Locators

Importlog + Add To Project

= Mobile Geodatabase

Sereenshots Add To Favorites

i
B Toolbox (atb:
# Add To New Projects oolbox (atbx)

~ & Python Toolbox

' Refresh F5
| Notebook
Yo Cut Ctrl+X T 5
| LAS Datase
JL1|:| Copy Ctrl+C
GeoPackal | oS Dataset
Shapefile | Create a new LAS dataset.
=
w] Copy Path Ctrl+Alt+P o
& Py _ B Suitability Models
[ Delete Ctrl+D £t Locator
[Z]] Rename F2
Show In File Explorer
L’| View Metadata Alt+M
/  Edit Metadata Ctrl+Shift+M Dallas
o]

[

5. Next, in the Catalog Pane, right click on the newly created ArroyoSeco.lasd and click on

Properties.

6. This will open the LAS Dataset Properties. Click on LAS File in the menu on the left and then

click on the button to Add Files.
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LAS Dataset Properties; ArroyoSeco.lasd X

Step 1

General . Step 2
Files

Statistics -

I Shows; |Files = |:| show full path of LAS files

LAS Files

Surface Constraints Add Files... | Add Folders... |

Coordinate System LAS File Versior Point Coun Point Spacd ZMin  Z Max  Details

7. Now browse to where your .las file is located on your hard drive. Locate your Excercise_Data
folder and drill down until you find and select this file: 13SDA515410.lasd.

8. Before clicking OK,

. . LAS Dataset Properties: ArroyoSeco.lasd o X
continue looking at
General —
atistics
your LAS Dataset R
properties and you — Classification Codes  Attributes = Retumns = Classification Flags
- : Classification ~ Point Count % ZMin ZMax Min Int Max Ini Synthel

will now see your Surface Constraints

y o 1 Unassigned | 5921,703 69.08 | 24535t 28338 0 65535 0
LAS File loaded. y 2 Ground | 2,650,498 3092 | 24533128232 0 65535 |0

Coordinate System

Click on the left-
hand Statistics tab
and, if it appears as
an option, click
Calculate.
Otherwise, click
Update. If the
window says, ok | [ cancel
“Statistics up to

date,” thereis no

need to do anything.

Force recalculate

Statistics up to date.

This will calculate the statistics for the LiDAR file so now you will see more information about
your LiDAR data. Within that same Statistics window one at a time, click on the Classification
Codes, Attributes, Returns, and Classification Flags to get more information about your data.

9. Answer these questions with while looking at the LAS Dataset properties:
Question A: What is the point count of your 1% returns and what percentage does this make

up of the total returns? (Hint: look at Statistics and then Returns Tab)
15t Return Point Count
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Percent of Total

Question B: What is the Projection of your LAS Data? (Hint: look at the Coordinate System Tab)
Current X,Y Coordinate System(2D)

Current Z Coordinate System(3D)

What are the coordinate units? Circle the correct answer: Meters Feet Inches

Question C: What is the Point Spacing of your LAS Data? (Hint: look at the LAS Files Tab)
Point Spacing

10. Now click the OK button to close the LAS Properties window.

Step 2. Add your LAS Dataset to a map and view your LiDAR data

1. Return to the Catalog window. Right click Catalog - T
on your ArroyoSeco.lasd file and R P
then click on Add to Current Map. & Mors bl T
bl obimes ) Add data to the active map.
b i Databases B Copy Cirl+C
. . . bl Styles [ Copy Path Ctrl+Alt+
2. This will add your LiDAR data to your open | . . .. . = 5 ' : .
Delete Ctil+D

Map. You will only see a red box i ) e &

Show In File Explorer

identifying the extent of your LiDAR data. e i N
SRR ek #  Edit Metadata Ctrl+Shift+M
4 ArroyoSeco lasd .
i i Calassanes [B properties
Using the Roller Ball on your mouse roll it - o
Screenshots

away from you to zoom in until you start
to see the LiDAR Points. ‘

New Mexico

Map Insgrf Analysis View :
. (_\ ~ i Contents v o x| [EfMap X
! - g s_é L3 Lu N T - ] scarch = - - B Copy clsC
Explorg AR EN Bookmarks  Go ke 3 | + ©7 | B Remove
T [ N To XY — Group
= Drawing Order =
Mavigate [ a[F] Map Zoom To Layer
[ AoyoSecoasd P ZoomiTo Layer
. . . | World Topagraphic Map Zoom To} Zoom to the extent of the selected
Alternatively, you can use the navigational tools i ! layers. |
- LAS Filters [
from the MAP menu bar to zoom in and zoom e—
out (arrows pointing in and pointing out). To get Right click on Reset Logend Hevaton Range fs
ArroyoSeco.lasd WG bl P
to your last extent use the blue arrows. To see i
Data by
the full extent (coverage) of your data, right i :

click on the ArroyoSeco.lasd in the Contents B View Metadta
pane on the left, and select Zoom to Layer.

# Edit Metadata

B Properties
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3. Now that you can see the LiDAR points, look at the top of your window and you should see LAS
Dataset Layer. Click to open the appearance controls and tools specific to LiDAR datasets.

4. Locate the slider tool
going from Density
Min — Max. Notice the
point cloud differences
when you increase and
decrease the point
density.

5. Next click on the
Symbology tab. Your
LiDAR point cloud
default view is
Elevation using
points. Click point
Elevation and the
Symbology pane will
open, which
provides more detail
on how your data
are displayed. Notice
you can view your
point cloud as
Points, Lines, or
Rasters (surface).

Share Help Data

d Graphics Layer m A\ -l Attributes
N0 b By B

Select Select By Select By

LAS Dataset Layer

Classification

o O

Measure Locate Infographics

Symbolize your layer using peoints

Return

Class

Elevation Intensity

. Symbolize your layer using a surface /

e (aka: Raster)
L1 X

Elevation Aspect

e

Slope
Symbolize your layer using lines

1
d
|
!
y
i

Contour Edges

v Attributes Location Zoom To v > v
Selection [ Inquiry
Help LAS Dataset Layer Data Classification
7 [ File Extent N~ Full Resolution [ «Auto> v| VJL v |
ms : - . 1. Display Limit 4,000,000
Symbology - - LAS Surface
v |4 Density Min  —— Maxl Points ~ Constraints
All v Filters

Y T N M T WY T

6. Take a few minutes to view your points by Elevation values in the Symbology pane. Notice that
the Values range from 2453 to 2833. These values are listed in the same units as the LiDAR’s
coordinate system. Look back to Question B. Are the elevation values in Meters or Feet?

You can also change the symbol scale (size of points), the color scheme, and the Stretch (how

your data are grouped statistically).

Page 7



Introduction to LiDAR using ArcGIS Pro: Part A

7. Let’slook at other ways to view your point cloud. Refer to the screenshot above. Change the

settings and take time to look at the results to see how your LiDAR data can be displayed in

different ways.

A.

B.

g

|©

|m

Elevation (Points): shows elevation values high to low in the units of your data (in this case

meters).

Elevation (Surface): allows you to classify your elevation ranges. You can also set breakpoints
to Classify areas higher or lower than a set elevation. Change the number of classes and see
the results.

Intensity: Displays the intensity of the return signal. Buildings will have a different intensity
values comparted to natural features such as grass and trees. Notice where intensity values
are higher or lower. (Hint - areas with a lot of texture have lower intensity values as it scatters

the laser pulse when it hits the ground).

Classification: reflects how the Lidar points are classified. With this dataset there are only two
classes, Unassigned (1) and Ground class (2).

