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INTRODUCTION

This short course will introduce users to several tools and techniques for identifying sinkholes and other
closed depressions from lidar-derived digital elevation models (DEMs) within ESRI ArcGIS software. The
short course is designed to take the user through a series of steps that are typical for visualization and
analysis of DEMs for finding and morphometrically characterizing closed depressions.

Topics to be covered will include:

1) Semi-automated methods for extracting closed depression features from DEMs using filling and
contour-tree algorithms

2) Hydrologic conditioning of lidar-derived DEMs for removal of false closed depressions along
‘digital dams’, such as roads and railways

3) Implementation of flow-routing algorithms for generation of vector stream networks from DEMs

4) Optimized visualization of lidar-derived elevation data for the identification of karst landscape
features

Additional skills to be learned will include:

1) Enhanced visualization of lidar elevation datasets

2) Access to publicly-available lidar data

3) Using GIS software to extract closed depression polygons and stream vector data from lidar
elevation models

4) Export and visualization of lidar data to Google Earth

SETTING UP A PROJECT IN ArcMAP®

On the desktop there is folder named LidarShortCourse_2018SinkholeConference that contains a
number of data files. Please open this folder.

NOTE: It is good practice to refrain from including spaces within path names. ArcGIS was historically
built with UNIX practices in mind; thus, it is also good practice to 1) operate as close to the C:\ of your
machine as possible; 2) refrain from using spaces between names and within your file path; 3) do not
using illegal characters (e.g. |, @, %); and 4) keep file names to less than 13-characters in length. While
there are work-arounds, such as placing files in a file geodatabase to get around the 13-character rule,
these have been reported to cause issues with the tools used in this short course.

To begin, launch ArcMap, and select the plus icon to add data; select Add Data...:
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Select the Connect to Folder icon (folder with plus sign), and then navigate to the folder where the data
are stored on your hard disk. Once this is set, you will not need to return to it to add new data:

-
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Look in: [ﬁ Lidar Short Course_2018 Sinkho '] 4 @ L.-{-}| Qg&—‘ o &

[EJContourTreeTools_DepressionAnalysis
[ELandFacetCorridor_10
PRJLIDAR_ShortCourse FILES.gdb)
HydroCutter v1.1.thx
HydroEnforcer v0.1.thx
custom_shaders.bd

Name: LIDAR_ShortCourse_FILES.gdb

Show of type: [Daiasets, Layers and Results v] [ Cancel ]

Once connected to the folder LidarShortCourse_2018SinkholeConference containing the data files, open
the LIDAR_Short Course_FILES.gdb file geodatabase, and add the file NCTC_Lidar_1m_DEM.img. This
raster is a digital elevation model (DEM) created from lidar with 1 m horizontal resolution, and 9 cm
vertical Root Mean Squared Error (RMSE) which has been gridded to a 1 m resolution image:

“r|Streams NCTC

Name: NCTC_Lidar_1m_DEM

Shaw of type: [Daiasets, Layers and Results '] [ Cancel ]

A dialog box will open asking if you’d like to create pyramids—a method of visualizing raster data quickly
depending on map scale—click Yes:

Create pyramids for NCTC_Lidar_1m_DEM.img (9391 x 5112) =

This raster data source does not have pyramids or contains insufficient pyramids.
Pyramids allow for rapid display at varying resolutions.

Pyramid building may take a few moments.
Would you like to create pyramids?

About pyramids MNo Cancel
Pyramid resampling technigue | Mearest Neighbor b |
Pyramid compression type | Default R |

Compression quality 75

[Juse my choice and do not show this dialog in the future,
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After a minute or so, the pyramid building process should be finished, and the DEM image should be
placed into the Data Frame named Layers of ArcMap. You should see something similar to that below:
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Check the Data Frame Properties (View = Data Frame Properties) , and inspect the projection of the
Data Frame, by clicking on the Coordinate System tab:
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You will see that the projection of the Data Frame was set to the same projection of the first data set

added to the project (i.e., the projection of the DEM) at North American Datum 1983, UTM Zone 18
North (WKID: 26918):

Data Frame Properties X

Feature Cache Annctation Groups Extent Indicators Frame Size and Position

General Data Frame Coordinate System lumination Grids
T ‘ ‘T','pa here to search \/‘ Q & ‘ [ R4
@ MNAD 1983 UTM Zone 10N ~

@ NAD 1983 UTM Zone 11N
@ NAD 1983 UTM Zone 12N
@ NAD 1983 UTM Zone 13N
@ NAD 1983 UTM Zone 14N
@ NAD 1983 UTM Zone 15N

MNAD 1983 UTM Zone 17N
9 NAD 1983 UTM Zone 13N

B RIAN 1002 1ITRA Fowe 1081

Current coordinate system:

NAD_1383_UTM_Zone_18N ~
WHKID: 26918 Authority: EPSG

Projection: Transverse_Mercator
False_Easting: 500000.0
False_Northing: 0.0
Central_Meridian: -75.0
Scale_Factor: 0.9996
Latitude_Of_Origin: 0.0

Linear Unit: Meter {1.0)

Transformations...

NOTE: It is crucial that every additional data set added to an ArcMap project has a datum and
projection that matches the horizontal datum and projection of the Data Frame, otherwise
errors may be introduced during editing.

ADD CUSTOM TOOLBOXES

Open ArcToolbox to add the first custom toolbox for this short course called HydroCutter:
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File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows b

== Bx|o b (13736 V][] B BERIE)E - Editor - A
® Q3] ) &M 8 | T B o TArcToolbox i B
Table Of Contents R x Open the ArcToolbox window so
\L.I: v ‘EI’ = YOU Can access geoprocessing
tools and toolboxes,
o 5 Layers
=] MCTC_Lidar_1m_DEM.img @ Press F1 for more help.
Value
High : 164.241
Low: -610.235

15" Sinkhole Conference—Lidar Short Course Page 4



Right click on the ArcToolbox icon at the top of the list, and select Add Toolbox...:

Al R T ents...
¢ Hide Locked Tools

o @

ScC
e D Save Settings 3
@ D Load Settings

& Data Reviewer Tools
&) Editing Tools

&3 Geocoding Tools
B3 Geostatistical Analyst Tools

e Linear Referencing Tools

e Multidimension Tools

e Metwork Analyst Tools

Q Parcel Fabric Tools

Q Schematics Tools

B3 Server Tools

a Space Time Pattern Mining Tools
B3 Spatial Analyst Tocls

&3 Spatial Statistics Tools

Q Tracking Analyst Tools

e XTools Pro

Navigate to the LidarShortCourse_2018SinkholeConference folder on your desktop and open the folder
named HydroCutter v1.2B. Inside you will find the HydroCutter v1.2.tbx. Select the toolbox and click
Open to add it:

Add Toolbox 5

Lack in: [E HydroCutter v1.28 '] & & Lﬁl EE v ﬁl El iy G

T hydrocutterseripts
- HydroCutter v1.2.thx

Name: HydroCutter v1,2.thx

Show of type: [Toolboxes

Once added, expand the toolbox and you will see three tools: Cutter, Hydro, and Sinker_v2.

= &9 HydroCuttervl.2

:DEI Cutter
E Hydro
:DD Sinker w2
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To keep the toolbox always available when you open ArcMap, right-click again on the ArcToolbox icon at
the top of the list and select Save Settings = To Default .

'~ ArcToolbox 1 x
P e | Y

& Add Toolbox...

#2  Environments...

Hide Locked Tools

< To Default ) J Load Settings 3
T wa@ U'ata Reviewer (005
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Repeat the process for the Contour Tree Tools Public toolbox, which will have the tools Extract Sink and
Identify Depression Hierarchy in it. We will use these custom tools later on during the course.

CREATE A HILLSHADE FROM THE DEM

In ArcToolbox, navigate to Spatial Analyst Tools = Surface and click on the Hillshade geoprocessing
tool.
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diation
[ (= B Surface
% Aspect

#, Contour
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#, Curvature

N
Hillshade]

", Observer Points
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#, Viewshed
#, Viewshed 2
#,, Visibility
— & 71
263193.119 4372784.052 Meters

If you receive the error below, you may need to enable to the Spatial Analyst extension first:

Tool Not Licensed X

Unable to execute the selected tool.

You de not have the necessary license to execute the selected tool.
ERROR 010096: There is no Spatial Analyst license currently available or enabled.
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To enable the Spatial Analyst extention, go to Customize - Extensions... and check the box next to
Spatial Analyst along with any other extensions you may wish to use in the future.

Q NTCT_Lidar_Short_Course - ArcMap
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Description:

Spatial Analyst 10.5.0
Copyright ©15999-2016 Esr Inc. All Rights Reserved

Provides spatial analysis tools for use with raster and feature data

If the Spatial Analyst extention was already enabled, you should see the input boxes for the Hillshade

tool. Use the drop down menu under Input Raster to select NCTC_Lidar_1m_DEM. Click on the Navigate
to Data button (folder icon) and navigate to Lidar Short Course_FILES.gdb on the desktop where you will
save the output raster as NCTC Lidar_1m_HSD.

Leave the default values for Azimuth, Altitude, and Z factor as they are. The Azimuth and Altitude
values set the synthetic illumination direction of the elevation surface, and the Z Factor sets the vertical
exaggeration.NOTE: if the vertical and horizontal units of the DEM are not the same, then the Z factor
may need to be adjusted, i.e. to convert feet to meters or vice versa. For the NCTC_Lidar_1m_DEM, both
the horizontal and vertical units are metric.

SCTRNN NS EEEC

-
Output raster

... ==

—— o Output raster D Lookin: || LIDAR_ShortCourse FILES.gdh ~ | 4 far L@ E\ Bl &
NCTC_Lidar_1m_DEM E NCTC_Lidar_tm_DEM
Powr—_ The output hillshade raster. ShepherdsCove Lidar_1m_DEM
! e\ IDAR_ShortCourse_FILES.gdb\NCTC_Lidar_im_HSD| The hilshade raster has an integer l
value range of 0 to 255
315 I
Altitude (optional) I
45
[F] Model shadows (optional)
2 factor {optienal)
1
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Save as type: .
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Once the Hillshade processing is complete, you should see a resulting image like this:
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Zoom in to the area of the image with many closed depressions, and open the Image Analysis window:
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Experiment with the Contrast, Brightness, and Gamma sliders to enhance the imagery:
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CREATE A TOPOGRAPHIC POSITION INDEX (TPI) IMAGE FROM THE DEM

The Land Facet Corridor Analysis tools for ArcMAP v 10.x should already be loaded into your ArcMAP
tool menu. This tool is freely available at http://www.jennessent.com/arcgis/land facets.htm, where
you will find instructions for loading the tool onto your own system. The image of the website is below:
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For this course, the Topographic Position Index (TPI) calculator is the only tool we will use from this
toolset. The TPl is a measure of local relief and is calculated as a moving-window operation across the
entire DEM in which the mean elevation of a region surrounding each cell is subtracted from the
elevation of the central cell.
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http://www.jennessent.com/arcgis/land_facets.htm

Below is a diagram illustrating the TPI calculation:

Topographic Position Index (TPI):

« An elevation dataset derived from a moving window calculation on the original
DEM

Mean elevation of the new datasetis ~ 0

New elevations are locally positive (highs) or negative (lows) with respect to the
localized mean of a ring of cells surrounding the target cell

o~ -
o

From Weishampel et al., 2011

Navigate to the tool from Land Facet Corridor Tools = Topographic Position Index Tools = Calculate
TPI Raster:

lpd = 2 : = E@ - W | 32 El E Land Facet Corridor Tools ~| _
= . 2 & R, Exportfor'R' Analysis...
| = [ElEE: E

Land Facet Clusters from 'R'... I

Calculate Density Surface...
Shannon's Index...

