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QUICK START

Purpose

The purpose of this document is to introduce Hydrologic Terrain Analysis in ArcGIS using the TauDEM
toolbox. This guide is not intended to be comprehensive in documenting the use and functionality of
TauDEM. Rather it is intended as a brief introduction to guide a reader through the initial steps of
installing TauDEM obtaining data and running some of the more important functions required to
delineate a stream network. Comprehensive documentation on the use of each TauDEM function is
given in the online help that is part of the program (that will be introduced in this quick start guide).

TauDEM (Terrain Analysis Using Digital Elevation Models) is a set of Digital Elevation Model (DEM) tools
for the extraction and analysis of hydrologic information from topography as represented by a DEM.
This is software developed at Utah State University (USU) for hydrologic digital elevation model analysis
and watershed delineation and may be obtained from http://hydrology.usu.edu/taudem/taudem5.0/.

In this guide, you will perform the following tasks:

e MPICH2 and TauDEM Installation

e Basic Grid Analysis using TauDEM functions, including.

0 Preparing data for use with TauDEM and using the TauDEM help

Pit Remove
D8 Flow Directions
D8 Contributing Area
Grid Network
D-Infinity flow direction

O O O O O

0 D-infinity Contributing Area
e Stream Network Analysis using TauDEM functions, including
0 Stream Definition by threshold
O Move Outlets to Streams
0 Stream Reach and Watershed
0 Peuker Douglas
0 Peuker Douglas Stream Definition
e Specialized Grid Analysis using TauDEM functions, including
0 D-Infinity Ddistance Down
0 D-Infinity Distance Up

The Cub River watershed draining to USGS streamflow gauge #100096000 located just north of Preston,
Idaho is used as an example.
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Computer and Data Requirements

To complete this guide, you will need to use ArcGIS 10.x, the TauDEM 5.1.1 or higher software as well as
MPI software. Our current Windows PC precompiled executables have been compiled using the
Microsoft HPC Pack 2012 MS-MPI libraries from http://www.microsoft.com/en-
us/download/details.aspx?id=36045. Earlier versions used MPICH2 from
http://www.mcs.anl.gov/research/projects/mpich2/. The ArcGIS software should be installed on your

computer prior to starting this quick start guide, but we detail the steps involved in installing TauDEM
and MPI libraries.

MPI and TauDEM Installation
For this guide we assume that the installation is done to the default locations on the C: drive of a 64-bit
Windows PC:
e Download TauDEM install file TauDEM511.exe or more recent equivalent. This is a Winzip self
extracting file that installs the necessary MPI and runtime libraries and then installs TauDEM
e Run (double click) TauDEM511.exe. Respond Yes to the user account control dialog.
e Respond OK to the TauDEM install dialog

TauDEM Install (25w

-

This setup wall first check for required Wisual C++ 2010 redistributable runtirme
libraries and then the Microsoft HPC Pack 2012 M3-MPI libraries and install thern
if they are not present. Then itwill quide you through the TauDEM installation,

| ] 4 | | Cancel

e Click Setup at the Install libraries required for TauDEM dialog
WinZip Self-Extractor - TauDERS11 exe

[nztall libraries required for TauDER

e Acknowledge read and accept license terms for the Microsoft software being installed and click
install
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EX CoMind o systern32homd.exe = =] 2
-
. Microsaft Visual C++ 2010 x86 Redistributable Setup [o] @ |[==)
Welcome to Microsoft Yisual C++ 2010 x86 Redistributable Setup
Please, accept the license kerms ko continue, w

WMICROSOFT SOFTWARE LICENSE TERMS

MICR.OSOFT YISUAL C+ + 2010 RUNTIME LIBRARIES WITH
SERYICE PACK 1

These license terms are an agreement between Microsoft
Corporation (or based on where you live, one of its affilistes) and
vou, Please read them. They apply to the software named above, -

=1 S
I V| I have read and accept the license terms. l | = | | =] |
*'i_i Metwark
es, send information abouk my setup experiences to Microsoft Corpor ation.
Far more information, read the Data Collection Palicy,
Install ] | Cancel
E'Winduws Security Alert @

G Windows Firewall has blocked some features of this program

‘windows Firewall has blocked some features of smpd on all public and private networks,
= MHame: smpd
LC
Publisher: Unkniown
Path: Cihprogram FlesimpichZ\bin\smpd. exe

Allavs smpd ko communicate on these networks:
Private networks, such as my home or work network,

Public netwarks, such as those in airports and coffee shops (ot recommended:

hecause these networks often have little or no security)
Allow access @

‘What are the risks of allowing & program through a firewal?

e Repeat for all the libraries to install
e C(Click Next multiple times at the TauDEM Setup WIlzard
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15) TaubEM o B (s
Welcome to the TauDEM Setup Wizard T

The ingtaller will guide vou through the steps required toingtall TauDER [64-bit] on vour cormputer.

Copyright [C] 20058-200 3 David Tarboton, Utah State University, GHU General Public Licenze,
werzion 2, 1997, httpe /A, gnu. argdlicensesdgpl-2. 00 kel

Cancel ¢ Back

e Thatisit. TauDEM has been installed.

The installer did the following

mpi_x86.msi

Installed Visual Studio 2010 C++ runtime libraries vcredist_x86_2010.exe

Installed Visual Studio 2010 C++ runtime libraries vcredist_x64 2010.exe if a 64 bit
platform

Installed Microsoft HPC Pack 2012 MS-MPI from mpi_x64.msi or mpi_x86.msi
depending on your platform.

Installed TauDEM from TaudemSetup_x86.msi or TaudemSetup_x64.msi depending on
your platform

e Activate the TauDEM Toolbox in ArcGIS.
0 Open ArcMap/ArcCatalog. If the ArcToolbox Window is not open, click on the "Show/Hide
ArcToolbox Window" icon in the Standard Toolbar.
0 Right click on ArcToolbox at the top of the window. Select Add Toolbox... .
O Browse to the TauDEM install directory (by default, this is: C:\Program
Files\TauDEM\TauDEMArc).
0 Click on the TauDEM_Tools.tbx file, and click Open.

The TauDEM Toolbox should now be visible in the list of toolboxes.
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If you wish to save this configuration, right click on ArcToolbox, select Save to Default. This needs to
be done for each user who wishes to use TauDEM. See below how we added TauDEM tools to Arc
Toolbox when from ArcCatalog:

3 ArcCatalog - Arclnfo - C:\

Ele Edt Yiew Go Took Window Help
Qe 9€» 0% o @R LEMR A QOO N> 5 || » | Cohedscaer| =
Locatore [N FJmeocacea:: e o @
Stybesheet ] 5 3% 5 | cowesionToos | A @ T @ | OB
® x| Contents | Preview | Metadata |
R Catalog | ArcToobox
Lar L) + @ 20 Analyst Tools
+ (@ C:ACknChangeProject + @ Analysis Tools Add Toolbox
i .:E::t::“wﬂ « @ Cartography Tooks
o = + @ Cormversion Tooks Look i | ol | ] == 22
+ W Ciltemp = @ Data Intercperabiity Tools 8 Taudem j EJ :)L:;.I ’l lj m|“°[
+ ) C:\Watershed Model + (@ Data Management Took 1 TauDEMSExe
+ W EL + @ Geocodng Tock | TauDEMH
@ + @ Geostatistical Analyst Took el
+ (@ ViHydrology.neng.usu.edulibr shien + @ Unear Referencing Tooks
+ ) Vinde.engr usu.edullbr shim Mohammed + (@ Muktidmension Tocks
+ g Owl.neng.usu. edulibrahim + @ Metwork Analyst Tooks
+ ) \WOwl.neng.usu.edulibe shim|Documentsiibrshimvi | | @ Saples
+ 0 Coordinate Systems + @ Server Tooks
. ____Qosebm-:wu-:tw + @ Spstial Analyst Tools
+ [ Database Servers + @ Spstial Statistics Tools
- @8 Gis servers - QIEEET
o] Interoperabiity Connections + @ Tracking Analyst Tooks
= Scolar References
+ (B Search Results
+ (g Toobaxes
+ (9 Tracking Connections Marne: | TauDEM_Tools
Show of ype: [T oolbaxes | Cancel |

Basic Grid Analysis using TauDEM functions

In this section we illustrate the TauDEM basic grid analysis functions. We start with a DEM in ESRI grid
format and lead you through the steps of converting the data to the TIFF format needed for TauDEM,
then running the necessary TauDEM commands.