Return: Displays the return number of each LiDAR laser pulse. First Return represents the first
location that the laser pulse hits. Second through Fourth
returns are intermediate returns, (ie points hitting through
the tree canopy). Last return is not always the ground, it is 4[E] Map

simply the last place the laser hits before return back to the /| Hybrid Reference Layer

Drawing Order

sensor. This can be hard to see as multiple returns may be

(9

| ArroyoSeco.lasd

underneath. Data percentage: 7.1

Click the small arrow to the left of the ArroyoSeco.lasd et aimbor

layer and notice the legend for the Symbology. Notice
how it changes when you change the way the data is
symbolized.

o W =

To view imagery for this area, go back to the Map Tab, click

Basemap and select Imagery. To return to your LiDAR

v World Imagery

symbology click on LAS Dataset Layer.

NOTE: Uncheck (turn off) your World Imagery layer when not needed as it will slow down your
display refresh rate.
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Project Map Insert Analysis View Edit Imagery Share Help LAS Dataset Layer Data
. Cut @ I - | 4 & Add Graphics La r_\' A A Attribut
Yo @ oy - o pl yer K I ributes
Do o ., [ -9 |lEe K e
Paste Py Explore AR KN pookmarks  Go Basemap| Add Select Select By Select By o
~ [u] Copy Path v v To XY ¥ Data~ ~  Attributes Location Zoom To
Clipboard Navigate = All~ K]
Contents v X [l 5pBasemap =
Y \Sem('h P~ ‘

/" H&a

Drawing Order

4 |:| Map Imagery Imagery Hybrid Streets

[w] Hybrid Reference Layer

b il? ArroyoSeco.lasd

|
| -
I'J“ World Imagery g ! NS
N |
{
1

Uncheck World Imagery if
necessary to speed up display.

Topographic Navigation Streets (Night)

8. You can also see more information about the point cloud by clicking on individual points. Zoom
into an area with your LiDAR Data so you can see individual points. Use your mouse cursor and
click on a point in the point cloud.

Pop- ~ 0 X . . . . .
R The pop-up window will provide the raw information
4 ArroyoSeco.asd (1)

associated with that point. The Z value is the elevation.
Notice it gives Latitude and Longitude for the coordinate
but then at the bottom you see the coordinates in

ArroyoSeco.asd - 7: 2692.850 Northl ng/EaSt'i ng in UTM

File Index 0 ~

LAS File 135DA515410.las

Location C:\student\ArroyoSeco_Data\Exer NOTE: |f a pop_up Window Ma Irisoit Anafysis
Elevation 2692.85 m , . —£ .

[Eoordinates 105.5314406°W 36.5224350°N] doesn’t appear, click the @ Ql]
Class Code 1 dgRA

. Cofa drop-down arrow on the AR N Lo
€ zesification None Explore button and select

i . . +/ Topmost Layer

Intensity 46600 Topmost Layer or Visible o Y

User Data 0 Visible Layers

Point source 1138 Layers. S -

D Selectable Layers
Point Record 6326401

GPS time  1162575308.437 standard time @ /] Selected in Contents
Scan angl 4

racﬂ? ngle No Pop-ups

Scan 0 welar

direction

flag

Edge of 0

flight line v

Scanner [1]

>
[ #52420.20E 4, 042,028.09N m | 5 Q
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Symbology - ArroyoSeco.lasd v X
9. Now let’s view the LiDAR data symbolized 0 OX
as Contour Lines. Go Back to your
Contours

Symbology menu.

[ Draw contours

. . Contour interval 5‘
Click on Contour. The contour intervals are _ —
Reference height I 0
in the same units as the LiDAR data
Index factor LS .J
(meters). Now look at your map, the
contours are drawn on top of your point Contour Types
cloud . Symbol Type Label
— Index Index Contour
10. Now look at your contours. Does anything - e contour

seem strange? Do you see elevation

contours around the trees and buildings? This is due to the fact that it is symbolizing all of your
point cloud -- even points on the surface such as trees and buildings. To get a better idea of
what is only on the ground, let’s only create contours from ground points. Go to the top menu
and select LAS Dataset Layer. Then Click on the black arrow next to the LAS Points button and
click on Ground. This filter tool will now only display points that are classified as Ground.

LAS Dataset Layer Data Classification

T —_ e
. [] File Extent Il v‘! =] Full Resolution <Auto> - { fép ‘ v‘ I_|
x T Display Limit 4,000,000 11

Symbology
v i Density Min  ee—] Max

Drawing Point Thinning

Points ~| Constraints

/ﬁ All Points
__ijfi_“_. Show points from all dassification codes and returns.

G d
/\\ roun

== Show points that are classified as ground or model key.

. Non-Ground

Lfi Show points that are not classified as ground or mod...

—— First Return Points
g_uﬁj:l Show first return points from all classification codes.

11. If you have your contours still turned on they will automatically update to only show contours
using ground points (notice the contours in the trees are no longer there). Change the contour
interval from 5 to 2 and see what happens.

NOTE: If your LAS Dataset Layer tools disappears from your top menu, go to your table
of contents and click on ArroyoSeco.lasd. Now your LAS Dataset Layer menu will
appear. ArcPro is selective in the tools it displays so your window is not full of so many
commands.
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12. Finally you will symbolize your LiDAR data using an interpolated Raster Surface.

Go back to Symbology and explore the options under Symbolize your layer using a surface.

a. Gothrough each of the surface options:
Elevation, Slope (Percent Slope), Aspect

b. You can change the number of classes B "
and the color scheme as you would like. - -

Symbolize your layer using a surface

Elevation Slope Aspect

13. Now switch to Elevation under Symbolize your layer using points.

14. Remove the ground filter as you will want to be viewing all of the point cloud, not just the
points classified as Ground.

Go to LAS Dataset Layer > LAS Points and using the drop-down arrow click on All Points.

LAS Dataset Layer Data Classification

% | File Extent |1l ~ Full Resolution [ <Auto> | VAL v
5 T Display Limit W =
Symbology ) ) - 1 LAS Surface
) 7 Density Min s Max Points v| Constraints
Drawing Point Thinning s, All Points
£ f: Show points from all dlassification codes and returns.

A Ground

o= Show points that are classified as ground or model key.

. Non-Ground

Il Show points that are not classified as ground or mod...

First Return Points

| Show first return points from all dlassification codes.

'

R T SR B N EH e VORI D {,@é ]

s,

Step 3. Colorize your LiDAR point clouds using Aerial Imagery

So far you have changed the appearance of the LiDAR point cloud based its attributes such as elevation,
return number, etc. Now you are going to add the RGB color values of a 2016 NAIP image to the Point
Cloud. Using this information from Aerial Imagery you can provide an immersive, photorealistic display
with your LiDAR data.
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To run this tool, you need to go to the top menu and click on Analysis > Tools.

|
Insert Analysis Geoprocessing
When you click on the ; ~\ — | Find Tools
( h =
Tools Icon it will open the N4 -
) P - Favorites | Toolboxes LPortal
Geoprocessing Pane.
. Ready To | Tools P| v Project
Click on the Toolboxes |
tab s Use Tools ' Arroyo_Seco_Data
sing 5 ¥ System
Within Toolboxes, to {4 &5 3D Analyst Tools
open the tool you need, T —
click in this order: b B A0 intersections
3D Analyst Tools > Point Cloud > Colorize LAS b (5 30 Prosifoy

. . boEa
Next double click on Colorize LAS to open the tool. £ Area and Yo
4 Z3 Point Cloud

NOTE: You can also Type “Colorize LAS” in the
box where it says Find Tools to search for the
command.

b &s Classification

b &a Classification (Deep Learning)

& ﬁ-: Conversion

b Ea Object Detection (Deep Learning)
*\, Extract LAS <

“_ Extract Obiects From Paint Cloud

With the Colorize LAS tool open, enter the

N . i v B X
following information: Geoprocessing
® Colorize LAS )
1. Use the drop-down arrow to select .
. Parameters Environments @
your file ArroyoSeco.lasd. _—
Input LAS Dataset 1
| ArroyoSeco.lasd

2. Click on the Folder icon to browse to

Input Image

your Exercise_Data folder and drill

| 2016_NAIP_arroyo_seco.img e—‘l |

down through the folders until you get Band Assignment
to the file: LAS Channel @ ___Image Band .
. Red v Il Layer_1 v
2016_NAIP_arroyo_seco.img ‘ H =
| Green v H Layer 2 g
X | Blue v || lLayer 3 ¥

3. Use the arrows to select LAS Channel |

gl -

as Red, Green, and Blue, and Image
Target Folder

Band as Layer_1, Layer_2, and Layer_3.

| Exercise_Data

Output LAS Dataset

| ArroyoSeco RGB.lasd

> LAS File Options
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4. Browse to your target folder: Exercise_Data.