Identify Termini Pelygons...

~eee O

Inwert Raster...

Topographic Position Index Tools 3

Mahalanobis Distance Tools »

nd Facet Corridor Tools.

Calculate Topographic Position
Index (TPI) Raster...

e Set the Select DEM Raster Layer to NCTC Lidar_1m_DEM.img and Select TPI Type as TPI.

e Although there are many ways to calculate the TPI, we have found that an Annulus (donut-
shaped) Neighborhood Shape, or window, with an Inner Radius =2 cells, and Outer Radius = 10
cells works very well on a 1 m resolution DEM for identifying closed depressions. Set these
options in the dialog box and set the Output Raster Format as /magine Image.
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e Set the Output Raster Dataset Name to be NCTC_Lidar_1m_TPI.

“2 Topographic Position Index Parameters: — O >

The topographic pogition index reflects the difference in elevation between a focal »
cell and all cells in the neighborbood.  Thig tool offers three methods for calculating
TP, which differ in unitz of the final TP raster.

1] Tepe TPIl: Unitz are in elevation units [usually meters or feet] o
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Click OK, and the TPI processing will begin. There is no way to monitor the progress of the TPI
calculation, so please be patient. Depending on the processing speed of the computer, it could take
anywhere from 1 to 5 minutes for this DEM. For a DEM the size of a typical 1:24,000 scale topographic
qguadrangle, the processing time could take between 10 minutes to half an hour. When completed, a
dialog box should pop-up to inform you that the function is complete:

“© Report - O >

Calculate TP Function Complete:

Analyziz Parameters:

=» TPl Type = TFI

-» lnput R aster Laver: NCTC_Lidar_1rm_DEM.img

-» MWeighborhood = Annuluz [Inner Badiuz = 2 cells, Outer Radiuz = 10 cellz]
-» Option to Mark az MoData if any Mol ata Cellz in Meighborhood: FALSE
-» Qutput Format: Imagine Image

-+ Filename: MCTC_Lidar_Tr_TFl.img

-» Warkzpace = C:\] zershjbenton \DocumentzhLIDAR Short Course's

Analyziz Began: Thursday, January 25, 2018; 4:45:46 PM
Analyziz Complete: Thursday, January 25, 2018; 4:47.22 P
Time Elapzed: 1 minute, 36 seconds...

Print Copy to Clipboard | E «it | A
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The resulting image should look something like what is below:
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Left-click on the color ramp bar (encircled above), and change the color ramp to be black and white:

Select Color Ramp >
Colar Ramp:
[ linvert

[ ok | | Cancel |

Your resulting TPl image should look like this:
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Next, adjust the transparency of the TPl image, using the Image Analysis window, to 40% transparent so
that the hillshade becomes visible beneath it. You can also do this by right-clicking on the TPI raster in
the Table of Contents and going into the Properties - Display tab = Transparency:
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Zoom in to where the National Conservation Training Center is located, within the neck of the large
meander bend in the Potomac River. Note that the lidar-derived DEM has cultural features removed
such as houses and buildings. Often when buildings are removed from the elevation model, false closed
depressions will result where the buildings once were located.
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ADD TOPOGRAPHIC MAP & AERIAL IMAGERY OVERLAY FOR COMPARISON TO THE
ELEVATION MODEL IMAGERY:

It is useful to compare the elevation imagery to a USGS topo map and actual aerial imagery for some
context and reference. Go to Add Data... = Add Data From ArcGIS Online... and add USA Topo Maps:

Search ArcGIS Online... F*B O Data @ Groups

Featured

Featured Arranged by | Most popular * Results 1-100 of 763

USA Topo Maps [E:0 | | USA States (Generalized) [ESRI |
= . This layer presents detailed USGS topographic| . | This layer presents the 50 states and the
maps for the United States at multiple scales. 3 District of Columbia of the United States,

i This layer is available at no cost to users with

E AN an ArcGIS Online subscription,
Map Service by esfi 1/19/2018 Details |Add sfi 27/20T Details  Add

Wildfire Hazard Potential

This map layer portrays the Wildfire Hazard 1 ' | This layer presents the counties of the United
| Potential, developed by the U.S. Forest ol © | States in the 50 states, the District of
it IGl Service's Fire Modeling Institute to help || Columbia, and Puerto Rico.
S inform assessments of wildfire risk or i

~

Map Service by Federal User_Community  &/20/2017  Details Add Featurs Service by esri.dm  5/22/2017 Details Add

USA Census Populated Places USA Freeway System

U.S. Populated Place Areas represents L SN | This layer presents rural and urban interstate
populated place areas that include census L I highways.

designated places, consolidated cities, and
incorporated places in the United States

12345 Next

You should see something like the image below. Note where the closed elevation contours are located,
and toggle the imagery on and off or use the transparency slider to compare with the elevation imagery.

@) NTCT Lidar_Short_Course - ArcMap

|
a
*®

Flle Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DeE& Lo x oo (b V[ EEEEO0 %[ @ g Land Facet Comidor Tools
RQEM@ 3D 4 (N D k(@ E NS IE R
Teble Of Contents. & % Image Anslysiz x|
R A= E :

A4 NeTC _Lidar_1m_TPL
EA € NeTC_Lidar_im_HSD.img
] NCTC Lidar_im_DEM.img

Value
High: 10.7395

Low: -731.773

= B NCTC_Lidar_Tm_HSD.img

Value

High: 254

= O NCTC_Lidar_1m_DEM.img
Value
High' 164.241

Low: 0

Nearest Neighbor
F 8 o[

| Processing [=]
Fo=s«wESESE
s 1B

Low: -610.235

| Mensuration ]

waBEIDE 9T aIe < B . - o >
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Now, return to Add Data... 2> Add Data From ArcGIS Online... and type “imagery” in the search bar,
then add World Imagery when it appears in the list of available datasets:

Featured

Results 1-100 of 9962

Search: imagery

World Imagery [ESRI |

Map Service by esri 1/19/2013

World Transportation [ESRI |

This reference map provides a transportation
and street name labels reference overlay that
is particularly useful on tep of imagery.

ap Service by esri 1/19/2018 Details Add

[y This layer presents satellite imagery for the
X g world and high-resclution imagery for the
o f'ed United States and other areas arou
world,
Details |Add
N

N T

Imagery 2013

Orthephotography Imagery for Delaware
County. Flown in 5pring 2013.

Map Service by delcoa  6/20/2014 Details Add

—
Dzt g Topographic Map [ESRI |
s | This world topagraphic map includes
[ boundaries, cities, water features,
physiographic features, parks, landmarks,
transportation, and buildings.

Map Service by esri  1/19/2018 Details Add

Imagery ESRI

World Boundaries and Places
This reference map presents country, state/
province, and county or equivalent
boundaries and place-names for the world for

~

\ This LPK combines the World Imagery service
\ n and World Transportation and World
flgd Boundaries and Places reference overlay
services in one convenient group layer

123 45 Next

overlaying on dark basemaps.

Toggle between the aerial imagery, the lidar imagery, and the USGS topographic map to compare.
Adjust transparency among the different datasets.

Next, zoom to the area of high density closed depression along the south bank of the Potomac River,
due west of the NCTC. This area is called Shepherd’s Cove, and the lidar was acquired prior to its
development into lots for residential housing. This area will be visited on the Friday afternoon field trip.
Compare the World Imagery to the DEM. Why might there be such a high density of closed depressions
in such a localized area?

Q) NTCT Lidar_Short_Course - ArcMap - 0 ®
e Edt Yiew Beckmarks fngett Seection  Geoprocessing Customize  Windows  Help

DS@& L 0@ o s ] EEBE®OI g e -
GAMEQ siitieas -2 n @/ WZASS TR REME
Table 0f Contents B % lmage Anabe YL
H0eR

= B NCTC Lidar_Im TH1

dll g - Land Fases Conidor Tosls - o

NETE Licer_tm TP
| B ncrc e _tm pe0img
| Cncrc adw_im pevemg

Value
High- 10,7385
Low: TILTTS

5 B MCTC Ledar T HEDuimy

Low: 610235
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Note the road loop that exists in the aerial imagery below. This road was constructed after the lidar was
flown, so it is not evident in the elevation model. Also note that much of the area with a high
concentration of sinkholes is wooded in the aerial image, and was not likely to have been farmed, as
opposed to the cleared area immediately to the west which has a much smoother appearance in the
lidar imagery.

Q) NTCT_Lidar_Short_ Course - ArcMap it o x
Lt Lot Yiew [fockmarks [nsent Zelection Geoprocessing Lustomae  Wndows  Help
Dgas - R ] DRSO ey e 1] g | hand Facet Comiger Tosks =

kO

Ll

™ P
A NCTC Lidar_tm_TF1

Value
High : 107385
- o
Low: -TILTTI » 1
B NCTC Lidar_bm HiDumg !
alue o L]
High: 254
2 ¥ I
Low:d [mECTS Oteate
[lnscigrond
=1 0] NETE Lictnr b DEMimg e
Walue
High: 164241 el
o 0
Low: 410235 ..
Proceng
s -
S
| —
et
Shanen
Hensuration
R
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SEMI-AUTOMATED SINK DETECTION

The first step to working with the tools for semi-automated detection of closed depressions is to create
an empty geodatabase within which to conduct the calculations, and to store all input as well as output
files. Although a file geodatabase was already provided for you named LIDAR _ShortCourse_FILES.gdb
immediately below we outline how we did this, so you can repeat this process after the course. We will
NOT need to work through the next two steps:

1. To create a file geodatabase, open ArcCatalog, navigate to where you would like to store your
database on your hard disk, right-click in the folder, and select New - File Geodatabase.