1. Download the Cub River example data zip file from http://hydrology.usu.edu/taudem/taudems5.
Extract all files from the zip file and load cubdem into ArcMAP.

This data was obtained from the National Elevation Dataset seamless data server. See appendix 1 for
how to obtain US DEM data from the USGS seamless data server and project it to a spatial reference
system for the area of interest. Projected data should be used when working with TauDEM because
TauDEM uses grid dimensions (cell size) in its length and slope calculations and these will be incorrect if
they are not consistent in E-W and N-S directions and in the same units as the vertical units of the DEM.
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% Untitled - ArcMap - Ar

File Edit View Bookmarks Insert Selection Tools iwindow Help
DEEES 5= ) & |[1:153190 v s # @ O ¥ kP Inislieation ¥ Grid Processing ¥ Stabilty Analysis ¥
Editor ¥ | [ | [ | Spatial finalyst ¥ Layer |cubdem ~| B

File  Preprocessor ¥ Road Surface Erosion Analysis ¥ Mass Wasting Fotential Analysis  Habitst Segmentation Analysis ™ 4 ¢

JONC]

i 30 Analyst Taols
- Analysis Tools
High : 2918.61 &9 Cartography Tools
- & Conversion Tools
Low : 1357.21 - & Data Management Tooks
- @ Geacoding Tools
- @ Geostatistical Analyst Tools
/- Linear Referencing Tools
+.- @ Mobile Tools
+/- & Multidimension Toals
+I- i Network Analyst Todls
- Samples
.-l Schematics Taols
.-l Server Taols
- Spatial Analyst Tools
- @ Spatial Statistics Taols
= & TauDEM Tools
= Basic Grid Analysis
A* D-Infinity Contributing Area
#* D-Infinity Flow Directions
A* D5 Contributing Area
#* DB Flow Directions
A Grid Metwork
A Fit Remove
- Specialized Grid Analysis
- Stream Netwark Analysis
-5 Tracking Analyst Tools

e
2oak

@ =

X% 4

Z

1.
£

0

£

M}M}Selacm Favoiites | Index | Search | Fesults EEEER|
Drawing * R O~ A~ (0] &rial S0 -] B 7 ulAr & S o~

443115.846 4675215.657 Meters

2. TauDEM 5 works with grids in TIFF format. Extract the grid cubdem to digital elevation model (DEM)
"cubdem" to "cubdem.tif" by right clicking on cubdem and selecting Data->Export Data.

ed - ArcMap - ArcView

File Edit ‘iew Bookmarks Insert Selection Tools Window Help
=== (i=} 3] o #@ D P K2 spatid Analyst v | Laver |cubdem ~|
Edtor ~ v | I=] | =]

1:236.845

4

x = -

- £F Layers ‘ arcToolbox @
= - ; 3D Analyst Tools Q #

Copy analysis Tools HH
¥ Remave Cartography Tools e
I > Conversion Tools L
Drata Management Tools {ﬂv
Joins and Relates » B Geocoding Tools &

Geostatistical Analyst Toals

@ Zoom Ta Layer Linear Referencing Tools
Mobile Tools
Multidimension Tools

@ Zoom To Raster Resolution Mebwark Analyst Tools

Visible Scale Range » B Samples
Srhematire Tnnls

Save As Layer File. ..

Create Layer Package. ..
Properties... View Metadata...

B b Stream Network analysis
+- &5 Tracking Analyst Tools

[T -

£ > —
Display | Source | Selection Favorites m Search 20| u 4 ‘ |
Drawing * K O~ A~ [l6] Aial ~n - B 7 ulAr S Fr *~
Export Daka... 428418.792 4664639,189 Meters
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3. Atthe export Raster Data dialog set the folder location, name and TIFF format, and click Save.

Export Raster Data - cubdem

Exkent Spatial Reference
" Data Erame (Current)

¥ Raster Daktaset (Original) £ Data Frame (Current)

~ {+ Raster Dakaset (Original)

Cukpuk Raster

[ Use Penderer [ sguare: Cell Size (o, oyl (v |2|:| |2|:|
B Raster Size (colurns, rows) O | |

MaoData as: |

Marne | Property |
Bands 1

Pixel Depth 32 Eik

IUncompressed Size 6,47 MB

Extent {left, top, right, bottom)  { 429207.5049, 4645965,9255, 4562676049, 4674045, 9255 )
Spatial Reference MAD_1927_UTM_Fone_12M

Location: CiiDavelDemo =
Mame: (T eubdem.tF RS _

Compression Type: Compression Quality
i o = {1-100):
o |
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4. The first TauDEM function used is Pit Remove. Pits are grid cells surrounded by higher terrain that

do not drain. Pit Remove creates a hydrologically correct DEM by raising the elevation of pits to the

point where they overflow their confining pour point and can drain to the edge of the domain.

Open (by double clicking on) the TauDEM Pit Remove Tool (in the Basic Grid Analysis) set

% Untitled - ArcMap - ArcView

File Edit Wiew Bookmarks Insert 3Zelection Tools Window Help
DS 2R X | a + 1236845 | | G O 3| K2 | spatial Analyst + | Laper [cubdem ~|
Editor = V= | I | #
= = @ :
-l £ Layers + a 3D Analyst Tools »~
= cubdem. tif + a Analysis Tools @
Walue & Cartography Tools : :
High : 2918.61 +-&§ Conversion Tools o
+ a Data Management Tools L
Low : 1357.21 +- @@ Geocoding Tools am
= + a Geostatistical Analyst To 0
Walue + a Linear Referencing Tools
High : 2918.61 + - Mobile Taals
+ a Multidimension Tools
Low : 1357.21 + a Metwork Analyst Tools
+ -l Samples
+ a Schematics Tools
+ a Server Tools k
+ a Spatial Analyst Tools
+-§f Spatial Statistics Tools i )
= a TauDEM Tools
= & EBasic Grid Analysis 4
A D-Infinity Contrit 9
#* D-Tnfinity Flaw O o
#* D& Contributing ¢ =
#* D& Flow Directior ;
+ 8y SHEeeeeamT final &l
+ % Stream Metwork Ana ™
| ¥ =
: T
Display | Source | Selection Favarites - Search | |4 | » 202 ‘| | ’l_
Drawing ~ K o~ A~ flg) Avial 0 = B rulAy b~ S o~
431802.716 4675354.949 Meters

5. At the Pit Remove Tool dialog select Show Help to expand the embedded function help information.

* Pit Remove

& Input Elevation Grid

Input Mumber of Processes

& Qutput Pit Rernoved Elewvation Grid

Ik

Cancel Environments. ..