5. Typeinyour file name: ArroyoSeco_RGB.lasd.

6. Click RUN at the bottom to run the command. It will take a few minutes to
run, once it is finished it will appear in your table of contents.

7. Turn off your Arroyo Seco.lasd so that the ArroyoSeco_RGB.lasd is the only point cloud.

8. Turn off your basemap to see the colorized point cloud.

Run

9. If necessary, zoom out to see your point cloud as it may zoom you in too far.

10. You will not see it displayed as the symbology defaults to Elevation, so go to LAS Dataset Layer >

Symbology > RGB.

Classification

LAS Dataset Lazer Data

Symbolize your layer using points

o |

< 4

Elevation Class Return RGB

/ | ] File Extent:-. v Full Resolution <Auto> i
[ % T Display Limit 4,000,000 |
Symbology ' '
; = Density Min  e— Max
All~

Intensity

Symbology - ArroyoSeco_RGB.lasd

Dl

Points

+| Draw using |RGB

Symbol scale Min

v 3 X

Experiment with the density slider to get the point density the way you would like it. Also, adjust the
Symbol Scale slider until the point size is appropriate. Remember, this is a mass of individual points,
colorized to represent true vegetation and ground. Increasing or decreasing the size of each point

dramatically changes the results on the map.
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Step 4. View your Colorized LiDAR data in 3D

To get a better visualization of our LiDAR display we will now convert our map display from 2D

to 3D.
Project Map Insert Analysis
1. From the top menu click on %\ﬂ D’j [_‘H [ = P
. Local - —
View > Convert > To Local Scene. It Convert Llnk Llnk Reset Catalog Cat
will take a minute to convert your Elmep [~ Vishew Curin, | Rameas Rame
. Viey
display to 3D.
Content B3 To Global Scene v ax |
Then zoom out to see your point T | Searc |5 To Local Scene P v
cloud. £ E ‘r’{% To Basemap To Local Scene
—_— Convert to a local scene.

2. Atthe bottom left corner of your map you will see the Navigator Tool, click on the arrow to
get the full use of the tool. Planar Navigation allows for normal mouse control. First-person
navigation allows you to change the vertical perspective by left-clicking on the circle and
moving it all around. Click and hold the sphere to change cardinal direction. Clicking the
North arrow will return you to North. Try clicking the other arrows on the outer circle. Spend
some time maneuvering around your display. It takes some trial and error to get used to this
tool. Click the down arrow to exit the Navigator Tool. If you get “lost” in the map, right click
the ArroyoSeco_RGB.lasd layer in the Contents pane, and select Zoom to Layer.

: ol el
~~ Planar navigation
// ,"’7’\( ///’”—‘\ < —r > ’IA\‘_“ First-person navigation
/ b N > e
| | .-‘J. ;" "‘.\ \ / // -\\ \
'l '- - N L .-"f y \ '-.\
A i / 4 | e / .'( \'\ \
\_\ - 4 | I | | \
p - ___// 4 \ ,"‘I .-"I I | -
A 7 / ™ I| |
BN y L -
) .)// | \ g
Contents \‘“‘«-':'_'__"_',.1» . \\ A 7
v h % 4
T | Search - A ////
E= 03 /b3 @ | B copy IV
Ex Remove
Drawing Order
Group
4 fif Map_3D
43D Layers . Zoom To Layer
A|\/ ArroyoSeco_RGB.lasd
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ii Map 3D X

3. To go back to your 2D view,
click on your Map tab.

You can also close your
Map_3D tab by clicking on the
X.

4. Your very last step is to save your project. == S v vi o
Project Map Insert
Global Y E@ sl
Local E m i _l
Convert Link Link
Map v Views v Cursors
View Link

This is the end of Exercise Part A.
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Other LIDAR Llnks / TOOIS C % @ htips://apps.nationalmap.gov/3depdem/

i1 Apps @ Mew Mexico Highla Blogs |4l NMFWRI M Gmai Printers

If you have finished the exercise and there still
time, look at these online tools to learn more
about LiDAR

iy I:-Ig i
+ JQ Las Vegas, NM

USGS 3DEP Viewer

This viewer was developed to display USGS
DEM derived products from LiDAR via the
USGS 3D Elevation Program (3DEP).

To open the viewer go to:
https://apps.nationalmap.gov/3depdem/

Pod

Type in a few locations that you are familiar with to see these different LiDAR derived products.

The USGS 3D elevation program is an initiative to gather nationwide LiDAR data by 2023. This new
elevation map service introduced by USGS allows users to create multi-resolution visualizations on
demand, including automated contours, hillshade, aspect, slope, and tinted hillshade.

Users can generate DEMs at a mixture of scales, down to 1 meter. For more information on the USGS
3DEP program visit: https://www.usgs.gov/3d-elevation-program

The National Map: TNM

ZUSGS

Download for Li DAR Data TNM Download (vr.0) @Howto G StariOwer  Custom Views s

& Share Link

To download LiDAR data for areas across the
Unites States go to:

https://apps.nationalmap.gov/downloader/#/

Select Elevation Source Data 3DEP

*Please don’t download data on Lab
Computers but just look at how the process
works.

United
Bave States

com B Q»
T EsH
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Lidar Derived Products: Part B

USING ARCGIS PRO VERSION 3.2.X

Time to complete
Approximately 2.5 hours

Outcomes for the lab

In this lab, you will use LiDAR data in ArcGIS Pro to:
1. Classify Buildings
2.Create LiDAR Products:
a) Bare Earth Digital Earth Model (DEM)
b) Digital Surface Model (DSM)
c) Hillshade
d) Slope
e) Aspect
f) Contour
3.Calculate Vegetation Height
4.Calculate Canopy Density
5.Design a Map Layout
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Introduction

Let’s Get Started

Open ArcGIS Pro. Open the Project you started in Part A: ArroyoSeco_Data.aprx.

Under Recent Projects click ArroyoSeco_Data. If it does not show up in your recent projects,

browse to where it is stored in your files and double click the file.

P ArcGIS Pro

Mew Project

Map Catalog

Recent Projects

=  Amoyo Seco Data
P s
Cillser

2023

Backup

Global Scene

ments\Pro_Projects\Upland_Projects\2023_Monitoring_Backup\2023.

mems‘LIDAR TutoriahIDAR Tuterial_PartAVAmaye_Seco Dataapn:

Monitering_Backup.apex

Part 1. Classifying Buildings

Every LiDAR point can have a classification assigned to it that defines the type of object that has
reflected the laser pulse. LiDAR points can be classified into a number of categories, including bare
earth or ground, top of canopy, and water. The different classes are defined using numeric integer

codes in the LAS files.

LiDAR points stored in LAS files are typically classified into different categories using specialized
classification tools outside of ArcGIS. This classification is usually completed by setting parameters
based on the terrain, and then running algorithms on the point cloud to determine the feature type
associated with each point. The classification code assigned to each point is written to the LAS file and,

in most cases, adheres to the ASPRS standard.