Conterts | preview | Description |

Name Type
[ ContourTreeTools_DepressionA... Folder
ELendFacetCerridor_10 Folder

(3 LIDAR ShortCourse FILES.gdb  File Geodatabase
@ HydroCutter vl 1.thx Toolbox

@B HydroEnforcer v0.1thx Toolbox

[Z) custom_shaders.tt Text File

B Copy Ctri+C

X Delete
Rename  F2
o Refresh F5

New v Folder

O &K QD

File Geodatabase

Persol
Datap| Mew File Geodatabase
ArcgH Creete anew file geodatabase.

Layer...

[*f Properties..

09 o

Group Layer

Python Toelbox [
Shapefile..

2. Rename the database following good naming conventions as outlined in the Note on Page 1.,
then right-click on the icon and select Import > Feature class. The first feature class you import
will set the projection and datum of the database, so be sure it is properly projected to match
the DEM and other data that will be in the database.

Again, for this course, a geodatabase LIDAR_ShortCourse_FILES.gdb has already been created for you as
a workspace.

PART 1: Using the fill-difference method

The fill-difference method finds closed depressions by “filling” all depressions in an elevation surface to
their spill point according to a flow-routing algorithm, and subsequently subtracting the filled elevation
surface from the original DEM in order to define the area and depth of all depressions within the area of
interest. In order for the flow-routing algorithm to work properly, “digital dams” where streams flow
under roads or other transportation routes must first be removed by “cutting” and “burning” new
stream paths across the digital dams.

In this course, we will make use of several tools designed for use within ArcGIS to facilitate the mapping
of closed depressions within a lidar-derived elevation model (Wall et al., 2015). A brief summary of the
overall workflow is as follows:

e The Cutter tool allows streams to pass across roads and removes the "digital dams" by creating a
new, modified “burned_DEM” with stream crossings burned across roads.
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The Hydro tool creates artificial stream lines that conform to the lidar topography, as well as a
filled DEM for defining closed depressions. This tool defines stream lines in the lidar-derived
elevation surface according to a user-defined flow accumulation value (i.e., the upstream
contributing area in number of DEM pixels), and creates a filled DEM that has filled each closed
depression to its spill point.

The Sinker tool finds the closed depressions in the "burned_dem" created from the Cutter tool.
It is best to run the Sinker tool once a DEM has been conditioned to the point where all known
or suspected “digital dams” have been removed by iteratively running the Cutter and Hydro
tools, with progressively lower flow accumulation values set in the Hydro tool. This allows the
artificial stream network generated to increase in density upstream (see figure below), thus
intersecting more roads, and improving the overall hydrologic conditioning of the DEM prior to
extracting closed depressions.

NOTE: The Hydro tool will take the longest time to run, as it takes more processing power to generate
the stream line vector data.

20 Railway
-~~~ NHD Streams

15" lteration Int.

... 10000Flow @ 209 [teration Int.
Acc. Streams

~_ Roads 3 lteration Int.
A typical workflow will be:
TOOL INPUT OUTPUT
1. Cutter Roads (polylines) burned_DEM (raster)

Streams from the NHD (polylines
2. Hydro burned_DEM (raster) streams_400k (polylines)

Flow Accumulation @ 400,000

3. Cutter Roads (polylines) burn_DEM_400k (raster)

streams_400k (polylines) /

4. Hydro burn_DEM_400k (raster) streams_10k (polylines)
Flow Accumulation @ 10,000

5. Cutter Roads (polylines) burn_DEM_10k (raster)
streams_10k (polylines) /

6. Hydro burn_DEM_10k (raster)

Flow Accumulation @ 2,000 streams_2k (polylines)
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It is recommended to run through the Cutter and Hydro tools at least 2 additional times after the first
run with the NHD streams, since the new stream lines created by the Hydro tool will better conform to
the lidar-derived topography. In addition, creating stream lines defined at progressively lower flow
accumulation thresholds will extend these lines further upstream, and therefore will intersect more
road crossings after each running of the Hydro tool.

We recommend running the Hydro tool at flow accumulation thresholds of 400,000, then 10,000 after
first running it using the National Hydrologic Dataset streams on 1 m resolution DEMs. However, for this
exercise, we will only work with the 10,000 flow accumulation stream lines for demonstration purposes.

Within the ArcMap project that was begun above, go to File > Add Data, and load the polyline vector
datasets Roads_NCTC and Streams_NCTC that are in the LIDAR_ShortCourse_FILES.gdb geodatabase to
the ArcMap project. These will now be shown in the Table of Contents.

Eite Edit Yiew Bookmarks Jnsent Jelection Geoprocessing Customize Windows Help

Naasa B x b1 E2mE gias A 1.8 )W -2 Georeferencing - [NCTC e im.DEM PP £ E L LendFacet Comidor Tock =
QARFEQ G e H-7 x @/ B EMES T L wepng-O] L DHT - g Dewing K LT D AL B - rBrglA-b- 2.
Terrain Preprocessing = it v m Lt o A 11125 s P pe .;-: 71 i Flt @ ' 51 giq B P 0SS @ =
MockPro- & - ¢ B-N 0 HB-~0L B 3 3-9%8 =- B ME

Table OF Camterts # % ArToomon ax

o oB 8 & ArcToolher |

S e ] © 30 A Teck |

B Streams NCTC 7 & Analyis Took

i
1+ @ Carography Tools
= B Contour Tree Tock
® @ Conversun Tools
i B Data Internpenabiliny Took
w1 G Dets Mansgement Tooks
High: 107395 0 & Date Revewer Touls
& @ Geocoding Toals
Low: TR w1 @ Geostatistical Anglyst Tools |
i & HydioCutter v11
= I HydroEnforeer .1
e Cuter vl
High: 254 e Endorcer sl
l S Sinker 2
Low:0 % B Linear Referencing Tooks
i @ Network Ansbyst Tock
s BB Space Time Patter Mining |
Value = T Spatisl Analyst Tools
Figh: 164241 5 Spatied Statrstics Tuoks

G B NCTC Ludss I DEM

Low : -610.235

2524 233 4374349078 Melers

Run the Cutter tool

The Cutter tool is used for removing “digital dams” where streams cross roads. The tool finds the
intersection between user-supplied road and stream vectors, and then cuts a path through the elevation
model through the roads to permit flow across those artificial barriers where culverts exist in reality.

Open the HydroCutter v1.2 toolbox. There are three toolsets inside:

= & HydroCutter v1.2 Double click to run the Cutter tool
}fﬂ Cutter /
E Hydro
}fﬂ Sinker_v2

Run Cutter first by double clicking on the tool in the toolbox. This tool is designed to breach “digital
dams” that may occur within the DEM at road and stream intersections, based on the road and stream
vector polyline data that are supplied by the user.
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r:}-'d Cutter —— .' 1 EIEI—J&

Roads and Streets

Rail Roads

| Roads_NCTC |

Stream Data

| Roads_NCTC |

| Streams_NCTC 2

&Transit and Stream Intersection Points
se_20185inkholeConference \LIDAR_ShortCourse_FILES.gdb\mergedpts

Buffer Distance
@ Linear unit

25 Meters
() Field

&Buﬁ‘er Output
iSinkholeConference IDAR_ShortCourse_FILES.gdbYmergedpnts_Buffer
8\ Clip Output
rse_20185SinkhaoleConference\LIDAR _ShortCourse_FILES.gdb'\dippedout
Elevation Data
| NCTC_Lidar_1m_DEM
&Vecb}r Elevations
rz&_20185inkholeConference \LIDAR _ShortCourse_FILES.gdb\vectorelev

&Multi-Part Streams
:_2018SinkholeConference \LIDAR_ShortCourse_FILES. gdb\dippedoutdis

&Zeroed Elevation
ge_2013SinkholeConference\LIDAR_ShortCourse_FILES.gdb'zeroedelev

&Burned Elevation

=_2018SinkholeConference \LIDAR_ShortCourse_FILES. gdb \ I Mal=0]

iy

[

[ Ok ] ’ Cancel ] ’Environments...] ’ Show Help == ]

choose Roads_NCTC

choose Roads_NCTC

choose Streams_NCTC

Change to 25 meters

Update the database location,
and accept the default output
file names

Choose NCTC_lidar_1m_DEM

Update the database
location, and rename output
file to burned_DEM

e Set the Roads and Streets dialog box to Roads_NCTC, and the Rail Roads to the same
Roads_NCTC shapefile, as there are no railroads in this DEM area.

e Set the Stream Data dialog box to Streams_NCTC.

e Change all output locations to be within LIDAR_ShortCourse_FILES.gdb which is in the folder on
the desktop. This can be done by clicking the Navigate to Data button (folder icon) and navigate

to the file geodatabase.

e Once you are in the file geodatabase input a name for the output dataset. You can then

highlight the base folder pathname and press CRTL + C to copy the path. In the remaining

outputs, highlight the incorrect pathname and paste the correct name pressing CRTL + V.

NOTE: Be sure to remove all the .shp extensions from the file names, as they will be placed within the
geodatabase instead of written to standalone shapefiles (if not done, this can result in the tool crashing
with a “Table Name is Invalid” error). An example of the proper pathname would be:

C:\Users\username\Desktop\LidarShortCourse_2018SinkholeConference\LIDAR_ShortCourse_FILES.gdb\mergedpnts

e Set Buffer Distance Linear unit to 25 meters.
e For the Elevation Data choose NCTC Lidar_1m_DEM.
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e Be sure to place your Burned Elevation data into the file geodatabase and we would
recommend naming it burned_DEM. This will be the hydrologically conditioned DEM surface
that will be used to find the closed depressions or in other iterations of the HydroCutter toolbox.

e Next, click on the Environments... button.

e Change the settings of the Current Workspace and Scratch Workspace to be
LIDAR _ShortCourse_FILES.gdb.

e Change the Processing Extent to be the same as the NCTC Lidar_1m_DEM, and set the Snap
Raster to NCTC_Lidar_1m_DEM.

‘gg Envircnment Settings

- -

# Workspace Current Workspace —
Current Workspace
surse_2018 Sinkhole ConflggnceLIDAR,_ShortCourse_FILES.gdbY, Tools that honor the Current
Workspace environment setting use
Beciit irisraE: the workspace specified as the

wurse_2013 Sinkhole C rence\LIDAR_ShortCourse_FILES.gdbl

default location for geoprocessing
tool inputs and outputs.

¥ Output Coordinates

;‘”Pﬂﬂf Usage notes:
xtent \

q
€L [Seme a5 layer NCTC_Lider_tm_DEM S - o In ArcMap, the Scratch
o — p— Warkspace and Current
4377240,400815 Waorkspace environments are |-
Left Right synchronized by dz_afault to
253407, 173685 267703, 178685 the map document’s default
Bottom geodatabase. To learn mare,
4372178, 400815 see Setting the default
geodatabase.
ap Raster » In ArcCatalog, the Scratch
MNCTC_Lidar_1m_DEM j Waorkspace and Current
Waorkspace environments are
¥ XY Resolutioh ang 1olerance not set by default.