Page | 9



* Pit Remove

& Input Elevation Grid

| |
Input Murnber of Processes

=]
| 1
L

& Qukput Pit Removed Elevation Grid

J

QK J Cancel ‘ Enviranments. .. I

Pit Remove

ldentifies all pits in the DEM and raises their elevation to the
level of the lowest pour point around their edge. Pits are low
elevation areas in digital elevation models (DEMs) that are
completely surrounded by higher terrain. They are generally
taken to be artifacts that interfere with the routing of flow across
DEMs, so are removed by raising their elevation to the point
where they drain off the edge of the domain. The pour point is
the lowest point on the boundary of the “watershed” draining to
the pit. Filling pits is not essential if you have reason to believe
that the pits in your DEM are real.

Tool Help J

6. Click within each input field to obtain embedded context sensitive help for each input.

* Pit Remove

& Input Elevation Grid
1 =
Input Murnber of Processes

| 1

@ Dukput Pit Remaoved Elevation Grid

J

o]

Cancel Environments. .. =< Hide Help

Input Elevation Grid

A digital elevation model (DEM) grid to serve as the base input
for the terrain analysis and stream delineation.

Pits are generally assumed to be artifacts of the digitation
process that interfere with the processing of flow across DEMs,
and so are remaved by raising their elevation to the point where
they just drain. However, if a few actual pits are known. but
others need to be removed, the actual pits should have "no
data” elevation values inserted at their lowest point. "MNo data”
values serve to define edges in the flow field, and elevations are
only raised to where flow is off an edge. so an internal "no data”
value will stop a pit from being removed, if necessary.

Tool Help

* Pit Remove

& Input Elevation Grid

] =

Input Mumnber of Processes

& Qutput Pit Removed Elevation Grid

J

o]

Cancel Environments. ., << Hide Help

Input Number of Processes

The number of stripes that the domain will be divided into and
the number of MP! parallel processes that will be spawned to
evaluate each of the stripes.

Tool Help
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* Pit Remove

& Input Elevation Grid

QOutput Pit Removed Elevation Grid

J

Inpuk Murnber of Processes

A grid of elevation values with pits removed so that flow is

& Qukput Pit Removed Elevation Grid

|

o]

Cancel ‘ Enviru:-nrnents...‘ << Hide Help J

1 routed off of the domain. Pits are low elevation areas in digital
elevation models (DEMs) that are completely surrounded by
T higher terrain. They are generally taken to be artifacts of the
E‘ digitation process that interfere with the processing of flow

across DEMs. So, they are removed by raising their elevation to
the point where they just drain.

Tool Help J

7. Click on Tool Help at the bottom to open the more detailed compiled help file included with the

system

E? TauDEM Tools Help
File Edit Yiew Go Help

Contents ] Index ] §earch| Favorjtes]

e 2 &

Hide: Back  Forward Home  Print

= m TauDEM toolbox

=1 ([} Basic Grid Analysis toolset
@ An averview of the Bazic

= (] Tool:

@ D-Infinity Contributing

@ [ Cantributing Area
[£] D8 Flow Directions

[£] Grid Metwark

@ A overview of the TauDEM |
@ Data Formats and File Maming
@ Grid Definitiong and Maming C

[£] DInfinity Flow Directic

+ % Stream Nebwork Analysis tool:
+ @ Specialized Grid Analyziz tools

~

TauDEM Toolbox
Pit Remove
Identifies all pits in the DEM and raises their elevation to the level of the lowest pour point arcund their
=dge. Pits are low elevation areas in digital elevation models (DEMs) that are completely surrounded by
higher terrain. They are generzlly taken to be artifacts that interfere with the routing of flow across
DEMs, so are remaved by raising their elevation to the point where they drain off the edge of the
domain. The pour point is the lowest point on the boundary of the "watershed" draining to the pit. This
step is not essential if you have reason to believe that the pits in your DEM are real. This step can be
circumvented by copying the raw DEM source data onto the file with suffix "fel" to simulate the cutput of
"Pit Remove" without actually removing the pits. Also, if a few pits actually exist and so should not be
removed, while at the same time others are believed to be artifacts that need to be removed. the actual
pits should have "no data" elevation values insertad at their lowest point. "No data” values serve to
define edges in the demain, and elevations are only raised to where flow is off an edge, so an internal
"no data" value will stop a pit from being removed, if necessary.
Command line syntax
PitRemaove <input_dem> <input_number_of_processes> <output_pit_removed=
Parameters

Expression Explanation

SR A digital elevation model (DEM] grid to serve as the base
input for the terrain analysis and stream delineation.

Pits are generally assumed to be artifacts of the digitation
process that interfere with the processing of flow across
DEMs, and so are removed by raising their elevation to the
point where they just drain. However, if a few actual pits are
known, but others need to be removed, the actual pits
should have "no data" elevation values inserted at their
lowest point. "No data" values serve to define edges in the
flow field, and elevations are only raised to where flow is off
an edge, so an internal "no data" value will stop a pit from
being removed, if necessary.

R A P2 S P EEEens The number of stripes that the domain will be divided into
and the number of MPI parallel processes that will be
spawned to evaluate each of the stripes.

<output_pit_remaoved> A grid of elevation values with pits removed so that flow is v

| >
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8. This TauDEM tools help contains an overview of the tools, data formats used and file naming
conventions suggested for working with TauDEM. There is a detailed description of the functionality
and parameters of each function. The tools are configured to, by default assign output file names
following the naming convention given here. You do not have to use these names, but it is strongly
recommended to aid in keeping track of the results.

9. Select cubdem.tif for the Input Elevation Grid. Note that the Output Pit Removed Elevation Grid is
automatically filled with cubdemfel.tif following the file naming convention. Select the Input
Number of Processes (I used 8 for a dual quad core PC).

* Pit Remove

Input Elevation Grid Input Number of Processes
| cubdern. tiF | g
Input Mumber of Processes The number of stripes that the domain will bg divided into and
| g the number of MPI para_llel processes that will be spawned to
Qutput Fit Removed Elevation Grid evaluate each of the stripes.
| Ci\DavelDemolcubdemfel, tif ﬂ

[0]'4 | Cancel | Environments. ., | << Hide Help J Tool Help J

The parallel approach used by TauDEM is illustrated below. The domain is subdivided into row oriented
partitions that are each processed independently by separate processes. When the algorithms reach a
point where they can proceed no further within the partitions there is a swap step that exchanges
information along the boundaries. The algorithms then proceed working within the partitions using new
boundary information. This process is iterated until completion. The strategies for sharing information
across boundaries and iterating are specific to each algorithm.

TauDEM parallel scheme

{ Swap )

W ifee iide oo e

SN I - )
N~V

The number of processes does not have to be the same as the number of processors on your computer,
although generally should be the same order of magnitude. The operating system (and MPICH2) takes
care of time sharing between processes, so in cases where some processes are likely to be waiting for
other processes to complete there may be a benefit in selecting more processes than physical
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processors on the computer. However then message passing across the borders is increased. For large
datasets, some experimentation as to the number of processes that works best (fastest) is suggested.

10. Click OK on the Pit Remove tool to run the Pit Remove function for the cub river DEM. The output
dialog reports run statistics that include timing, as well as any error or warning messages.