TABLE 1: ASPRS LAS CLASSIFICATION CODES

Classification Value Meaning Classification Value Meaning

0 Never Classified 11 Road Surface

1 Unassigned 12 Reserved *

2 Ground 13 Wire — Guard (Shield)

3 Low Vegetation 14 Wire — Conductor (Phase)
4 Medium Vegetation 15 Transmission Tower

5 High Vegetation 16 Wire-Structure Connector (Insulator)
6 Building 17 Bridge Deck

7 Low Point 18 High Noise

8 Reserved * 19-63 Reserved

9 Water 64-255 User Definable

10 Rail
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When a classification is carried out on LiDAR data, points may fall into more than one category of the
classification. Classification flags are used to provide a secondary description or classification for LIDAR
points. In later versions (LAS 1.1 and later), class flags were used to solve this problem. Classification
flags were added to the LAS standard to mark points with information additional to the traditional
classification. Synthetic, key-point, withheld, and overlap flags can be set for each LiDAR point. These
flags can be set along with the classification codes. For example, a water record could be given a
classification code for water (9), as well as a withheld flag. The point will remain in the dataset but will
be withheld from any additional analysis on the LAS files.

In many cases, LAS files may not be fully or correctly classified when introduced to the GIS tools in
ArcGIS. ArcGIS provides the LAS dataset and associated tools to enable classification or data cleanup of
classification codes and classification flags residing in the LAS files.

Interactive and geoprocessing tools provide the ability to edit classification codes present in the LAS
file. The Classification tab for a LAS dataset provides interactive editing capabilities as well as
automated editing by opening the appropriate geoprocessing tool associated with the analysis.

The ArroyoSeco LAS Dataset is classified into just two codes: Unassigned and Ground. In this part of the
exercise, you will add one more classification: Buildings.

Classifying the buildings will allow you to easily pull out the manmade features from the landscape and
withhold them from vegetation analysis. With this exercise you will use a shapefile of the buildings in
Arroyo Seco to classify the LAS Dataset. The shapefile is a subset of a much larger dataset that was
developed by Microsoft Bing which includes building footprints for the entire United States.

1) Inthe catalog pane on the right, browse to the exercise data folder and navigate to
arroyoseco_buildings.shp. Right click the file and select “Add to Current Map”. You will now
see a polygon feature class of the footprints of all the buildings within the LiDAR tile. Add an
aerial photo to see the actual locations of the buildings (from your Exercise_Data folder, right
click on ortho2016.img, select “add to current map”). Within the Contents pane, toggle on and
off the buildings shapefile to compare the polygons to the aerial imagery of the buildings.

Change LAS Class Cedas
Resssigns the clasication codes and I

2) Next, go to the Analysis tab. Click Tools. In the window that opens, type “Set LAS Codes Using
Features” into the search bar at the top of the geoprocessing pane.
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3) Click the first result that appears — “Set LAS Class Codes Using Geoprocessing VR
Featu res ” ®© Set LAS Class Codes Using Features @®
i his tool modifies the Inpu atase’ X
4) Under Input LAS Dataset choose ArroyoSeco.lasd from the pmzte; Edwt’ e
drO p'd own menu. .irnputLAS Dataset
| ArroyoSeca.lasd
5) Under Features choose arroyoseco_buildings.shp from the {nputy;eamm s @
drop-down menu. f e [oyoseco,_buldings :
6) Under the New Class field select 6 from the drop-down menu. _
If you recall from Table 1: ASPRS classification codes, 6 is the ’ N oy
code used for buildings. T
Overlap | No change
7) Check the box to Compute Statistics. ' e
8) Click Run at the bottom of the pane. &4 Compute statistics
Now click on the top of the LAS Points button in the Filters section of the LAS Dataset Layer Tab.
— [\select the Las point properied.  YOU Will now see that the building classification code
T Tﬂ Classification Codes has been added to the ArroyoSeco LAS Dataset.
LA Surface All ___________________
Points = Constraints 1 Unassigned
Filt [/] 2 Ground
— [¥] 6 Building o

To view the data you just classified:

Linear Referencing

9) Gotothe Symbology pane.

|| Fite Extent |l ~|
’/ L=
Symbology \
Drawing

Arroyo_Seco_Data P Command Searc

LAS Dataset Layer

Data
Full Resolution I <Auto>
T Display Limit |4,guu,uuu

-'_:_Density MiN  —

Point Thinning

10) From the drop-down menu change Draw Using to Classification.

11) If you have any aerial imagery in your

map, toggle it off in the Contents pane.

Toggle off any other layers, such as the
buildings shapefile. The LAS Dataset
should be the only viewable layer.

Points
Draw using

Symbol scale  Min

Symbology - ArroyoSeco.lasd

Classification

« 0 x
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Project Map Insert Analysis
12) On the View Tab, click Convert > To Local Scene. @ ciobal [ BIX %? Fa @
m Local .‘to i

. . Convert | Link Link Reset Catalog Catd
A new 3D Scene tab will be created so that you can view A Viewss Clirsores | Paness: Pane. Vi
the classified LAS Dataset in 3D. Zoom out and around. | Vi B3 Tomap ! _
Note the Building points in pink. Feel free to toggle on the Content £ To Global Scene vex [
Ortho2016 aerial imagery in the Contents panein orderto | T Smfﬁ Tolocal Scene | A v
see the buildings on the air photo. Change the symbol T [ % ToBasemap | ToLocal Scene
scale and density if you like. — i i

¥ Catalog 2] Map1 m -

13) When you are done viewing
the map in 3D, close the 3D
map and return to the
2D map (by clicking the X).

14) Save your project.
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Part 2. Create LiDAR Products

In this section you will produce derivative data from the LAS Dataset. Using geoprocessing tools in
ArcGIS Pro, you will create a bare earth model, digital surface model, hillshades, slope, aspect, and
contour maps. LiDAR provides you with the opportunity to make high-quality elevation models of two
distinct types: first return and ground. A first return surface includes tree canopy and buildings and is
often referred to as a digital surface model (DSM). The ground, or bare earth, contains only the
topography and is frequently called a digital elevation model (DEM). Once you have created these two
data sets, you can use them to develop other products, such as 3D hillshades, aspect and slope
datasets, and contour lines.

A) Bare Earth Model or Digital Elevation Model (DEM)
To create the DEM or Bare Earth Model:
1) Inthe Contents pane on the left, right click on ArroyoSeco.lasd.

2) Scroll down to LAS Filters. Select “Ground”. This will filter the LAS Dataset input so that only
ground points are included in the digital elevation model.

Contents + 0 x [E]Map % Jf Map3D
T Search o

=O0NM/ H&
Drawing Order
AI:‘ME[J

4[] arroyoseco_buildings
4[] ArroyoSeco.lasd
i El Copy

Data percentagy
P g B Remowve

Classification

1 Unassigned . Zoom To Layer
* 2 Ground
« 6 Building .
Zoom To Full Resolution
B[] 135DA515410.1as
i - . R

4[] ortho2D16img | T LAS Filters b All Points

RGB ~ Symbaology Ground

I Red: Layer 1 Men-Ground

Green: Layer_2 1st Retyy @round

Disable Pop-ups

5
M Blue: Layer3 o Show points that are classified as ground or model

key.

Sharing

3) Inthe geoprocessing pane, on the right side of your browser, click the back arrow button to
return to the search bar. Type “LAS Dataset to Raster” in the Find Tools search bar.
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4) Click LAS Dataset to Raster to open the tool.

5) Under Input LAS Dataset choose

ArroyoSeco.lasd from the drop-down menu.

6) Change the name of the output file to
ArroyoSeco_DEM. Keep the Output location
the same (inside the ArroyoSeco_data

geodatabase).

7) Change the Sampling Type cell size to 1.
8) Click Run at the bottom of the pane.

The DEM raster will appear in the Map window once

the file is processed.