When using the tool dialog
box, output dataset names
are autogenerated using the
¥ Geodatabase current and scratch
workspace settings. The
logic for generating the

¥ M Values

¥ Z values

¥ Geodatabase Advanced

¥ Fields output name is as follows:
o Ifthe scratch

¥ Random Numbers workspace

¥ Cartography environment is set,

the autogenerated

¥
¥ Coverage output path will be the

¥ Raster Analysis scratch workspace.

¥ Raster Storage o Ifthe scratch
workspace

¥ Geostatistical Analysis environment is not

¥ Parallel Processing set, the current
workspace

¥ Remote Processing Server environment is

examined. If the

current workspace is

¥ TIN set, the

autogenerated output

- will be the current -

¥ Terrain Dataset

¥ XTools Pro

[ Ok ] [ Cancel ] [ << Hide Help ] [ Tool Help ]

Click OK, and OK again to run the tool. When it has finished, you should see several additional layers
added to the Table of Contents: mergedpts, clippedoutdis, clippedout, mergedpts_buff, burned_dem,
zeroedelev, and vectorelev.

Turn off all but the burned_dem layer. This will be the input into the next step.
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Run the Hydro tool to generate stream lines:

The Hydro tool is located within the HydroCutter v1.2 toolbox. This tool is used to define streamlines
within the lidar data according to a pre-defined flow accumulation threshold set by the user. The
resulting streamlines can then be used to further filter out artificial depressions created at road/stream
intersections not captured in the original user-supplied stream polylines obtained from the USGS
National Map website, lines generated from a previous run of the Hydro tool, or other source.

Double click on the Hydro tool in the HydroCutter v1.2 toolbox:

= & HydroCutter v1.2

Sba Cutter

Z Hydro
oba Sinker_v2

Select the burned_dem as the Burned Elevation Data input. Change all paths to be set to the
LIDAR_ShortCourse_FILES.gdb just like what was done for the Cutter tool above. Append the number
“1” to the end of all output file names. This will help keep the output organized later when the process is
repeated. Set the Flow Accumulation Threshold to 10000. Change the filename of the Stream Feature
Output output to Streams_10k. Set the Environments... settings to those used for the Cutter tool as
above, then click OK.

Choose burned _DEM,

3 Hydro - ‘_-‘ PEEE x| produced from the
Burned Elevation Data i CUtter tOOI
Zourse_20185inkholeConference lI,LID.‘!\R_ShDrtCDLII'SE_FILE
Filed Elevation Data Output Upd ate the database
irShortCourse_20185inkholeConference\LIDAR_ShortCourse_RJLES.gdbfiled1 . wan
location, and append “1

Flow Direction Raster Output
thortCourse_2018SinkholeConference \LIDAR _ShortCourse_FILEQ adb\fowdir 1 to the default out P ut file

Flowe Accumulation Raster Output names
wortCourse_20185inkholeConference\LIDAR _ShortCourse_FILERgdb\flowacc1

Flow Accumulation Threshold

10000
o 4
Stream Raster Output Cha nge to 10000

ortCourse_2018SinkholeConference\LIDAR_ShortCourse_FIL db'\strmrastl

Linked Stream Raster Output
“tCourse_2018SinkhaoleConference\LIDAR _ShortCourse_FILES) inkdstrms 1 Update the database

Stream Feature Output |Ocati0n, and rename
Course_2018SinkholeConference \LIDAR,_ShortCourse_FILES.d{b\Siiae e i output file to

o [ ((M streams_10k
e

Update current and scratch workspace, and set extent and snap raster to NCTC _lidar_1m_DEM

This tool could from 40 minutes up to an hour to complete running.
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When the tool execution is complete, you should see something similar to the image below:

e B e T T T S R it
- T

THEE B oo Saram CHRETEN Ry

vy A TH TN AR s ek | asemtena e

Next, run the Cutter tool once more to intersect the roads with the 10,000 stream lines generated from
the Hydro tool. Use the same settings as before, except set the Stream Data input to streams_10k.

| streams_10k

Transit and Stream Intersection Points
_201a85inkholeConference\LIDAR _ShortCourse_FILES, gdb'mergedpts 101

Change to 25 meters

Buffer Distance

rsD-J Cutter T =l ﬁ-‘
i & P O
Roads and Streets — choose streams_10k, produced from
| Roads_NCTC = &
Rail Roads the Hydro tool
| Roads_NCTC
Stream Data

@) Linear unit
— B Update the database location, and
append “10k” to the default output
Buffer Output

<holeConference\LIDAR _ShortCourse_FILES.gdbmergedpnts_Buffer 10k fl l € names

Clip Qutput
_2018SinkholeConference \LIDAR _ShortCourse_FILES.adb \dippedout 10k
Elevation Data

| NCTC_Lidar_1m_DEM

Vector Elevations

_2018SinkholeConference\LIDAR _ShortCourse_FILES.gdb'vectorelev 10k

Choose NCTC_lidar_1m_DEM

Multi-Part Streams

1185inkholeConference\LIDAR _ShortCourse_FILES. gdb'\dippedoutdis 10k

Zeroed Elevation
20185inkholeConference\LIDAR_ShortCourse_FILES.gdb'\zeroedelev 10k

Burned Elevation

and rename output file to
burn_10k_DEM

Update the database location,

Update current and scratch workspace, and set extent and snap raster to NCTC lidar_1m_DEM
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The result should look something like the image below, with many more road/stream
intersection points shown than before

ELE ] YT
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The resulting burn_10k _DEM will be final output raster, conditioned to remove “digital dams” at these
road/stream intersections.

We are now ready to identify the closed depressions within this DEM!

Run the Sinker tool

In the Sinker tool, will use the burned DEM created in the previous step (burn_10k _dem) which will be
hydrologically conditioned using the Fill geoprocessing algorithm in ArcMap (found at ArcToolbox >
Spatial Analyst Tools = Hydrology). The original DEM is then subtracted from the filled DEM resulting
in a depth raster. The depth raster is then thresheld at a user defined value (a minimum of two times
the vertical RMSE is recommended). This threshold raster is then converted to a polygon dataset. An
area threshold is then applied to the sink polygon dataset.

Double click on the Sinker_v2 tool in the HydroCutter v1.2 toolbox:

= ﬁ HydroCutter v1.2
}ﬂi Cutter

Set the Expression VALUE > 0.2, and the Area Threshold for Sinkholes to Shape_Area > 9. This
sets a minimum depth of 0.2 m and a minimum area of 9 square meters to the resulting
sinkhole data that are created.
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Change all paths to be output data to LIDAR_ShortCourse FILES.gdb just as was done before.
Additionally, remove all file extensions to the output as before, and rename the output of the
Thresheld Sinkholes to be sinks 9m2:

-

=

(% Sinker.v2 =RNC X ] -
— - - — —| Choose NCTC_Lidar_1m_DEM
Original DEM .~k
INCTC Lider_1m_DEM @'@ Choose the burn_10k_DEM output from Cutter
Burned DEM -
| burn_10k_DEM B l .
led DEM Rename output to Fill_burn_10k DEM

rence\LIDAR _ShortCourse_FILES.gdb\Fill_burn_10k_D

3

Depth Raster
ference\LIDAR._ShortCourse_FILES. gdb\Minus _Fill_bui

Update output geodatabase

Expression {optional)

VALUE > 0.2 Set minimum sinkhole depth to 0.2 m

H

Sink Raster
ference\LIDAR_ShortCourse_FILES.gdb\Con_Minus_Fil

Update output geodatabase

{ i

Sink Polygons
rence\LIDAR _ShortCourse_FILES.qdb'\RasterT_Con_Mi

Update output geodatabase

| Threshold Sinkholes?

Area Threshold for Sinkholes (optional)
Shape_Area = 9

Thresheld Sinkholes
oleConference\LIDAR_ShortCourse_FILES Qdb\Tieaene | [P

.
Ok 1l

Update current and scratch workspace, and set extent and snap raster to NCTC _lidar_1m_DEM

Set minimum sinkhole area to 9 m?

Set the Environments... settings to those used for the Cutter tool as above, then click OK. When the tool
execution is complete, you should see something similar to the image below:
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In the Table of Contents, uncheck all layers except sinks_9m2 and Minus_Fill_burn1. Click on the
polygon symbol of the sinks_9m2 layer to open the Symbol Selector dialog, click on the button next to
Fill Color and click No Color. Set the Outline Width to 1.5 and the Outline Color to Medium Apple
(bright green).

- @ @ EE ~  Current Symbol

All Styles @ Referenced Styles

CANARC_FILES_Dan\MCGMP-5tandards for Digi...

01.02.43

[ ]

1.5
01.03.13 outiine Color: -
Edit Symboal. ..

| Save As... || Reset |

19.02.04

| Style References. .. |

[ OK ] | Cancel |

You should see something like the image below:
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Next, right-click on the Minus_Fill_burn1 raster layer, and select Properties = Symbology. Change the
Color Ramp to be Spectrum-Full Bright (from blue through yellow to red), and check the box to Display
Background Value 0 as No Color:

| General | Source | Key Metadata | Extent | Display | Symbology | Time |

Show:

Vector Field
Unigue Values
Classified

Discrete Color Value  Label

|Stretch values along a color ramp

-14.0093 Low : -14.0093

Display Background Value:

Use hillshade effect Zi|1 Display MoData as

Stretch
Type: [Percentciip - [ Hstograms |
min: 0.5 : . [ trvert

About symbology

J [ Concel ||

Now you should something like the image below. The background value of 0 depicts all pixels that have
not changed from the original DEM, since the Minus_Fill_burn1 DEM is the subtraction of the original
DEM from the filled burned DEM; the color ramp will highlight the depths of the depressions that occur:
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ey (IR Py A (118 i
Ceada LS R S CHORIED ey

s 1oAs ROT I IF L LI SR uy
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pTe— 1 )

KARNQ NIl e BN @ WIARDE =3 pant &
[

el AL AL SN LT WL E U R B T

P

You now have a polygon layer that is representative of the possible sinks from the difference raster
based upon the accuracy of the lidar data. Zoom in and explore the results. Where is the deepest
depression? Why might depressions show up in the river channel (hint: they are not real). Why are there
small spec-like depressions in the fill-difference DEM (Minus_Fill_burn1) that are not outlined in green
like the sinks_9m2 polygons?
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Clean up the depression data:

Remove spurious sinks along stream courses by first selecting all sinks that intersect a stream withina 5
meter buffer width along the stream line. Right-click on the sinks_9m2 layer, and select Edit Features >
Start Editing. Go to Selection - Select by Location

File Edit View Bookmarks Insert | Selection | Geoprocessing Customize Windows Help
I'Dead& El= W E| @
@l L:l *QO o= I;% £ ) (i L ; Snapping *
Terrain Preprocessing ~ = Edi & lect iyl srafon
& Zoonl Selects features using the locat
. = Lo g the location ST
KToclsPro-| & & by EE "gl gﬁl panT] of features in another layer. Q‘ =l
1 X
I TableElf C-ont;nts % ¥ Statistics...
TR =
sl = [ Clear Selected Features
£ = layers -
[ mergedpnts Interactive Selection Method — »
O clippedoutdis Selection Options...
O clippedout 5 : T
Streams_NCTC onversion Too s
Roads NCTC @ Data Interoperability Tools
=
—T @ Data Management Tools
sinks_9m2
= . @ Data Reviewer Tools

Under Selection method: choose select features from. Under Target layer(s) check the box next to the
sinks_9m2. Set the Source Layer to Streams_NCTC. Set the Spatial selection method for target layer
feature(s): to intersect the source layer feature, and check the box next to Apply a search distance
entering a value of 5 meters.