<¢ Detailz

[ Cloze thiz dialog when completed successfully

Executing: FitRemowve cubdem.tif & C:4%DavehDemo'cubdemfel.tif
Start Time: Jat May 29 16:40:47 2010
Executing: Calculate3tatistics C:hDave' Demohcubdemfel.tcif 1 1 # C:hDaved Demo
oubdemfel.tif
Start Tiwe: Sat May 29 16:40:54 2010
Executed (Calculateltatistics) successfully.
End Time: Jat May 22 16:40:55 Z010 (Elapsed Time: 1.00 seconds)

3hell Cormand: mpiexec -np S "C:WvProgrsm Files) Taudem' TauDEMSExeh PitRemowve™ -z "C:
Y Dawveh Demo’y cubdem, 1" -fel "C:hDave' Demo' cubdenfel . cif™ > ™C:ihDawve' Demo
Y CmEgtp . Rt

NoData not defined. Tiff tag 42113 (GDAL MNODATL) should he defined.
The walus: -3.40282e4038 will be used as representing missing data.
Zize: 8

Header read tiwe: 0.071039

Iats read time: 0.0133Z2:2

Compute time: 0.5751435

Write time: 2.779855

Total tiwe: 3.442360

Executed [FitRemowe) successfully.
End Time: Sat May 29 16:40:55 2010 ([(Elapsed Time: 5.00 seconds)

In this case there was a warning that the input TIFF file did not have a No Data value. TauDEM uses the
GDAL TIFF tags to encode no data values as part of its TIFF files. The DEM exported from ArcGIS did not
have this tag, so TauDEM defaulted to a large negative number. The defaults TauDEM uses have been
chosen to be generally consistent with what is common for no data in ArcGIS, even if the GDAL TIFF tag
is not present.

Note also in this output that timing information is reported for this run. In this case the largest amount
of time was actually writing the output grid
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11. The next function to run is D8 Flow Direction. This takes as input the hydrologically correct
elevation grid and outputs D8 flow direction and slope for each grid cell.

* DB Flow Direction

Input Pit Filled Elevation Grid

| cubdemfel

Input Mumber of Processes

Output D8 Flow Direction Grid

| CiDaveiDemaolcubdemp, ki
Output D8 Slope Grid

| Ci\Dave\Demaolcubdemsds, tif

oK | Cancel

| Environments...| << Hide Help |

D& Flow Direction

Calculates 2 grids. The first contains the D8 flow directions
which are defined. for each cell, as the direction of the one of its
eight adjacent or diagonal neighbors with the steepest
downward slope. Flow Direction Coding: 1 - East, 2 - North
East, 3 - Morth, 4 - North West |, & - West, 6 - South West, 7 -
South, & - South East. The second contains the slope as
evaluated in the direction of steepest descent and is reported as
drop/distance, i.e. tan of the angle. Flow direction is reported as
"no data” for any grid cell adjacent to the edge of the DEM
domain, or adjacent to a no data value in the DEM. In flat areas
flow directions are assigned away from higher ground and
towards lower ground using the method of Garbrecht and Martz
{1997). The DB flow direction algorithm may be applied to a
DEM that has not had pits filled, but will then result in no data
values for flow direction and slope associated with the lowest
point of the pit.

Tool Help |

The resulting D8 flow direction grid (grid has suffix p) is illustrated. This is an encoding of the direction

of steepest descent from each grid cell using the numbers 1 to 8 per the embedded help above. This is

the simplest model of the direction water would flow over the terrain.

%= Untitled - ArcMap - ArcView

File Edit Yiew Bookmarks Insert Selection Tools window Help
== =] 3] & ||1:236.845 v| |off | & Fp O3 Fe R? | spatial pnalyst v | Laver |cubdem |
Editor = - | J J
x x @ -
- £ Layers ~ + a 3D Analyst Tools ~
= T +- & Analysis Tools (1
% Cartography Tools -
High : 3.29373 +- & Conversion Tools mm
+- @ Data Management Tools b
Low : 0 + a Geocoding Tools iﬂ-?
] cubdemp + % Geostatistical Analyst To 0
[} + a Linear Referencing Tools
[ ¥ a Mobile Tools
[k +- &P Multidimension Toals
4 +] a Metwark Analyst Toals
| +- @@ Samples
|3 +- & Schematics Tacls
K +- & Server Tools
[k +- @ Spatial Analyst Taols K
= cubdernfel + % Spatial Statistics Tools [i]
Yalue = % TauDEM Tools a4
High ! 2918.61 = ® EBasic Gtid Analysis
A D-Infinity Cortrit || 5
Low @ 1358,37 A Delnfinity Flow D T
= cubderm. tif #* D8 Contributing s =
Value = WD |
High : 2918.61 A arid Network,
}" Pit Remove
Low i 1357.21 + & Specialized Grid Anal @
= cubdem +- & Stream Metwark Ana ¥
Yalue b < > =i
MJMJ Selection Favorites Search | 14| » 2O @ o4 | | ’|_
Qrawing'k O~ A~ |,0]Arial j|1ﬂj B I U év 8y - iv L 4
442017.154 4675668.275 Meters
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12. The next function to run is D8 Contributing Area. This counts the number of grid cells draining

through (out of) each grid cell based on D8 flow directions.

* DB Contributing Area

Input D& Flow Direction Grid

| cubdenp
Input Qutlets Shapefile {optional)

| =

Input W'eight Grid (optional)
| =

V¥ Check for edge contamination

Input Mumber of Processes

Output 08 Contributing Area Grid
| CiDaveiDemolcubdemada, ki

0ok Cancel | Environments...| << Hide Help |

D8 Contributing Area

Calculates a grid of contributing areas using the single direction
D& flow model. The contribution of each grid cell is taken as one
{or when the optional weight grid is used, the value from the
weight grid). The contributing area for each grid cell is taken as
its own contribution plus the contribution fram upslope
neighbors that drain in to it according to the D8 flow model. If
the optional outlet point shapefile is used, only the outlet cells
and the cells upslope (by the D8 flow model) of them are in the
domain to be evaluated. By default, the tool checks for edge
contamination. This is defined as the possibility that a
contributing area value may be underestimated due to gnd cells
outside of the domain not being counted. This occurs when
drainage is inwards from the boundaries or areas with no data
values for elevation. The algorithm recognizes this and reports
"no data” for the contributing area. It is common to see streaks
of "no data” values extending inwards from boundaries along w

Tool Help |

There are options to specify outlets and an input weight grid that were not used here. These are

detailed in the tool help and allow calculations to be restricted to the area upstream of designated

outlets (specified as a shapefile) and to accumulate an input weight field, rather than just counting

contributing area as a number of grid cells. There is also an option to check for edge contamination.

Edge contamination is a problem that can occur in the calculation of contributing area when flow is

inwards from the boundary of the terrain. The computer does not know what the inflowing contributing
area at the edge is, so evaluates the contributing area that may be impacted by this unknown area as no
data. The result is streaks that enter the domain along flow paths. This is a desired result as it guards
against missing parts of the watershed, but it can and should be turned off if the DEM has been clipped
to a watershed boundary. A logarithmic scale is often best to render contributing area values as in the
illustration below. Red has been used to display no data to illustrate edge contamination.
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13. The Grid Network function outputs three grids: (1) the longest flow path along D8 flow directions to

each grid cell, (2) the total length of all flow paths that end at each grid cell, and (3) the grid network

order. This is obtained by applying the Strahler stream ordering system to the network defined

starting at each grid cell.

* Grid Network

Input D& Flow Direction Grid

] cubdenp

Input Murnber of Processes

Input Outlets Shapefile (optional)

I

Input Mask Grid {optional)

Input Mask Threshold Yalue (optional)

Outpuk Strahler Network Order Grid

] CiiDave\Demaolcubdemgord. Eif
Output Longest: Upslope Length Grid

i Ci\Dave\Demaolcubdemplen. f
Output Tokal Upslope Length Grid

I CDave\Demolcubdemtlen. kif

ok Cancel

Environments. ., J << Hide Help I

LEX

Grid Network

Creates 3 grids that contain for each grid cell: 1) the longest
path, 2) the total path, and 3) the Strahler order number. These
values are derived fram the network defined by the D3 flow
model.

The longest upslope length is the length of the flow path from
the furthest cell that drains to each cell. The total upslope path
length is the length of the entire grid network upslope of each
grid cell. Lengths are measured between cell centers taking into
account cell size and whether the direction is adjacent or
diagonal.