Geoprocessing
.‘\(:_)
Parameters Environments

Input LAS Dataset
ArroyoSeco.lasd

Qutput Raster
arroyoseco_DEM
Value Field

Elevation

@Interpnlatmn Type

Cell Assignment |Average

Woid Fill Method |Linear

Qutput Data Type
Floating Point
Sampling Type
Cell Size
Sampling Value

7 Factor

LAS Dataset To Raster "\‘E'

Binning
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B) Digital Surface Model (DSM)
To create the DSM:

1) Inthe Contents pane on the left, right click on  |comens ~ ¥ x] IEJMERTN] 01 map 20
Search »
ArroyoSeco.lasd. ?‘t SE/E o |
2) Scroll down to LAS Filters. Select “1st Return”. | [ ..
This will filter the LAS Dataset so that only 15t ‘ADBM:,LMWW
return points are included in the digital "@‘c'
surface model. 5 e o
3) Inthe geoprocessing pane, on the right side of s e
your browser, click the back arrow to return to o T Te TR
the search bar page. Type “LAS Dataset to e v ?S:‘u sl
Raster” in the Find Tools search bar. E;D e ii"g:f,:"é
4) Click LAS Dataset to Raster to open the tool. :
5) Under Input LAS Dataset choose 7 Eatbaadit
ArroyoSeco.lasd from the drop-down menu. e

6) Change the name of the output file to ArroyoSeco_DSM. Keep the Output location the same
(inside the ArroyoSeco_data geodatabase).
7) Change the Sampling Type cell size to 1.

8) Click Run at the bottom of the pane.

Geoprocessing

The DSM raster will appear in the Map window once the G) LAS Dataset To Raster

file is processed. Parameters Environments

Input LAS Dataset
ArroyoSeco.lasd

In the Contents pane on the left, toggle the S
ArroyoSeco_DSM file on and off so that you can compare it anayoseco DSM

Value Field

to the ArroyoSeco_DEM image. Elevation

Interpolation Type Binning

Cell Assignment |Average
Void Fill Method |Linear

Qutput Data Type
Floating Point

Sampling Type
Cell Size

Sampling Value

Z Factor
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C) Hillshades

To create 3D hillshades of the DEM and DSM raster files you just

created:

Geoprocessing - X
® HillShade @
Parameters Environments @

Input raster

1)

2)
3)
4)
5)

In the geoprocessing pane, click the back arrow to
return to the search bar page. Type “Hillshade” into the
Find Tools search bar.

Click the Hillshade (3D Analyst) tool to open it.

Under Input Raster select ArroyoSeco_DEM.

Rename the output raster to “ArroyoSeco_DEM_hs”
Click Run.

Repeat the above steps to make a hillshade out of the DSM.
Name the DSM hillshade “ArroyoSeco_DSM_hs”

In the Contents pane on the left, toggle the DSM hillshade on
and off to compare it to the DEM hillshade.

FIGURE 1- DEM HILLSHADE

arroyoseco_DEM

Output raster
arroyoseco_dem_hs

Azimuth
Altitude
D Model shadows
Z factor

315]
45

Geoprocessing

®

Parameters Environments
Input raster
arrayoseco_DSM

Output raster
ArroyoSeco_DSM_hs

Azimuth
Altitude
D Model shadows
Zfactor

HillShade

315
45

FIGURE 2- DSM HILLSHADE

o

7
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D) Slope

To create a slope map:

1) In the geoprocessing pane, click the back arrow to return
to the search bar. Type “Slope” into the Find Tools search
bar.

2) Click the Slope (3D Analyst) tool to open it.

3) Under Input Raster select ArroyoSeco_DEM.

4) Rename the output raster to “ArroyoSeco_slope”.

5) Leave the Output Measurement as Degree.

6) Change the Method to Geodesic.

7) Click Run.

Geoprocessing ¥
®© Slope

The Surface Parameters tool provides enhanced
functionality or performance.

Parameters Environments

Input raster
‘ ArroyoSeco_DEM v ‘

Output raster
‘ ArroyoSeco_slope ‘

Qutput measurement

Degree

@ Method
Geodesic

Target device for analysis

| GPU then CPU

The Slope raster will appear in the Map window once the file is processed.

E) Aspect

To create an aspect map:

1) Inthe geoprocessing pane, click the back arrow to
return to the search bar. Type “Aspect” into the Find
Tools search bar.

2) Click the Aspect (3D Analyst) tool to open it.

3) Under Input Raster select ArroyoSeco_DEM.

4) Rename the output raster to “ArroyoSeco_aspect”.

5) Click Run.

Geoprocessing ¥ X
® Aspect @
The Surface Parameters tool provides enhanced 3

functionality or performance.

Parameters Environments @

Input raster
| ArroyoSeco_DEM E |

Output raster

| ArroyoSeco_aspect |

@ Method
|Planar

Target device for analysis
|G8U then CPU “]
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The Aspect raster will appear in the Map window once the file is processed.

F) Contour

To create a feature class with elevation contour
lines, like those that appear on topographic

maps:

1)

2)

3)

4)

5)
6)

In the geoprocessing pane, click the
back arrow to return to the search bar,
type “Contour” into the Find Tools
search bar.

Click the Contour (3D Analyst) tool to
open it.

Under Input Raster select
ArroyoSeco_DEM.

Rename the output feature class to
“ArroyoSeco_contour”.

Enter 10 for the contour interval.
Click Run.

Geoprocessing

G)

Parameters Environments

Input raster

Contour

| arroyoseco_DEM

Output feature class

| ArroyoSeco_contour

Contour interval
Baze contour

Z factor
Contour type

Contour

Maxirnum vertices per feature

The contour line feature class will appear in the Map window once the file is processed.

7) Turn off the other layers by unchecking the boxes next to the layers in the Contents pane.
8) Click on a contour line —a pop up will appear with the attributes for the line including the

elevation (in meters).
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S
N
N\
\ \\\l
j

4 ArroyoSeco_contour (1)

ArroyoSeco_contour - 108

OBJECTID 108
Yy Id 108
Contour 2510

Shape_Length 1570.250598

>~ 0 x

W/ /7708

9) Before beginning the next section remove the contour,
aspect, slope, arroyoseco_buildings and hillshade layers

from your map.

In the Contents pane, right click on the layer and select
Remove. When you are done removing layers, you should

just have the DSM, DEM and LAS
Dataset remaining in your map.
10) Save your project.

¢ sl -

=1 In Beyond <Mone>

& out Beyond <Mone>

Part 3. Calculating Vegetation Height

To calculate vegetation height, you will create a raster file called a normalized Digital Surface Model or
nDSM that shows the height of features above the ground. Previously, you created two raster files --
the DEM which shows the ground elevation, and the DSM which shows the elevation of features on top

of the ground. You will subtract the values in the
DEM from the values in the DSM to create a nDSM.

1) Inthe geoprocessing pane, click the back
arrow to return to the search bar. Type the
word “Minus” into the Find Tools search bar.

Value
Flat
M nNort

4[] arroyo| EX Remove b

Design

| Remove

Contents - 1 x| [ElMep
Y ‘ Search L |
0N/ He
Drawing Order
4[] Map
4] ArroyoSeco_contour
- @ Copy

4 [Jamoyo| [ Attribute T¢  Remove the selected layers from the map.

Geoprocessing

®

arroyoseco_D5SM

2) Click the Minus (3D Analyst) tool to open it. arroyosecoDEN

3) Under Input Raster or constant value 1 select

ArroyoSeco_DSM.

Qutput raster

Parameters Environments

Input raster or constant value 1

(D) Input raster or constant value 2

Minus

Chstudent\Exercise_Data\Arroyo5eco_Data.gdb\Arroyo5eco_nD5M
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4) Under Input Raster or constant value 2 select ArroyoSeco_DEM.
5) Name your output raster: ArroyoSeco_nDSM.
6) Click Run.