' ™
Select By Location e e e [

Select features from one or more target layers based on their location in
relation to the features in the source layer.

=

[select features frlom ) -

Target layer(s):

[ mergedpnts
O dippedoutdis
O dippedout

[ Streams_NCTC

3_ C
< sinks_Sm2
=Con_Min1

O outbuff l

[ Onlly show selectable layers in this list

Source layer:

* Streams_MCTC j
Use selected features (0 features selected)
er feature(s):
intersect the source layer feature -
Apply a search distance
About select by location [ oK ] [ Apply ] [ Close ]

Once the sinks that intersect the Streams_NCTC lines are selected, you may delete them by going to the
top menu Edit 2 Delete.

It is also good to remove any artificial depressions (pits) that may have been introduced into the lidar
elevation model caused by removal of buildings during the processing of the DEM (see Appendix 2 for a
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procedure to screen out erroneous pixels of negative elevation). For this, it is helpful to have a polygon
layer of buildings that you may use to select sinks within a given buffer distance (e.g., 2 m) of a structure
and delete them similarly to how sinks were removed from stream channels. Another means is to
manually delete the artificial sinks using aerial photograph overlays to check for structures. We will not
do this step here.

Additional QA/QC is needed to finalize the closed depressions inventory, and this is where the process
ceases to be automated. It is advised to move across your area of interest using an index grid of ~1.5km
x1.5km (the lidar tile index is a good grid for this purpose), and check the validity of each closed
depression based upon 1) evidence in the lidar imagery (e.g. hillshade, TPI, etc.), 2) evidence in aerial
imagery, 3) evidence from field checking. There is no substitute for going through your data with a fine-
toothed comb, so to speak, in order to establish its validity. Note-taking and additions to the attributes
of the sinks polygons along the way is also very useful, especially for depressions that may be
ephemerally ponded, or may be stream sinking points, or the source of a spring, etc.

Calculate geometric characteristics of each sinkhole polygon:
The steps below use the Zonal Statistics and Zonal Geometry tools in ArcMap to calculate some
morphometric parameters of each sinkhole.

In ArcToolbox navigate to Spatial Analyst Tools = Zonal and open the Zonal Statistics as Table tool. We
will use this tool to act on the raster Minus_fill_burn1 (i.e. the fill-difference DEM or depth raster) to
calculate the planimetric area (AREA), minimum depth (MIN), maximum depth (MAX), mean depth
(MEAN), depth range (RANGE), standard deviation (STD) and sum (SUM) of the depths for all 1m pixels
in each polygon in the sinks_9m2 polygon dataset. Since the SUM is of the total added depths of each
1m pixel, the result equals the volume of the depression. If the pixel area was greater than 1m, one
would multiply the integer value of the pixel area by the SUM to obtain the volume in cubic meters.

F B
"& Zonal Statistics as Table‘ EM

Input raster or feature zone data _ = | Choose sinks 9m2
| sinks_9m2 .
Zone field == Choose OBJECTID
OBJECTID “— |
| |
ieoinsmis Choose Minus_Fill_burni
| Minus_Fill_burnl

Output table
leConference\LIDAR._ShortCourse_FILES. gdb\a e ezl e

Rename table to
stats_sinks_9m2

i lgnore MoData in calculations (optional)

| Statistics type (optional)
ALL

Select ALL

QK ] [ Cancel ] [En'u'irnnments... ] [ Show Help ==
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The results are written to a table that can then be joined to the attributes of the polygons. To join this
table to the polygons, stop editing the sinks_9m2 layer by going to Editor = Stop Editing.
Next, in ArcToolbox navigate to Data Management Tools = Joins and open the Join Field tool. Under

Input Table input stats_sinks9m2 for the table:

#,, Join Field

Input Table

| sinks_9m2 -
Input Join Field

Choose sinks_9m2

OBJECTID
Jain Table
| stats_sinks9m2

Output Join Field
OBJECTID_1

Join Fields (optional)

[ oBIECTID 1

[ counT

AREA

MIN

MAX

RANGE

MEAN

5D

4| 1 [

| selectal || uUnselectal | |  AddField |

] [ Cancel

] [Envircnments... l [ Show Help == ]

Choose OBJECTID

Choose stats_sinks9m2

Choose OBJECTID_1

Check:
AREA
MIN
MAX
RANGE
MEAN
STD
SUM

When the Join Field tool is complete, right-click on the sinks 9m2 and click Open Attribute Table to see
the results in the table. Note that these statistics are for calculated on the depths of each depression

area.

Use the Zonal Geometry as Table tool to write the output geometry of the sinks_9m2 polygons.

Input raster or feature zone data

- — = Bl
#., Zonal Geometry as E.EI@Q

Choose sinks_9m2

€

| sinks_9m2|
Zone field

Choose OBJECTID

OBJECTID
} Cutput table
srence\LIDAR,_ShortCourse_FILES.adb\oeostats_sinks

H

Processing cell size (optional)
1

[ Ok ] [ Cancel ] [Environrnents... ] [ Show Help ==
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The Zonal Geometry as Table tool could take up to 10 minutes to run. The table will contain values of
area, perimeter, centroid XY coordinates, and length of major and minor axes of the feature envelope
ellipse. Navigate to the tool by returning to ArcToolbox = Spatial Anlyst Tools 2 Zonal and click on
Zonal Geometry as Table. Set the Zone field to OBJECTID and Processing Cell Size value to “1” to mimic
the operation working on a raster of 1 m cell size. Use the Join Field tool as before to append the results
to the sinks_9m2 polygon feature attributes.

-

*, Join Field i o= . Choose sinks_9m2
Input Table
ke 92 4 = Choose OBJECTID
Input Join Field / ‘
OBJECTID - Select table geostats_sinks9m?2
Join Table —/
eostats_sinks9m2 g % 1
Lgumui;; e Select VALUE, the identifier field
VALUE <€« on which to base the join to match
Jf"D“ e s lootnel) - OBJECTID in sinks_9m2
| [C] areA
PERIMETER .
: [] THICKMESS Check:
| ¥CENTROID E ——{ PERIMETER
YCENTROID <[ | xcenTroiD
MAJORAXIS
MINORAXIS YCENTRO/D
V] ORIENTATION = MAJORAXIS
4 e 2
| : MINORAXIS
[ Select All l [ Unselect Al l [ Add Field ] ! ORIENTA TION
[ Ok ] l Cancel ] lEnvironments... ] [ Show Help = ]

Note that the orientation field is an azimuth from 0-180 degrees, but that 0 is due east, and 90 is north-
south, etc. If the sink is perfectly circular, the orientation value defaults to a value of 0. (Truthfully, the
calculated orientation field may not be very useful given the various odd shapes of the depressions).

One can also determine the depth, area, and certain morphometric thresholds such as the index of
circularity or eccentricity for sinks to retain. This can be done using a “training” dataset, or a polygon
feature class that has been field-verified for actual depressions (e.g., Doctor and Young, 2013). At this
point, distinguishing between actual sinkholes and other types of closed depressions is not necessary, as
this is simply used to define thresholds for depressions in the elevation model.

PART 2: Use the Contour Tree Tools for nested depressions

Tools for creating a nested hierarchy of closed contours and enclosing polygons were developed by Dr.
Quisheng Wu at Binghamton University. In the following exercise, we will use Dr. Wu’s publicly available
Contour Tree Tools toolbox for identification of nested depressions. For more information about him and
his projects, please visit this website: http://wetlands.io/#research
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There are two tools in the toolset: Extract Sinks and Identify Depression Hierarchy. The Extract Sinks tool
selects areas of the DEM for contouring determined by a filling algorithm (much like the Hydro tool used
above), so use of the Contour Tree Tools is best done on a burned DEM that has the “digital dams” at
road/stream intersections already removed. The diagram below illustrates how the Identify Depression
Hierarchy tool does the contouring that can identify progressive levels of nested depressions within a
single larger one (Wu et al., 2015; 2016).

A single-branch surface depression

A multi-branch surface depression

N VAN
K\ I d /
15— N 7J
A il —
£ / D\T £ '""@"‘""b'"/E f o)
B @ Pour point B Y, ;‘C )
\ / *  Sink point & Pour points
A Contours A - %?nlgnupgru:ls
” -------- Pour contour

- ------ Pour contours

The Identify Depression Hierarchy tool also assigns a unique ID and non-unique “level” to each
depression contour based upon how many additional nested depressions one might contain. Level 1
intervals contain no nested depressions, Level 2 contain more than one Level 1 depressions, Level 3
contain at least one Level 2 depression, and so on.
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For this exercise, we will work on the area of concentrated sinkholes located within a region zoned for
housing development called Shepherd’s Cove that is located west of the NCTC center, and immediately

south of the Potomac River. This site will be visited on the Friday field trip.