Strahler order is defined as follows: A network of flow paths is
defined by the D& Flow Direction grid. Source flow paths have a
Strahler order number of one. When two flow paths of different
order join the order of the downstream flow path is the order of
the highest incoming flow path. When two flow paths of equal

Toal Help

b
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Grid Network Order (file name suffix gord) output from Grid Network is illustrated:
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The functions above used the D8 flow model that represents flow from each grid cell to one neighbor.

TauDEM also uses the Do (D-Infinity) flow model that calculates the steepest outwards flow direction

using triangular facets centered on each grid cell and apportions flow between neighboring grid cells

based on flow direction angles.
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14. The D-Infinity Flow Direction function is starting point for all D-Infinity work. It calculates D-Infinity

flow directions for use in other TauDEM functions requiring D-infinity flow direction input

* D-Infinity Flow Direction

Input Pit Filled Elewvation Grid Output D-Infinity Flow Directions Grid

|C:'l,Dave'l,Demo'l,cubdemFel.tiF ﬂ

Input Mumber of Processes

A grid of flow directions based on the D-infinity flow method using the steepest slope of a

& triangular facet (Tarboton, 1997, “A New Method for the Determination of Flow Directions and
Output D-Infinity Flow Directions Grid Contrlbutlng_Area_s in Grid Dlg_ltal Elevatlon_Mod_els.”Water Resources Research, 33(2): 309-
[C:\DavelDemolcubdemang. tF g 319}_ Flow direction is determined as the dlrgctlon Uft_he steepest downward slope Dnlthe 8
HAbaveibemalcu 9 triangular facets of a 3 x 3 block centered grid. Flow direction is encoded as an angle in
Sutput D-Infinity Slope Grid radians, counter-clockwise from east as a continuous (floating point) quantity between 0 and
|C:'I,Dave'l,Demo'l,cubdemslp.tiF ﬂ 2 pi. The resulting flow in a grid is then usually interpreted as being proportioned between the

two neighboring cells that define the triangular facet with the steepest downward slope.

Proportion Steepest direction
flowing to downslope
neighboring [ Proportion flowing to
gridcell 415 neighboring grid cell 3
o (i o) 15 O/ {08+

Flow direction measured as
counter-clockwise angle
from east.

< b w

Cancel | Environments...| << Hide Help | Tool Help |

D-Infinity flow directions (encoded as angles counter clockwise from East in Radians as illustrated above)
render similar to a hillshading
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15. The D-Infinity Contributing Area function evaluates contributing area using the D-Infinity model
based on flow being shared between grid cells proportional to the angle to the steepest downslope
direction. This is designed to represent specific catchment area within dispersed flow over a smooth
topographic surface.

* D-Infinity Contributing Area

Input D-Infiniky Flow Direction Grid D-Infinity Contributing Area .

|cubdemang ﬂ g

Input Outlets Shapefile (optional) _Calc_ulates a grid of _cnnt_rlbutlng area using the multiple flow direction D-

| ﬂ ﬂ infinity appruach._D-mﬁmty flow direction is defined as S_teepest dow_nwa_rd
slope on planar triangular facets on a block centered grid. The contribution

Input Weight Grid (optional) at each grid cell is taken initially as the grid cell length (or when the

[ =] ﬂ optional weight grid is used, from the weight grid). The contributing area of
each grid cell is then taken as its own contribution plus the contribution

I Check for edge contamination from upslope neighbors that have some fraction draining to it according to

Input Mumber of Processes the D-infinity flow model. The flow from each cell either all drains to one

5 neighbor, if the angle falls along a cardinal (0, pi/2, pi, 3pi2) or ordinal

Output D-Infirity Specific Catchment Area Grid (piM, 3pifd, Bpifd, i’pi.-f_4} directi_on‘ or is on an angle falling between the

[C:\Dave\Demolcubdemsca. tF ﬂ direct a_ngle to two adjacent nmghb_ors. In the latter case the flow is
proportioned between these two neighbor cells according to how close the
flow direction angle is to the direct angle to those cells. When the optional &

(a4 Cancel Environments...| << Hide Help | Tool Help |
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The result from running this is specific catchment area obtained from the D-Infinity contributing area
function (with edge contamination) as illustrated below
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Stream Network Analysis using TauDEM functions
TauDEM provides a number of methods for delineating and analyzing stream networks and watersheds.
The simplest stream network delineation method uses a threshold on contributing area.
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16. Stream Definition by Threshold. This function defines a stream raster grid (src suffix) by applying a

threshold to the input. In this case the input is a D8 contributing area grid and a threshold of 100

grid cells has been used.

* Stream Definition by Threshold

Input Accuniulaked Stream Source Grid
| Ci\Dave\Demolcubdemads Lif

Input Mask Grid {optional)

| - 3
Threshald

| 100
Input Number of Processes

| 1
Cukput Stream Raster Grid

| Ci\Dave\Demotcubdemsrc, EF

[o]4 | Cancel | Environments...| << Hide Help |

Stream Definition by Threshold

Operates on any grid and outputs an indicator (1,0) grid identifing
cells with input values == the threshold value. The standard use
i5 to use an accumulated source area grid to as the input grid to
generate a stream raster grid as the output. If you use the
optional input mask grid, it limits the domain being evaluated to
cells with mask values == 0 . When you use a D-infinity
contributing area grid (*sca) as the mask grid, it functions as an
edge contamination mask. The threshold logic is: src = ([ssa »=
thresh) & (mask ==0)) ? 1:0 .

Tool Help |

The result depicts the stream network (but is not logically connected as a network shapefile yet).

® Untitled - ArcMap - ArcView

File Edit ‘iew Bookmarks Insert Selection Tools indow Help

[ 300.0000001 - 1,000

[ 1,000.000001 - 3,000

[ 3,000.000001 - 10,000
I 10,000.00001 - 30,000
1 30,000.00001 - 100,00
1 100,000.0001 - 12,390

A Delnfinity Flow D
A D3 Contributing 4
#® D8 Flow Directior
A Grid Network
}" Pit Remove

¥ & Specialized Grid Anal

B4 TG ZULOB

== ] i 3 &+ |[1:74710 | 2 & & O Y K2 spatial fnalyst v | Layer | cubdem |
Editor = < | I=| | =]
x x _T \j
= cubdemsrc - + % Server Tools »~
Dﬁ + % Spatial Analyst Tools
[} +- @ Spatial Statistics Toals
= [0 cubdempsca ] % TauDEM Tools
<YALUE> - & Basic Grid Analysis
[J20-300 #* D-Infinity Contrit

- O cubdempslip = & Skream Mebwork Ana
Yalue #* D3 Extreme Upsh
High : 3.30181 }’ Length Area Stre k
F* Move Outlets to [i ]
Low : 0 A Peuker Douglas #
- [0 cubdempang }" Peuker Douglas ©
Value A Slope Area Comt o
High : 6.28319 #* Slope Area Strea e
A Stream Definitior =
Low : 0 AP Stream Definitior
= O cubdemgard ;" Skream Drop Ans
L} A* Stream Reach ar
[ A Watershed Gridt @
K] A +- i3 Tracking Analvst Tools ¥
< | @ ¢ | ?
MJMJ Selection Favarites - Search | [4 | »
Drawing ~ k O~ A~ |,0] Arial

>~ B 7 U

433373, 208 4601526.476 Meters

It is common to want to delineate watersheds upstream of an outlet, say a USGS stream gauge. This

requires that gauge locations be precisely located on streams as rendered from the DEM. Due to

inaccuracies in gauge locations and DEM stream delineation it is common for gauge locations not to be
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precisely on streams delineated from the DEM. The move Outlets to streams function slides gauge
locations downslope following D8 flow directions until a stream (as defined by a stream raster grid) is
encountered. The shapefile CubGauge in the example data is used to illustrate this.