7) Gotothe Symbology pane on the right side of your ArcGIS Pro window, by selecting the tab at
the bottom next to the Geoprocessing pane.
8) Under Primary Symbology change the type to “Classify.”

9) Keep the default (Natural Breaks, 5 Classes). Colorscheme | — Ik
10) From the drop-down menu choose this color ramp:

The following image represents vegetation height. The dark green areas are the shortest features, and
include areas with bare ground. The bright red areas indicate the tallest trees. Zoom into the image and
click different trees to find out their heights. All heights are in meters.

m

11) Save your project.
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Part 5. Calculating Canopy Density

Forest canopy density is used as a variable in a number of environmental applications, such as biomass
estimation, vegetation coverage, and biodiversity determination. Canopy density, or canopy cover, is
the ratio of vegetation to ground as seen from the air.

The following are steps to calculate canopy density from LiDAR points. First, you need LiDAR that has
been classified into ground returns (bare earth) versus non-ground returns. This type of point
classification is usually performed by your data provider. Secondly, you need to consider when the
LiDAR was collected and the type of vegetation in the study area. If there are a lot of deciduous trees
and the collection was performed during winter (leaf off), the density calculation is not going to work.

The most effective way to determine the canopy density is to divide the study area into many small
equal-sized units through rasterization. In each raster cell, you compare the number of above ground
points to the total number of points.

The important technique to remember here is to determine an appropriate cellsize for this analysis. It
needs to be at least four times the average point spacing. You can go larger but not smaller with the cell
size.

Part A) Classify LAS by Height

You have already classified buildings in our point cloud, our next goal is to classify our point cloud by
height above ground.

1) Click once on your ArroyoSeco.lasd file in the contents pane to enable the LAS Dataset Layers
at the top Menu.

2) Click on Classification Tab and then click on the drop-down arrow for Automated Classification
and select Classify by Height.

Project Map Insert Analysis View Edit Imagery Share Help LAS Dataset Layer Data Classification
o | 2 Bl ) 4 ‘
s ! U Clear — Model Key v == Withheld +
Automated Deep Selectable Select Apply
Classification vfLeaming v Points v == Overlap v == Synthetic v Changes

Interactive Editing

Visible Points | Classification Code | No Change b 1

B Reassign Classification

Classify Ground

Classify Buildings

Classify Qverlap

.E 2R

Classify Noise

2¢{ Classify By Height

¢ Set Class Codes Using 2D Pri_Classify LAS Points By Height

F54  Set Class Codes Using 3D Pri Classify LAS points based on their
. . height from the ground.
¢= Set Class Codes Using Rastel

M 1606 - 4617
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Geoprocessing - x
3) Under Input LAS Dataset choose ® Classify LAS By Height @
ArroyoSeco.lasd from the drop-down . _
arameters Environments
menu.

Input LAS Dataset
4) Change the Height values to 2, 10, 30 ArroyoSeco.lasd -

Ground Source

(these values are in meters), leave the

All Ground Points -
height classification codes as they are. Height Classification
& L. y CIa:J: Eoclr: ‘ Height \
5) Check Compute Statistics. 3 5
6) Click Run. 4 10

NOTE: This process only classifies
unassigned points (Classification Code 1) Nome .
so the buildings class (Code 6) will not be Compute Statistics

changed. * Processing Extent

Moise Classification

For more information the Height Classifications codes are:

Classification Value Meaning

Never Classified

Unassigned

Ground

Low Vegetation
Medium Vegetation

High Vegetation

oL WIN|IRLR|IO

Building

Now you will look to see how the points were classified. Since you are only interested in tree
canopy let’s display only Classification Code Values 4 and 5: Medium and High Vegetation.

7) From the LAS Dataset LAS Dataset Layer .Data Classification
[Ei I i [ M e
Layer menu, under F|Iters / | File Exten‘[:-_: &7 Full Resolution | sAuto> | \/ \r/
» T Display Limit 4,000,000 [ - .
select Symbology S - LAS | Surface
= 2 Density Min  co—] Max Points «| Constraints
Surface ConStraInts' Drawing Point Thinning Filters
Layer Properties: ArroyoSeco.lasd O X
General
Metadata Select the LAS point properties to filter the LAS dataset
i Classification Codes | Return Values | Classification Flags
All V] Al | Not Flagged
Elevaton |\
8) Then select LAS Filter: And only | == e i 2 ot ary 2 g P
. . 3 Low Vegetation v Last of Many Withheld
CheCk Medlum and ngh LAS Filter 7] 4 Medium Vegetation & single 7] Overlap
urface Constraints | 5 High Vegetation
. , i e buiding 92
Vegetation to be displayed. Be @3
v 4
vl 5

sure “All” is checked for Return
Values. Then click OK.
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9) Toview the difference between
the two classes, open the
Symbology Pane and select Draw
points using Classification.

28X

Points

Draw using | Cassification

10) Turn on the Ortho2016.img and compare the imagery with the point cloud. Zoom in and you
will notice more detail with the LiDAR points. For the classification, only unassigned points were
classified by height, buildings were not reclassified and so they were left out.

NOTE: There may be some buildings missed by our buildings footprints shapefile and
those would be mistakenly classified as high vegetation.

Part B) Convert Medium and High Vegetation LiDAR points to a Raster

At the end of Part A you filtered our LAS points to only view classification codes 4 and 5,

(Medium and High Vegetation). You will now convert only those codes to raster.

1) Inthe geoprocessing pane, enter

“LAS Point Statistics as Raster” in

the Find Tools search bar.”

2) Click LAS Point Statistics as Raster to

open the tool.

3) Under Input LAS Dataset choose
ArroyoSeco.lasd from the drop-
down menu.

4) Change the name of the output file

to Count_Veg.

5) Change the Method to Point Count.

6) Change the Sampling Value to 1.

Click Run at the bottom of the pane.

Geoprocessing

© LAS Point Statistics As Raster

Parameters Environments

Input LAS Dataset
ArroyoSeco.lasd

Output Raster
Count_Veg

MMethod
Point Count

Sampling Type
Cell Size

Sampling Value

7) If youlook at the results of Count_Veg, you will notice no data values. You need to fix this raster

so that no data has a value in order to determine percentage of canopy.
8) In the geoprocessing pane, click on the back button to get to Find Tools, enter “Is Null” in the

Find Tools search bar.

Page 16




Lidar Derived Products: Part B

9) Set the Input Raster as Count_Veg and the
Output Raster as ISnull_Veg.
10) Click Run.

Geoprocessing

()] s Nu

Parameters Environments

Input raster
Count_Veg
Output raster

15null_veg

11) Look at the results of ISnull_veg. The values are opposite what we need to run our analysis.
Canopy is 0 and no canopy is 1, so to fix this we will use the reclassify tool.

12) In the geoprocessing pane, click on
the back button to get to Find Tools,
enter “Reclassify” in the Find Tools
search bar.

13) For input raster ISnull_veg.

14) Reclass field is Value.

15) Then under New type 1, 0.

16) Output raster : Reclass_ISnull.

17) Then click Run.

Now when you view Reclass_ISnull you will
see that canopy now has a value of 1 and and
no canopy has a value of 0. (You can look at
Ortho2016.img to compare where there is
canopy.)

Geoprocessing v RX
7 : T
€) Reclassify )
Parameters Environments

Input raster

IsMull_Veg v

Reclass field

Value v 5@}

Reclassification

Reverse New Values

Value /- Mew
0 il
] 0
NODATA ['/NODATA

e

Classify Unigue b

Output raster
Reclass_IsMNu

Change missing values to NoData

Part C) Calculate Percent Canopy

One way to determine canopy density is to divide the study area into many small equal-sized units and
then compare the number of canopy pixels with non-canopy pixels. In this next step, you will do this by
creating a regular sized 5x5 meter vector lattice and then running a command using Zonal Statistics.
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1) To create a grid from which you will summarize

our canopy cover use the Fishnet command.
2) Inthe geoprocessing pane, click on the back

button to get to Find Tools, enter

“Create Fishnet” in the Find Tools search bar.
3) Forin output feature class enter ‘“fishnet’.