Add the ShepherdsCove_Lidar_1m_DEM to the project from the geodatabase. Right-click on the image

and click Zoom to Layer (we will use this smaller area to speed up the processing time):

[ @) LidarShortCourse.mxd - A

DRSS L B X9 b9

R
E S EE S -[E]R 6 B oawing- k)& O A< B T - B oulA-
QARIOI@ Il ws (F - TIN0 7 EZHALTIRGF R LIEAEG @A G- 1A
Editor=| » © S a8 P b 7 1 E g & B - | HY 5 H IS8 | @ E‘_. Snappmg"_.
Terrain Preprocessing » Terrain Morphology = ;‘ XToolsPro~ | b | EH| - o | - 3 (5| @ i E& E 3-9, =R

File Edit View Bockmarks Insert Selection Geoprocessing Customize Windows Help

B X ArcToolbox 2 x By
L0 SE| E [ ArcToolbox

Layers @ 30 Analyst Tools
mergedptsl0k B Analysis Tools

[ clippedoutdisl0k & Cartography Tools

[ clippedoutl0k =@ C:)ntourTrEETools

0] streams_10k 3,. 1 Extract Sink

[ Streams_NCTC & 2.Identify Depression
O Roads. N_CTC & 3. Delineate Catchment
= sinks. §m2 & 4. Delineate Flow Path
O - 0 Conversion Tools

BB EYShepherdsCove Lidar 1m DE | i~
— &3 Dsta Management Tools

Value

High: 135,943 @ Data Reviewer Tools
° Gecceding Tools
Low : 96.402 & Geostatistical Analyst Tools

& HydroCutterv1.2

0 Linear Referencing Tools
[ mergedpnts Bufferl0k 0 Network Analyst Tools .
O Con_Minus_Fill1 E% Space Time Pattern Mining Tools|

[ Minus_Fill_burnl & Spatial Analyst Tools
DI Fill_burn_10k_DEM @ Spatial Statistics Tools

DO bum_10k DEM @ Toolbox
O zercedelevlOk @ XTools Pro
vectoreleviOk
linkdstrmsl

[ strmrastl

O flowaccl

O flowdirl

O filledl

O burned_DEM

[0 NCTC_Lidar_1m_DEM
NCTC Lidar 1m_TPLimg
MNCTC_Lidar_1m_HSD.img

[0 RasterT_Con_Minl

E\ e- <

F Q@I AN H S

LN

Land Facet Corridor Tools =

In the Contour Tree Tools Public toolbox, first run the Extract Sink tool to generate a subset of the DEM:

| ﬁ Contour Tree Toels Public

5 atract SinD

&' Identify Depression Hierarchy
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Set the Depression Minimum Size to “9” (the same area threshold used in the Sinker tool above). Set
the Buffer Distance to “5”. Put the OutputDEM in the LIDAR_ShortCourse_FILES.gdb and name it
contoursinks_DEM.

50 1. Extract Sink

Choose ShepherdsCove_Lidar_1m_DEM

DEM Raster
| ShepherdsCove_Lidar_1m_DEM

Depression Minimum Size

Enter “9”

Buffer Distance

OutputDEM
‘onference\LIDAR _ShortCourse_FILES, gdb sl =] E nter ”5"

Name output contoursinks_DEM

OK Environments. .. ow Help ==

Click on the Environments... button, and update the Current Workspace and Scratch Workspace to the
LIDAR_ShortCourse_FILES.gdb, and set the Processing Extent and Snap Raster to the
ShepherdsCove_Lidar_1m_DEM:

r —— ="
ﬁEmimnmentSeﬂings i

13

% Workspace —
Current Workspace

iktop\LidarShortCourse_20135inkhaleConfer@nce\LIDAR._ShortCourse_FILES.qdb
Scratch Workspace

:kb::p\J_idarShortCourse_ZD185inkhoIEConfe ShortCourse FILES.gdb F":

—

¥ Output Coordinates

m

% Processing Extent

Extept
—
@ayer ShepherdsCove_Lidar_1m_DEM ) v] @
L

lop
4375815.8600234
Left Right b
255092839953 256409,839953
Bottom

4374280.800234

ShepherdsCove_Lidar_1m_DEM | @
¥ X¥ Resolution and Tolerance
¥ M Values

¥ Z Values

-

[ OK J[ Cancel ” Show Help == ]

The tool should complete in less than 5 minutes. Once completed, turn off all layers except sinks_9m?2
polygons that had been generated earlier, and the new contoursinks_DEM layer.
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You should see something similar to the image below:
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Next, run the Identify Depression Hierarchy tool

| a Contour Tree Tools Public

L) '
sJdentify Depression Hierarc

Set Contour Interval to “0.5”, Base Contour to “0”, Minimum Area to “9” (this is the same as the area
threshold set earlier for the Fill-Difference method) and Minimum Depth to “0.2” (this is the same as
the depth threshold set for the Fill-Difference method). The output path should be to
LIDAR_ShortCourse_FILES.gdb, and name the output file contour_sinks_9m2.

[E=EE S

=l 2. Identify Depression

Choose contoursinks_DEM

LiDAR DEM
| ShepherdsCove Lidar_1m_DEM

~ @

Contour Interval

Set to “0.5”

Set to “0”

Set to “9”

1 0.5
Base Contour ‘ ‘
i}
Minimum Area ‘ ‘
9
Minimum Depth
0.2
Output Path

wnference\LIDAR _ShortCourse_FILES. gdb sy o0y S el @

Name output contour_sinks_9m2

l OK I [ Cancel ] [Enuironments... l ’ Show Help == ]
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Click OK to run the tool. It should run for about 20 to 30 minutes. When finished, the results will look
similar to the image below:
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Add in the NCTC Lidar_1m_TPl.img raster, and symbolize the contour _sinks 9m2 polygons to be
without a fill color and with red outlines.

Next, go to Add Data—> and within the geodatabase you should see two new feature datasets, Contains
and Single. Open the Single feature dataset, and add the feature class Single_L1:

Add Data 5
Lookin: L3 LIDAR ShortCourse FLES.gdy v | @ fuy (3 | v | 24| BJ (s B
"l (7 Contains |E contour_sinks_3m2 [ linkdstrms1
L Single [ contoursinks_DEM @mergedpnt;_[
urn_10k_DEM [ dem_filled @mergedpnt;_[
urned_DEM @dem_ﬁnal @mergedpt;
=] clippedeut {8 Fill_burn_10k_DEM (=) mergedpts10
=] clippedeoutlOk B filled1 [ Minus_Fill_bu
=] clippedeutdis B flowaccl FENCTC Lidar 1
=) clippedoutdisl0k @flowdirl @RasterT_Con_

8 Con_Minus_Fill_1

geostats_sinksIm2

< 1

[=JRoads_NCTC

Name:

Show of type: [Dammis, Layers and Results

Show of type

Single_L1

= [Datasets, Layers and Results

Compare the results of the Contour Tree Tool to the results obtained earlier with the Fill-Difference

method. Note that the Single_L1 depressions are those nested within larger depressions, but do not
contain other nested depression levels themselves. This dataset can be useful for defining an overall
depression inventory in areas of compound depressions.

Explore the other levels of the Single feature dataset. Open the attribute table(s) of each. Note that the
following attributes were written to each depression: the outermost contour elevation (Cont_ field), the
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area, the min, max, range, mean and standard deviation of elevations, the sum of all elevation values,
and the volume of the depression in cubic meters.
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You can also identify the lowermost Level 1 contours within the compound sinkholes of the
contour_sinks_9m2 polygons (i.e. the lowest areas in the bottom of multiple-contoured depressions)
by selecting according to the attributes of the table where “Lin_Cou = 1 AND Level ID=1 AND
Level _BD =0":
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The resulting selected output could be useful as a layer of the deepest local sinks in a region of nested
sinks. To create a standalone dataset from the selected deepest depressions nested within larger ones,
right click on the layer contour_sinks9m2_deep, then select Data = Export Data.
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[ Roads NCTC | [El Copy
contour sinksdf y

Remove
Copy Properties v
Paste Properties

EE  Open Attribute Table

Joins and Relates 3

[ RasterT_Con |
O mergedpnts By (4> Zoom To Layer
@ [ ShepherdsCove (T*  Zoom To Make Visible

Value Visible Scale Range v
High': 135.94
Use Symbol Levels
Low: 56492 Selection 5
; Selection Manager v
O Con_Minus_Fill
[ Minus_Fill_burr Label Features
0 Fill_burn_10k D) Definition queries »
O burn 10k DEM
Edit Features 5

[0 zeroedeleviOk
[ vectoreleviOk |63}  Edit with MS Excel

O linkdstrmsl Import Edits from MS Excel

O strmrastl -
Convert Labels to Annotation...

flowacel Wy Repair Data Sour

flowdirl % Convert Features to Graphics.. & ExportData

filledl ConvBR3ymbology to Representation...

burned_DEM port Data

NCTC Lidar 1 ata ) 4 Make

_Lidar ] | Save this layer's data as a shapefile i

WLEYE" File.. Viewlt or geodatabase feature class y
@ Create Layer Package. ¥ View Mefsdata... 255323743 4375342493 Meters
[ Find Associated Documents and Datasets... Edit Metadata...
A8 Findin Catalog G4y Synchronize Metadata
[ Properties... §2 Review/Rematch Addresses... |

Export All features, and select the data frame to use as the coordinate system of the dataset. Next, click
on the folder for the output location...

m o taset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

Qutput feature dass:

shtop'\LidarShortCourse_20185inkholeConference Export_Output s
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Under Save as type, select File and Personal Geodatabase feature classes, and the geodatabase icon
should appear. Open the geodatabase, and rename the file contour_sinks9m2_deep.

Lookin: || 3 LIDAR_ShortCourse FILES.gdb ~| 4& fy (3| |

Tl Contains [ mergedpts

) mergedpts10k
clippedout RasterT_Con_Minl
clippedoutl0k Roads_NCTC
clippedoutdis sink_poly
clippedoutdis10k [Elsinks_9m2
contour_sinks_9m2 streams_10k
mergedpnts_Buffer Streams_MCTC
mergedpnts_BufferlOk

MName: contour_sinksom2_deep|

Save as type: |[File and Personal Geodatabase feature dasses

Allow the data to be added to the current map, and re-symbolize the outlines of the new polygon layer
to be yellow. Turn off all depression layers except sinks_9m2 and contour_sinks9m2_deep. You should
see something like the image below:

3 | Georeferencing - |[Con_Winus_fil_1 >4 A BE

- | @] Adal 10 +B I B * Land Facet Corridor Tools - |

@.aasm::::u [ 2o ; & EIERY: el ‘?-ﬁm pal~ TR @k
Pedtore|  Pa | BN A 2 EBEIFE B KPS L HIB % PEE Sﬂﬂppmg'
¢ Tertain Preprocessing = Tertain Morphology = 2 * XTeols Pro~ | @i H- g B-R e EBe-0d 8% 8 575 B v."'.:.‘ @ HINE

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

£ & layers
O mergedptsl0k
O dlippedoutdislOk
O clippedouti0ic
[ streams 10k
O Streams NCTC
O Roads_NCTC
2 @ contour_sinksdm2_deep

= O contour_sinks 9m2
O
5 @ sinks 9m2

[ RasterT_Con_Minl
] mergedpnts_Bufferl0k
= O ShepherdsCove Lidar 1m_|
Value
High:135.043

Low:96.492

[ Con_Minus_Fill 1
0 Minus_Fill_buml

[ Fill_burn_10k_DEM

O burn_10k_DEM

O zeroedelevlOk

[ vectoreleviOk

[ linkdstrmsl

O strmrastl

0 flowaccl

0 flowdirl

0 filledl

O burned_DEM

[] NCTC_Lidar_1m_DEM
NCTC_Lidar_1m_TPLimg
NCTC_Lidar 1m_HSD.img |

4 m A EETRGETR i m - v

255715169 4375617.693 Meters
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EXPORT TO GOOGLE EARTH:

It is often useful to overlay the lidar imagery in Google Earth to explore, or to share with others. ArcGIS
is not the optimal software for exporting large amounts of imagery to Google Earth; for this purpose, we
recommend using Global Mapper.