17. Add the CubGauge.shp file to ArcMap and zoom in to the area around it.
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18. Open Move Outlets to Streams and select the following input and click OK

* Move Outlets to Streams ["_”'E”g'
e | TS |
Input D& Flow Direction Grid Move Qutlets to Streams -
| CtiDavelDemolcubdemp. if ﬂ =
e St Resker @ '[Ij'his tolol mn\l.’es Dtuhtle}jguams Lhat ta_re off ta_lstretam rastertgrid,_d _
- - - - ownslope along the ow direction until a stream raster grid is
|C'I"Davel"Demm'Equemsrc'tlf Ry encountered. Input is a flow direction grid, a stream raster grid
Input Outlets Shapefil and an outlets shapefile. Qutput is a new outlets shapefile where
|C:'I,Da\-'e'l,Demo'l,CubGauge.shp ﬂ = each point has been moved to ceincide with the stream raster
Input Maccimumn Distance grid, if possible. A field 'dist_moved’ is added to the new outlets
| 50 shapefile to indicate the changes made to each point. Points that
Input Mumber of Processes are already on the stream raster (src) grid are not moved and their
| 5 dist_moved' field is assigned a value 0. Points that are initially
QuEpLE Outlet Shapefile got unlthe Stlream”:aséearﬁrid s_re rr;_nved t?,lr Slidin%tr:m;n” _
; o ownslope along the ow direction until one of the following
| Ci|Dave\Demal CLbGauge._maved shp = occurs: a.) A stream raster grid cell is encountered before
traversing the max dist number of arid cells. In which case. the b

Ok Cancel Environments. .. | << Hide Help | Toal Help |
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Notice (below) how the outlet has been moved to coincide with the stream.
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It is somewhat overkill to use 8 processors to move one outlet point, but this is illustrative of how this
could be used for many more points. Upon adding the moved outlet you may have received an ArcMAP
unknown spatial reference warning. Be aware in using TauDEM that TauDEM does not do any spatial
reference (projection) conversions. Therefore all data needs to be in the same spatial reference system.
TauDEM does copy the spatial reference information from input grids to output grids, but does not do
this for shapefiles.

With the outlet positioned on the stream the stream network upstream of the outlet can be delineated.
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* DB Contributing Area

Input DS Flow Direction Grid

| Ci\Dave\Demolcubdemp. tiF
Input Outlets Shapefile (optional)

| Cubzauge_moved
Input Weight Grid (optional)

[+ Check for edge contamination

Input Mumber of Processes

Output D8 Conkribuking Area Grid

| Ci\DavelDemol cubdemssa. biF

19. Open D8 Contributing Area and select the following inputs and click OK

EEX
D8 Contributing Area 2

Calculates a grid of contributing areas using the single direction
D8 flow model. The contribution of each grid cell is taken as one
(or when the optional weight grid is used, the value from the
weight grid). The contributing area for each grid cell is taken as
its own contribution plus the contribution from upslope neighbors
that drain in te it according to the D8 flow model. If the optional
outlet point shapefile is used, only the outlet cells and the cells
upslope (by the D8 flow model) of them are in the demain to be
evaluated. By default, the tool checks for edge contamination.
This is defined as the possibility that a contributing area value
may be underestimated due to grid cells outside of the domain

naot being counted. This occurs when drainage is inwards from the
boundaries or areas with no data values for elevation. The
algorithm recognizes this and reports "no data” for the
contributing area. It is common to see streaks of "no data” values

rrlm Emmime b v el i

PR Al bbb b bl

ok | Cancel | Environments...| << Hide Help | Tool Help |

The result is contributing area only for the watershed upstream of the outlet.
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20. Open Stream Definition By Threshold and select the following inputs and click OK to define a
stream raster for this area upstream of the outlet

* Stream Definition by Threshold

Input Accumulated Skream Source Grid

| cubdemssa
Input Mask Grid {optional)

Threshold

Input Mumber of Processes

Cutput Stream Raster Grid

| Ci\Davel\Demolcubdemsrc 2. LF

QK Cancel | Environments...| << Hide Help |

Stream Definition by Threshold

QOperates on any grid and outputs an indicator (1,0} grid identifing
cells with input values »= the threshold value. The standard use is to
use an accumulated source area grid to as the input grid to generate
a stream raster grid as the output. If you use the optional input mask
grid, it limits the domain being evaluated to cells with mask values
== 0 _ When you use a D-infinity contributing area grid (*sca) as the
mask grid. it functions as an edge contamination mask. The
threshold logic is: src = ((ssa »= thresh) & (mask ==0)) 7 1:0 .

Tool Help |

21.

Open Stream Reach and Watershed and select the following inputs and click OK

* Stream Reach and Watershed

Input Pit Filled Elewation Grid

|C:'l,Dave'l,Derno'l,cubdemFeI.tif
Input D& Flow Direction Grid

| Ci\Dave\Demolcubdemp, biF
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| C:\Dave\Demolcubdemads. tiF
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| Ci\Dave\Demolcubdemsrcz Lif
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| Ci\Dave\DemolCubGauge_moved.shp
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& & & & & -
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Stream Reach and Watershed

This function produces a vector network and shapefile from the
stream raster grid. The flow direction grid is used to connect flow
paths along the stream raster. The Strahler order of each stream
segment is computed. The subwatershed draining to each stream
segment (reach) is also delineated and labeled with the value
identifier that corresponds to the WSNQ (watershed number)
attribute in the stream reach shapefile.

Tool Help |

The result is a number of outputs illustrated below. These include a shapefile of the stream network

and subwatersheds draining to each link of the stream network shapefile. This is one a key output from

TauDEM. Each link in the stream network has a unique identifier that is linked to downstream and

upstream links. Each subwatershed also has a unique identifier that is referenced in terms of the stream
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network that it drains to. This information enables construction of a subwatershed based distributed
hydrologic model with flow from subwatersheds being connected to, accumulated in, and routed along
the appropriate stream reaches.
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An important question in stream network delineation is, what stream delineation threshold to use. The
above used arbitrary thresholds of 100 and 200 grid cells. TauDEM also provides ways to do select
stream delineation threshold objectively using a stream drop test following theory described in
Tarboton et al. (Tarboton et al., 1991; 1992) and Tarboton and Ames (2001). This may be combined
with more geomorphologically based methods for channel definition that attempt to capture
topographic texture and spatial variability in drainage density. These will be illustrated next.
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22. Open the Peuker Douglas function and select the following inputs and click OK.

* Peuker Douglas

Input Elevation Grid Peuker Douglas
|C:'l,Dave'l,Demo'l,cubdemFeI.tif ﬂ ﬂ
Center Smonthing Weight Creates an indicator grid (1,0) of_upward _cuwgd grid cells accurdlng
0.4 ta the Peuker and Douglas algorithm_ With this tool, the DEM is first
Side Smoothing Weight smonthed by a kemel with weights at the center, sides, and . .
0l diagonals. Thg Peuker and D_ouglals (1975) methnd_ (alsu_ explained in
Diagonal Smoothing Weight Eland_l 1986), is then uged to identify upwgrdly cuning grid cells. This
technique flags the entire grid, then examines in a single pass each
n.05 quadrant of 4 grid cells, and unflags the highest. The remaining
Input Mumber of Processes flagged cells are deemed 'upwardly curved', and when viewed,
& resemble a channel network. This proto-channel network generally
Qutput Stream Source Grid lacks connectivity and requires thinning, issues that were discussed
| £:\DavelDemo!cubdemss. F g in detail by Band (1986).
K. | Cancel | Environments. ., | << Hide Help | Tool Help |

The result, derived entirely from a local filter applied to the topography is a skeleton of a stream
network illustrated below
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23. Open the Peuker Douglas Stream Definition function and select the following inputs and click OK.