4) For Template Extent click on the folder drop-down Top

and choose Count_Veg.
5) For Cell Size Width enter 5.
6) For Cell Size Height enter 5.

Ln

Cell 5ize Width

()

Cell Size Height

7) For Geometry Type select Polygon.
8) Then click Run.

9) Inthe geoprocessing pane, click on the back
button to get to Find Tools, enter
“Zonal Statistics” in the Find Tools search bar.

10) Input feature zone data select your fishnet
layer, NOT the fishnet_label layer that was
created in the last step along with the fishnet
layer.

11) Choose the zone field OID.

12) Input value raster: Reclass_ISnul.

13) Name your output raster Zonal_Canopy.

14) Statistics Type: SUM.

15) Uncheck the box next to Ignore NoData in
Calculations.

16) Then click Run.

Geoprocessing

© Create Fishnet

Parameters Environments
Output Feature Class
fishnet

Fishnet Origin Coordinate :
x| 451500| ¥

Template Enenw'

Dv l:'l )

Extent of data in all layers

ReclasslsNull
Lefl jonuinveg
Bot ArroyoSeconDSM
v [ ArroyoSecoDSM
N/ ArroyoSecoDEM
Y-Axi ArroyoSeco?2.lasd
X _ ArroyoSecollasd
Cell £ ortho2016.img
Cell Size Height
Or_mo;'te corner of Fishnet :
X 453000| Y
~/ Create Label Points

egmetry Type

v X

@

404151245

[ [€ > [<>

404152245

5
5

404250045

In your map you will now see the 5x5 meter grid. Our next
step is to summarize the number of canopy pixels within each 5x5 meter area.

Geoprocessing

® Zonal Statistics
Parameters Environments

Input Raster or Feature Zone Data
| fishnet
Zone Field
'OID
Input Value Raster
Reclass_IsNull
Output Raster
'_Zona:_Canony
Statistics Type
| Sum
|_| lgnore NoData in Calculations

|_| Process as Multidimensional

v X

®

.

.(
¥t
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The Zonal Canopy Results will appear in your map.
Notice that the highest value is 25. Since we were

counting the number of 1-meter pixels

values by 4.

17) In the geoprocessing pane, click on the

in a 5x5 meter
grid, the highest total or 100% canopy is 25. To scale
this to range from 0-100% we need to multiply these

Zonal_Canopy

Value

back button to get to Find Tools, enter

“Raster Calculator” in the Find Tools search bar.

18) Once Raster calculator is open, double
click on the Raster Zonal_Canopy so
that it appears in the box below. Then
double click on the multiplication
symbol and then type in 4.

19) Name the output raster
Percent_Canopy.

20) Then click Run.

You now should have your Percent
Canopy Raster that totals 100.

Symbology - Percent_Canopy v B

P 5

Primary symbology

=1 :
Field fiold: -

Normalization | o field -

Method ENaturaI Breaks (Jenks)

Color scheme [

Classes

Greens (9 Classes) ~

' Greens (Continuous)

Orange-Purple (10 Classes)

Classes  Mad

More 0.0 -0.0

Colr m
Orange-Purple (11 Classes)
m m -

QOrange-Purple (3 Classes) p78

QOrange-Purple (4 'Gasses] o

Format color scheme...

[v] Show names

[v] Show all

Geoprocessing

Raster Calculator
Parameters Environments

Map Algebra expression

Rasters Tools
I Zonal_Canopy
MNDVI_2076_MNAIP_arroyo_seco.ir +

2016_MAIP_arroyo_seco.img -

Reclass_lsMul /

Arroyo_seco_percent_canopy

"Zonal_Canopy" * 4

/

Output raster
Percent_Canopy

21) Now Change the symbology so your Percent

Canopy is classified using 5 classes and use a green

color ramp similar to what is shown here. Check

III

names” and “show al
color ramp.

‘show
to make it easier to find the right

22) Change the Class breaks  color Upper value
Upper Values to 0, 25, 50, < 00
75, and 100. Double click < 250
directly on the number to < 500
change the values. [ < 750
[] < 1000
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Your image should look similar to the one below. The light areas have little to no vegetation. These are
areas where a large percentage of LiDAR shots could see the ground. The dark green areas, where
LiDAR could not penetrate to ground as well, indicate denser vegetation canopy.

23) Be sure to save your project before going on to the next section.

] (1] .

L in Beyond =Mone>
¥ out Beyond =Mone>
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Part 6. Design a Map Layout

Now that you have created multiple LiDAR products, let’s design a map that can provide useful
information in a traditional map layout format. You will design a map showing vegetation height.

1) Before you create your layout, remove all layers from your table of contents EXCEPT for
a. DEM : ArroyoSeco_DEM

b. DEM Hillshade: ArroyoSeco DEM hs Drawing Order
c. Vegetation Height: ArroyoSeco_nDSM 4[] IsMull_be?™
Value lﬂ] Copy /
To remove layers from your view, right click on R £x Remove N
your data layer and select Remove. 1
2) Turn on ArroyoSeco_nDSM to see your map to view T
above ground height values. These values are in meters - / P
gery Share Appearance Data
and you are interested in only looking at the tall trees. : "
Click on Symbology and select Classif - il
ck on Symbology and select Classify. Symbology Resamping
T ype~

Dandarinn

3) Change the number of classes to two.

Symbology - ArroyoSeco_nDSM .
4) Choose Yellow to Red Continuous color ramp.

- "‘I:EI Manually enter the Upper Values and Label as shown
Primary symbology below. For the first class type 14.9 and the second class
Classify type 50 in the Upper Value box. The first class
Field . represents areas between 0-14.9 meters, the second

class represents areas between 15-50 meters. Click on
the color box and select No Color. On the second class

Mormalization

Method Matural Breaks (Jenks) &
Classes -— - leave the color as red and then type in the label ‘Trees
Color scheme ] R E Greater than 50 Feet’ (as 15 meters = approximately 50

feet). Make sure this class is red.

Classes | Mask .
e : Click and Remove top Label

Click and Select No Color} [Then Type in label below

Colaor Upper value Label /'
FZ] No color H

< 149

ArcGlS Colors
e plor B 2 50.0 Trees greater than 50 feet
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5) Now you should see in your map only Trees Greater than 50 feet as red. Your other vegetation
heights less than 50 feet will be transparent.