Open the Global Mapper software:

ke Global Mapper «19.0 (712,

TAT) (St ] [+ Lackew] - REGISTERED o = H
Anakris  Lag - i -
Sader
t

AL KECOLEAAd AL ZERE =
I TY T errr—— ,,_
| ‘?‘:_di_i _~_£
Open Data Files

Online Sources

' Configuration

et Regrgee

Load Default Data

Add the NCTC Lidar_1m_DEM.img file from the folder on the desktop. This DEM is NOT located within
an ESRI geodatabase.

You should see something similar to what is shown below. Click on Tools = Configure, click on Vertical
Options, and select the Daylight Shader.

& Global Mapy g bit] [+Lidar] - REGISTERED e %
File  Edit | Laver Search GPS Help
neRIT e VAR IR EVPYYVY FES LY
HlF b :§> Pan (Grab-and-Drag) Alt=G ey o | &80 & setupFavorites List..
e Lo é‘@ Measure AltM i s 2] o g b W Y \
Feature Info At=P |

Color Lidar by RGE/Y NS Y A _‘I’-_.%m.:._a-

| B | path ProfilerLos Altel 5 — =

M View Shed AltsV

-] Current Wq 4 | Digitizer At=D

g nere B | image swipe

Coordinate Convertor.

8| control center... Alt=C
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& Configuration - Vertical Options X

5 General

5 Vector Display
5 Display Options
5 Point Styles

o Area Styles

o L
:. Vertical Cptions ’

o Lidar

o Feature Templates
o GPS Options

o Projection

© 3D View Properties
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Right-click on the file name NCTC Lidar_1m_TPl.img, and select Options. Under the Display tab, change
the Translucency slider to ~60.0%, and under drop down list for Shader select TP/ Shader. This is a
customized shader option for displaying the TPl image appropriately.

|87 Elevation Opticns #
Feathering Map Zoom Layer Projection
Display Cropping Alter Blevation Values
Colar Intensity (0)
Lighter I Darker
1_1;;
Translucency (Can You See Through t7) (60.7%)
Transparent I Opague
Transparency

[ Transparent Set Transparent Color...

How Similar Must Colors be to Make Transparent? (0)

Exact Fuzzy
Blend Mode: | No Blend |
Resampling: | Bilinear Interpolation ~ |
Shader: TP shader ~

Hill Shading E‘TfauslthSI;ared Shader

as Shader
Use Global Color Ramp Shader
Usze Hill ShiDaylight Shader
Global Shader
Gradient Shader
HS5V Shader
Slope Shader
Slope Direction Shader
DWI Shader
[ ok ]| cancel || cen Help

The resulting image should look something like that below:

| g Gobal Mapper 180 (6101416} [54-ba1] [+Lidar] - REGISTERED

T* o x
fWe [dit View Jooh Analpic  Liger  Search G5 Heip
roROA@minvaa+-al sixlo0alanaxazaxs)
TR, VN [erwe il L L L b LN LBtk L]
e 3 T 2 0 N oo 0@ Tl hsaeErs > 2]
Control Center 2 apes) *

3 Cumant Workspacs
il NCTC Lo Im_DEM:
EIINCTC Lo i TP

Wast

15" Sinkhole Conference—Lidar Short Course Page 42



Next, go to File > Export > Export Web Format... select the Export Format to be KML/KMZ (Any data
as images).

Globs apper v19.0 (0112717) [64-bit] [+Lidar] - REGISTERED (NCTC_Short_Course.gmw™) b X

:‘F;[: E View Tools Analysis Layer Search GPS

Export Global Mapper Package File...
Eﬁpeﬂ Data File(s)... Ctri+=0 E@ B & é ﬂ é 25 é‘ﬁ :‘f‘: D K\ b

Export Global Mapper Mobile File...

Open Spatial Database.., avarites List...

Export PDF File... -
Open Cloud Dataset... T . O
Export GeoPackage. .. N (\?% 1 i N .|
Open Generic Text File(s)... : X =
*8.28
Export 3D Format... —_— AR asee =

Open All Files in a Directory Tree...

Export Elevation Grid Format..,

Open Data File at Fixed Screen Lacation...

. P e Export Raster/lmage Format.

e O at...
0 Download Onling Imagery/Topo/Terrain Maps...
Export Web Format..,
Create New Map Catalog...

Export Elevation Spatial Database. .,
Rectify (Georeference) Imagery...
Export Raster/Image Spatial Database...

Load Watkspace: CbW Export Vector Spatial Database...
E Save Workspace... Ctri=s
Export 3D Format T Cloud
Save Workspace As... Ctrl+Shift+5
Export Elevation To Cloud
Run Seript...

Export Raster/image To Cloud

en Contents to Image. Shift+C Export Vector/Lidar To Cloud
<. Export » Export Global Mapper Package To Cloud
ert/Reproject... o &

Print... Ctri=P

Print Preview..,

Print Setup...

N, 77° 51 40,2387

:
i
]
i
&

& Select Export Format *

Select the format o export pour lnaded data to. See
http: /A, bluemarblegen, com/products/global-mapper-formats. php
far information on the available formats,

KMLAME [Gny Data az Images)

Cancel

Under the KML/KMZ Options tab, select an Export Image Format of PNG (Supports Transparency). Check
that the Sample Spacing and note that it is in arc degrees. For our visualization, we want 1 m so click on
Click Here to Calculate Spacing in Other Units... For Units select meters and for X/Longitude Spacing
and Y/Latitude Spacing enter “1”. Click OK. Check the box under Super Overlay Setup, and leave the
default Grid Cell Size (Pixels) at 1024x 1024. Under Altitude Mode (if shown, depending on the version
of Global Mapper being used), select Clamp to Ground—this is the default setting for newer versions of
Global Mapper. Click OK, and save the file as NCTC_Lidar_1m_TPI+HSD to the desktop folder.
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" KML/KMZ Export Options =)

w

KML/KMZ Optians |Ti|ing I Export Boundsl

Export Image Format
@ 7 (7) PNG (Supports Transparency)
() TIFF (Palette) 5] :

[~ ADVAMNCED: Export PNG for Transparent Tiles
Sample Spacing
Femds:  1.16358190236155e-005 arc degrees

Yads: 8.98315284119519¢-006  arc degress B e s T ]

[ Click Here to Calculate Spacing in Cther Unﬂs...k

Llrits: [ meters hd ] [ ]’ ]
Visibilty Range/Fading Setup ] )
This setting controls how far you have to zoom in #/Longitude Spacing: 1

{zminLodPxels > before your data shows up in Google
Earth and when your data stops showing
(<mancLodPicelz=). Use Ofor etther or both to always show.

/L atitude Spacing: 1|

Use Current Screen Pixel Size ] [ Uze Last Exported Sample Spacing ]

Start Display at 64 Piels in Size

e — = ————

Stop Display at 0 Pixels in Size
Stop Initial Fade-In at -1 Pixels in Size -1 for Mo Fade)
Start Initial Fade-Out -1 Pixels in Size (-1 for Mo Fade)

Super

S —

Automatically Grid Export of Large Data Sets so that Google
ndle Them Better (Known as Super Ovedas i

Giid Cel Size (Poxels): | 1024x1024 -

|¥] Create Compressed KMZ File
argins.Grid/Legend/etc )
Save Vector Data if Displayed
[] ADVANCED: Separate Raster Layers

[ OK ][ Cancel ] Apply

After some time to process the multi-layered tiled imagery, a KMZ file will be saved that can be opened
in Google Earth.
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APPENDIX 1: Obtaining lidar and other geospatial data served by the USGS

The “bare earth” lidar DEM and the datasets of stream line vectors and road vectors have already been
provided for you for use in these short course exercises in a ESRI geodatabase within the folder
‘LidarShortCourse_2018SinkholeConference’ on your desktop. The following instructions are for future
use as a guide for obtaining publicly available lidar data.

A continually-updated inventory of publicly available lidar elevation data is served through the United
States Interagency Elevation Inventory, and can be viewed online at this website:

https://coast.noaa.gov/inventory/

The USGS serves digital elevation data for the nation produced by the 3D Elevation Program (3DEP)
through the web portal of the National Map. To get the data, go to:
https://viewer.nationalmap.gov/basic/

This will launch a web-based viewer and download platform as shown below:

Zoom in to the meander bend of Terrapin Neck just below Mercerville, MD to focus on the site of the
NCTC:

15" Sinkhole Conference—Lidar Short Course Page 45


https://coast.noaa.gov/inventory/
https://viewer.nationalmap.gov/basic/

T E R R0*6

C O e iewer.nationalmap.gov/t TR0k
22 apps [ Save b Mene te Maps [ Go ar [Y USGS Desktop Liben: [ USG5 Quicktime  [5] USGS Phoncbook B USGS Webforrms - [: &
EUSGS -

TNM Download (vi.o) OHowio  SSanOver  Custom Views= & Share Link

Catasets xated ohygon
Advanced Search Options Find Products [kl
Wap Em
US Topo

Hustarcal Topographe: Mags

Boundanos - National Boundary Dataset

Elevation Products (JDEF)

“.l
Edevabon Source Data (3DEP)
cu
Hydrography (NHDPhus HR, NHD, WED)
L
Imagery - NAIP Pius (1 meter to 1 foot) =3
Map Indices @ Draw R gl |
MNames - Geographe Names Information System (GNIS) i ;
L)

Maticnal Land Cover Database (NLCD)

mall-scale Datasets

In the left-hand menu, check the box Elevation Products (3DEP), uncheck the 1/3 arc-second DEM
option, and then check the box that says 1 meter DEM. Scroll down and check the box Elevation Source
Data (3DEP) and check the box Lidar Point Cloud (LPC), then click the blue button at the top Find
Products. A list of all available data products in the region of interest will be shown.
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1 E3
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Thuns -H'lana #|
= .
. o)
w 1
"= 0
. e
Tt
Meliadata Updae -
Format LASY -w
Extent; Vares

Note that for this region, the 1 meter resolution “bare earth” DEMs are not served; however, the

original lidar point cloud data are available as 1.5 km x 1.5 km tiles.