* Peuker Douglas Stream Definition

Input Elevation Grid Peuker Douglas Stream Definition

|C:'l,Dave'l,Demo'l,cubdemFeI.tif ﬂ ﬂ
[nput DS Flow Direction Grid Ehlstt_%nlt_cnmpf»lnei thSP; mnCtBna“tK Dflthg "!I:'euEeﬂrslilouglag."ﬁ"li_lts
- = = ontributing Area, ream Drop Analysis,” an ream Definition
| <:\Dave|Demolcutdemp. =l E by Threshold” tools in order to generate a stream indicator grid (1,0}
Weight Center where the streams are located using a DEM curvature-based
0.4 method. With this method, the DEM is first smoothed by a kemel
Wweight Side with weights at the center, sides, and diagonals. The Peuker and
0.1 Douglas (1975) method (also explained in Band, 1986), is then used
wWeight Diagonal to identify upwardly cuning grid cells. This technique flags the entire
0.05 grid, then examines in a single pass each quadrant of 4 grid cells,
Accurmulation Threshald and unflags the highest. The remaining flagged cells are deemed
| ‘upwardly curved’, and when viewed, resemble a channel netwoark.
This proto-channel network sometimes lacks connectivity, and/or
I Check for edge contamination requires thinning, issues that were discussed in detail by Band
Input Cutlets Shapefile (optional) (1986). The thin_ning and cunnec_ting_ of these g_rid cells is achieved
[Cr\Dave\Dema\CubGaugs_moved.shp -] g here by computing the D8 cnntrlbutlng area using only these
. : upwardly curving cells. An accumulation threshald on the number of
T et 5 (frpiameTy these cells is then used to map the channel network where this
| ﬂ ﬂ threshold is optionally set by the user, or determined via drop
Input D& Contributing Area For Drop Analysis (optional) analysis.
|C:'I,Dave'l,Demo'l,cubdemadB.tiF ﬂ g
Input Mumber of Processes
| 1

Qutput Stream Source Grid
| C\Dave\Demolcubdernss 1 i

Cutput Accumulated Stream Source Grid

3|
| C\Dave\Demolcubdemssal LF ﬂ
=

CQutput Stream Raster Grid

| CiiDaveDemolcubdemsrcl Eif

Cutput Drop Analysis Table (optional)

| C\Davel\Demaol cubderndrp. bxt ﬂ

# Drop Analysis Parameters

[¥ Use the range below o autarmatically select threzhold by drop ar

Minimurn Threshold Yalue

5
Maximum Theshold Yalue
S00
Mumber of Threshald Yalues
| 10

[¥ Use logarithmic spacing far threshold values

QK | Cancel | Environments...| << Hide Help | Tool Help |

This rather extensive set of inputs configures TauDEM to run Peuker Douglas, then use the Peuker
Douglas stream skeleton as a weighted input to a D8 contributing area calculation. The result is then
thresholded using a range of thresholds (the drop analysis thresholds at the bottom of the input) to
identify the smallest threshold for which the mean stream drop of first order streams is not significantly
different from the mean stream drop of higher order streams. This is the constant drop law (Broscoe,
1959), and TauDEM uses it here to identify the highest resolution stream network that complies with
this law as an objective way of identifying the stream delineation threshold. The output results include
a table that reports the stream drop statistics for each threshold examined. This is included in the
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completion dialog below as well as written to the drop analysis table file. The last column of this gives T

statistics for the differences of first and higher order streams. Using a threshold of | 2| as indicating
significance in this T test the threshold of 39 is chosen in this case as the objective stream delineation
threshold.

™ Close this dislog when completed successtully

Peuker Douglas Stream Defi

®

<4 Detailz

Threshold Drainlen NoFirstOrd NoHighOrd MeanDFirstOrd MeanDHighOrd StdDevFirstoOrd
StdlevHighOrd Twval

5.000000 O,.003391 1161 349 55.941139 93.7680258 71.166847 103.846062 -7.139860
8.340503 0.002600 665 203 71.974083 99,472847 79,.673607 105.396118 -3.970932
13.912798 0.002149 467 132 77.427353 111.667511 86.316452 119.500938 -3.671766
23.207947 0,001666 280 80 82.353134 112.537743 88.536911 129.004669 -2.4074458
35.713192 0.001335 178 47 89.597389 104.373596 95.202110 107.218628 -0.89985¢6
64.577499 0.001039 107 27 93.351112 143.111740 93.126724 149.655394 -2.166117
107.721756 0.000815 70 21 85.222824 136.654816 92.401566 175.115082 -1.778428
179.690720 0.000606 41 15 80.675224 116.890854 103.964241 1581.045502 -0.934205
299.742218 0.000490 20 4 127.0709692 206.569214 157.293503 Z66.500153 -0.823664
EO0.000183 0.000430 15 4 126.531258 186.585266 162.728027 273.645569 -0.570258
38.713192 Walue for optimum that drop analysis selected - see output file for details.

Shell Command: mpiexec —-np 1 "C:\Program Files) Taudew' TauDEMSExe) Threshold" -ssa "C:%Dave
Y Demoh cubdemssal.tif” —-src "C:\Dave'\Demo'cubdemsrel.tif” -thresh 38.713192 > "C:hDave\Demwo
Y CISgrIp L EXE"

Compute time: 0.023327

Executed [(PeukerDouglasStreambef) successfully.
End Time: Sat May 29 Z0:47:49 2010 (Elapsed Time: 9.00 seconds)
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24. Open the Stream Reach and Watershed function and select the following inputs and click OK.

* Stream Reach and Watershed :||E|E|
Input Pit Filled Elevation Grid Stream Reach and Watershed
|C:'l,Dave'l,Demo'l,cubdemFeI.tif ﬂ 5
Input DE Flow Direction Grid Tthis functiutn prqgu%ﬁs : vec{:pr ntgtwurkdand Shadpfﬁle fram tthﬁe
; - - ~ stream raster grid. The flow direction grid is used to connect flow
|C'H'Davemernolcu':demp'tlf =~ E paths along the stream raster. The Strahler order of each stream
UULE (03 (e s segment is computed. The subwatershed draining to each stream
| C:\Dave\Demoicubdemads. ki M= segment (reach) is also delineated and labeled with the value
Input Stream Raster Grid identifier that corresponds to the WSNQ (watershed number)
[ C:\Dave\Demolcubdemsr L tF - = attribute in the stream reach shapefile.

Input Outlets Shapefile as Metwork Modes {optional)

| - @3

[~ Delineate Single Watershed

Input Murber of Processes

Oukput Skream Order Grid

| Cii\Dave\Demolcubdermardl EF
Cutput Metwork Connectivity Tree (bxt)
| CiDave\Demolcubdemtreel bxt
Cutput Metwork Coordinates (Ext)

| Ci\DavelDemolcubdemcoordl  bxt
Cutput Stream Reach Shapefile

| C\DavelDemolcubdemnet 1. shp
Output Watershed arid
| Ci\Davel\Demolcubdems 1, LF

% & (& & (& -

ik Cancel Ervironments. ., | << Hide Help | Tool Help
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Following is an illustration of the result. Notice how the stream network has been delineated more or
less consistently with the contour crenulations depicting the texture of the topography
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Specialized Grid Analysis using TauDEM functions
TauDEM also includes a number of specialized grid analysis functions. Only a few are illustrated here as
they are all detailed in the system help.
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25. Open the D-Infinity Distance Down function and select the following inputs and click OK