6) Turn on your DEM Hillshade: |~/ s o
: p ~
A = =
ArroyoSeco_DEM_hs and —
Primary symbology
leave the symbology o
stretched and grey scale. Band
colerzcheme (NN
Contents " 7) Within your Contents Pane make sure your Layers
T [ search are arranged in the following order as shown on the
earcn
left.
=8N/ H&
— 8) Now for your DEM: arroyoseco_DEM, make sure
Drawing Order your layer is turned on and choose the following Color
4[] Map Scheme Elevation #1. At the bottom of the menu you
rl ArroyoSeco_nD5SM can check Symbology - arroyoseco_DEM > 1
{“
Value Show S =
4 —
names to see Primary symbology
Stretch
B Trees Greater Than 50 Feet the names for Btj —
the Color -
P arroyoseco_DEM Coloraerems I 2
SChemES Value Cool Tones -
Value Label |
Cyan to Purple
2323.2? Stretch type
Min Cs'ansl .
2453.36 Gamma Dark Glazes
Fi ArroyoSeco_Dem_hs S T | Betion® E e
"I.IrEl|UE' Statistics Elevation =2
354 Enamel
Vi — __
. D Max Format color scheme...
Mean [] Show names ‘/
Std. dev [[] Show all

9) Next, click on Arroyoseco_DEM once to select it and then from the top menu select Raster
Layer and change the transparency to 50%, either by manually entering the number, or by
adjusting the slider.

ialysis View Edit Imagery Share Help | Raster Layer | Data

[E]} Transparency | 50.0% v Swipe i 7
#\ Layer Blend |Normal -| | & Flicker |500.0 ms v 2 & | ok stats
=\ Layer Blen orma @ Hlicker | ms T ck stats
- Norma = v Type v
Effects Compare
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Project Map Insert
- . [l . #% |=) NewReport ~
10) Now that our layers look that way we want them, it is now time | __T
) ; lil. New Notebook ¥
to put them into a map layout. New | New
) Map v |Layout v | & Toolbox ~
From the top menu click on Insert > New Layout and then select
ANSI Landscape > Letter 8.5” x 11”.
Cont ANSI - Portrait
Y |s
0
=
=3 Letter
Dra 85" x 11"
B! ANSI- Landscape
4 !Z
Vi 0O
11) This will open a blank layout and then you need to insert the 1 Letter
) = 85" x 11"
map frame with your data. From the top menu select Insert > ‘4
Vi " .
Map Frame and select your map. Rochirecush Pardly
Insert Analysis View Imagery Share Help
-ﬂ-fi ’ -+ jl o ﬂ «.i Rectangle v . Refresh M3
Connections Add New Map srentindicator ¥ Map
v Folder | Inwvestigation Frame ~ Grid ~ Series v

Knowledge Gr...

v p x [E]Map . Map
R

é

5]

T

Default Extent

Map
1:8,563

12) Now your cursor will show a rectangle shape, click and hold to draw a box on the page where
you want your map to be placed. Now you should see the map in your view.
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13) It may not look centered in your frame so go back to
your Contents pane and click to Expand the Map
Frame contents to see all the layers. Right click on
arroyoseco_Dem and select Zoom To Layer.

14) With the Insert Menu still open you should

see other features you can add to your
map. Find North Arrow tool and click on
the drop-down arrow. Pick the style you
would like and click on the map and it w
paste the north arrow in that location.

Marth
Arrow =

15) Now add a Scale Bar. Click on the Scale Bar tool just
next to the North Arrow tool. Once you have the scale
bar on your map right click on the scale bar and then

click on properties. This will bring up a window so you

can format your scale

Contents

? Search
=
=

i
=

E
Drawing Order

Pl |:| Layoyts
4T [ Map Frame

4 |:| Map
4 [J] Tall Trees

I Trees Greater Than 50 Feet

| 4 | arro}roseco_DEMl
Value

4 [J] ArroyoSeco_Dem_H
Value

[[] World Imagery

B

Ex

> 3x [ElMp (B
ERE '
Copy
Remowve
Design
Create Chart

Joins and Relates

[sormat Scale Bar v X Zoom To Layer N
Scale Bar bar' g
Scale Bar ~ Text Symbol 11 7oom To Soul Zoom To Layer
EEPAE
- e  Change the map units and Label Text to Feet.
Options . . P .
v General e  Change the Resize Behavior under Divisions to “Adjust
MName Scale Bar o o s
number of Divisions”
Visible
L e Change the division value to 500
~ Scale Bar
Map frame I:‘ Map Frame
] Compute at center
~ Map Units
Map Units Feet /
Lebel Tet  |Feet B
Label Position | After bar 16) Next let’s add a title to the layout. Click on Text and then
Cits st~ | select the simple text as shown below. Click at the top center of
. A2 | your map to place the text.
¥ Divisions
Division Value | 500 /
Resize Behavior |Adjust number of divisions o
Divisions 35
Subdivisions 43
[[] show one division before zero
MI Analysis View Imagery Share Help Scale Bar Design \
+"1 5 4 = i Rectangle « Uj T %_ﬁ : ! |I W A A\
Connections  Add New Map ! Map North Scale Legend Chart Table Additional = Rectangle text | 7 |~ Dynamic
Folder | Investigation = Frame~ Series v Arrow~ Bar v ~ Frame ~ Frame~ Surrounds w 7 ® ¥ Textw
Knowledge Gr... Map Frames Map Surrounds Graphics and Text [l
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17) This will create a text box on your map and should Element v B X

also bring up the Element window where you can Text

. .. . Text «~ Text Symbol
enter your text. Enter something similar as towhatis |— e

in the screenshot. Adjust the size and location of the ) 7] ‘j

text box as necessary.
Options
> General
~ Text

(Ej Help with dynamic text

Trees Greater than 50 Feet near Arroyo Seco, New Mexico

18) To increase the size of the text and to change the
font, click on the text box and go to the top menu
Text and adjust the settings as shown below.

Text

Calibri [ 16pt v| A" A

Text

Bold

] Text Symbol [

19) To navigate around your layout from to top i Insert i View
click on Layout > Navigate to pan around =
Y vig P ‘E, &3 63 [ I Select Al
To select features click on Select. = o [}» :
Mavigate B Select
| -
Mavigate Elements

20) Next you will insert a legend. You will add the trees greater than 50 feet to a legend. Click once
to highlight Arroyo_Seco_nDSM in your Contents Pane. Then from the top menu select Insert >
Legend then click on your map where you would like to up your legend. It will then create a
legend for the item you highlighted in the Contents Pane.
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21) Since you don’t need all of the information in the

o T
legend, such as layer name, you will convert it to i 4 L0 % Do
a graphic and edit. Right Click on the legend in - sts 1 Convert To Graphig
: F o
the contents pane and then select Convert to i A g
Graphic. e |
-_..'_._" &S Align »
£ *1..'.."5 )
22) Right click on the legend again and select e & Novicat
i | ‘G Navigate
Ungroup. Now you can remove everything but ARROYO_SECO_NDSf R Select
the red color box and “Trees Greater than 50 B properties
feet.” Select the item you want to delete and T T e e

then hit the delete key.

23) Finally you will add source information to our map. Insert another text box and
following information: Source Information: 2016 LiDAR from the US Geological

add the
Survey. Choose a

smaller font and put in either the lower right or lower left corner. Also add your name and date

in the bottom corner.

Trees Greater Than 50 feet near Arroyo Seco New Mexico

Source Infermation: zo1f LIDAR fram
the US Geological Survey
Map created by Jane Doe, March zo1g

0 250 500 1,000 1500

Il Trees Greater Than so Feer [ —

24) Now save your project one more time.
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25) Lastly you will convert your map to a PDF. From the top menu select Share > Export Layout >

Flattened PDF.

26) Give your file a name and save as PDF with 300 dpi

Imagery Help

PR
=»

=

] =

Capture To

Project Style Layout Task Print || Export
Template Items File Item Layout) Layout~||Clipboard
Save As |
E Layout X Export Presets
0 1 2 3
e A T e e I SO A BT |2
ALK
Default AIX
=]
Trees Great: TIFF
B GeoTIFF
s

resolution. Check “Output as image.” Save this in
your student folder. Open the file to look at your

final product.

All~
. B
POF PDF
Flattened PDF GeoReferenced
PDF
[= =
5 T
POF JPEG
Vector PDF Web JPEG
Export Layout v b
Layout
Properties Security Accessibility
v File o
File Type
Name

| C:\Users\EIizabeth\Documents\LiDAR_TutoriaI\LiDARl

("] Clip to graphics extent
[:I Remove layout background
v Compression

[v] Output as image

Image (ompression-JPEG 'i

Quality

Low i

[v| Compress vector graphics

~ Resolution

Vector resolution

300 2| ppi

Raster resample

Best

MNormal Fast

Ratio 1:

300| DPI

v Fonts

This is the end of Exercise Part B.
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