2 TNM Download

L W
<« C {3} | & Secure | httpsy//viewer.nationalmap.gov/basi # = 'n E'Eﬂa 0o *® &
22 USGS WebForms » Other bookmarks

6 The National Map

I Apps [} SavetoMendeley ¥ Google Maps [ Google Scholar [% USGS Desktop Libra
XZUSGS
TNM Download (v1.0)

[M USGS Quicktime E USGS Phonebaook

@ Howto S startOver  Custom Views ~ & Share Link ¥ Contact Us

Datasets Products #) Use Map ® BoxPoint ) Cument Extent ) Coordinates Located Point Polygon:

Available Products Refurn to Search Map Indices Degree 15 Minute 7.5 Minute Al
Address/Place v | Shepherdstown, West Virginia
Elevation Products (3DEP) Saveas Text| SaveasCsv () results & 3

(+]
B _ P

Elevation Source Data (30EP)  save as Text | Save as csv | (@) results

1

Preview Product Actions Cart
Actions for all displayed products: Show Footprints /Show e+
Thumbnails Page

USGS Lidar Point Cloud (LPC) VA-  Footprint
WV “Thumbnail
MD_FEMA_Region3_UTM18_2012 Zoom To

000828 2014-08-15 LAS e+
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Metadata Updated: 2017-09-17
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Powered by Esri | The National Map
“EE, ;

hitpsi//viewer.nationalmap.gov/basic/#productSearch

In order to create a DEM, software capable of reading LAS/LAZ file formats for creating an elevation
surface from the point cloud data would be needed. Although processing of point cloud data to create a
DEM is beyond the scope of this course, the DEM has already been processed and is provided for your

use later in the course.
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Return to the Datasets tab, scroll down to Hydrography, and select National Hydrography Dataset
(NHD). Then, scroll down to Transportation and select National Transportation Dataset. Click on Find
Products again, and you will see the hydrography and transportation data added to the list.

“ C ) | @ Secure | hitps/Avewernationalimap.gov. . T By [ ] B o+ & :
BE \sas WebRomes

@Howio D Start Over

Elevation Products (3DEP)

Elvation Source Data (3DEP)

To download these or other digital geospatial products in the future, simply add the products you wish
to obtain to the cart, and follow the instructions for downloading them (no login required). Downloads
of large amounts of data can be facilitated using the USGS uGet utility
(https://viewer.nationalmap.gov/uget-instructions/).
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APPENDIX 2: Howto quickly evaluate elevation data

Finding erroneous pixels

Here we quickly review how to evaluate elevation data. Looking at the elevation data that has been
provided, note the values range between -610.235 and 164.241. Values of -610 seem erroneous; so, let’s
make sure we know where these values are before we do anything.

Table Of Contents ax

(EECER
= 8 e

Low: -610.235

Double-clicking on the title for the DEM will pull up the Layer Properties. Click on the Symbology tab
and then select Show = Classified. Set the Classes to “2” then click on the Classify... button. Set your
break value for the first class to be zero. Note that the histogram of elevations has very few values
below zero. Press OK to accept the Break Values. Double clicking on the Symbol color next to the first
class, select something that will stand out like Mars Red (bright red) while setting the color for the
second class to something easily avoided like No Color. Click Apply and note that your screen appears to

turn white. In this instance, there are so few pixels below zero that your analysis is unlikely to be
impacted.

Layer Properties X

Classification b
General Source Key Metadata Extent Display Symbology C’I:Si‘ﬁ?m" |M I | Crmsimtr fm e
ethod: lanual ~ .
show: _ . Count: 48006791
Draw raster values into cl
Vector Field | IE' Oasses: |2 Mirimum: £10.2345581
Unigue Values : Maximum: 164.24086
e Fields B Sum: 6,105,132,225
Discrete Color Value <VALLE> v | Normalization ST - | Exdusion ... | | sampiing ... | Mean: 127,1723625
Standard Deviation: 14.00313955
Classification
Manel Casses[2 ] Columns: Clshowstd. Gev.  [Jshon Mean
g Break Values
2
Coler Ramp | v 15000000 o g 5
3
Symbol  Range Label 2 164,24086
6102345581 -0 610.2345581 -0
[ Jo-154.29086 0- 164.24086 10000000

5000000+
[ show dass breaks using cell values

[Juse hilshade effect 7|1

Display NoData as |— ||~

About symbology

!

0 T : .
-610.2345581 -416.6157036 -222 9968491 -29.37799454  164.24086
Cancel
0K | ‘ Cancel | ‘ Apply ‘ [ snap breaks to data values n
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To go more in-depth, we can convert the values that are sub-zero to polygons to determine the amount

of area that has these values. To do this, within the ArcToolbox ( ® ) navigate to Spatial Analyst Tools
- Conditional and select the Con geoprocessing tool

= @ Spatial Analyst Tools
= & Conditional

"(Q Con
#, Pick
#, Set Null

Set the input conditional raster to NCTC Lidar_1m_DEM, set the Expression to “VALUE” <=0, and then
the input true raster or constant value of “1”. Set the output to something reasonable such as subzero.

&
A

Click error and warning icons for more information E Con
| Input conditional raster Par i | el
] erforms a conditional ifielse
NCTC_Lidar_1m_DEM M=
E ! = = = evaluation on each of the input
1  Expression (optional) cells of an input raster.
[vaLuE <=0 N =
Input true raster or constant value
K &
Input false raster or constant value {optional)
| &
&Oumut raster
| C:'\gis'sinkconf\LIDAR_ShortCourse_FILES.gdb\subzero | E.

All pixels less than or equal to zero now have a value of “1.” Within the ArcToolbox, navigate to
Conversion Tools = From Raster and select the Raster to Polygon geoprocessing tool

= B3 Conversion Tools

& Excel

& From GPS

& From KML

& From PDF

=] &1 From Raster
#., Raster to ASCII
"{% Raster to Float
,.r\% Raster to Point
"% Raster to Polygon
"{% Raster to Polyline
"{% Raster To Video

Set the Input raster to your previous output raster (i.e. subzero). Note that Field should auto-populate
with Value. Set the output to something descriptive such as subzeropolys and then untick Simplify
polygons (optional).
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*, Raster to Polygon — O X
Input raster Output polygon features
I subzero LI @
Field (optional) The output feature class that will
’E(E‘L v| contain the converted polygons.
Output palygon features
| C:\gis'sinkconf\LIDAR _ShortCourse_FILES.gdblsubzerapolys | @
[ Simplify polygons (optional)
| ok || cencel | |Envionments.. || <<HideHep | | Tedhep |

Now that a polygon layer with the pixels of sub-zero elevation has been created, we can change the
symbology in order to see them. Click on the polygon symbol in the Table of Contents, then use the
Symbol Selector tool to change the Outline Color of the polygon to a Mars Red and an Outline Width of
10:

e T ==
=

Type here to search - @ ;@. 58 . CurrentSymbol
Search: ) all Styles (@) Referenced Styles

CMARC_FILES Danm\NCGMP-Standards for Digital... |+

01.02.42 01.02.43 01.02.44

m

Fill Color:

. . . ot t: | 1 %

01.02.45 01.03.13 17.58 Outline Color: E]

Edit Symbal...

B 7

17.65 19.02.04 20,07

H & B | o e

Now, you should be able to see where the offending pixel sits within the DEM:

@) Untitled - ArcMap [E==Fc
Eile Edit Wiew Bookmarks [nsert 3election Geoprocessing Customize Windows Help
Oe2d& L 0B x| 9 > b6 - EEEE L [ L Georeferencing - 2 | Land Facet Corrdor Tools - |
# = e m® - > 7 - d - i - - =) & - - d
QAR @ ile= M- O % @ 7B MBI snapping-[O]L D 0 E Fo g Drawing~ K (2 38| - A 2
T p - 2 Editor~ Ly e - WipEIAT AP i L - FE |0 &
ermain Preprocessing = itor~ |~ A ] 5 s 1 =4 1 w @ b sl gim - | KT B HI| 1§ B | ¥ &l
XToolsPro-| &b (7] - ¢ B -8 5 W B~-@ JEH& 3 3- B oo-m 5B NS
Table Of Contents 2 X ArcToolbox % B
EEEEE-E @ ArcToolbox -
= B 30 Analyst Tools
Iers
2 Lay B3 Analysis Teols
= M subzeropolys
&3 Cartography Tools L
= B subseropts = B3 Conversion Tools
- & Excel
= B NCTC_Lidar_1m_DEM & From GPS
Value & From KML
High : 164,241 & From PDF =
£ & From Raster
Low: -610.235 “\ Raster to ASCI
#., Raster to Float
#, Raster to Point
#., Rasterto Polygen
#, Raster to Polyline
#., Raster To Video
& From WFS M
& JsoN - -
< m b [@al=n <« m | v
257129.767 4377613832 Meters
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Since we placed the data into a File Geodatabase, metrics such as area, are auto-calculated. Right-click
on the polygon layer and select Open Attribute Table.

j Table Of Contents 2 x
B & layers

i o B Copy
5 & subzej X Remove
11 [ Open Attribute Table ‘

[0 Refere
B NCTC Open Attribute Table

Val &7
Hig Shorteut: CTRL + double-click (

Open this layer's attribute table.

layer name OR CTRL + T.

Lo

Use Symbol Levels

= [0 Base Selection »
w Label Features

Edit Features »

S Convert Features to Graphics..
Convert Symbology to Representation...
Data 3
D> Save As LayerFile...
@’ Create Layer Package...

[ Properties...
T

Note the Shape_Area column has a value of “1” meaning that there was only one pixel in the DEM that
had a value of less than or equal to zero.

Table
ERIE-AaL L3

subzeropolys

OBJECTID * Shape * Id gridcode Shape_Length | Shape_Area
Polygon 1 1 4 1
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Right clicking on subzeropolys, select Zoom To Layer
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You will then be taken to the offending pixel. Note that there is a second pixel (shown black in the figure
below) located next to the subzero pixel that has an anomalously elevation value (+19.409054 meters)
where surrounding values are over 100 meters above it. This might have been a result of the methods
use to generate the DEM or it could represent a location where there were too few lidar points to
adequately interpolate the data.
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To fix the erroneous pixels in the DEM, you can reclassify any pixels with negative elevations to be “Null”
values using the Set Null tool in Spatial Analyst Tools = Conditional.

Validating vertical units

You will note that when the elevation ranges were listed above there were no units. While we might
assume they are in our favorite units, it is always a good idea to verify this.

Change the layer properties back to a stretched black-to-white color ramp. Clicking on the down triangle

+. -
next to the Add Data button ( - ) and selecting Add Basemap choose Imagery with Lables. Zoom to
the NCTC

© Basemap
% (8 Workd Imagery

Click on the Identify button ( ) then click anywhere near the NCTC to pull up the Identify table. On the
Identify window click the drop down and select NCTC_Lidar_1m_DEM.
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Now open-up Google Earth on your computer. In the Search: enter “National Conservation Training
Center” and click on the suggestion then on Search.

Tear Guide

After zooming to the NCTC elevation of the area is provided (in the image above) in US Standard Feet
with a value of 416. Now, back in ArcGIS, use the identify tool on the same area and note the value
which should be close to 129. Since 416 is nearly 3.28 times larger than 129, we know that the elevation
values are meters.
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