* D-Infinity Distance Down

Input D-Infinity Flow Direction Grid D-Infinity Distance Down
|C:'I,Dave'l,Demo'l,cubdemang.tiF j =
Input Pit Filled Elevation Grid Calgullafﬁ]s tge_ dﬁis?tan;e dawndsllope toa li_tnlea;n us[ijr]g t?e D-inﬁ;itlytfnw
- - - ~ model. The D-infinity flow model is a multiple flow direction model, because
|c'l"DavetDemol"CUbdeTFEI't'F -l = the outflow from each grid cell is proportioned between up to 2 downslope
Input Stream Raster Grid grid cells. As such, the distance from any grid cell to a stream is nat
| C\DaveiDemotcubdemsre 1 tF A= uniquely defined. Flow that originates at a particular grid cell may enter the
Statistical Method streamn at a number of different cells. The statistical method may be
|,q\,erage j sglected as the longest, shortest or weighted average ofthelﬂow_path
Distance Method distance to the stream. Also one of several ways of measuring distance
|\-'ertica| j may be selected: the total straight line path (Pythagoras), the harizontal
component of the straight line path, the vertical component of the straight

IV Check for edge contamination line path, or the total surface flow path.
Input Weight Path Grid {optional)
I z =
Input Mumber of Processes

g
Cutput D-Infinity Drop to Stream Grid
| ¢:ipaveDemolcubdemdd. tif =

Ok | Cancel | Environments. .. | << Hide Help | Tool Help |

By selecting Vertical as the distance method the result is the vertical drop from each point, to a point on
the stream as illustrated below
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26. Open the D-Infinity Distance Up function and select the following inputs and click OK

* D-Infinity Distance Up g@@

Input D-Infinity Flow Direction Grid D-Infinity Distance Up
|cubdemang j = . . . .
Input Pit Filled Elevation Grid This tool calculates the distance from each grid cell up to the ridge cells
- - ~ along the reverse D-infinity flow directions. Ridge cells are defined to be
|c'l"DavetDemlol"CUbdemFEI't'F -l = grid cells that have no contribution from grid cells further upslope. Given the
Input Slope Grid convergence of multiple flow paths at any grid cell, any given grid cell can
| C\paveiDemetcubdemslp.LiF = have multiple upslope ridge cells. There are three statictical methods that
Irput Proportion Threshold this tool can use: maximum distance, minimum distance and waited flow
0 average over these flow paths. A variant on the above is to consider only
Statistical Method grid cells that contribute flow with a proportion greater than a user specified
|",M3ragB ﬂ threshold (t) to be considered as upslope of any given grid cell. Setting
Distance Methad t=0.5 would result in only one flow path from any grid cell and would give
|Horizontal j the result equivalent to a D8 flow model. rather than D-infinity flow model.
where flow is proportioned between two downslope grid cells. Finally there
[w Check for edge contamination are several different optional paths that can be measured: the total straight
line path (Pythagoras), the horizontal component of the straight line path,
Input Mumber of P . Lo
LSRR RIS z the vertical component of the straight line path, or the total surface flow
Output D-Infinity Distance Up path_
| C:\Dave\Demolcubdermdu, b =

OF | Cancel | Environments...| << Hide Help | Tool Help |

The result in this case is the average horizontal distance moving upslope along D-Infinity flow directions
to aridge, defined as a grid cell that has no other grid cells flowing in to it.
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Appendix. Projecting the Digital Elevation Model data

Projected data should be used when working with TauDEM because TauDEM uses grid dimensions (cell
size) in its length and slope calculations and these will be incorrect if they are not consistent in E-W and
N-S directions and in the same units as the vertical units of the DEM. The Digital Elevation Model data
from sources such as Data.gov is often in Geographic Coordinates. This appendix outlines how to
project a DEM grid. This assumes a DEM from the USGS National Elevation Dataset has been added to
ArcMap. Then the ArcToolBox Project Raster tool is used to project this data. The ProjectRaster Tool is
found within Data Management Tools / Projections and Transformations / Raster.

"% | CubRiver.mxd - ArcMap - Arcinfo
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e dS LB - |[1:344 528 - ;EZR‘? Editor # ~ Task: [Create tew Feat =~
Layer: /= g (@ [ F0 B35 L ] o
Spatial Analyst w | Layer: [34073080 tf ~| B m % [Show/Hide ArcToobox Win o 2| i
= —— = @ j
= g Data Management Tools o Q
= 0 19023874 + ataDase O
Yallie +- &% Disconnected Editing ::
High @ 2919.5 + & Domains e
+ & Feature class &
Low : 1357.24 + %% FeatLres ]
= [ NLCD_Vegetation + &% Fields -
+ O NLCD_Impervious + 85 General
+ [ MNLCD_LandCover + & Generalization ,
- M DRG + &% Indexes
+ M 83820169.4f & Joins E
# W 7451047147 + 8 Layers and Table Viey ¥
E3 51213204.4f LS Projections and Trar, k
+ 51092523.4f &% Feafure [i]
+ 49389307 .4f - Y
+ M 2021637947 T o
+ B 06245561 HF A ke =
+ 24079090, 4f #* Project Raster
# Rotate
A Shift e |
3 - 5 LJ
Display SDurce]Seledion Favorites - Search @O ﬂ I _,J
Drawing v R () O~ A~ & [g) Al ~lll~| Bz U A &y Fv o~
Show Hide the ArcToolbox Window 430178.23 4673097.74 Meters

In the Project Raster dialog that opens specify the input raster as the National Elevation Dataset DEM
that was unzipped from the download. Name the output raster something convenient. Here | used
"cubdem". Click on the button next to Output coordinate system to open the Spatial Reference
Properties dialog.
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> Project Raster

Help
Input raster
- Output raster
|z 18023674 ~| =
Output raster The output raster dataset to be

|C:\Dave\Projeds\RiverRestorati0nCDurse\CubRiver\cubdem| = created.

Output coordinate system When not saving tO_ a _

MAD 1927 LUTH Z 121 o geodatabase, specify tif for a

NAD1827.LTM zone TIFF file format, .img for an

Resampling technique (optional) ERDAS |MAG‘NE file format, ar

|CUEIIC j no extension for a GRID file
format.

Output cell size {optional)

z =]

[

|

Ok | Cancel | Environments._.| << Hide Help |

At this Spatial Reference Properties dialog click "Select" and navigate to the NAD_1927_UTM_Zone_12N
projection being used as the standard spatial reference system for this exercise. Click OK.
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Spatial Reference Properties @S|

Coardinate Systam IK."Y Domain l Z Domain l b Domain ]

Mame: NAD 1927 LTk _Zone_12M

Details:

Alias: ”~
Abbreviation:
Remarks:
Frojection: Transverse_hercator
Parameters:
False_Easting: 500000.000000
False_Morthing: 0.000000
Central_beridian: -111.000000
Scale_Factor: 0.999600
Latitude_Of Origin: 0.000000
Linear Unit: keter (1.000000)
Geographic Coordinate System:
MName: GCS_Morth_American_1927 =

[ sske

Select... Select a predefined coardinate system.

Irmpont a coordinate system and X, 2 and ki
domains fram an existing geodataset (e.g.
feature dataset, feature class, raster).

MNew.. - Create a new coordinate system.

Editthe properties of the currently selected

Modify.. coardinate system.

Clear Sets the coordinate system to Unknown.

Flrp

Save As.., Sawve the coordinate system to afile.

0K Cancel ‘ Apply |

Back at the Project Raster dialog set the resampling technique to CUBIC (I have found by experience that
this works best for DEMs) and set the output cell size to 20 m. The raw data in this case is at 1/3 arc
second which is roughly 10 m. 20 m cell size is undersampling this a bit. Click OK. A processing dialog
box should appear and after a few seconds indicate completion of the projection of the DEM. The DEM
data has now been projected. The result is named 'cubdem’
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